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Abstract 

Recent implementation of the UASB pilot plant scale and full scale have produced very 

encouraging re ult whi ch how its feasibility as a pre-treatment for black and domestic 

wastewater . he economi c advantages it offers, further encourages developing countries 

become elf- ufficient in thi re pect. In this research, the start-up of the UASB-septic 

lank y tern and it m ni tori ng during thi period was the main objective. Although the 

y tern functi ned a batch during the beginning and only briefly was operated as a 

c ntinu u react r, th r ult obtained demonstrated that these systems are quite 

eff ct ive in rem ving rgani c pollutant . Thu the removal of the organic pollutants was 

mainl y du t bi -p hy ica l pr ce , whi ch i sedimentation of the particles and its 

microbial d gradati n. Ith ugh, the mi crobial activity was yet slow it contributed to the 

t tal r m va l effici ncy. The OD101a1 removal attained was approximately 76% in 

whi ch the rem val f D ·s, De 1, and ODc1is was 86%, 23% and 52% respectively. 

The A B fflue nt ha a good transparency, thus this will facilitate the successive 

appli ed treatment since the photosynthesis and pH increase wi II instigate carbon dioxide 

consumption, accelerating the death rate of the pathogens and opening the possibility of 

reducing nutrients: itrogen by desorption of gaseous NH3 and phosphorous by 

phosphate precipitation. 

The practical advantages the UASB-septic tank system offers, such as its relatively small 

size, the capture and use of the biogas, and elimination of odour problems make this 

system neighbour friendly. Furthermore, its ease of operation encourages not only 

decentralized use but can also be applied in densely populated areas. 
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1.1 Background 

Chapter 1 

Introduction 

Palestine, like many countries in the Midd le East, suffe rs from an extremely limited 

water supply, rapidly increa ing population and limjted financial resources. The 

country has made great efforts in provi ion of water and wastewater services for it' s 

population in th la t five year . 

The incr a ing urbanizat i n and indu tri alization in Palestine have dramatically 

increa ed the amount f gen rat d wa tewater. With the very limited existing di sposal 

y tern through ut th c un try, Pale tine i now threatened by this waste which my 

infi ltrate and pollu t it underground water resources unless measures are taken to 

all eviate thi dil emma. Thu the new treatment process that offers a substantial 

prom1 may be the anaerobic treatment ( I- a'ed et al. , 200 1). 

1.2 Urban Sanitation in .Palestine 

In urban areas in Palestine; about 20% of the total population are served with a 

centralized sewerage systems, while only a 5% of the collected municipal wastewater 

is subjected to partial treatment. Lack of effective planning in water and 

infrastructure, and exploding urbanization in rural areas in Palestine are polluting 

groundwater and degrading of both water quality and quantity, (Al-Sa'ed et al. , 2001 ), 

even this impact on enviroment is small when it is compared with the disposal of 

pollutants and extensive pumping on ground water by "Israel". 

Improved water supply and sanitation ervices are needed mainly in ruler areas, but 

the high co t of the infra tructure, carcity of development fund s are major 

con traint . 

The c Jl ection and tr atm nt of wa t water in Pale tine illustrates problems and 

c n train that a ciat d with an ar a under rapid development while facing 

conditi n of water arcity, n t nly in Pale tin but also in all the Mediterranean 



and Middle East countries. This increases year by year because of the extensive use of 

water for human consumption, industrial and agricultural production. Low cost 

sanitation and water reuse is important as a mean to improve water resources against 

growing demands of fresh water. 

Wastewater management in Palestine has been a neglected issue. No comprehensive 

data on wastewater characteristi cs and amounts discharged are yet available. The 

existing treatment plants have been designed upon assumption of characteristics of 

wastewater and fl ow . They are poorly operated and maintained and the effluent is not 

better than influent in most of the cases. Raw or partially treated wastewater is 

di charged into the wadi where it i u ed fo r irrigation purposes (MOPIC, 1998). 

Urban wa tewater ha the characteristi cs of domestic wastewater since small scale 

industri es are prevailing, but some factories are disposing of toxic materials. Laws 

and regulations are difficult to enforce. Without permits, illegal connections to the 

sewer sy tern are made, since municipalities do not have any executive power. 

1.3 Existing Sewerage Systems 

In the areas that are not connected to the sewerage network, wastewater is discharged 

into percolating pits and, to lesser extent, into septic tanks. The septic tanks are 

emptied by vacuum trucks and disposed of either in the treatment plant or just in the 

wadis. Rainwater drains do not exist. Table 1.1 gives an estimate of the urban 

wastewater production from the Palestinian Central Bureau of Statistics (2000). 

In villages, no sewage network exists, and wastewater is discharged into percolating 

pits. Pit latrines also exist in some rural areas. 
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Table 1.1 : Urban Wastewater Production and Sanitary status in the Major Cities 

City Population %Connected to Water Wastewater 

the sewerage Consumption Production 

system litre/ capita. day m3/d 

Jenin 23800 60 40 570 

Tulkarem 35145 65 60 1370 

Qalqilya 28280 50 90 1270 

Nablu 102460 70 110 7890 

Ram all ah 20560 70 80 1150 

Al-Bireh 33540 60 80 1610 

Bethlehem 21700 85 100 1845 

Hebron 94760 55 35 1825 

1.4 Existing Treatment Facilities 

1.4.1 Publicaly Owned Treatment Plants 

The Jenin treatment plant has 3 algal ponds that were heavily overloaded and never 

desludged. In Tulkarem, a nearby Israeli settlement uses the effluent in irrigation 

cotton crops. There are plans to rehabilitate the exsiting treatment plant of Ramallah. 

In the rest of the cities of the west Bank, where sewerage systems exist but no 

treatment plants are available, wastewater is flowing into the wadis by natural drains. 

During winter, it mixes with non-perennial rivers, and during summer, it mixes with 

natural springs flowing in the wadis. In nearly all the locations where raw wastewater 

is flowing. It is used for direct irrigation. 

1.4.2 Privately owned treatment plants 

There are fi ve privately owned treatment plants. Two are located in the district of 

Bethlehem, one in Jericho, another in Birzeit Uni versity and the other in Abu Dis. The 

efflu ent i u ed fo r on- ite irrigation purpo es. A pi lot treatment plant has been 

already con tructed in Nablus. The technologies that tested there are trickling filters 

and extended aeration. 
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1.5 Wasterwater Characteristics 

Water consumption is very low in Palestine due to the lack of adequate and regular 

supply and high water rates. Wastewater is mainly of domestic origin. But since water 

consumption is very low, wastewater is concentrated and its strength, in some 

locations, is comparable to that of industrial wastewater. 

Table 1.2 gives the characteristics of wastewater of some cities in the West Bank. The 

values have been attained through analyses of composite samples. For each city, the 

ampling ha been carried out for an 8 hour period and it has not been related to flow, 

because flow mea urments were nearly an impossible tasks. 

Table 1.2 : haracteri stic of raw wastewater from some cities in the West Bank 

Municipal Urban Wastewater Rural Domestic 

Wastewater 

Parameter Ram all ah Nablus Hebron Al-Bireh Grey Black 

BODs:w 525 11850 1008 522 286 282 

COD1 1390 2115 2886 1044 630 560 

Kj-N 79 120 278 73 17 360 

NH/ -N 51 104 113 27 10 370 

N0 3--N 0.6 1.7 0.3 - 1 -

so4-2 132 137 267 - 53 36 

P04-..s 13 .1 7.5 20 44 16 34 

er 350 - 11 55 1099 200 -

TSS 1290 - 1188 554 - -

-All data in mg/I, (Al-Sa'ed et al., 2001 ) 

High valu es of Chemical Oxygen Demand (COD) and Biological Oxygen Demand 

(B D) mean that wastewater is highly concentrated with organic matter. Hence, the 

treatment proce might be complicated and need advanced technology to reach an 

effluent that i afl to be discharged in the wadis or reused in agriculture. Another 

irn portant parameter is the chloride concentration in wastewater. Since the chloride 

ion are di lved in the wastewater, the conventional treatment processes do not 
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remove chloride. Thus, in case treated wastewater will be used in agriculture, then 

salt-tolerant crops should be considered. 

West Bank and Gaza strip still plaguned by the following constraints: (1) rapid 

population, (2) lack of international and /or local finance for wastewater collection 

and treatment, (3) lack of knowledge and expertise in alternative sanitation 

technologies, ( 4) lack of awareness, legislation and financial incentives for business 

and landowner to invest in appropriate on-site sanitation and indiscriminate dumping 

by tanker of untreated sewage. 

Problem with exi ting ewered sanitation and wastewater treatment include:(l)limited 

hou ehold water con umption resulting in low flows and blockages of sewers, (2) lack 

of appropriate hou hold infTastructure to connect with conventional sewerage 

systems, (3) technical and management problems with some wastewater treatment 

plants, as a re ult of various factors including overloading, high BOD content of 

sewage and ( 4) untreated industrial waste. 

So, low cost anaerobic treatment technologies such as UASB have shown 

considerable promise recently as advanced pre-treatment option. The UASB 

technology is feasible in an urban and rural communities in devoloping world and 

industrialized countries because of its high organic removal efficiency, simplicity, low 

cost, low capital and maintenanace costs and low land requirment (Lettinga and 

Hulshoff Pol, 1991 ). These systems are capable of attain high levels of wastewater 

treatment, produce minimal sludge that is, itself, high in N-P and are capable for 

producing biogas energy that can be recovered and reused. 
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1.6 House on-site treatment of total sewage and night soil in a modified UASB

Septic-system. 

Conventional septic tank systems are world wide used for the house on site treatment 

of domestic sewage. The removal efficiency of these systems is however limited, 

morever have large volumes are generally applied . As the flow through systems is 

mainly horizontal, the purification is mainly due to settling of solids. The UASB

septic-tank i a promising alternative for the conventional septic-tank (Bogte et al; 

1993 and Lettinga et al; 1993). The most important difference with the traditional 

UASB ystem is that the UA B-septic-tank system is also designed for the 

accumulation and stabilization of ludge. It differs from the conventional septic tank 

ystem by the upflow mode in which the system is operated, resulting in both 

improved phy ical removal of suspended solids and improved biological conversion. 

o UA B- eptic-tank is a continuous system with respect to the liquid, but a fed

batch or accumulation system, with respect to the solids. Application of these 

modified septic tank systems, was studied under Dutch (low) and Indonesian (high) 

ambient temperatures. Zeeman and Lettinga (1999) recommend the use of modified 

UASB septic tanks for the improvement of the removal efficiencies especially for low 

temperature regions or regions with a period of short winter period, like Middle East. 

Therefore, this study will investigate the performance of UASB septic tank system. 

The black wastewater discharged from the Faculty of Commerce at Birzeit university 

will be tested. 

1.7 Objectives 

The objectives of this research can be summarized as follows: 

1- Identify the change of physical characteristics of sewage during anaerobic 

digestion of black wastewater. 

2- Identify the optimal design parameters for the startup phase of the UASB septic 

tank. 

3- tudy the performance of a UASB- eptic tank under Palestinian environmental 

condition with an t mperature fluctuation from 15 °C to 25 °C. 
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1.8 Approach 

In order to achieve the aforementioned objectives, the following steps were carried 

out. 

l) A comprehensive literature review was conducted with respect to wastewater 

treatment including specialized reading on UASB anaerobic treatment. 

2) Design and building up a modified UASB-septic tank reactor at Birzeit University 

campus that treat black wa tewater from the acu ity of Commerce. 

3) Measurement of the OD fractions (namely CODt, CODss, CODc0 1, CODdis) and 

the biochemical transformation of the COD (% hydrolyses, % Acidification, % 

Methanogenesis) in order to assess the efficiency of this system. 

4) Determination the degree of sludge stabilization by analyzing and recording the 

accumulation of the VSS and TSS in the sludge bed. 

5) Calculation the specific sludge activity by studying the gas production. 

This thesis consist of five chapters, chapter one introduces the subject matter, provide 

the background information into the aim of the study and explores the scope of the 

problem through a series of objectives. Chapter two reviews literature on the subject 

matter and investigate previous studies. Chapter three documents the general 

approach and methods used in this work. Chapter four addresses and discusses the 

main results of the reaearch study. Chapter five lights high the main findings of the 

various aspects of this research and outlines the recommendations. 
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2.1 General 

Chapter 2 

Literature Review 

Anaerobic digestion is one of the oldest processes applied for the treatment of 

domestic sewage (McCarty, 1985). The oldest and simplest process is the septic tank, 

which combines ettling and digestion of settled solids from domestic sewage. The 

first reported in taJJation for the anaerobic treatment of domestic sewage was 

devel ped by Loui Mauras in about 1860 (McCarty, 1985). From then onwards, the 

appli cation f the anaer bic treatment of domestic sewage was studied by various 

researcher ( c tt-Monrief, 1891 and Cameron, 1895). However, with the 

devel pment and large ca l impl ementation of aerobic processes, application of 

anaer bi c di ge ti n remain d mainly limited to the anaerobic digestion of sludge. At 

pre ent, d me ti c ewage i treated mainly aerobically. However, due to the oil crises 

in the eventi s and on iderabJe construction, operation, maintenance costs of the 

aerobic sy te rn , many researches were encouraged to investigate the application of 

high rate anaerobic ystems for the treatment of domestic sewage. Anaerobic systems 

have been developed in the last three decades mainly for the treatment of high 

strength wastewater. In these systems, the wastewater passes through the anaerobic 

biomass, where dissolved substrate then is digested and the particulate matter firstly is 

captured and next digested. 

Anaerobic treatment of raw domestic sewage is however new. Pilot-plant studies in 

Colombia and Brazil showed about 10 years ago that it can be an alternative achieving 

removal efficiencies of 65%, 80% and 70% for CODt, BOD and TSS respectively 

(Vieira, 1998). 

Anaerobic treatment by itself wi ll usually be insufficient to meet the effluent 

discharge tandard and hould therefore be combined with a post treatment. In most 

cases this p t-treatment i an aer bic process organic material at low temperatures 

(Vieira, l998) . 



Since the 80s, an increasing number of anaerobic sewage treatment plants have been 

installed. To meet the discharge standards, the anaerobic treatment is usually 

combined with an aerobic post-treatment, e.g. a small facultative pond for further 

poli shing of the effluent organic material at low temperatures (Vieira, 1998). 

The applicability of anaerobic treatment for domestic sewage depends strongly on the 

temperature of the sewage. The activity of the anaerobic bacteria is optimal at 35 °C, 

if the temperature becomes too cold, very little activity is left. This results in poor 

treatment perf rmanc s. At pre ent it has been estabhshed that with sewage 

temperature f ab ve 20 , anaer bic ewage treatment is feasible. In the range 12 to 

20 ° i a l fea ible, but m re re earch and development work is necessary to assess 

the ptimal trea tment c ndili n (Vieira, 1998). 

A a r ult , anaer bic ewage tr atment i primarily of interest for countries with a 

tr pica! r ub tr pica! climate, which are mostly developing countries. In most 

devel ped ounlri s with a more moderate climate anaerobic sewage treatment is 

considered to be not fea ible. However, research is still going on to develop anaerobic 

systems that can also be used in colder climates (Vieira, 1998). 

In companson with most industrial wastewater, sewage is very dilute. As a result the 

production of biogas is of minor importance. Collection and treatment of the gas, 

whether it is utilized or not, is necessary in order to prevent the emission of bad odour 

to the neighbourhood and to avoid the release of methane into the atmosphere (Vieira, 

1998). 

Anaerobic systems can well be applied on a small scale. This is of importance for 

developing countries where there is a need for decentralized sewerage systems, since 

large-scale centralized treatment is very costly. In this respect a distinction can be 

made between on- ite, community on-site and off-site treatment (Vieira, 1998). 

At present and al o in the near future, nutri ent removal will not be required in 

devel ping c untri e . The priority i to remove pathogens and the organic pollutants. 

In the I ng run h wever, it can be expected that N and P-removal will become 

necc ary. P ibiliti es f bi I gical nutrient removal with the present 
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anaerobic/aerobic systems are not sufficiently assessed. Facultative ponds have shown 

promjsing results in N and also P-removal if designed for this purpose (Vieira, 1998). 

This technology has been combined with the conventional septic tank. The upward 

mode of operation adopted by this system will not only assist in the physical removal 

of the suspended solids but will also improve the biological conversion of the 

di ssolved components. Thus the UASB-septic tank system is designed for the 

accumulation and stabili zation of the sludge. Therefore, an UASB-septic tank system 

is a continuou y tern with respect to the liquid, but a fed batch or accumulation 

system with respect to the so lids re earched (Zeeman et al., 2000; Lettinga et al., 

1993; B gte l al ., 1993). 

The entrapped u pend d lid within the reactor would require longer time for its 

hydroly i , and thu during wintertime the entrapped sohds is expected to accumulate 

and furth r degraded durin g ummerlime. Consequently, the desludging frequency of 

the y tern will increa e ince it i expected to be a function of the operational 

hydrau lic retenti n lime fIRT. 

2.2 Advantages and Disadvantages of anaerobic treatment 

Anaerobic di gestion for wastewater treatment offers a number of significant benefits 

over conventional aerobic treatment 

Advantages Disadvantages 

1-Efficient in removal of orgaruc material I-Long start-up period when seed sludge 

especially for tropical regions >20-35 °C. is not available, as the growth rate of 

methanogenic microorganisms is low. 

2- Low construction cost and small land 2-Low pathogeruc removal and not 

requirements as generally at temperatures significant in removal of nut1ients (N, P). 

>20 °c high loading rates can be applied. 

3-Low perati n and maintenance co t , 3-Requirement for post treatment to reach 

as energy c n umpli n i low and little the effluent standards, depending on the 

eq uipment i need d. requirements for effluent standards. 

4- wer s ludge pr du ti na compared 4-Low removal efficiency of particulate 
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to aerobic and physical-chemical organic material at low temperatures. 

treatment processes. 

5-Biogas productio~ which can be used 5-Risk for odor nuisance from the 

for energy production. reduction of sulfate to sulfide. 

(Elrnitawalli T. A. , 2000) 

2.3 Treatment systems for domestic wastewater 

2.3.1 Conventional septic tank system 

A conventional eptic tank generally consists of one or two chambers with a 

horizontal inJet flow at the top of the reactor as shown in Figure 2.1. The horizontal 

influent fl w provid that only a part of the suspended solids will be removed by 

ettling. The ttled olids will accumulate at the bottom of the reactor. The retention 

time of th olids dep nds on the size of the reactor and moreover on the solid 

concentration that can be provided in the sludge bed. When the reactor is 'full' with 

sludge, it should be emptied, apart of a certain fraction that is necessary for 

inoculation. An important disadvantage of the conventional septic tank system is that 

no contact between sludge and wastewater is provided, so that no conversion of 

dissolved components will occur. Moreover the removal of SS is limited to settling. 

6:f?;::_·:./~;.:;:;:~ -~~ :;·.:~LfI<.;\~\> ~f··~·>~·:~ •> :;_:_: ::.~~ - ··:{~- ~f.:~ ... i{)\'..~::::/:_;~;- ~~:~t.<:~{ 
·: f • .• 

:: .:·~, ?~·· :~ 
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,., ·~ _,....._ . .--......~,,,.___~ ...r--o ·.i_::' 

H t ·~ > . ,...........,......,... t·} . prlrio.ry 
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"igure 2.1 : r s ecti nal view of a conventional septic tank. 
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2.3.2 UASB-septic tank system 

The UASB -septic-tank system is a promising altrnative for the conventional septic 

tank (Bogte et al., 1993; Lettinga et al. , 1993). It differs from the conventional septic 

tank system by the upflow mode in which the system is operated, resulting in both 

improved physical removal of suspended solids and improved biological conversion 

of dissolved components. The most important difference with the traditional UASB 

sy tern is that the UASB-septic-tank system is also designed for the accumulation and 

stabilization of sludge. So, a UASB-septic-tank system is a continuous system with 

re pect to the liquid, but a fed-batch or accumulation system, with respect to the 

solid . Bogte et al., (1993) and Lettinga et al., (1993) researched the use of a UASB

septic y tern for the on- ite treatment of black water and total domestic sewage at 

both Dutch and Indonesian ambient conditions. For low temperature conditions the 

application of a two step UASB-septic-tank system could be profitable. Zeeman and 

Lettinga (1999) present expected removal efficiencies at treatment of black water and 

grey plus black water at low and tropical temperature conditions. 

2.3.3 Upflow Anaerobic Sludge Blanket (UASB) 

In the early seventies new, high rate, mainly upflow systems, were devoloped for the 

treatment of wastewaters, characterised by the achievement of a long retention of 

biomass at short liquid retention times and good contact between the biomass and the 

substrate. The most frequently applied system is the UASB system, developed by 

lettinga (1979). Ascheme of a UASB reactor is given in Figure 2.2. The three-phase 

separator provides a high retention of sludge in the reactor. The sludge bed in a UASB 

reactor can either consists of granular or flocculent sludge. For treatment of domestic 

sewage with a high fraction of suspended solids no granules will develop . Only when 

two-step systems are applied, where the main part of the suspended solids (SS) is 

removed in the first step methanogenic granules can develop in the second step 

(Zeeman et al., l 997; lmitwally et al., 1999). 

The UASB reactor consists of a circular or rectangular tank in which waste (water or 

sl udge) flow in upward direction through an activated anaerobic sludge bed, which 

occupie about half the volume of the reactor and consists of highly settable granules 
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or floes. During the passage of this blanket the purification takes place through 

complex mechanisms of bio-physical-chernical interrelated processes. Organic matter 

is converted into biogas (mai nly methane whjch is a useful end product and carbon 

dioxide) and sludge. The produced biogas bubbles transfer to the top of the reactor, 

carrying water and solid particles (i.e. biological sludge and residual solids). These 

bubbles stri ke the degassing baffles at the upper part of the reactor, leading to an 

efficient gas-liquid-solid three-phase eparation (GLS) . The solid pa1iicles drop back 

to the top of ludge blanket, while the released gases are captured in an inverted cone 

(GLS)located at the top of the reactor. Water passes through the apertures between the 

degas ing baffl carrying ome so lid pa rticles wl1i ch ettl e there due to increase of 

the cro ectional area and r turn back t th ludge blanket, while water leaves the 

ettler over overfl ow weir . A on st p UA B reactor can achieve COD removal 

efficiency above 75% at HRT a low a 4-6 hours fo r raw sewage at 25 C (Alaerts et 

al. , 1990). 

The application of the conventional UA B systems is highly limited under sub

optimal conditions of temperature (psychro phil.ic conditions) and high concentration 

of suspended solids. 

2.3.3.1 Technical Description and Design Parameter of UASB Reactors 

The first step in the design of a UASB reactor is to determjne the volume of the 

reactor, upon wruch the details are based. The most important details are influent 

distribution, gas/liquid/solids (GLS) separator and effluent collection. Figure 2.2 is a 

schematic diagram illustrating the main elements of a UASB reactor which are the 

influent distribution, sludge blanket, gas dome and effluent collection gutter. 



effluent 

deflecto 

blogo.s 

e.f'f'luiant 

s:ettllng zone 

sludge blo.nkE"t 

• heo..vy sludge 

I fine s:lu dge 

Fig. 2.2: chematic diagram of a UA B reactor. 

Volume 

The volume of the reactor is determined by the hydraulic loading, organic loading or 

gas loading. If D is below about 1000 mg/I hydraulic loading are limiting and 

determine the volume. Above 1000 mg/I COD, the organic or gas loading should be 

applied as the design parameters. Depending on the wastewater temperature and the 

hydraulic regime, a hydraulic retention time (HRT) is determined, usually between 3 

and 6 hours for peak loading and 18 hours for average loading (Journey and Scott 

McNiven, 1996). 

Depth 

The typical water depth for a UASB reactor for municipal wastewater is 4m. Above 

that height a freeboard of 0.3-0.8 mis required. A sump 0.3-0.5m deep required at the 

bottom of the reactor to allow complete drainage. Four meters is considered the 

optimal water depth at the current state of the art. Deeper, more compact designs will 

be the subject of further research. (Journey and Scott McNiven, 1996). 

Influent Distribution 

_, ven di tribution of the influent over th bottom surface of the reactor is one of the 

e sential p ints fo r good perfo rmance. or municipal wastewater with high 
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concentrations of suspended solids (SS) and fibrous material, a series of splitter boxes 

has given the best results so far . From each of the several outlets of the final splitter 

box, usually located on top or inside the upper part of the reactor, a pipe leads to 

afixed point at the bottom of the reactor. The density of distribution points should 

ideally be as high as possible, but for practical reasons, a density of one inlet point per 

2.5-4 m2 is regarded as optimal. At the recommended densities, the inlet pipe can be 

50-80 mm in diameter and the water velocity 0.3-0.8 mis. For example, a reactor with 

an effective volume of 1000 m3 (and a bottom surface area of 250 m2
) would have 40-

62 inlet poi nt (Journey and Scott McNiven, 1996). 

Gas/Liquid/Solids (GLS) Separator 

The GLS eparator is the second essential detail . The inclination of the walls of the 

gas dome should be between 50°-55° . A flatter angle will lead to accumulation of 

sludge in the ettling compartment is determined by the aperture velocity. The 

aperture velocity should be less than the initial settling velocity of the sludge. 

Generally, less than 1 Om/hour should be designed for at peak loading conditions and 

fi ve m/h at average loading conditions. The overlap between the lower extremes of 

the GLS separator and the deflectors should be 10-20 cm. The surface area of the 

settler should be 60-80 percent of the total surface area of the reactor (Journey and 

Scott McNiven, 1996). 

Effiuent Collection 

Equal collection of the effluent is the third crucial part of the design of a UASB 

reactor. Overflow weirs, or gutters, on both sides of the settling compartment provide 

good results . The weirs should have 45 v-notches, rounded at the apex that provide an 

overflow table of I 0-20mm under all loading conditions (Journey and Scott McNiven, 

1996). 

ludge ampling and Withdrawal 

The dynamic of the Judge blanket can be controlled only by maintaining optimal 

blanket height. To determine the height of the blanket and the distribution of the 
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solids concentration over the height of the reactor, or the sludge profile, samples need 

to be taken at different heights. Sampling ports of sampling ports are recommended 

for larger reactors . Sludge withdrawal ports I 00-150 mm diameter are placed at 

different heights and at different locations around the reactor. Sludge should be 

withdrawn at 0.2, 0.5 and 1.5 m from the bottom, depending on the dynamics of the 

sludge blanket. One set of sludge withdrawal pipes should be specified for each I 00-

150 m2 of bottom surface area. A sump with a 150-250 mm outlet is needed to 

completely empty the reactor (Journey and Scott McNiven, 1996). 

Performance 

Removal efficiencie depend on water temperature, hydraulic loading, reactor design, 

the quality of the maintenance status of the reactor. Depending on the composition of 

the wa tewater the removal efficiency of the UASB process may vary between 60-70 

percent for OD and 75-85 percent for BODs, at influent temperature between 20-35°. 

At 24° C a properly designed and built reactor treating a typical municipal wastewater, 

when operated within the design parameters, may be expected to average removal 

efficiencies of 75 percent of TSS . Only negligible amounts of nitrogen and 

phosphorus are removed; 75-90 percent of N will be converted to ammonium ion 

(N1Li +). Sulfur compounds are almost completely converted to hydrogen sulfide 

(H2S). Removal of low concentrations of heliminth ova is almost complete. In 

endemic regions with high concentrations, 80-90 percent removal may be expected. 

Removal of pathogenic bacteria and viruses is about 50 percent. 

The composition of biogas generated in the reactor depends on the characteristics of 

the wastewater and on the loading applied. Gas production is typically 220-250 l/kg of 

influent COD, excluding gas dissolved in the effluent. For an influent COD 

concentration of 300 mg/I , gas production will be about 60-75 l/m3 of treated 

wastewater. The measured gas production is the primary control parameter of the 

reactor, e.g., the parameter that indicates whether the reactor is functioning properly. 

Lower production indicates inhibition of the biological process, sludge loss or some 

other problem. Sludge production depends mainly on the concentration and organic 

content of uspended solids in the wastewater and SRT and is adversely affected by 

ludge wa hout (Journey and Scott McNiven, 1996). 
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Construction materials 

For reasons of price and availability, concrete is the most utilized material for the tank 

and internal components of the reactor, such as columns, beams and GLS separator. 

Steel or plastics for the tank are not price competitive, but internal components could 

be made of polyester or polyethylene if these materials are available at a competitive 

price. The concrete must be of superior quality, well compacted, and cast in smooth 

forms. Concrete exposed to a corrosive atmosphere, such as outlet structures, could be 

protected with a lining or coating of a corrosion resistant material, such as epoxy. 

Larger plitter boxes are generally made of concrete and smaller ones of polyester. 

Inlet pipes are preferably made of concrete and smaller ones of polyester. Inlet pipes 

are preferably made of PE or PVC. Other piping can be of PVC or polyethylene gas 

pipe (hostalene) . The use of metal should be minjmized, since the gas and the treated 

effluent are rughly corrosive. Where metal is essential, stainless steel should be used. 

Galvanized surfaces may be used in non-submerged or open spaces, such as ladders 

and railings (Journey and Scott McNiven, 1996). 

Odor Abatement 

Gases from anaerobic treatment plants contains many offensive compounds. If odors 

cause a problem they may be reduced by ensuring a gas-tight gas collection system. 

Concrete gas collectors may be lined. Settlers and effluent gutters be covered and the 

air a above the water surface extracted and treated by compost filtration or a similar 

process (Journey and Scott McNiven, 1996). 

2.3.4 Modified one stage UASB reactor 

The one stage UASB is recommended to be modified to overcome the prevailing 

conditions in the Middle East (Mahmoud, 1998). Consequently, it is suggested to 

modify the one stage UASB system by incorporating a supplementary digester 

( igure 2.3) . In the proposed system, the raw suspended solids will be captured in the 

UASB reactor and conveyed to the digester, which should be operated under optimal 

condition of T, SRT, and others. While the methanogenic capacity of the UASB 

sludge. Morever, the finely dispersed biodegradable solids wruch are attached to the 
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sludge floes in the UASB could be sludge floes. Consequently the influent 

pre(acidified) COD will be partially/totally removed. Therefore, the UASB has three 

main functions : modified primary sedimentation tank, sludge thickener, and a 

methanogenic reactor. While, the digester has two main functions: sludge stabilisation 

(energy production 'CRt gas ', improves dewatering characteristics) and providing 

methanogenic bacteria. 

The design of the UASB is controlled by hydraulic loading rate or organic loading 

rate. The hydraulically controlled case is controlled mainly by the SS settling 

characteri tics. While, the organically controlled case is controlled by the influent 

suspended olids content or VF A. The rate-limiting step of the overall degradation 

step (either hydrolysis or methanogenesis) is controlled by wastewater characteristics. 

For complex type of wastewater (high content of suspended solids) hydroysis is the 

rate-limiting factor . 

The design of the digester in the UASB-digester system proposed by Mahmoud et al., 

(2000) is controlled mainly by the sludge flow rate from the UASB. The minimum 

flow rate is controlled by the total amount of SS entering the UASB daily and sludge 

concentration in the sludge bed. While the produced biogas is controlled mainly by 

the biodegradability of the SS which is controlled by the chemical composition of the 

solids. 
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Fig. 2.3: Modified one stage UASB reactor 

The wastewater characterictics , which control the design of the U ASB- Digester 

system, are: 

-VFA 

-Amount of SS 

-Settling characteri tics of the SS 

-Biodegradability of the : i main ly contro ll e~ by the chemical composition of the 

S and particle size di tribution 
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2.3.5 Hybrid Reactors 

2.3.5.1 Hybrid UASB/ Attached Growth Reactor 

An EPA-sponsored domonstration project located in Maryland evaluated the 

performance of an anaerobic reactor that provided enhanced primary treatment in a 

system treating pre-treated waste water from the Frederick County tratment plant. The 

treatment objective, advanced quality final effluent, was met for all criteria except for 

phosphorus removal. The hybrid reactor, a schematic diagram of which is presented in 

Figure 2.4, incorporates both basic types of anaerobic processes in one unit: 

suspended growth and fixed film, attached growth. 

The first compartment contains a UASB reactor (without the three-phase /liquid/solids 

separator) that digests primarily particulate organic material, which is retained and 

digested over a retention time of up to one year. Gases are collected under the floating 

cover. 

The final compartment contains a solid medium on which a bacterial film forms. The 

attached growth process is capable of digesting soluble and colloidal organic matter is 

less readily retained and degraded in a suspended growth reactor (Journey and Scott 

McNiven, 1996). 

2.3.5.2 Hybrid Baffled Plug Flow/ UASB reactor 

Reasearches at the University of the Andes in Bogota developed and demonestrated a 

hybrid anaerobic reactor that has a relatively high COD removal efficiency ( around 

70 percent) in the-optimal temperature range for methanogenic bacteria below 20°c. 

The purpose of developing the reactor was to make anaerobic treatment of municipal 

effluents feasible in the range from 13-20 °c that prevails on the plateau on which 

Bogota is located. The reactor geometry imposes a plug flow hydrodynamic regime 

on the wastewater. Alternating vertical baffles force the fluid altenately upward and 

downward before it enters a final UASB compartment. Figure 2.5 is a schematic 

diagram of the hybrid reactor (Journey and Scott .McNiven, 1996). 
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2.4 Anaerobic removal and conversion of organic matter in domestic sewage 

2.4.1 Physical removal of organic matter in domestic sewage 

The removal of domestic-sewage particulate matter in an anaerobic reactor originates 

mainly from physical processes proceeding in the anaerobic biogass present in the 

system. 

2.4.1.1 Removal of Suspended Solids (SS) (Diameter >1 µm) 

As SS represent the major COD fraction in domestic sewage, high removal of SS will 

lead to high removal of CODt. The removal of large particles in the SS fraction 

depend mainly on drag forces and settling characteristics. In an anaerobic reactor the 

removal of SS occurs by settling and by filtration through the sludge bed. The 

filtration mechanism includes entrapment, sorption and straining (Metcalf and eddy, 

199 1 ). The following factors affect the physical removal of SS in anaerobic reactors: 

-Influent concentration: The sedimentation and filtration rate depend on the influent 

concentration. Grin et al. , (1985), Man et al. , (1986) and Wang (1994), found that the 

removal of CODt in an upflow anaerobic sludge blanket (UASB) reactor treating 

domestic sewage depends on influent CODt. 

-Temperature: Grin et al. , (1985), Man et al. , (1986) and Wang (1994), found that the 

removal of SS in UASB reactors with both flocculent and granular sludge declines 

when the temperature of domestic sewage decreases. The higher viscosity of the 

wastewater at lower temperature reduces the sedimentation of particles, as the settling 

velocity of particles in domestic sewage is extensively proportional to the viscosity of 

the liquid according to Stokes law. 

-Height of the reactor: Although the production of biogas causes mixing in the sludge 

bed and improves the contact between the wastewater and biomass, it also disturbs 

the ludge bed reduces the settling of S in the reactor. In shallow reactors the rate of 

bioga production per unit area of cross section is lower than in tall reactors. 

Therefore, the removal of SS in shallow reactor is better than in tall reactor (Man et 

al. , 1986). 
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-HRT: The HR.I has physical and biological effects on the removal of SS. Increasing 

the HR.I improves the settling and filtration in the reactor. 

-Upflow velocity: with increasing of the upflow velocity at constant HR.I and reactor 

height, the removal of SS by settling will decreases, as the drag force depends on the 

upflow velocity. Man et al., (1986) found that application of an upflow velocity 

exceeding 0.5 m/h resulted in a significant decrease in SS removal in the treatment of 

domestic sewage in a UASB reactor at low temperatures. 

-Particle size and density: wastewater particle size and density play an important role 

in separation of particles heavier and larger particles settle faster than lighter and 

smaller particle respectively. Also, the particle size of anaerobic sludge might be an 

important factor in SS removal as the filtration depends on the size of the filter media 

(Levin et al. 1985; Odegraard, 1998). According to Lawler et al., (1986) anaerobic 

digestion changes the particle size distribution of the sludge. They found that when 

digestion works well, particles of all size are destroyed, but there is a preferential 

removal of particles of small size. When digestion does not work well, large particles 

are destroyed but small particles are created. 

2.4.1.2 Removal of colloidal particles (Diameter between 0.001 -1 µm) 

The removal of colloidal particles, which represent 20-30% of the CODt in domestic 

sewage clearly is the limiting factor at low temperature treatment, (Yoda et al., 1985; 

Mergaert et al., 1992; Wang, 1994; Sayed and F ergala, 1995). According to Sayed and 

F ergala (1995) the entrapment mechanism involved in removing solids is not 

sufficient to remove colloidal particles through the sludge bed with high porosity and 

under upflow and gasification. Lattinga and Wang (1994) found that colloidal 

particles in domestic sewage could be removed in batch recirculation experiment with 

granular sludge at 20 °c, but only upon applying a long recirculation time (144 h) . 
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The removal of colloidal particles occurs by filtration and/or sorption m the 

suspended and/or attached biomass present in the anaerobic reactor. As known, the 

stability of colloidal matter is governed by Van der Waals attraction and electrostatic 

repulsion forces. 

2.4.1.3 Removal of dissolved matter (Diameter < 0.001 µm) 

High-rate anaerobic systems can efficiently treat-strength soluble substrate as well as 

low-strength soluble substrates even at low temperature (Kato, 1994, Rebac, 1998). 

Although, the removal of dissolved matter is mainly a biological process, some 

physical aspects are also involved. A high concentration of active biomass and a good 

removal of S are needed for optimization of soluble substrate removal at low 

temperature (Agrawal et al. , 1997· Rebac, 1998; Lettinga et al., 1999). As the 

solubility of gases increases at declining temperatures below 20 °C, a lower mixing 

will prevail in the sludge bed in systems operated at lower temperatures. Moreover, as 

also viscosity increases at lower temperatures, more energy is required for mixing and 

diffusion of soluble compounds (Perry and Green, 1984). 

2.4.2 Anaerobic conversion of domestic sewage 

2.4.2.1 Anaerobic conversion of particulate matter 

Anaerobic digestion is a process that converts organic material to methane and carbon 

dioxide in the absence of oxygen. The anaerobic degradation of organic matter is a 

complex process that is accomplished by various groups of a micro-organisms. The 

degradation of proteins, carbohydrates and lipids takes place by different pathways. In 

general four different steps can be distinguished in the overall process; hydrolysis, 

acidogenesis, acetogenesis and methanogenesis (Vogelaar, 1997) as can be observed 

in Figure 2.6 (Sayed, 1987). Also the effect of temperature on the digestion process is 

briefly discussed. 
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Particulate organic matter 

Protein Carbohydrate Lipids 

I-Hydrolysis 

Amino acids and sugar Long chain fatty acids 

2- Acidogeneses 

3- Acetogenesis 

Acetate 

Intermediary products 
(propionate, 

butyrate . .. ,etc 

Methane and 
carbon dioxide 

Hydrogen and carbon 
dioxide 

Fig. 2.6 Anaerobic digestion of domestic sewage (Sayed, 1987). 

Hydrolysis 

Hydrolysis is the first step in the anaerobic conversion of organic substrate. In this 

process complex, undissolved polymeric substrates are transformed into plain, 

dissolved mono-or diametric substrates (Lattinga et al., 1998). This process is merely 

a surface phenomena in which the polymeric particles are degraded to smaller 

compounds by extracellular enzymes. The polymers present in sewage can be divided 

in three groups; proteins, carbohydrates and lipids . The proteins are degraded into 

amino acids, the carbohydrates into soluble sugars and the lipids into long chain fatty 

acids and glycerin. In many cases the hydrolysis can be considered as the rate-limiting 

step in the overall process of anaerobic conversion (Haandel and Lettinga, 1994). 
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Acidogenesis 

During hydrolysis the organic polymers were degraded outside the cell wall by exo

enzymes. The reaction products (amino acids, simple sugars and long chain fatty 

acids) are now further degraded intra-cellular by the same micro-organisms that 

excerte the exo-enzymes. Most of these are Clostridia and Bacteroides species. The 

organic compounds are mainly converted into volatile fatty acids and is therefore 

indicated by Acidogenesis (Lettinga et al., 1998). 

Acetogenesi. · 

The acetogenic bacteria convert the products of the acidogenesis bacteria into acetate, 

hydrogen and carbon dioxide. The oxidation to these compounds are 

thermodynamically unfavorable unless the partial hydrogen pressure is kept very low. 

This can be achieved by an effective uptake of the hydrogen by methanogens or 

sulfate reducing bacteria. 

Methanogenesis 

Methanogenesis bacteria accomplish the final stage in the overall anaerobic of organic 

material to methane and carbon dioxide. Methanogens are classified into two major 

groups: the acetate converting (acetoclastic) and the hydrogen utilising 

(hydrogentrophic) bacteria. The growth rate of the avetoclastic bacteria is low. This is 

the main reason for the fact that anaerobic treatment systems require a high biomass 

retention time. Generally 70-80% of the methane formed from the organic material 

originates from acetate (reaction A). The rest is mainly derived from hydrogen and 

carbon dioxide (reaction B). 

The acetotrophic and hydrogenotrophic reactions are listed below (Miron, 1997). 

A) Acetotrophic methanogenises : 

H3 00- + H20 CILi + HC03. (6G0= -31.0 kJ/mole) 

) ydrogentrophic Methanogenesis 

0 2 + 4 H2 CH4 + 2H20 (6G = -131.0 kJ/mole) 
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2.4.3 Therotical calculation of biogas and methan production 

The overall equation for anaerobic fermentation of organic matter is (Metcalf and 

eddy 1991) : 

CnHnObNc + n--- - +- H20 ------+ -+----- CH4 + ---+-+-CO +cNH ( 
a b 3c] (n a b 3c] (n a b 3c) 
44 4 2 8 4 8 2 8 4 8 2 3 

Assuming organic matter is composed of C5H 70 2N so: 

113 g organic matter -------+ 2. 5 mole CH4 

Under SIP (Standard Temperature and Pressure), l mole of gas = 22.4 litre 

So, 2.5 mole = 2.5*22.4 =56 litre methan 

and 2.5 mole = 2.5*22.4 =56 litre C02 

So the rate of methan production = 56 litre I 113 g organic matter 

= 0.49 m3 C!Li/kg organic matter 

and the rate of biogas (C!Li+C02) production =(56 litre CH4+56 litre C02)/1 l3 

= 0.98 m3 CHJkg organic matter 

2.5 High rate anaerobic systems 

High rate anaerobic systems are capable to retain concentration of active biomass, 

which allows the application of a relatively high loading rate and maintenance of a 

long SRI at a relatively low HRT. Several high-rate anaerobic systems were 

developed in the last three decades, e.g. the upflow anaerobic filter (AF) reactor 

(Young and McCarty, 1969), U ASB reactor (Lettinga et al., 1979). 

2.5.1 The UASB reactor 

The UA B reactor is the most widely and successfully used high-rate anaerobic 

y tern for several types of wastewater (Lettinga, 1996). The great success of the 
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UASB reactor can be attributed to its capability to retain a high concentration of 

active suspended biomass with simple and low cost means. Morever, the formation of 

granular sludge, which has a high methanogenic activity and is better settable than 

flocculant sludge, improves the maximum loading rate of the UASB system. Several 

versions of the upflow sludge bed system were developed all on the same basis like 
' 

the expanded granular sludge bed (EGSB) reactor (Man et al., 1988). 

The EGSB reactor, which uses granular sludge at upflow velocities exceeding 6 m/h, 

enables the application of treatment for very low strength wastewater and even for 

low strength cold wastewater (< l 0 °C). The EGSB system also looks very promising 

for rather toxic sub trate . 

2.5.2 The Anerobic Filter (AF) reactor 

2.5.2.1 General 

The AF reactor, a fixed-bed anaerobic reactor, retains the biomass in attached and 

suspended form. The methanogenic activity in the AF reactor is associated with both 

suspended and attached biomass to the packing material (PM) constitutes on the other 

hand an obstacle to horizontal mixing. The system traps large amounts of SS mainly 

in the lower part of the reactor, where mixing due to the gas production is lowest 

(Tilche and Vieira, 1991). 

According to Iwai and Kitao (1994) the anaerobic biofilm present on PM offers the 

following advantages: 1) quicker start-up, 2) capability to remove slowly 

decomposable substrate, 3) higher tolerance to variation in temperature and loading 

rate, 4) improve the treatment efficiency of low concentration wastewater. 

2.5.2.2 Effect of the characteristics of PM on reactor performance 

Miyahara and Noike (1994) studied the effect of PM on SS removal and hydrolysis by 

feed ing an anaerobic reactor with a low strength synthetic wastewater (550 mg 

OD/I) containing cellulose as SS. They fo und that the effluent water quality is 

improved remarkably and also the hydrolysis of cellulose was promoted by packing 
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the reactor. Miyahara et al., (1995) studied the relationship between the PM and the 

behavior of anaerobic bacteria. The number of suspended acidognic bacteria was 

found to be higher than the number attached to the PM. On the other hand, they also 

found more attached than suspended methanogenic bacteia. The accumulation of 

attached bacteria was promoted by decreasing the HR T of the reactor. The number of 

acidogenic bacteria in the reactor packed sparsely with PM was higher that in closely 

packed reactor. The number of methanogenic bacteria in the sparsely packed reactor 

was lower than that in the closely packed reactor. 

2.6 Practical application of anaerobic treatment of domestic sewage 

2.6.1 Anaerobic treatment of domestic sewage under tropical condition 

In tropical areas where the temperature ranges between 20-3 5 °C, high-rate anaerobic 

reactors offer a big prospect for the treatment of domestic sewage (Haandel and 

Lettinga, 1994). Lettinga and his co-workers (Lettiga et al. , 1983; Grin et al., 1985; 

Man et al., 1986; Lettiga et al., 1987; Man et al., 1988) started the research in the 

anaerobic treatment of domestic sewage in the late seventies. Subsequently, a 

considerable amount of research has been carried out in this field using a variety of 

anaerobic reactor types . Table 2. 1 shows results of recent research for the anaerobic 

treatment of sewage in lab scale reactors at temperature >20 °C. 

Table 2.1: Summary of recent results for sewage treatment under tropical conditions 

( >20 °c) in pilot and full scale systems. 

Reactor Volume Temp HRT Influent Removal Reference 

( m3) ( oc) (h) COD1 COD1 SS 

(mg/I) 

UASB 64 24-26 4-6 267 65 70-85 Schellinkout et al., 1985 

UASB 686 20-25 4-5 455 11-60 27-58 Nucci et al., 1985 

UASB 120 - 4.7-9 315-265 50-70 56-79 Vierira, 1988 

UA B 1200 20-30 6 563 74 75 Draaijer et al., 1992 

UA B 6600 25 5.2 380 60-80 - Schellinkout et al. , 1992 

30 



Based on the results obtained in a 64 m3 UASB reactor in Caloi, Columbia for 

domestic sewage treatment (Schellinkhout et al., 1985) full scale UASB reactors have 

been successfully put in operation. The U ASB reactor has been considered as the 

most attractive anaerobic system for treating domestic sewage due to its simplicity, 

low investment and operation costs as well as the long favorable experience in the 

treatment of a wide range of industrial wastewaters (Lettinga and Hulshoff, 1991 ). 

According to Monory et al. , (2000) the anaerobic treatment of wastewater in Mexico 

started in 1987 and within one decade, 31 anerobic reactors, mainly UASB, treating 

domestic sewage have been installed . The performance and description of these 

reactors can be found in the article of Monory et al., (2000). Table 2.1 presents the 

performance results of full and pilot scale UASB reactors treating domestic sewage. 

The presented results in Table 2.1 reveal that more than 70% of CODt reduction can 

be accomplished in treating raw domestic sewage. 

2.6.2 Anaerobic treatment of domestic sewage at low temperatures 

The application of anaerobic treatment of domestic sewage is certainly not restricted 

to tropical regions. From results obtained by Lettinga and his co-workers (Lettinga et 

al. , 1983 ; Last and Lettinga, 1992; Wang; 1994 ), it is clear that anaerobic treatment of 

domestic sewage may also represent an attractive and feasible option for moderate 

climates. However, at low temperature, more sophisticated reactors are needed 

(Wang, 1994; Sayed and Fergala, 1995; Lettinga, 1996; Kalogo and Verstraete, 1999). 

Table 2.2 presents a summary of results of arecent research for the anaerobic 

treatment of domestic sewage at low temperature ( <20 °C). Although the anarobic 

treatment of domestic sewage has been applied at full scale in several tropical 

countries, the process so far is not applied at full scale in countries in temperature 

climate regions, mainly as a result of the lower removal efficiencies. Morever, at low 

ambient temperatures, the amount of SS accumulating in the sludge bed mcrease 

(lmanori et al. , 1983 ; Genung et al. , 1985; Sanz and Fdz-Polanco, 1990). 
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Table 2.2: Summary of recent results for treatment of sewage at low temperature 

(<20 °C) 

Reactor Slud Sew T HRT Yup lnflue % Removal Reference 

ge oc h m/h CODt CODt SS 

type mg/I 

UASB F R 8-20 8 0.4 400 30-50 - Grin et al., 1983 

UASB G R 7-8 9-14 0.14 467- 57 72 Man et al., 1986 

700 

AF F R 10 6 0.7 529 54 - Derycke et al. , 

1986 

UASB F R l2- 18 - 46- 65 73 Monroy et al., 

18 1988 

UASB G R 12- 7-8 0.23 190- 30-75 60 Man et al., 1988 

20 l 180 

EGSB G s > 13 l-2 6 39 l 16-34 - Last and 

Lettinga, 1992 

UASB+ FG0 R 18- 8-4, - 200- 74-82 86- Sayed and 

UASBb 20 2b 700 93 Fergalla, 1995 

UASB+ FGb R 17 3 2b l.6b 679 69 79 Wang, 1994 
' ' 

EGSB 

UASB+ F G0 

' 
R 12 3 2b 

' 
l.6b 507 51 67 Wang, 1994 

EGSB 
. b, a: two reactor operated m an mterm1tted mode, . the second reactor; F: floculant 

sludge; G: granular sludge; R: raw sewage; S: pre-settled 

Various investigation have been carried out to overcome the obstacles faced the 

anaerobic treatment of domestic sewage at low temperature by the following: 

2.6.2.1 Use of gran ular seed sludge 

Lettinga et al., (1983) tudied the effect of using granular sludge for the treatment of 

dome tic ewage. Granular sludge has a higher methanogenic activity and a distinctly 

better ettlability than flocculant sludge. However, as mentioned already above, the 

treatment of dome tic wage at low temperature in an one step granular sludge 
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UASB reactor leads to accumulation of SS, due to the slow hydrolysis resulting in 

deterioration of the methanogenic activity of the sludge (Man et al., 1986). 

2.6.2.2 Removing of SS prior to the anaerobic treatment by settling or physical

chemical pre-treatment 

By treating pre-settled sewage at low temperature not only SS accumulation in the 

sludge bed is prevented, but it may also promote the formation granular sludge as was 

found by Vieira and Souza (1986) . According to kalogo and Verstraete (1999) SS 

concentration in pre-settled sewage is still high to achieve a stable performance during 

anaerobic treatment. They report a pre-requested ratio CODdis to VSS in the domestic 

sewage of more than 10 for achieving an effective and stable treatment. Therefore, 

kalogo and Vertraete (2000) applied physical-chemical pre-treatment of domestic 

sewage prior to anaerobic treatment in a UASB reactor. 

2.6.2.3 Applying high upflow velocities 

In EGSB or AFB reactors, the negative effect of SS accumulation can be avoided and 

a good contact between wastewater and biomass at low temperature can be achieved 

as a result of the high upflow velocity. Last and Lettinga (1992) found a high removal 

of CODdis, viz. 84% of the maximum achievable CODdis removal, during the 

treatment of pre-settled sewage using an EGSB reactor at an HR.I of 2 h at 

temperature > 13 °C. However, an additional settler is needed following an EGSB 

reactor. Morever, for achieving the required high upflow velocities in either an EGSB 

or an AFB reactor a tall reactor and/or recirculation of wastewater has to be applied. 

Therefore, the use of these systems will be accompanied with higher construction, 

operation and maintenance costs as compared to the UASB reactor, although the land 

requirements may be distinctly lower. 

2.6.2.4 Treatment of raw domestic sewage in a two-step anaerobic system 

In the fir t-step of a two-step system mainly removal of SS and partial hydrolysis and 

acidification will occur. Due to a slow rate of hydrolysis at low temperatures, the 

accumulated S in the first-step need to be discharged regularly. As a result of that, 
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the SR T in the first reactor remams low, therfore preventing the sufficient 

development of slowly growing methanogens. As most of the SS are removed in this 

first-step, the removal and conversion of the remaining organic matter can be 

delegated to the seconed-step, the methanogenic reactor. As little SS will enter the 

second-step reactor, the specific methanogenic activity of the sludge remains at a high 

level. Wang (1994) used a combination of a high UASB+EGSB system for the 

treatment of domestic sewage at temperature ranging 12-17 °C (Table 2.2). In the 

tlocculant sludge UASB reactor, a substantially higher CODss removal could be 

accomplished than in a conventional settler as a pre-treatment step. However, the 

removal of colloidal particles was found to be limited in this combined UASB+EGSB 

system. Sayed and Fergala (1995) studied the treatment of domestic sewage at 

temperatures of 18-20 °c in a two-step system, consisting of three reactors. The first

step consisted of two identical flocculant sludge UASB reactors, which were operated 

in intermittent mode for thr removal and digestion of SS. The second-step was 

granular sludge UASB reactor (Table 2.2). Tang et al., (1995) treated domestic 

sewage in atwo-step UASB+AF system st a temperatur of 20 °C (Table 2.2 ). Most of 

the COD removal was achieved in the first-step (UASB reactor), viz. 70% of the 80%, 

which can be attributed to the slightly higher operational temperature of 20 °C. 

2. 7 Anaerobic degradation equations 

The total CRi production in each serum bottle was summation of CH4 in the 

headspace and the dissolve CRi. The dissolved CRi was calculated to Henry's law. 

Percentage of hydrolysis (H), acidification (A) and Methanogenesis (M) were 

calculated according to equation 2.1 , 2.2 and 2.3 respectively (Elmitwalli et al., 2000) 

0 
_ * (CH4asCOD +effluentCODdiss +inf luentCODdiJ 

H (Vo) - 100 . f l . . COD m uent , 
(2 .1) 

(2.2) 

(2.3) 
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2.8 Biodegradability 

The converted COD fraction to CILi gas can be calculated according to the gas Jaw: 

n= PV /RT 

n: number of moles 

P: 0.94 atmospheric pressure (at Birzeit University) 

V: volume of collected NaOH solution (litre) 

R: 0.082 gas constant (l*atm I mole*K) 

T: temperature (K) 

The number of moles can be used to calculate the weight of the produced methane 

(molar mass of CILi by conversion factor of 4 (g COD/g CH4) according to : 

C!Li + 202 C02 + 2H20 

64 g COD I 16 g C!Li = 4 g COD I g CH4 

Biodegradability = (CODcH4 I CODT) * 100 % (2.4) 

Biodegradability also can be calculated on the basis of COD reduction by calculating 

the amount of digested COD as shown in the following equation: 

CODT degraded = { (CODT, t=O - CODT, t=t) I CODT, t=O} *100 % (2.5) 
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Chapter 3 

Material and Methods 

3.1 Site description 

Wastewater is collected from the Faculty of Commerce to a manhole were wastewater 

is pumped through 2" plastic pipe to a holding tank connected to UASB setic-tank as 

shown in Figures 3.1 and 3.2. The wastewater is collected from 24 toilets and 32 

sinks, all of them are connected to a single 4'' riser and discharge out of the building 

through 6'' PVC to the drop man ho.le . A submered pump is installed inside a 200 L 

plastic tank, it was constructed to collect black wastewater and work as an overflow. 

' The average daily wastewater production was 4 cubic meter. The submersed pump 

has a level control, also a timer is installed in the main electrical box which found 

near UASB reactor to provide additional control utilities in order to set desired 

influent during the operation of the reactors. 

·CoMner.ce-, ::Bui\ dings 

ig. 3.1: Layout of manhole (submersible pump) , 2" line, holding tanks and UASB 
eptic tanks 
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solids loading rate in the UASB-septic tank and consequently reduce the desludging 

frequency as the UASB-septic tank reactor treats a pre-settled sewage. This kind of a 

system layout facilitates the operation of the system as desludging the holding tank is 

expected to be easier than the UASB-septic tank. 

Holcllng to.nk 

rnfluent trOl'I fo.culty for bto.ck 'W'W 
of comerc1 .,_ ___ .. 

3/4' A.V 8. L 

UASB i;:eptlc to.nk 

f'or blo.ck 'W'W 

Holcllng to.nk 
for grey 'W'W 

to 'Wastewater treQtMent plant 

Fig. 3.3: Front view of two UASB septic-tanks and holding tanks 

Influent frol"l 
the holding tank 

UASB s;eptlc-to.nk 

for blo.ck VIV 

Fig. 3.4: UA B eptic-Lank for treated black wastewater details 
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3.4 Inoculation 

According to the measured wastewater quality, the reactor needs to be started with a 

lkg of inoculum. When inoculum of sludge of about 0.1-0.08 g COD/g VSS 

methanogenic activity is used (Lettinga et al., 1991 ). 

3.5 Start up 

The reactor was inoculated with 200 liters of anaerobic sewage sludge from anaerobic 

ponds present at BZU wastewater treatment plant. The specific methanogenic activity 

of the inoculation sludge amounted to 0.08-0. l g COD/gVSS (Lettinga et al. , 1991). 

The specific methanogenic activity was 0.07 g COD/g VSS, and efficiency of UASB-

eptic tank is COD removal was 78 %. 

3.6 Analysis 

The collected samples were analyzed in duplicate used for NH4 +, TKN, ortho 

phosphate and total phosphate, once reading for total suspended solid (TSS), Volatile 

suspended solid (VSS) and triplicate readings for CODt and it's fraction. Two types of 

filter papers were used to determine sample fractionation for analysis of COD: 4.4µm 

folded paper filter (Scheicher and Schnell ME 295112 Germany) samples for CODf and 

0.45 µm membrane filtered (Scheicher and Schnell ME25 Germany) samples for 

CODd. CODt was divided into CODs, CODc and CODd. The CODs and CODc were 

calculated by the differences between CODt and CODf, CODf and CODd, 

respectively. In addition, these filter papers were used to determine ortho-phosphate. 

For physical analysis, pH, temp, and solids were measured. 

3.6.1 Chemical Analysis 

The collected samples were analyzed in triplicate used for total COD, COD fraction, 

kjeldahl nitrogen , total phosphorus, orthophosphate and ammonia nitrogen. 

1- hemical Oxygen Demand (COD): measurrnents were carried out using reflux 

method (acid destruction at 150 °C for 120 minutes), then measuring absorbance by 
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spectrophotometer at 600 nm wave length according to Standard Methods ABHA 

(1995). 

2- Biological Oxygen Demand (BODs20
): measurment were carried out using 

idometric method, with aprob or DO sensor for five days at temperature 20 °c. The 

sensor where calibrated and compared with the result of winkler titration method. 

2- Kjeldahl Nitrogen (TKN): it is the nitrogen present in the wastewater in the form of 

organic and ammonium. It was determined by using macro-kjeldahl method 

(digestion, distillation and titration) according to APHA (1995). 

3- Ammonia: it was determined by Nesslerization spectrophotometer according to the 

Standard Methods APHA (1995). Sample absorbance was measured at 425 nm 

wavelength . 

4- Total phosphorus (Total P): it was determined for raw wastewater samples digested 

by auto-claving at 120 C for 30 minutes-to get one bar pressure-according to the 

Standard Methods APHA (1995) and measuring absorbance by spectrophotometer at 

880 nm wave length. 

5- Ortho-phosphate (Po4·
3 -P): it was determined for filtered wastewater sample 

through 4.4 µm filter according to the Standard Methods APHA (1995) and measuring 

a bsorbance by specrophotometer at 880 nm wavelength. 

3.6.2 Physical Analysis 

1-Total suspended solids (TS S) : it was measured according to the Standards Methods 

APHA (1995) by drying at 105 °C oven. 

2- Volatile suspended solids (VSS) : it was measured according to the Standards 

Methods APHA (1995) by burning at 550 C oven. 

3- ettleable olid : it was measured by using Imhoff Cone for 30 minutes settling 

time according to the tandards M'ethods APHA (1995). 
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4- pH: it was determined for the total sample by EC pH meter (HACH). 

5-Temperature: the wastewater was determined by alcohol thermometer for sample in 

the site. Weather temperature was taken from BirNabala organization for weather 

forcasting . 

6-Color: it was determined by visual appearance. 

3.7 Sampling 

Part of waste management is sampling and analyzing the waste and wastewater to 

know what you have. According to Hunter et al (1965), an adequate sampling and 

composting procedure can give wastewater of a truly average composition. 

Information from samples can be valuable for selecting treatment technology and 

properly operating the system. If results of analysis of waste samples are to be 

meaningful , then the sample collection and preservation must be done properly. A 

good sampling program should standard methods, APHA (1995): 

-Ensure that the sample is representative of the waste stream. 

-Use proper sampling technique. 

-Protect the samples until they are analyzed. 

3. 7 .1 Types of sam pies 

There are many types of samples: The discrete and the composite. The nature and the 

composition of the system plus the information required will determine the type of 

collected samples. Since sampling and analysis are costly, so, when circumstances 

allow, composting the discrete samples is recommended. Composite samples may be 

prepared in number of ways to produce information. The following categories clarify 

sample types (Muttamara, 1996): 

I-Discrete samplesr rab or catch samples): it is collected randomly and is retained 

eparately for analyses a sample collected at particular time and place represent only 

the compo ition of the source at that time and place. It is the simplest form of 

''~Ii l nh/P. !tv - I ~aln ibrarv 
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sampling and gives flow conditions at the sampling time. If a senes of discrete 

samples are taken at constant increments of time or flow, the collection of samples is 

known as discrete sequential sampling. These samples are useful for detecting 

fluctuation in composition and discharge of pollutants. Discrete samples may be more 

desirable than composite samples when the flow to be sampled does not flow on a 

continuous basis or the waste characteristics are relatively constant. 

2- Composite samples: In most cases, the term "composite sample" refers to a mixture 

of grab samples collected at the same sampling point at different times. 

3-Time-interval composite samples: it is the simplest from of composite samples, 

prepared by collecting equal volume sub-samples at regular time intervals and then 

combined in a bulked samples. 

4-J~ low-proportional composite samples: it is prepared in approximation to the flow 

rate during the sampling period. There are two variable schemes: first by taking 

samples at constant time intervals but varying the volume of the aliquot composited in 

proportional to the flow. AJternatively, equal volume sub-samples are collected at 

variable time intervals that are inversely proportional to the volume of flow. 

5- Sequent composite samples: the technique allows for the collection of a succession 

of short-period composites, each composite being held in an indivitual container. For 

example, individual samples taken every 10 minutes during one-hour period are 

collected in one bottle to give a one-hour composite. This technique provides the 

advantage of a more representative composite, especially during rapidly fluctuation 

conditions while retaining the discrete sample information. 
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Table 3 .1 Summary of special sampling of handling requirements APHA (1995) 

Maximum Storage 

Determination Minimum Sample Preservation Recommended 

Size ml Regulatory 

BOD 1000 Refrigerate 6h/48 h 

COD 100 Analyze as soon as 7 d /28 d 

possible, or add H2S04 to 

pH <2: refrigerate 

Nitrogen: 

Ammonia 500 Analyze as soon as 7d/28 d 

possible or add H2S04 to 

pH <2, refrigerate 

Nitrate 100 Analyze as soon as 28 hi 48 h 

possible or refrigerate 

Nitrite 100 Analyze as soon as None/48 h 

possible or refrigerate 

Organic,kjeldahl 500 Refrigerate; add H2S04 to 7d/28 d 

pH<2 

Oxygen, dissolved: 300 Analyze immediately 

Electrode Winkler , Titration may be delayed 

after acidification 

pH - Analyze immediately 2h /start 

Phosphate 100 For dissolved phosphate 

filter immediately; 

refrigerate 

Solids - Refrigerate 7d/2-7d 

Sulfate - Refrigerate 28d/28d 

Sulfide 100 Refrigerate; add 4 drop 28d17 d 

2N zinc acetate I l OOml ; 

add NaOH to pH>9 

Temperature - Analyze immediately Stat/stat 

Turbidity - Analyze same day; store 24 h/48 h 

in dark up to 24 h, 

refrigerate 
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Chapter 4 

Results and Discussion 

4.1 General 

The experiments were carried out in the experimental UASB-septic tank described in 

chapter 2. Prior to start the full scale experiment some preliminary tests were carried 

out in water lab. In the expriments emphasis was put on assessing the performance of 

the system with respect to treatment efficiency (COD and COD fractions, BOD, TSS, 

TKN, NH/ -N, ortho P04-
3-P & Total P, pH adjustment) and sludge retention (i .e. 

filling up time) . 

4.2 Wastewater characteristics 

Table Al of Annex A shows the average values for characteristic of the black 

wastewater. The COD1 is 644 mg/I and the BODt is 324 mg/I while the ratio between 

CODJBOD1 is 1.98. The TKN is 46 mg/I and the NH/-N is 37 mg/I while the ratio 

between NH/ -N/TKN is 80%, where organic nitrogen is 20%. The N03- -N and N02-

-N is 0.17, 0.28 mg/I respectively, values of NOJ- -N and N02- -N is low because 

septic condition in sewer line. The TSS is 425 mg/I and the VSS is 287 mg/I while 

the ratio between TSS/VSS (ash content) is 67%. The ortho P04-
3-P is 12 mg/I while 

total P is 14 mg/I while the ratio between ortho po4•
3 -P/total P is 86%. The pH is 8.1 

and the temperature is 17. 5 °C. 

4.3 Inoculation 

According to the measured wastewater quality, the reactor needs to be started with a 

lkg of inoculum. When inoculum of sludge of about 0.1-0.08 g COD/g VSS 

methanogenic activity is used (Lettinga et al., 1991 ). 

Table A2 of Annex A shows specific methanogenic activity during inoculation from 

return sludge of activated sludge then from anaerobic pond from wastewater treatment 

plant at Birzeit University, the result were taken from 25/3/01 to 2915101. 
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First inoculation at 8/4/2001 

UASB was inoculated with activated sludge (Return sludge) from the wastewater 

treatment plant at Birzeit University, the volume of the inoculum was 70 L. This 

attempt failed due to immediate washout, while (CODindVSS is 0.27) was not good. 

Second inoculation at 7/5/2001 

UASB was inoculated with activated sludge (Return sludge) from the wastewater 

treatment plant at Birzeit university, the volume of the inoculun was 70 L while 

(CODinrt'VSS is 0.6) was not good. The sludge inoculum proceed the following 

characteristics : 

CODt=26844 mg/I 

TSS=4 l 6000 mg/I 

VSS= l6420 mg/I 

S VI = 460 ml/I 

Third inoculation at 27/5/2001 

UASB septic tank was inoclated from nearby anaerobic bond as shown in photo ClO 

in Annex C, while (CODmdVSS is 0.07) is rather good. The property of the seed 

sludge were : 

CODt= 61400 mg/I 

TSS = 34780 mg/I 

VSS= 13915 mg/I 

SVI= 480 ml/I 

4.4 Influent measurement 

The daily influent flow rates were measured over the whole experimental period as 

shown in Figure 4 .1. 
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igure 4.1 hows influent flow rate over a period of batch and continues period. 

From 1/5/2001 to 30/5/2001 , batch flow =50 Lid 

From l/6/2001 to 30/6/2001 , 0.5L/min (2hr operation) = 60 Lid 

From 11712001 to 151812001 , 400 Lid 

Table 4.1 shows parameter of influent which taken from 2915101 to 1017101. The 

fraction of suspended solids in the influent accounts for 50% of the total COD, while 

8% is present as dissolved COD, 38 .6% is present as suspended COD and 4% is 

present as colloidal COD. The CODi/BODt ratio a mounts is 2.21 , while Ammonia 

nitrogen is 52% of the total available nitrogen and ortho P04-3-P/ total po4·3 ratio is 

90% that mean 90% of the total P04-3 is present as ortho P04-3
. The ash content of the 

influent is 56% of the TSS. 
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Table 4.1 Influent characteristics of anaerobic reactor 

Parameter Unit Average Standard Period 
deviation 

CODt mg/I 1013 262 2915101 to 10/7/01 

CODw. mg/l 155 143 29/5/01to10/7/01 

COD.us mg/I 784 162 29/5/01to10/7/01 

COD coll mg/I 162 50 29/5/01to10/7/01 

BODt mg/l 458 109 16/6/01 to 10/7/01 

pH - 8.02 0.37 29/5/01to10/7/01 

TKN(N-total) mg/I 41 3 29/5/01 to 4/6/01 

NH/ -N mg/I 21 2 29/5/01to10/7/0 1 

P-total mg/I 11 3 29/5/01to10/7/01 

Po4·J_p mg/I 10 3 29/5/01 to 10/7/01 

TSS mg/l 715 285 29/5/01to10/7/01 

vss mg/I 401 212 29/5/01to10/7/01 

Fecal-coliform CounU lOOml Uncountable 29/5/01to10/7/01 

Tota l-coliform CounUlOOmJ Uncountable 29/5/01to10/7/01 

4.5 Performance of reactor 

The reactor was inoculated with 200 L. Seed sludge was taken from anaerobic bond 

which located in the Birzeit university wastewater treatment plant and was monitored 

for a period 12 weeks. Initially the reactor performed well COD1 and TSS reduction 

up to (75 & 50%) respectively. The seed sludge improved when its methanogenic 

activity between 0.1-0.08 (gCOD/gVSS). However after 8 weeks a continuos 

operation. During the last weeks the performance of the reactor was rather good; 

CODt and TSS removal efficiencies of 86 and 85% respectively (Lettinga et al., 

1991). 

The biogas production could not be measured at this reactor, because methonogensis 

activity takes time, In the UASB reactor at Biofarma, Indonesia gas production 

reading started after 150 days 41/hr (Lettinga et al. , 1991). 

The property of the seed sludge were: 

TSS = 34780 mg/I 

VSS= 13915 mg/I 

OD1= 61400 mg/I 

VI= 480 ml/I 

A suming a daily influent flow of 400 liters and an average influent COD1 of 900 

mg/I, the prevailing start-up conditions are as shown in Table 4.2. 

47 



Table 4.2 Start-up conditions of the UASB septic tank at BZU. 

Parameter Unit UASB septic tank-BZU 

Hydraulic retention time hr 11.6 

Sludge concentration kg VSS/m.s 13.9 

Organic sludge loading kg COD/kg VSS .d 0.11 

Methanogenic activity g COD/g VSS 0.07 

Upward velocity m/h 0.10 

4.5.1 COD 

Tables A3 , A4, AS , A6, A7 of Annex A show the CODt and fractions in all taps ( tapl 

= effluent), while Figures from B 1 to B 10 of Annex B show COD balances for the 

period from 29/5/2001 to 10/7/2001 in each taps as percentage of the average CODt 

in mg/I and in percentage divided over CODcoll , CODsus , CODdiss· 

Figures from B 11 to B 14 of Annex B show the CODt , CODcolJ, CODsus , CODdiss at 

different heights of the reactor (taps) and Figure A2.20 show removal efficiency of 

total COD as a function of time. 

Figure 4.2 shows the evolution of the CODt in effluent in comparison with the 

influent, During the period 29/5/0 l to 15/7/01 , the first COD was a bout 200 to 600 

mg/l , after that steady state occure for COD effluent values and reached 150 mg/I. 

The average CODemuent is 246 mg/I and standard deviation is 199. The overall 

efficiegncy is 76% for COD removal. 
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-- Effluent m /L) 

Figure 4.2 Influent and effluent CODt for triplicate reading. 
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4.5.2 BOD 

Table Al2 of Annex A shows BOD for influent and effluent from period 16/6/01 to 

10/7101 while Figure B21 of Annex B shows the removal efficiency of the total BOD 

as a function of time. 

Figure 4.3 shows the evolution of the BOD total in effluent in comparison with the 

influent, During the period 16/6/01 to 10/7101 , in the first BOD in influent was a bout 

400 mg/I, after that steady state occured for BOD effluent values and reached about 

250 mg/I. The average BOD effluent is 190 mg/I and standard deviation is 53. The 

overall efficiency is 59% for BOD removal. 
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0 

\)" \)" \)" " rd rd ~\)rd- (>.,°f:> 
rd-\S ~\S (>..\\) 
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Days 

Figure 4.3 Influent and effluent BOD for duplicate reading. 

4.5.3 TSS 

Table A8 of Annex A shows TSS concentration in all taps, Figure B16 of Annex B 

shows VSS at different heights of the reactor (taps) and Figure B26 of Annex B 

shows removal efficiency of TSS as function of time. 
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Figure 4.4 shows the evolution of the TSS in effluent in comparison with the influent 

During the period 29/5/01 to 15/7/01 , in the first TSS in effluent increases up to 600 

mg/I , after that steady state occurred for TSS effluent values and reached 100 mg/I. 

The average TSS effluent is 301 mg/I and standard deviation is 200.The overall 

efficiency is 58% for TSS removal. 
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Figure 4.4 Influent and effluent TSS . 

4.5.4 vss 

-+-Influent (mg/L) 

_._Effluent (mg/L) 

Table A9 of Annex A shows TSS concentration in all taps, Figure B 17 of Annex B 

shows VSS at different heights of the reactor (taps) and Figure B27 of Annex B 

shows removal efficiency of TSS as function of time. 

Figure 4.5 shows the evolution of the VSS in effluent in comparison with the influent 

During the period 29/5/01 to 15/7/01 , in the first VSS in effluent was a bout 100 mg/I 

and increased up to 250 mg/I, after that steady state occurred for VSS effluent values 

and reached about 100 mg/I. The average VSS effluent is 158 mg/l and standard 

deviation is 63. The overall efficiency is 53% for VSS removal. 
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Figure 4.5 Influent and effluent VSS. 

4.5.5 Total P04-
3-P 

Table Al4 of Annex A shows Total P04·3_p concentration in all taps, Figure Bl8 of 

Annex B shows Total po4•
3_p at different heights of the reactor (taps) and Figure B25 

of Annex B shows removal efficiency of Total P04-3-P as function oftime. 

Figure 4.6 shows the evolution of the total P04-3-P in effluent in comparison with the 

influent, During the period 19/5/01 to 15/7/01, in the first Total po4•
3 -P in effluent 

was a bout 8.5 mg/I , after that steady state occurred for Total po4•
3 _p effluent values 

and reached 6 mg/I. The average Total P04·3-P in effluent is 8 mg/I and standard 

deviation is 2. The overall efficiency is 25% for Po4·3 -P removal. 
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Figure 4.6 Influent and effluent total po4•
3 -P for duplicate reading. 

4.5.6 Ortho-P04-
3-P 

Table Al 3 of Annex A shows Total po4-
3 _p concentration in all taps, Figure B 19 of 

Annex B shows ortho Po4·3_p at different heights of the reactor (taps) and Figure B24 

of Annex B shows removal efficiency of ortho po4-
3 _pas function of time. 

Figure 4.7 shows the evolution of the Ortho po4-
3_p in effluent in comparison with 

influent, During the period 29/5/01 to 15/7/01 , in the first Ortho P04-3 -P in effluent 

was a bout 9 mg/l, after that steady state occurred for Ortho P04"
3-P effluent values 

and become 6 mg/l. The average Ortho po4-
3 _p in effluent is 8 mg/I and standard 

deviation is 2. The overall efficiency is 22% for Ortho Po4·
3 -P removal. 
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Figure 4. 7 Influent and efiluent Ortho P04-3-P for duplicate reading. 
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4.5.7 NH4+-N 

Table AlO of Annex A shows NH/-N concentration in all taps, Figure Bl5 of Annex 

B shows N& + -N at different heights of the reactor (taps) and Figure B23 of Annex B 

shows removal efficiency ofN& +_N as function of time. 

Figure 4.8 shows the evolution of the NH/-N in effluent in comparison with the 

influent, During the period 29/5/01 to 15/7/0 1, the first NH/-N in influent was a bout 

25 mg/I , after that steady state occurred for NH/-N in effluent values and reached 15 

mg/I. The average NH/ -N in effluent is 17 mg/I and standard deviation is 2. The 

overall efficiency is 21 % for N& -N removal. 
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Figure 4. 8 Influent and effluent N& + -N for duplicate reading. 

4.5.8 TKN 

Table Al I of Annex A shows TKN concentration in influent and effluent and Figure 

B22 of Annex B shows removal efficiency of TKN as function of time. 

Figure 4.9 shows the evolution of the TKN in effluent in companson with the 

influent. During the period 29/5/0ltol0/6/01 , the first TKN in influent was a bout 43 

mg/I, after that steady state occurred for TKN in effluent values and reached 31 mg/I. 

The average TKN in effluent is 30 mg/I and standard deviation is 2. The overall 

efficiency is 27 % for TKN removal. 
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Figure 4.9 Influent and effluent TKN for once reading. 

4.5.9 pH 

Table Al5 of Annex A shows the variation of pH from 29/5/01 to 10/7/01 for each 

taps. Figure 4 .10 shows the evolution of pH at influent of range over 8 and in effluent 

reduces to become around 7.5. 
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Figure 4.10 pH variation in influent and effluent. 
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4.5.10 wastewater and weather temperature 

Table Al 6 of Annex A shows wastewater temperature in celcius degree in each taps. 

Wastewater temperature was measured on site by thermometer for influent and 

wastewater in taps when samples were taken from 29/5/0 I to I 0/6/0 I. 

Wastewater temp in influent and effluent 
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Fig. 4.1 l Variation of wastewater temperature in influent and effluent. 

Wheather temperature were taken from Ministry of transport, Meteorological office, 

BirNabala, values were measured every 3 hours, the maximum temperature is at 12 

o' clock midnoon, the minimum temperature is at 12 o'clock at mid night or 7 o'clock 

at night (see table A 1. 17). 
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ig. 4. l 2 Variation of ambient temperature. 
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4.5.11 Color 

The color of wastewater in influent is dark browish and dark black in tap5, gradually 

decreases, dark in tap4, medium black in tap3 , light in tap2, and clear in tap I 

(effluent) as shown in photo Al I of Annex C. 
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4.6 Previous Study: UASB Biofarma Reactor, Indonisia. 

4.6.1 Site description 

The 0.86 m3 on site UASB reactor treating black wastewater was installed at the 

housing comlex of Biofarma, Two housholds were connected to the reactor (including 

a total of 4 adults and 5 children living in units for low-income housing (Lettinga et 

al. , 1991). 

4.6.2 Influent Measurments 

The average flow rate over the whole experimental period was 60 L/d. Dring the 

experiments feeding of the reactor was interupted several times for a number of days 

to enable the operators to collect influent for carrying out relevant chemical analyses. 

The fraction of suspended solids accounts for 62% of the total COD, while 17% is 

present as colloidal material and 21 % as soluble COD. The COD/BOD ratio amounts 

to 2.5 . The total phosphate 59% is present as orthphosphate. The ammonia-nitrogen 

represents about 42% of the total available nitrogen (Lettinga et al., 1991). 

Table 4.4: Influent charercteristics of anerobic reactor-Biofarma (Lettinga et al., 

1991 ). 

Parameter Unit Average Standard Period 

deviation 

CODt mg/l 5988 1471 3 years 

COD&i mg/I 1263 438 3 year 

COD.us mg/I 3730 1334 3 year 

COD coll mg/l 995 282 3 year 

BODt mg/I 2381 598 3 year 

PH - 6.9 0.3 3 year 

TKN(N-tolal) mg/I 646 129 3 year 

N~ ' -N mg/I 268 73 3 year 

P-lotal mg/I 65 17 3 year 

P04·3-P mg/! 38 13 3 year 

TSS mg/I 2678 997 3 year 

vss mg/I 2484 942 3 year 
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4.6.3 Performance of reactor 

This reactor was inocculated with 110 L seed sludge from a septic tank and was 

monitored for a period of 14 weeks. Initially the reactor performed well: CODt and 

TSS reductions up to 83 and 79 % respectively. The seed sludge improved in its 

methanogenic activity (from 0.026 to 0.061 kg CH4-COD/kg VSS .d). However after 

10 weeks of continous operation, a significant wash-out of solids occured. During the 

last weeks the performance of the reactor therefore was rather poor; CODt and TSS

removal efficiencies of 68 and 36 % respectively. The biogas production could not be 

measured in this reactor (Lettinga et al. , 1991). 

After the 25 th of september 1985 (corresponding to day 0 of the monitoring 

program) the reactor of Biofarma was seeded with 166 liter sludge and fed with 

influent. The start up conditions are mentioned in table 4.5. The slidge used for 

inoculation partly originated from the small 200 liter reactor, and partly from a nearby 

septic tank. The properties of the seed sludge were: 

TSS = 21.4 g/1 

VSS = 13 .5 g/I 

CODt = 15836 mg/I 

SVI = 445 ml/I 

Assuming a daily black wastewater inflow of 51 litre/day (which is the average flow 

during the first 3 months of operation) with a COD content of 5300 mg/I (Lettinga et 

al., 1991). 

Table 4. 5 : Start-up condition of a UASB-Biofarma (Lettinga et al., 1991 ). 

Parameter Unit UASB-Biofarma 

Hydraulic retention time hr 15 .7 

Sludge concentration kg VSS/m3 2.8 

Organic sludge loading kg COD/kg VSS .d 0.121 

Methanogenic activity kg COD/kg VSS 0.083 

Upward velocity m/h 0.01 
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4.6.3.1 Gas production 

The average gasproduction rate over the whole experimental period amounts to 4.9 

L/hour. Analysis showed that the biogas contained 84.5 % methane (Lettinga et al., 

199 1 ). 

4. 7 Comparison of results 

Table 4.6 shows comparison between UASB septic tank m Birzeit University, 

Palestine and Biofarma in Indonesia. 

Table 4.6: Comparison between UASB septic tank at BZU and UASB septic tank 

Indonesia. 

Item Birzeit University, Biofarma, Indinesia 

Palestine 

Reactor volume (m3
) 0.35 0.86 

Influent characteristics 

CODt (mg/I) 1013 5988 

CODdis (mg/I) 155 438 

COD.us (mg/I) 784 1334 

CODc0 11 (mg/I) 162 282 

BODt (mg/I) 458 598 

pH 8.02 6.9 

TKN(N-total) (mg/I) 41 646 

NH/ -N (mg/I) 21 268 

P-totaI (mg/l) 11 65 

Po4·3 -P (mg/l) 10 38 

TSS (mg/I) 715 2678 

VSS (mg/l) 401 2484 

Inoculation characteristics 

TSS (mg/I) 34780 21400 

VSS (mg/I) 13915 13500 

cool (mg/I) 61400 15836 

SVI (ml/I) 480 445 

Start-up condition 

Hydraul ic retention time (hr) 11.6 15 .7 
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Sludge concentration 13.9 2.8 

(Kg VSS/m3
) 

Organic sludge loading 0.11 0.121 

(Kg COD/kg VSS.d) 

Upward velocity (rn/h) 0.125 0.083 

Methanogenic activity 0.07 0.01 

(kg COD/kg VSS) 

Efficiency of UASB septic tank 

COD1 removal% 76 93 

BOD1 removal% 59 92 

TSS removal% 58 97 

vss removal% 53 92 

TKN removal % 27 Not significant 

NH/ -N removal% 21 Not significant 

P-total removal % 25 Not significant 

Po4-3-P removal% 22 Not significant 

Fecal and total coliform% 0.0 Not significant 
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4.8 Sludge Blanket of UASB: Mathematical Simulation 

4.8.1 General 

Blanket height is an important aspect of UASB reactor design. It regulates the solid 

concentration reaching the gas-solid separator (GSS) and thereby, prevents sludge 

washout. The maximum organic load which a reactor can assimilate depends on 

proper proportioning of the reactor height into the bed and blanket. (Narnoli et al., 

1997). 

UASB reactor consists of a sludge bed, a sludge blanket and an internal settler 

supplemented with a physical device called the gas-solid separator (GSS). The reactor 

is provided with a bottom inlet for wastewater which passes through the bed and the 

blanket and finally comes out of the effluent channel provided around the settling 

zone. During the process, gas and solids are separated from water by the GSS 

(Narnoli et al. , 1997). 

The conditions for sludge granulation blanket formation, sludge retention and sludge 

washout in the reactor are governed mostly by fluid dynamics (Narnoli et al. , 1997). 

Variation of sludge concentration from the bed to GSS depends on 1) gas production 

or COD load per unit area, 2) upward water velocity or hydraulic retention time 

(HR.I) and 3) sludge settling characteristics (Narnoli et al., 1997). 

4.8.2 Concentration of solids at different height 

Two mechanisms are proposed for the transport of sludge particles from the bed to the 

blanket. The first mechanism is based on wake formation and was proposed by 

Heertjes and Van der meer (1978). The other, which was proposed by Balle et 

al. , ( 1986a), is based on the concept of gas induced buoyancy. This means that the gas 

bubbles are attached to the surface of sludge particles and lift them from bed to the 

blanket (Narnoli et al. , 1997). 
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a= height of transmition zone (m). 

C= solid concentration at any height y (kg m"3
) . 

Ca=solid concentration at height a (kg m-3) . 

q= gas production rate per unit area per unit time (m3 m·2 h"1) . 

Vs= settling velocity of a solid particle. 

(4.1) 

Vw=upward velocity of wastewater(hydraulic loading rate per unit area) (m .h-1
). 

4.8.3 Physical model of an UASB-septic tank system 

-phase separation and effluent 

-sludge bed completely mixed 

-water phase completely mixed 

-no evaporation of water 

-no gas in water phase 

-model of height of the sludge bed 

Q * t(SS - SS + SS . + SS ) h SfudgeBedHeight = settled hydrolysed biomass znocu/um * reactor ( 4.Z) 

with: 

Q= influent flow(l/d) 

T=time (days) 

Yreactor=reactor volume (I) 

Hreactor=reactor height (cm) 

SSinoculurn=SS of inoculum (g/l) 

SS max Vreactor 

SSrnax=maximum SS cone. that can be reached in reactor (g/l) 

SS1iydrolysed=hydrolysed SS (g/l) 

Sbiornass= amount of SS present as biomass (g/l) 

Sscttled=AJI SS from the influent that is settled, entrapped or adsorbed in the sludge 

bed (g/I) 
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4.8.4 Biological model 

From literature review it has been shown that for accumulation systems treating night 

soil or black water at a long retention time either the hydrolysis or the methane 

formation is rate limiting. Methane formation can be rate limiting at the start of the 

system, when no or too little methanogenic inoculum is supplied. When enough 

methanogic activity is present hydrolysis can be designated as the rate-limiting step of 

the process. This makes it possible to describe the whole biological the whole 

biological process by modeling only the methane formation and the hydrolysis. 

4.8.5 Model description 

A schematical presentation of the model is presented in figure 4.13 . The base unit of 

the model is COD. In the model the five types of COD and biomass can be 

recognized: 

suspended and colloidal COD (CODss+co11) 

dissolved non acidified COD (CODdiss(non vfa)) 

dissolved acidified COD (CODvra) 

methane COD (CODch4) 

refractory COD(CODrefractory) 

Biomass 

CODss+coll 

This is all COD that doesn't pass through a filter with pore size 0.45 micrometer. This 

COD fraction has to be colonized by bacteria and broken into soluble compounds by 

the enzymes which are excreted by the bacteria. This process is called hydrolysis. 

During the hydrolysis process monomeric and dimeric sugars, amioacids and peptides 

are formed. The non-biodegradable COD is left in the form of refractory COD. 

At constant temperature the hydrolysis process can be modeled by a first order 

relation between the hydrolysis rate (dF/dt) and the amount ofbiodegradable substrate 

present, equation (4 .3). 

d /dt = -kh.F (4.3) 
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with: 

t=time (days) 

kh=first order hydrolysis constant (I/d) 

F= amount of degradable CODss+coll (g COD/I) 

The next step of the anaerobic digestion process is the acidification. During the 

acidification the products of the hydrolysis are taken up the bacteria and converted to 

volatile fatty acids, such as acetic acid, propionic acid and butyric acid. The 

acidification however is considered not to be rate limiting at any time during 

operation of low loaded reactors such as the AC system. Therefore the acidification 

process is left out of the model and it is assumed that during the hydrolysis volatile 

fatty acids are formed . 

CODc1iss 

This is all COD that does pass through a filter with pore size 0.45 micrometer but is 

not the form of volatile fatty acids. This COD has to be acidified. However as stated 

above the formation of volatile fatty acids is considered not to be rate limiting. 

Therefore in the model it is assumed that this acidification happens instantaneously 

upon entering the reactor. Not all dissolved COD is biodegradable, therefore also 

refractory COD is formed. 

CODvra 

This is all COD that is present in the form of volatile fatty acids. Volatile fatty acids 

are not only present in the wastewater but also produced from suspended and colloidal 

COD and non-acidified dissolved COD. In 'real life ' the volatile fatty acids which are 

not yet in the form of acetic acid (the substrate for the methane bacteria) are converted 

to this compounds during the acetogenesis. However, this acetogenesis, as the 

acidification is considered not to be rate limiting at any time during operation of the 
' 

AC system. Therefore also the acetogenesis is left out of the model and all volatile 

fatty acids are assumed to be readily present as acetic acid. 

CODc1i4 

Thi is all COD converted from acetic acid to CH4. Usually in anaerobic digestion 

two conversion processes which produced methane are distinguished. One from acetic 
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acid and one from carbondioxide and hydrogen. However, for simplicity in this model 

it is assumed that all CH4 is produced via acetic acid. The methane production is 

modelled via Monod kinetics. 

CO D1·efractory 

This is all non-biodegradable COD. In the model it is assumed that refractory COD 

from suspended and colloidal COD remains suspended and refractory COD from 

dissolved COD remains dissolved . 

Biomass 

During all steps of the anaerobic process biomass is formed. Upon death and lysis it is 

assumed that this biomass produces volatile fatty acids and refractory COD.Moreover 

the present biomass attributes to the total COD of the system. 

CODdiss (non vfa) COD s+coll 

Instantaneous upon entering 
reactor 

COD vra 

'

1,:- .... 13.i~~~~~·· · ··· ····],::-:::-:: ................................................ ········· ................................ . 
~-···· · · ·· ····· · ········ · ····· ··· ··· ·· ···· .. ···· ······· ·· .. ·· .. 

··········································· 

CODcH4 

Figure 4.13 : The biological model. 

4.8.5. l Model input parameters 

4.8.5.1. l Innuent 

-concentration suspended and colloidal COD 

-biodegradability of suspended and colloidal COD 
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-first order hydrolysis constant 

-concentration dissolved COD 

-biodegradability of dissolved COD 

-concentration volatile fatty acids 

4.8.5.1.2 Physical parameters 

wastewater flow 

reactor volume 

reactor height 

temperature(profile) 

-UA B- eptic tank systems 

-Maximum sludge concentration 

-Fraction of SS which can be settled, entrapped or adsorbed 

-maximum growth rate methanogens 

-Ks methanogens 

-Yield methanogens 

-Yield acidogens 

4.8.5.1.3 Inoculum sludge 

-Volume 

-VS and TS 

-Methanogenic activity 

4.9 Calculation model for HRT from required SRT 

The SRT represents one the most important (design) parameter for both methanogenic 

and acidifying reactors treating domestic sewage (Zeeman and Lettinga, 1999). 

According to Elrnitawalli, (2000) studying the role of SRT on anaerobic digestion of 

primary sludge in completely stirred tank reactor (CSTR) system at 25°C, a SRT 

exceeding 8 days results in methanogenic conditions, where the hydrolysis was the 

rate-limiting step. 
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Zeeman and Lettinga (1999) recently proposed a model for calculating the HRT for 

achieving the needed SRT in the treatment of a complex wastewater, like domestic 

sewage, using the following equation: 

HRT = (C*SS/X)*R *(1-H)*SRT 

Where C=influent CODt (mg/I), 1 mg VSS/l =1.4 mg COD/I) 

R= fraction of the CODss removed 

H=hydrolyzed fraction of removed SS. 

SRT = X/Xp 

(4.4) 

(4.5) 

X: sludge concentration in the reactor (g COD/!); lg VSS =1.4 g COD 

Xp: sludge production (g COD/1.d) 

Xp = O*SS*R(l-H) (4.6) 

0: organjc loading rate (kg COD/m3.d); SS=CODsslCODinf 

HRT=C/O (days) (4.7) 

C: COD concentration in the influent (g COD/I) 

The following input data were taken into consideration: 

R=0.8, Miron (1997) found around 85% TSS removal efficiency at Yup =0.56 m/h, 

H=0.15, 15% of the TS are hydrolysed under winter conditions (Elzen and Koppes, 

2000) 

X=l5 g VSS/l =21 g COD/I 

SS= 0.77 (tills study: Birzeit University UASB) 

C= l ,013 g COD/I (this study: Birzeit University UASB) 

SRT = 75 days, minimum SRT to achleve methanogenic conditions during winter 

time (Amarneh, 2001) 
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Chapter 5 

Conclusion and Recommendations 

5.1 Conclusion 

Considering the results obtained in the reasearch proj ect, the following conclusion can be 

made: 

• Measurments of diffe rent parameters were started after achieving methanogenic 

acti vity ( ODNSS) of O. l-0.08, based on the range recommended by Lettinga et 

al. , ( 199 J) for operation of UASB septic tank 

• UA B-septic tank represents an effective on-site pre-treatment for black 

wastewater in tropi cal condition (T >20 °C), since it achieved 76% removal of 

ODt, 61% of BOD, 58% ofTSS, and 53% ofVSS. 

• UASB septic tank is not efficient for removal nutrients since the efficiency of 

removal were 21 % for NH/ -N, 27% for TKN, 22% for ortho-P04•
3-P and 25% 

for total P. 

• The effluent from the reactor is still quite hazardous, particularly because the 

pathogen removal is poor 1. e, no reduction of total and fecal coliform were 

achieved. 

• Methan gas production CH4 is very low since it was not detected in the sta.11 up 

phase. 

Morever, it is worthwile to mention that there were some limitation for UASB-septic tank 

li ke: 

• The efficiency of the system was cl.roped when channeling m the sludge bed 

occurs or when relati vely high load was imposed. 
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• In some cases, the high velocity of the inflow was more than 0. 9 mis, and this 

high velocity caused high concentration of pollutant in the effluent. To solve this 

problem, the velocity should be between 0. 3-0. 9 m/s. 

5.2 Recommendations 

• The experiments were conducted m outdoor under ambient temperature. It is 

recommended to conduct a UASB reactor in a lab to note the differences in 

findings. 

• Since UASB-septic tank 1s ve1y efficient for COD removal only, post 

treatment will be required to reduce NH4" -N, TKN, ortho P04-
3-P, and total P. 

• Post treatment will be required to eliminate remrunmg pollutants, particularly 

pathogens. It is highly recommended to eliminate investigationss on the 

development of proper low cost post treatment systems, e.g. like lagoons, gravel 

filtration 'Trickling filter ', facultative lagoons to meet higher degree of treatment 

in order to remove pollutant. 

• It is recommended to use anaerobic sludge instead of aerobic sludge or 

facultative sludge to decrease time for start-up of UASB reactor. 

• It is recommended to use a pump befor the influent tap for upward flow to 

controll up-ward velocity to prevent wash out of sludge. 
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Annex 
Annex A : Tables 

Table A 1: Characterization of black wastewater 

Item ! 10/04/01 ! 12/04/01 l 17/04/01 i 11/05/01 ! 12/05/01 l AVR STDEV 

~.9..P..~ :ib~.9!.!>. .... i ........ ?..?.1. ...... .i ........ ?.?? ... ..... ! ........ ?99 ....... ! ..... ... ?.99 ....... i ........ ?..?~ ... ..... 1 .. ... ?.~.? ... ? ..... 1 ....... .?..?.:.?~ ....... . 
BODs (mg/I)~ 371 i 330 i 286 : 363 i 274 1 324.8 i 43.89 

±~N)0.9.i.1f : ::: :l : : :::::::~~:: :: ::::J::: : ::::::~:?: : : ::: : ::t:::::::: ~{:: :::::l::: :: :: : :~~ :::: ::: :t:: : : : ::: ~t:::: : : :t::::~~;~::: : ::I::::::: : : ~>:~:::::::: : 
NH4 -N(mg/I) i 45 i 32 i 45 : 32 : 31 1 37 1 7.31 

~:g~:~:m~:~j:rr: :::g::i:;:r ::r: :: :£~~3~:: :: :r ::::~:::;:::;:: : : .i::::::o~3?}3: : : ::r :::::o~:~~~~~::::::1 :::r~:~~:::1:::::::::~::~r: : :: :: : 
±9.~:~:i::P.:(0.9/12::1 : :::::::::::: : :::::::::i: : :: : ::::::: : :::::::::::r::: :::: ::: ::::: :::::::i:: : :::: : ::1:~::::: ::: r:: : ::: : :: j:~: : :: : : : :r:::::3{::::::r:: : :::::1:;:~:~:::::::::: 
9.r.!.~ .~ ~ P..(~.9.!.!). i ................... .. .. L. ..................... i ....................... i .......... 1. ~ ...... .. ! .... .. ..... ~.~ ....... .. .l ......... 1.?. ....... .L ........ 1.:.~.~ .. ....... . 
!.?.?. .. (~.9/1). ....... i ........ ~.?.?. ...... .i. .. ..... ~.~ .?. ....... !. .. ..... ~.~.?. .... ... i ........ ?.?9 ..... .. !. ........ ~9.1 ......... t .... ~.?..?.:.? .... .l ........ ~.~ .... !.9 ...... .. 

~~ ~~:'.
9 

I ~~~1- T ff;~~ I ~2\1 ' ~J1 I i~l 1. f.~~~ti· ~~s;l · ·. 
Twth C 1 16 1 14.5 1 18 : 19 : 20 1 17.5 1 2.24 

Table A2 : Start-up observation results 

Date l TS l TSS ! VSS l CODin l CO Deft i VSS/TSS ! Eff COD ! CODNSS 
···· ··· •••••••••••••···<-·· · ····· ·· · · · · ·· · ·· ••• ••• ••• •••• l •• ·• ·• ·· ·· · ·· · ••••••• ··C·· ·• · ···••• •••••··· ·· ···<-·· ••••····· ··•• •••• ·· ·f······ ·· ···· · ····· · ··· · , · •··· · ·•·• ··· •·•••·· •• •••l• ••••••••• •••••·•· •·· •I•••·· ••••••·•••• •••••••••• •• 

[ (g/L) ! (g/L) ! (g/L) ! (mg/L) ! (mg/L) : % ! % !g COD/gVSS 

.. ~.~1.q~(q.~ .. 1 ........... !.:.~?. ........... i ....... ~.:!.~ ...... L. ..... ~:.!.? ....... l. ....... ~.1 .. ~ ..... .. ! ........ ?.?..!. ....... ; .......... 7.9. ......... , ........ ?.?. .... .. ..! .. ....... 9.:.~..?. .. ...... . 
27/03/01 : 7.63 : 6.89 1 4.85 1 650 : 284 : 70 i 56 i 0.13 

··· ••••••• •· ·· · ··· · ····<· · ·· " ·· · ·· ·· ·••·• ••· · ··· · ·· · ·· · •1 00 ··••••• •••• ••"' ' " '''''" ' ""' '' "' ' '' "''" ' ' ' ' "'' '"" '' "' ' ""''' ' '' ' ' ' ''' t 0 ·· ·· •••··· ··•· ••·•• ·•·<··· ·· ···• •••·• ••••••· 00 ••l• .. •••••• •• • .. •• 00 ••••I••••••••• .. ••• ••·• •••• •• .. •• 

29/03/01 ! 7.87 : 7.7 : 5.02 : 822 ! 297 ! 65 : 64 : 0.16 

3?!9.~/qj::J:: : : : :: :: :j;~?.::::: : ::: :r:::::~jJ: :: :::r:::::i.:.:~:~::: : :::r::::::?.:?.:q: ::: : ::r: ::: :: :?.:?.:?. : ::: : : :r : : ::::: :~~::::::::r::::::§~:::::::r::: :::§i.?.::::::::: 
09/05/01 ! 1.96 : 1.6 : 1.2 : 626 : 242 ! 75 : 61 : 0.52 

••• ••••• •• •• •• •••• .• •• , , . ... . . . . ..... .. .. . . ... .. .......... .. . . ... . . . . . ........... , ............... ... .. .. ··~······ . . . .... .. .. . ..... !· .•• .• .••..•• • ••. .• •.•• -:· .. . .. .... ... .... .. ...... , ...................... , ............... . ... .. .... .. . 

10/05/01 ! 1.856 ! 1.23 : 0.93 : 570 ! 213 ! 76 : 63 l 0.61 

::i?:~P.~i:qj::r:::: :: : :::L:q:~:~:::: : ::: :r:: : ::g:;~~:::::r:::§~P.?.:: ::r::::::~:~?.:: : : :: : c:: : : :?.:~:~: · :: :: :r:: :: :::~3~:::: :::r:::: : :§?.:::::::r: ::::::?j?.: :: : : :: :: 
14/05/01 : 1.34 l 1.22 1 0.45 l 712 : 217 : 37 i 70 1 1.58 

•• • •••• • ••••• ••• • •• ••••~•• •• • •••••• • • • • • • • • • •• • • • •• • •• •••!•••• • • • • •• •••• • •• • •• • ••:• • ••' •' "'' ' ''' ' '''''''':-••••••••• • •• • • ••••• •• • :· • •• • ••• •• • ••• • •• •• • •• • ;• ••• •• • •• • •• ••• oo • • ••••••: • • • •• ••••••• •• •OO • • • • •: "' ' '"' '"'" '' '" '" ' ' ' ' ' ' ' ' 

16/05/01 1 1.302 : 0.512 i 0.394 l 668 : 245 : 77 i 63 i 1.70 

jf(9.~(:q:1J::: ::::::~::.:~:i~:::::: :::r::::L:?.:~:~: : :: :r: :::Ti.:q?.:::::r::: : : :~:?.?.::::: : :::: : :::>~~: :: : : ::r::: :: : : ::~t: : : : :::r : : : : : : §?.:: : : :::r:::: :::q;:~i.:: :: : : :: : 
18/05/01 1 2.018 i 1.916 1 0.944 i 910 : 184 : 49 ! 80 i 0.96 

:~;q:~;?.q:qj J:::::::::::x~~::: :: : ::::r:: :::?.:;?.?.: : :: ::r :: :: ::~: :.:~:~:: ::: ::r:::: :: :~:?:~:::::: . c:. :: :~:qj ::: . ·:.r :: : ::::. ~?.:::::::::r: ::::: :§1::::::::r:::::::§§P.: : :::: :: : 
21/05/01 ~ 1.102 l 1.052 i 0.484 i 940 : 284 : 46 i 70 i 1.94 

••• •··· ··· ··· . ••• •• , ••• ( ••• ·• • ••• •· ·· •• , ....... .... ... . .. j . .. . .. .. ........ .... ... (•• ••• •"' ' ''' •· ··· ••• •• · ~ · · ••• • '', •• , , ·· · •••• ... ! ... ... . ··•.,. • .... . .. , . :· , .... ... .. · · · ··· ••• •• •••!" ' " ' " "''' "'""""''I '' ... . ... . .. .. . .... . .. . . .. . . 

22105101 1 1.814 i 0.16 i .. .. 9. :.?..~~ ..... !.. .. .. .. ?.?9 ....... ! ........ !.?..1 .. .. ... ..:. ......... ~? .. ...... L .... ...?.~ .. ..... L ....... 1.00 

::?~!.9.~i.q:n:::::::::x.f ~:?:::::::::r:::x.:?:i:?:::::r. ... 9. : .?. .~1 ..... 1 ........ ?.~9 .... .. .1. ....... !.?..~ .. .. ...; .......... ?.9. ......... 1 ........ ?..?. .. .... .. L ....... 9.>~<:::::: 
24105101 i 1 .421 i o. 987 .... ! ...... 9. : .?..~. ?. ..... ! ........ ~.~.?. ..... .. i ........ !.?..!.. ..... !.. ........ ~?. ....... J ..... ...?.~ ........ L ........ 1.:.?.? ..... .. .. 

' "'' "'"'""'" " '"~'"""" """'"""""'' ' "" I """'"""""" t • • . , : 

26105101 i 1.321 : 1.106 .. L .... 9. : .?..~.?. .. ... L ...... ~.~9 ....... !.. ...... 1 .. ~.q .. ..... t ........ ~~ ......... L ....... ~!. ....... .L ....... 9. :.~.?. .... . .. 29·iasia·1 .. r ........... .. .. .... ........... T ..... 34-_·1·a ... : 13.915 : 1013 : 196 : 40 : a1 ~ 0.01 .. .. 
·······················1'·················· .. ············i··· .. ··················r ....................... r······· ·· ·············:·· ·· ······ ·············r···················· .. ··r···· .......... .. ...... r .......................... .. 
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Table A3 : COD total and its fractions 

·· ·· ·· · · ··· · · · ·· · ··· · ·· · ·l·~R~i~·~1.! !·g9fv~i~g~·g1!·i·q~~l~~·9~91! ·!g·~~~i!·~~/.1·l·~-fr.!~l~~-c:x . 
13/02/01 i i : : : 

~¥~~~1 ! ~1~ I ~; f ;4 I ~~ ::1 ;~ 
Tap2 : 1SOO j 102 i 1098 ! 311 j 

fill ! ~~VJ; I i:. . 3~9~~;; I i2t~ : :i::: : : 
Influent : 787 : i : 1 

•• • •••• • • •• • •• ••• • • •• • •• » •• ••• • • ••• •• • •• • • • ••• • • • • l •• • •• • • • • • • •• •• •• • •• • • • • • • • •• • • • ••t •••• • • •••• • • • • •••• · ••• • • • • · ·· • •••I • • • ••••••••••· • • ••• • •••• • •••··->• • ••• • ••• •• •• •• •• ••• ••• •• 

30/0S/01 i i : 1 1 ·· ·· ·········· ········ ···)············· ············ •····· ···· ······ ·· ··· ···· ··· ·······l············ ··· ······· ······· ···· l···· ···························:lo···· ·· ···· ······· ········ 
Tap1 l 387 j S8 j 1 S6 j 178 j S6 

fi!~ J ~Uf l 1i~ i fi~a~ i: lfi ::1::: : 
Taps : 47SOO l 49S6 : 36889 : S667 : ..................... .. .. , ... .. .... .... ...... .... .. ... .......... ............ ...... .. .. : ..... .... ....... .... ....... ...... ~ ..... ... .. ..................... ~ ........................ . 

Influent : 870 : : : : . •.... .. •.. .. .. . .. ... . .. . ; •. . .. .• .. •.... . . ••.. •...• j .. . .... .. .. ..... ..... ... ...... .... j . •• •. •• ••••• ••. ..... ... . ••... ••• . j ... . . . . . ... ....... ........ ..... ; ........ ...... ..... .. ... . 

01/06/01 : ; : : : ...... ... ...... .. .. ... ... ; ... ..... ...... .. . .. .. .... j ...... ... .. .. .. .... . ... .... . .. .. . . j ••..•• •... ••. ... . . . . . •.. ••... •••. j . . . . ... . ......... . .. . ... . ...... ; . ....... . .. ... ... . .. . ... . 

Tap1 1 303 1 48 ~ 72 i 183 1 66 

::: : : :Y.~:P.?.::: : :: :t : :: : ::: j:t~:~: : : : ::: 1: :: : : :: ::: :: :4~:~::: :::: : : : :: : : : :: : :: :: : :: :?. :9. 9. :::::: :: :: : : 1 ::: : ::::::~:~ :~~f ::::::::[:::::::::::::::: ::::::::: 
Tap3 j 2167 i S69 ~ 1200 i 400 ~ 

: ::: : : +~:~~: : :: : : :1 : : :: : ~~~~~0;: :: ::1: : : :: :: :::~~~91~:: : : : : : : : ::· :: : :: : : : : :;h5;;:::::: : : :1 : : : : ::: ::}:A~:: : : ::: :: :1 ::::::::::::::::::::::::: 
····rritiu·e·r;·1····1········aa9········:· ·· ················ ······ ·········:······ ·· ·········· ·· ·········· ···:·········· ·· ·················T························ 
··416ia·1·10-1···1 ·················· ·······1······························· ·· ·: ··· ····· ···· ·· ········· ··········:······························-r················· ·· ······ 

: : ::: : t.~:P.:~: : :: :: :I:: :: :: : : :~9.1 ::: ::::1 : : ::: : : :: :::?.j:~: ::: :: ::: : : : : : : :: :::: :: : : ·:1: :3.~:·: ::: .: : : : : : :::: : :: : : :::I~$.:::::::::::t::: :: :: : ::~:~: :: :: ::: : : 
Tap2 ! 2440 1 969 : 622 : 844 l 

• ••• · · ··· · · ·· · · · · ··· · · · · · ~· · · ··· · ···· .. . . ... .. .. . ... . . ......... . .. ...... . .... . . .. . . . . . j •••• • •• • •• ••••• • ••• •• • • • •• •••••• • ; .. .. . . . . . . .. . .... .. .. . . .... ... -> .. ..... ....... .... ...... . 
Tap3 j 3060 j 1591 : 711 : 7S6 j 

±:~ I -~~~11. i 1j8fi.3. · ~;n; T ??18i::::T · ::: 
Influent i 1 S7S i : i l 

Influent i 929 ! : : 1 
: : :1:v~§~~:r:1: : : : : : : :~;; : : ::: : : : r : : : : :: : : : : : : :~; : : : : : : :: : :: :: ::::::: ::: : : : : :~~~ :: : :: : ::: : ::: :: : :: : ::: : :::;:~: : ::::: :::: : :r :::::::: ::~:~:::::: :: :: 
··""f a.P..~f "'"l """25'5'6"" "!" mll! ll l1"1'T~" II I '" ' "' Ill 1111 6'00""111" 'Tllll11llllls33'''""'"T"'""""'""'"""""""" .... 
.......... ... P. .. ... .. .......... .. ... ...... ........ j . ... . .. . . . . .. ... . ... .. ..... .. ..... , ... .......... ... .... .. ... .... .. .. I"" ' "' "'''"' "'' " '"'"'" " >" ' '"""'"'"""' "" 

Tap3 ! 7747 ! 1S91 : 1600 ! 4SS6 ! 

:::::: t.~:P.4.:::::: I : :: :: : :$.4+g: :: :: :: : :: ::: : :: : :: :~4.J~: : : : :: : : : ::: : ::::::: : : :~ : $: ) :1: : ::: : :::: : ::::: : : : : : : : ~ :$:j :~: : : :: : : : : : r : ::: :: : :: :: :: : :: :: : : :::: 
Taps : 71833 ; 14844 : 34444 : 22SS6 : ..... ......... ........... ; .. .... .... ... .... .... ... . , .................. .. .............. ; ........... .. .... .... ... ... ... ... ; ....... .. ....... ............... ~ ............ .. ......... .. 

Influent ! 1008 1 ' : j 
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····················· ·· ·q~~~~m~1.!l·q9fv~iJ9~·9/!.l·q~~~i~·9~9/!.lg·~~~f!·~9t1·l ·~-fr.!~l~~gx. 

•• • •"'""" ""' '" ''''*"'>° "'"''' '"' ' "''"' ' "'''' l "" ''' ' ' '""' '' ' '' '" ''"' ' ''' ''l ' "' ' ''''' ' ''''''''''' ' ''' '' '' ' ''' I' ''' ' '''' '' '' '' '' '''''''''' ' '''>''' .. ''''''''"''''"''" 

14/06/01 : ! : i ! 
••••· ···· ·· ········• ••··· >•·····••• · · • ·•···•••••·· ·l • • • •·· ·· · • • •• •···· ·• · •••• ·· · · ·••· ·l ·· ·· · ····• · • · · · · · ·· · ·· · · ···• ···· · I ···•··•···•·•• · ·• •••••• •• ·•·•·->•·• • •••••••••••••• •••• • • • 

Tap1 ! 178 ! 64 : 78 i 36 i 88 
••••• •• •• ••••• •••• •• • • •• •)• •••• ••••• •• •••••• ••• ••• •l •••••• ••• ••• ••••••••• • • • •• •• ••••• •l ••••••••••••• • ••• ····· ····· ·· ·· ··I· · · · ·· • ••••••••••• • ••• • •• •• ••••>· · •••• ••• • • • •••••••• • •• • • 

Tap2 ! 422 ! 266 ! 137 i 18 i 
. . . .. .. . .... . . ........ ... i .... ................ .... . , . .. ...... .......... .. ..... ... .. . .. ; ...................... . .... . .. . .. ; . ... ...... .. .. .. . ............ .. :;. ........................ . 

Tap3 : S18 : 183 i 92 i 243 : 
•• ••• •• •• • •• ••• •• • •••••• ~ .... .. . .... . . . ..... ... . .. 1 ••• •• ••• •• •• •• •• ••• •••••• •• ••••••• : ••• • • •••••• •• • •••••••• ••••• •• •••• ; ........ .... . . ................. :;. ................ ........ . 

Tap4 ! 1183 ! 762 j 292 i 133 l 

11~il&\r 
8

li
6 

I 411io I 
2

I~
67 

I 911

9

::::::1:::: ::~6: : 

Tap4 i 604 : 293 : 172 : 138 ! .......... ............... ~ ................. ........ i ........................ ... ...... . : .... .. ... .. ........ .............. : .... .. ... .. .................... :;. ....................... .. 
Taps : 39500 : 41400 : 16533 : 1567 ! 

}~f~~~&.fl 9:~9: I F ! : ::+:::. · :: 
Tap1 ! 130 ! 79 j 30 ! 21 : 86 .............. .... .... ................... ..... .. .... ...... .... .... ........ ...... ...... , .......... ... ... ..... ........ .. .. , .... ..... ... ....... ............ > ........ .......... ..... .. 

Ta p2 : 160 : 11 5 : 32 ! 1 3 ! ........................ ., ............................ .. .............................. , ................................. , ......... ...... ............... .,. ........................ . 
Tap3 i 322 : 178 : 94 ! 49 l 

:::::: :r.~:r.~:: :::::1:: :: :: : ~ :?.9:~: :: :::::: : :: : :: : ::: : :~~:t:: : ::::: ::: : 1::: ::: : :::: : :~4.1 :::: :: ::: : ::: ::: : : : : :: : : ?.11 : :::::::::r:: :: :::::::::::::::::::: 
Taps : 59500 ; 41400 : 16533 : 1567 : ····intilie.iit····r········931f·······:································ ·· :················ ··············· ·· :······························r········ ················ 

~~;r~°:'.1 ~~ r ;1~~ . t~ . ~i::r::;!: : 
Tap3 ! 1596 ! 340 : 967 ! 289 i 

•••• •• •• •••• • •• •• "' "'" ' ")•• • ••• • •• • •••••'" ''"'"'''"'"'''''"'"'"''"'' ' '' "''•••J••••••• • ••• • • •••• • ••• •• •••• • •••••l •••••••• • ••• • • ••oo•"'" '''"'")"''"''"''"'' ' " '"''' 

Tap4 : 1740 l 640 : 933 l 167 ! 
.. . ... . . ........... . . . ... ) .. .. . .... .. . ..... ... . .......... .. .......... . .......... ...... : ••••••• ••• •••• • •••••• ••• •• ••• •••• 1 .. . ... .. .... . .......... ........ ). ...... .. ............... .. 

Taps : S6733 i 4733 : 44889 : 7111 : ····intii:ie·n·1····!········12a········1··································i ··············· ········ ··········i······························r························ 

26/06/01 ! l : : l 

l!!l I 4\Vl4 : fl!~ ! 1 1~~ t 1(!~0 :::::1::::::::i::: 
Influent : 892 : : : : 

81 



........ .. ............... l.~9.!?.~ .. !!!.9.!.!~g9g_~.i-~~ .. ~.9!!.lg9..o..~.~:? ... ~.9!!.i.g.<?..r?.9.~.! .. ~9/.1.L~.ff!9.!~.~g.¥.. 
: Average : Average : Average ! Average ; % 

27/06/01 : ! ! ! ! 

ti~ 1 ii~ I iii I ~~ I ;!i::r::::~::::: 
: :: ::: :r.~:P.:$.:::: :::t::::::~$.?.~~ :::::~:::::::::: :$.J?.~:: :::::::::i::: :::: :: :t1:s.:s.~ : :::: : :::::::: : ::::~:?.$.~t.:::::::r:::::::::::::::::::::::: 

Influent : 917 : : ! ~ ............. .. .• ...... .. j ..•... .. ..•.. . ... . ... . •.. ; ....... .•.. .. .... •• .. •••.......... ; ......... ... . .. ........... .. ..... j •••••••• ••••• •• •••• •••••••••••• ;. ••••••••••••• •••••••••• •• 

30/06/01 ! ! ! ! ! 
•••• •• ••••• ••• ••••••• • •• »•• • •• •••••• •••••••••••••• l• •• ••• • •• • ••• • •• ••• ••••••• ••• •• •••l•••••• ·· ·••• · • ··•·• · •• ·•· •• • •• •• • I•• ••• • • • ••• •• ••• ••• ••• •••••••••) ••••••••• •• • ••••••••••••• 

Tap1 ! 294 ! 70 ! 141 ! 83 ~ 78 
••••••••• • •• •••••• •• ••••ol••••••••••••••• •• •• ••• • ••l•• •• • • ••• ••••••• ••• • ••• •••••• •• •••l• •••••• ••••••······· · ·•·· ·· ••·•••I•••• • • •• • •• • •••••••••••••••••••)•••• • •••••••••••••••• • • • • 

Tap2 i 895 i 215 ! 556 ! 124 ; 
... .. . ................ ... 1 ............. .... ... .. . .. 1 .. ......... .... ......... ........ .. ~ . ... .... ........ . ..... .... ... .... : ........ ............... . . ...... :. ...................... .. . 

Tap3 ! 972 ! 536 ! 262 ! 173 ! ······'f 0·p~f ····· ·~··· ··· · 21·2'0' ...... !·············54·2'·· .. ········:···········1·1·0"5······· ····:············372 .......... 1 ........................ . 
...... 'fa·p' · ·5 ·······i ····1 · 1 ·4·~:)'5·5····: ... · .. ····21·e·2'2'·········1 ····· .. ··'is·ss8········· :··· ····· ·1·4444 ........ i ......................... . 
····intiu·e·ii·i····t·······1·3·5·a·······i···· ···· .......... ........... .. ... i··············· ·· ·· ·· ··· ·········:········· ····· ................ T ....................... .. 

~ . . . ..... ... .. ..... .... .. . , ........... ................ ...... ·: ··· .. ... . ... ' . . .... .... . .... . ... . ! . .. . .................... . ...... ~·· · ·····"'''"""""''' 

04/07/01 : i ! ! l 

~I~ 1 1~1~Jo I ~ ! ii1 \ 
1
«::::::J::: ::9.1: / 

Taps ! 8SS11 ! 1622 ! 82000 : 1889 ; ····inti u.e.iit ··· ·i·· ··· .. 1·1 ·4'0'······:····················· .. ···· ·······:· · · ····· · ·· ·· · · ··· · · ·· · · · ·· · · ··· ·: · ·· · ········ ................... ! ........................ . 

:::~¥.~:~?:~:::!.::.:::::~: ;~:::: : :::1::::::::::: :: :;;:::::::::.::1::.: .: .. ::_::;:;::::·:: :::. J:·:.:::: ::: ::~ :~:::::::::::::F:::::::~:~:::::::::: 
Tap2 ! 727 ! 74 ! SS6 ! 98 ! 

:·:·· .±::~r:::: r::::]f.~:::::::r::::::::::::;;:::::::: : ·::::i:::: .. :: .. : :~~r:::::: :::r: ·:::. :::::\1::::::::::r::::::::::::::::::::::: 
Taps : 18400: 2289 : 1s111 : 1000 i 

···ci~~~7~~\ · ·r ::::: : :?.:t~ : :: :::::i::: :::::: ::::: ~?.::: :::::::::::i:::::::::::: :6.9.?. :::::::: : ::::::::: : ::: ::::~:~::::: :::: :::r:::::::::::: : :::::::::: 

10/07 /01 ....... .L ................................. ~ ................ ................ .L. .... ......................... L ..................... .. ................................... His . ; 14 ! 119 ! 6 ; 
Tap1 ... : ................................ .. : ... .............................. : .. .. ... ........................ , ....................... .. ..... .............................. '3.iYt".. ; 318 : 911 : 138 i .... !~!.!~.~-~-~ ............ ~ ................ t ........................ ... .... ... r···· ··· ···· ··· ····· ····· ·········:···· ········ ······ ............ T ................. ...... .. 
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Table A6: COD suspended mg/L 
Tap1 Tap2 j Tap3 Tap4 Taps Influent 

29/05/01 : 74 : 1098 : 2289 : 6111 : 39667 t .......... ..... .. ...... .. ··?·· ··· ···· ··· ······· ·····••!•••········ ·· ····· ... . ' ' ' ' !' .... ....... ... ...... .. ... ·:· ........... ....... .. .. .. ·~ · · ·········· · ·· · ·· · ···· · ···; .. ... .... .... ......... .. . 

30/05/01 i 156 i 378 i 1911 ! 2556 i 36889 i 
······· ···· ······ ··········?· ····· ····· ·· ············•!••••······· ············ ·••!••···················· ···· ·> ··························>···························>························· 

01/06/01 ! 72 ! 200 ! 1200 : 1267 : 82222 t 
···· ··· ····················!··························!······· ··················· !· ··· ·············· ·· ···· ···: ··············· ·· ·········}··· ······ ··················>························· 

04/06/01 i 133 i 622 ! 711 i 356 : 84333 i ....... ................ .... : ........... ............... ! .. ........... .. .. .... ... ··:·· ............. ........ .. · ·~ ......... ........ .. ... .... : ........................... ~ ........................ . 

07/06/01 i 156 i 522 i 978 i 1533 i 76333 i 

i;;~:;~; ! ~~9 1 ~~E l 1~1 T 1sW 1 :~;;r 1 . . 
14/06/01 i 78 i 137 ! 92 ! 292 ! 27867 ! .............. .. ........... ! ... ............ .. .. .. ..... i ..... .. ................ ... ; ... ... .. .................. ·~ ... ... ' ... .. ..... ... ..... ·~ ........ .. ................ -5- . . ..... .. . .. . .. .. . .... .. . 

15/06/01 i 30 i 41 ! 76 ! 172 ! 16533 i .. ....................... .. ; .. .. ........... ..... .. .. .. j .. .. ..... .. .......... .... . !· · ... .... ... .... ......... . · ~ ......... ..... ... .... ..... ; .. ... .. .. ..... ............. ~ ........ .. ......... .... .. 

16/06/01 : 30 : 32 : 94 ! 344 : 16533 t ···2a1a·61a1····1··········29··········1·········233·········r ·· ······957 ········?··· ······9·3·3·········:······44aa9······ ·1 ··· ....... .............. . 
......... .. .. ... ........... , .. ........... ...................... .. ...... ... ... .. .. , ... ....... ........... .. .. .. ; .................. ... ..... ) .. .. .... .. ... .............. ,. .. .. ... ...... .. ... .. ... .. 

21/06/01 j 21 : 46 : 236 : 408 : 100167 j 
•••• ••• •••• •••• ••• ••••••••• ; . .. .......... .. . . ... . ..... 1 ....... . ... o•• • • • · ···· · · ·· ·· · · · ·········· · ·· ···· · ·····:.··· · ········· ·· ·· · · · · ·· · · · i · ·· · ••oo•"' ''" ''' 'O'' '" ' :,. . .. .... o . ... .. 00 00000 00 00 

26/06/01 : 22 : 278 : 1344 : 2322 : 45111 j 

~~;~;.;~; I j~~i ! ~~ I ]~E . Nt~ ! ;;.~~E l 
04/07/01 : 34 : 378 ! 587 : 951 : 82000 t 

""""" ' """''"'"''""'?'"" ' """" "'"'"""l " " " " "'"" ' '"' ' '" ' ' : •••• •• •" ' '' ''""' '' ""'"'""':- · •••• • • ••••• • • • oo• •• ""'':""' '" ' " ' "'oo " ' "' ' "': ' " ' " "' '"'" " " ' " '" 

07/07/01 : 71 : 556 : 449 : 831 : 15111 j 602 
"oooo •• • ' "" " ' "' " ' 

00 00
•J••

00
' " ""'"' ' "'"""'I ' "' o0 oo• oo "" '"" , .,. ' •I• •' '' 000

" '' "" '' • • ' '" •' ' ·~ ••''' • ' •" '" • •' "" ' ' " ' 

00

) • ""'" """ " " " "'""")""""" " """""" ' 

09/07/01 : 124 : 213 : 191 ! 320 : 47556 : 840 
• oo•• O• O• ••• • o• • • ••••••••• •J oo oooooo•o•• • • • • • • • • • OOO Ool• • • ••• OOO oO O• • • • • • • •• • • • • • l•••••••• • ••• • • • • ••••••••••o)••••••••••• • • O••••• ••••• • ol • •o o•• oo • oOO ooo oooo ooooo ooo) oo ooo o0 00 0000 0000 00000•• • 

10/07/01 : 179 : : : : : 911 
''''''''''''' ' '' ' ' '''''''' "l• •• oooo +oo oo oo oooo oooooo ool oo o•o •• • • •• • " ' ' ''• ooo••••l ••••••• • •UOl• • • •••••<• • •• •i'• • • •••• O• • ••• • • o•• j , ,,,,,,)• oooooo •• ••• •• OOO"' " oo .. .) 00 0000000 00 000• 00"00 ' "' 

.......................... .t ........ .......... ........ l ................... ....... l ........................... l .......................... l .............. .. .. ........ l. ....................... . 
AVERAGE l 110 i 365 : 748 : 1206 i 53350 t 784 
·····5+r;·E:v· .. ··1 ····· .. ··1·5·a·········i··· .. ····2as·········:··· ······sao·········:········1·41·4·······i······21oos ..... r·· .. ·· ·1··s2 ....... . 

Table A7: COD colloidal mQ/L 

29/05/01 : 53 j 311 : 156 : 178 : 2222 : 
. .. ... ... .. ............ . .. . , ... .. .. ..... . ....... ...... . .... ......... 00 . . .. . . .. .. . 1 .. · · ··· · ·· · · ·· " '' ''"'''''">·•• " ''"'' '""''"" '' " ' ' ")""" " . '"""'"00"'" oo'>""" ' OO' " "oo"'" " " 

30/05/01 : 178 : 289 : 333 : 556 : 5667 j 
··· · ·· ·· · · •• • oooo oo0 •• •• · ·· l · · · · ·· · · · · · ··· · "' ' ' ' ' "' ' ' ' '''''"' 'oo''"'' ""' ''" ' '' "" ' ' " · · ···· · · ·· · · · ·· ·· ····7'· · ·· ·· · · · ·· ······· · · · · ··· ·} ··· ·· · ·· ··• • •ooo •"''"o" •)o0oo ooo ••• OO OO•••• oo•• o•• 

01 /06/01 i 183 l 1156 : 400 : 289 : 4444 j 

!~111111 1 rt 1 I.II 1 i~ 1
1

:

5:1 1 ::~xi16: :i : 
14/06/01 : 36 : 18 : 243 : 133 : 9889 j 

... . •• • • •• •• •• •• • • •• • • • • • ·· l · •• • OO • • • •o• • • • ••" ' ' '' ''ol • • ·· • •oo • • •••" '' ' • • • • •••• !··· ...... ....... ... ..... ·· · ~ ..... ..... ...... ..... .. .. ->· · • ooO OOO•• • ooooo ooooooo oo0} • 0o ooo ooo• •• " ' '" 'o o• • • • • 

15/06/01 : 21 j 17 : 39 : 138 : 1567 j 
. .. . .. ... ....... . ..... . .... , .......... .. ....... .. ... .. , . .......... .. ..... .... ... . j .. .. ... . .. . .... . . . . . ... .... >· ····" '' ' '"' '' '"' ' "" " )• •00 00 .. ............. . ..... ,. . .. 00 ... .. ....... ...... .. 

16/06/01 i 21 j 13 : 49 : 277 : 1567 j 
. .. . . .. .... . ...... . oooo• •··i . . . . . .. .... ... ... .. .. o• • " ! ' ' ' ' o'" ' ' '" '' " ' ''' '''' . : · · • . • •••••• • •• • • •• ... . .. . · ·~ . .• • ••• • •• • • • • • • • • •• • • • · · · ~ . . ... . ...... 0 . ... .. 0000 000 •?• •0 00•00 0• •••00•• • 0000000 

20/06/01 i 17 1 456 : 289 : 167 : 7111 1 

lli!iili[ II I 1~{! I Ii~ , ~~ , il!r :I: :::: 
04/07/01: 34 : 133 : 98 ! 80 : 1889 l 

······· ·· ··· · · · · · ·· · · ······ l ············· · ······ · ••o•• l • '"' '' " ' ''' ''' '''" ' '"'' ' !''''"' '' '""········ · ······ · : ·· · ·· ···· · · · · · · · ·· · · · ···· · ? · · · ··••o• • oo •• oo • oo • •• •• oo •~• oo ooo0 0 0000 1 oo o oo• • OO • • • 

07/07/01 : 10 : 98 ! 147 : 44 ! 1000 i 56 .... ...... .. .. ............. , ........ ... .... .. ....... .. ... .... .... .. .. ....... .. .. . !" .... .......... .. ' ....... ·~ ...... .. ... ..... ..... .. ... ~ .. .. ..... .. 00 .... ......... . ~ .. . .... .. ..... .. .. ...... . 

09/07/01 : 30 : 13 : 20 : 102 ! 778 i 47 
........... .. .... . ..... .. . · J ........ . .. ..... . ......... .... ..... .... . .. .. .. . . . ... . ! ... ... .............. .. .. .. · ~' ...... ......... ......... ·~ .. .. ............. ... .... "'? ....... 00 00 .. .. ....... . .. 

10/07 /01 l 6 l : i : : 138 

::::::::::::::::::::::::::r:::::::::::::::::::::::r::::::::::::::::::::::::r:::: :::::::::::::::.·:·::r::··.:::::::::::::::::::;::::::::::: :: :::::::::::::r:::::::::::::::::::::::: 
AVERAGE ! 62 ! 284 i 488 ! 300 ! 5411 j 80 ·····51·r;·E:v·····:··········s·1······ .. ···1·· .. ·····33::1 ········:··· ·····1·a·:i4········:········· ·:3"3·2·········:·· ...... 6.<»34 .... .... r .......... 5o ........ . 

Tap1 Tap2 : Tap3 Tap4 Taps Influent 



Table A8: TSS (mg/L) 

irap1 (effluent)l Tap2 Tap3 Tap4 Taps Influent j Efficiency% 

29/0S/01 : 14S l 210 : 1200 l 2S10 i 34780 ) 290 ) so 

: :: :~:91.9.~1.9.<r:::::·:::::1:~~:::::::: : : ::r:: :: : :::?:?i:: : ::r: : :::i :~:?.~:: :: ::r : :::::?i~·~: : : :::r· :: . i:~:i1~: :: ::r: : : : : : ::~:?:9:::::::r::::::::::~? :: :: ::: : : : : : 
01 /06/01 ! 4 7S ! 48S ! 1360 ! 24SO ! 20620 ! 720 ! 34 

·· ··a·4106.ia1····1······ ······535·········· .. r .. ···· ·1·25a······r· .. ····1·3·7·5· .. ····1·······29·5·a····· ··1······2·2·a4a·····r· ...... 1·325· ... 'T ........... 52 .......... .. 

::::q:?.1.g~:~9i: :1:: : : : ::: : :::i~~::::::::::::r : :::: ::~:?:~: : ::: : :: r::: :::j:~::~9: :: : :1 :: :: ::~ :~:~~::::::r : :: :~:~~:~9: : : : :r:::::::i?:~::::::1:::::::::::~~: ::::::::::: 
11 /06/01 : S20 : 872 : 1720 : 2280 : 408S3 ) 860 l 40 

····1·6/06.io1····:············492·· .. ········1···· .. ···9·8·a···· .. ··r·· .. ···1·4·aa·· .. ···:··· ·· ··23·8·4··· ····1···· ··1·2867 .... T ........ 8.8·a ........ r ........... 44 .......... .. 

~i:~::~; ! :;: I ~~f I ~f E i ;~~ I }t;~~] t.!f F ~F 
07/07/01 : 1S2 : 664 : S04 ) 700 : 13327 l S60 : 73 

••• • ••••••••••• • •••• • •• • •• oJ •••••••• • ·•••••••••••••••• • ••• •••(" •• • •• • • • •••••• • • ••• • ••• •'O'• • • ••• •• • ••••• •• • •••• ••• o) •••• ••• ••••• · ··· •••• • •• ••l•••• ••• •·•••• • •••• • •• •• •• (o•••• • •• • •••• •• • •• •••••••~ ···•• • ••• •• •• ••• • • •••••• • ••••• 

09/07/01 : S6 ) 1 S6 : S84 : 870 : 3S207 ) 668 : 92 

::::::::::::::::::::::::::r:::::::::::::::::::::::::::::::r::::::::::::::::::::::r:::::::::::::::: ::::::r :::::::::: ::.·::·:::::r :::: ::::: ... ::: :::::::r:::::::::::::::::::::::r::::::::::::::::::::::::::::: 
AVERAGE! 301 j 637 l 1075 j 1749 j 27231 : 715 l 58 

••.••••••••••••••••••• • ••• • ; •• ••••••• •• • ••• ••••• •• ••• ••• ••••• , • •• • ••• •••••••• •••• •• •••• .; •• ••••• ••••• • •• ••• ••• • .•• ~ . . . .. ....... .. .... . ... ... ; ••.. •••.••• ..••••••. •• ••• : .... . ..... .. .... ......... .:. ....... .. . 00•••••• 00 •••• •· .. •• 

STDEV l 200 l 337 ! 429 j 856 ! 12450 l 285 ! 19 

Table A9 : VSS(mg/L) 

!Tap1 (effluent)! Tap2 Tap3 Tap4 Taps Influent 1 Efficiency% 

29/0S/01 9S 11S 67S . 111S 1391S 21S S6 
····3·01as.ia1·· ··:······· .. ··· ·1··1·a······· ·····r·· ... · .. 4·2·5· .. ·····r·· ... · .. 445····· .. ··1··· .. ··1·5·3·a· ······:· ·····1·1··1·55·····r ....... 29·5·· ...... r ............ 63 ........... . 

Ji:i:;~f I ;.~~ J:: m: I:f a~ F11~f i ;~;~~] :::::.~~:]:: ;.E 
07/06/01 l 212 l 4SO ! 808 l 1108 : 34660 l 400 ! 47 

''' '" • ••• ••••• • ,. o••••••• •>•••• • • •• •• •• • •• •• ••••••••• • ••• •• •~•••oo•• •• •• • ••••"'"''''?' ' '''''''' ' '' oo '' '' ''' ' ''? ' '' ' ' '' "'' '''' '' '' '"' ''" '! ' ' ' '' ''' '' ' ' '' ' '' '" ' ' ' ''~''"'"'"''"'''"""''?'"''' "' ''''" ' ''oo'''"'''" 

11/06/01 l 228 l 336 ! 984 l 1392 : 26693 l 448 l 49 .. .. ······ ······ ........ .. ·?· ··· ...... .. ...... ······· .... .... ~ ............... .......... !'"''' .... . . . ..... . ..... ·~·· ·· · ..... . . ... .. . ...... . ~ ... . . ... . ... .... · ••·•·· ··~······"'"'"'''"'"'''!'""''"''''''"''"''" ''"'' 

16/06/01 i 240 i 120 i 2000 ! 6000 : 29800 [ 280 i 14 
..... .. .. ... . ....... ... .... ~· · ·· ···· ··· • •• •••oo • ••· ···· ·· ··· · ~ · · ··· · · ••" ' '' " '''''''''t''''''"'' ''' '' ''' '"'' oo~·· ·••oo • • • . . . . . . . . .. ... .. ; ........... . . ...... · ·· · ··~··" ' "''""''' "'"''''t''''"'''"' ' "'' ' ''"'''"''' 

20/06/01 l 84 l 220 l 690 ! 1114 : 10144 l 108 l 22 
····2·::,;c;5·ia1····:····· .. ······1·2a············r········1·1·5 .. ······r ....... 64a ......... i·······1·0·1··5· ·· ··· ·:······1·4·55a·· ··T ........ 2·1·2·· ...... I ............ 4a ........... . 

6~'.~~~; 1 1~\ if ?±~ r: 1~61\ r ~~~ ' 296j%~ i ~~~:: r: ~~ : 
AVERAGE! 158 ! ... .. ~.~.~ ..... ... l.. ...... ~~.!. ... ...... ~ ....... ~ .~.!.~ .. .. ... i ...... ~ .~.~.~?. ... .. J... .. .. .. ~~.~ ........ l.. .......... ~~ .. ........ .. .. .. ................. .... ...... ... ............ .... ................ . ' : : : 

STDEV ! 63 l 181 i 451 i 1529 1 8964 i 212 ! 22 

85 



Table A10: NH/ mg/L 

tTap1 (effluent)! Tap2 Tap3 Tap4 Taps Influent iEfficiency % 

29105101 . 17 . 22 l 24 . 28 . 36 : 20 . 15 

~~;~~~1 r if 1 iF: r ~: : ~: 1 1Fr ~:: 1 · :::~F· 
' "" ' ' "'' "' ' "'' ' "'"'' " ! ' "' '' ' ' " ' ' "' '"'"' '" ' ' ' ' '' '' J'' '' ' '' ' ' " ' " " ' '"""'" " ' ' ';"''" ' '' ' " ' '' '" ''' '' " '' ' ''' ',' ••• •• •••' ' " ' ' ' " '' ••• ' "": " " • ••••• • • • • ••• • • • •••• •• ~ • ••••" •• • ••• ••.,•• ••000000 :• •• 00 0 0 0000 00 0000" ' ' '' ' " '''''' 

20/06/01 : 18 : 21 : 22 : 24 j 45 l 21 l 14 ..... ;·~;~·~·;~~ .. ... l .. ............ ~ .~ .. .. ...... .. .. l ............. ;~ ........... T .......... ;; ............ f .......... ;·~· ·· .. ... 'T ..... .. .. ;; ........ T ...... ... ;~ .. .... ... r ............ ~.~ ............ . 
.. ... .. . . . . .. . ... . . .. .. ... .. , , ., , , .. . ... . .... .... .. . .. .. ..... . . , . .. . .... .. ...... . , ... . ...... . .. <- •• •••" '"' ' '""' ''' "'"' ' ' '}' '' ''"'''' '' '' ' '' ' '' '' ''l ' ' ' ''""'' ' "''' '' ''' '' 'f'''"'' ' ''' '"'' ' ' '' " ' ' '' ' I ••• •"' '' ' " '' ''' '""' ' ' " ' ' "' 

27106101 : 16 : 18 : 20 : 22 : 34 ~ 19 ~ 16 
· ·· · ··· ·· ···· · ·· · · · · ····· ·· · · ~ ·· · ··· ·· · ·· ···· ········· · · ·· ·· ·· ·i····· · · · ····· ·· ·· · ····· · 00 ·· ···r·· ·· ··· · ··· · · · · · · ·· ···· · ··· ·· ·r· · ···· ·· ·· ··· · · ·· ··· ·· ···1·· · ·•· 00 •• ••• •• ••••••• .. ·r····· .. ····· .. ···•· · .. ·· · · ~ .. .. ... ................. ....... . 

30/06/01 : 16 ! 16 l 19 ! 24 l 43 l 20 l 20 
· · · · · ···• ••••· ·· · ······ •·• · ••l ••• ••••• • ••· ··· · · · · · ···· •• •• • •· ••I •• • ••"''''''' ' ' ' " ' "' ' '''"'''"' '''' '' ''' '" "" ''"''" ' '" "''' '' ' ' ' '''' ' '''''''' '' ''''' ' ' ' ''' ' ''' ' ' ' ' ' ''""' ' '' '"'''' "' " '""'' '" ' '"''"''''' ' '"'' '"'"'' '" '"'" ' '' ' "'" 

07/07/01 : 16 : 17 t 19 : 20 : 36 ~ 21 l 24 
••• •• ••• • •• • • • •• • • ••• •• • • • • • • ~ ••• •• •••••••••••• •• • • ••••••••••••i••• • •• • ••••• • ••• •• • • • •••"'''''f ' ''" '''' ''''''' ' '' '' " ' '"' ' '''i ' ' ''' ' ' ' '' '' ' '' '''' ' ' '' ''~''' ' ' ' ' ' ' '' ' " " " """" ' ~"' '' ''' ''''''"' ' "' '' ' ' " ~' "''"'' "' """'" ' " ' '"' ""' ' 

09107 /01 l 14 : 17 j 19 j 20 j 42 j 19 ! 26 .. ........................... i ........... .. .................... 1 ....... .............. .. ........ y .............................. f .... .... ... ..... .. .. ..... i ......... ... .. ........... ]"""'"""""""'" ' "~""'"'"" " " '"""'"""" 

10/07/01 : 15 l l ! : j 20 j 25 

;;~~~~, ~ l ~ r ~; I ~3~ l ~~ 1::: ~; I is; 

Table A 11: TKN in mg/L 

influent Jap1 (effluent) Efficiency% 

29/05/01 l 43 : 31 : 28 
··· ············· ·· ·· ····· ··· ·r ·· ··· ······ ·· ······· ····· · .. ·· ··· 1·· .. · · · · · .. . ....... ... ... . ... .. .A ... . . ... .... . . .. . . ... .. ... .. . . 

31/05/01 : 38 i 28 l 26 
oooo o o o o o• • •• • • • ••••••• •• •••• l• • • •"' ' " " '"'' ' ' '' ''' ' ' ' ''' ' ''' I '"' " " '" "'" ' ' "' " ""''' ' ' '"" ~ '" ' ''''''" " '" ''' ' "' '''' '"' " ' 

04/06/01 ! 42 : 31 ! 26 

::::::::::::::::::::::::::::r::::::::::::::::::::::::::::::r:::::::::::::::::::::::::::::r:::::::::::::::::::::::::::::: 
AVERAGE! 41 l 30 i 27 

·5+o'l~:v···········1··· · ···· ·· ··· .. 3··· .. ··········1· ····· ......... 2 .... .. .. ...... I ... ...... .. ... 1 .. ······· ····· 

Table A 12: 8005
20 mg/L 

influent Tap1 (effluent) Efficiency % 

~:;~~iL i ;~~ + ;;i j :~ 
l ! 176 ! 63 , ,,,,q,~(g?./~.~ ..... ! ............. ~.~9. ..... ....... ; ....................... .. ....... ; .. ········ .. ······· ···· .. ·· ···· 
l i 135 l 57 ..... q.?.!~.!/9. .1 ..... ; ............. ~.~ .. ?. ............ ; ............... .. .............. ~··· · · ·· · ···· · · · ·· · .. ··········· 
: ! 222 ! 56 09/07/01 : 510 : ...... .. ........ ......... ;. .................... ..... ... .. .. ...... .. ... .... .. ...... .... , .... .. .. ... .. ... ............ .. ... ,... ... . 

..... !g/9.!(9..1 ..... i ... , , ,,, , , , ,.?..~~' ' ' ' ' ' '''''' ' ' '''''' " ' ''?..~g, , , , , .. ,, .. J, , ,,,,, , ,, , ,,~~; , , , , ;o ; ' ''" 
i i I 

... .... ... .. .. ... .. ... . ..... . j •••• ••••• ••• •••• ••• •.••••• ••••••• 1 ...... .. ...... .. .. ..... ... ..... ~ .... .... .... ................. . 

AVERAGE ! 458 ! 190 ! 59 
.. . ... ... •........ .• ... .. . . . . j . . . .. ...... •... .. .. . •.. •.. •.. •.. • ! ·· · · · · ···· · ····· · · ·· ··· · ·······~ · .. ······ ··· ····· ···· ··· ·· ···· 

STDEV : 109 i 53 l 4 

86 



Table A 13 :Ortho P04-
3-P (mg/L) 

Tap1 (Effluent} Tap2 Tap3 Tap4 Taps Influent lEfficiency % 

12 14.7 

30/06/01 : 6.6 l 5 : 7.1 : 15.1 : 49.9 l 9.8 l 33 
······· ········· ······· ··· ···->········ ·· ······ ················?· ····················· ··•!··· ·· ······ ······ ······· ·:········ ················· ·:·· ··· ······· ·············t·························•· ·· ····· ··· ·················· ·· 

07/07/01 i 6.4 l 8.4 l 9.2 ! 14.1 ! 39.2 1 9.7 1 34 
..... .... ..... .... ······. ·····~· ........ ........ ............ · ··~ ··· ·· · ············· · ··· ··~··· · ······ · ·· ··· · · ·· ··. ··1···· ···· ................. · ~ .. ........ ·· ·· ···········?·························!····························· ·· 

09/07/01 : 4.2 : 2.6 : 3.3 : 3.6 : 18 l 5.1 l 18 
··· ·· ·· · ········ · ···· · · · ······?···· · ········· · ···· · ········· · ··~······ · ·· ······· · ····· · ··~·········· ·· ·· · ····· ····· :······· ·· ·· · ··· ·· ··· · · ··· · :············ · · ·· · · ·· ·····~· · ··· .................... ~ .............................. . 

lli~~~~I r : ~o I 1{ I ;l I ~F 1 : ~ii I : ~2. 

Table A14: Total P04-"-P (mg/L) 

Tap1 (Effluend Tap2 Tap3 Tap4 Taps Influent lEfficiency % 

01/06/01 i 8.5 9.6 . 12.9 15.3 51 : 10.3 17 

::::: ~ :~(9.~i.g:L:T::::::::::::~:.:~: ::::: :: ::::::: : : ::: : : :~;§:: : :: ::::;::::::::i:9:;~:::::::r:::::::1i~::::::::'.::::::::::~:~: : ::: ::: ::: ::::::j~:.:L:::::::: :::::::::::ii:::::::::::: 
30/06/01 i 9.7 i 12.9 i 18 i 27.1 i 54 1 15 1 35 

···· · .......... ... .. .... .. ·· · ·~ · ....... ....... .. ... .. ... ... .. ··;· ·· .. ···· ··•• •o0 ••• •• •o0•!•·· ••o0 ••·· ·· ··· ···· · ·· · ·~··········· .. . ····· .... ···:·· .. .... . .. ···· ······· ···:·· ....................... :'"'"''"'"'"''"'"''"'"' 

07/07/01 ! 8.4 : 9.8 l 10.1 : 15 ! 58 l 12 : 30 

~~:~:E1 
5

:

8 

1 ;; :i:::~ 1 :: r :: ::1:::::;:1::::1::::::~::::: 
STDEV ~ 2 ! 2 l 4 ! 7 : 3 l 3 l 8 

87 



Table A15: pH 
Tap1 (effluentj Tap2 Tap3 Tap4 Taps Influent 

.... ?.~!.9.?!.9. .~ ... .. l ........ ...!:. ~ .~ ........ ... j .... ... .!:.q~ ... .... i .......... ?..:.1. ; 7.07 : 6.98 : 8.41 
301os101 : 7.o9 ~ 7.o7 l 7 0·9······ ··:··· ·····7··1·4·······r······················r······················· 

f~iliiJI !tr:i::~j; I ri I f :ii 1:::ii!::::::r:::1:11 
13/06/01 : 7.3S l 7.37 l 7.33 : 7.4 l 6.8S l 8.32 

1;;~:;~ET HE i -~ ;~ i H~ I lit 1·· -~-~E·1 · ;;.E 
16/06/01 i 7.53 i 7.42 i 7.45 : 7.51 l 7.3 ! 8.19 

... .. .. ······· ...... ..... . ··?· ···· ···· ········· ...... .. ···· ·?·· ···· ······· ····· ...... · ~·· .......... .... .. ....... ·: ....... ........... ... . ···J··········· ······ ········f···················· ····· 
21/06/01 i 7.85 i 7.56 i 7.47 ~ 7.55 l 7.3 l 8.37 

.. .... .... .. .... .. .. ··· ·····? ··· ·· ··· ·················· · ·· ··? ····· ···· ·· ··· · ·· ·· · ·· ···~·· · ··········· .. ....... ···~· ........ ........... ... ··•··················· ······•························· 
26/06/01 i 7.43 i 7.6 i 7.96 i 7.82 : 7.74 l 8.1 

· ·· · · · ··· · ·· · ······· ••• •• •• ·>·· · · ··· ••· ••• •· • •••·•• ••" '' ' " l ' '" ' ' ' '''' ' ' '' ' ' ' '' ''' ' "°'" ' '' ' ' '' ' '' '''' ' """'''' ' ' 'i ··· · ··· •• ••· ·· • · •• · •·• •··l • •• •• •• ••• • •• • •• .. ••• •" •I• •• • • .. ••••"'' ''" ' '"' " 

27/06/01 : 7.29 l 7.42 : 7.42 : 7. 34 : 6.84 l 8.28 
o ' ' '' •• • • ooo o oo •O OO• •• ' oo • ••: '' '''' ' '''''' "''''''"' ' ' ' '' ' '~ ' '' '''' ' ''''" ''' •• ••••••~• ' •• • • • • • • • • •• •• •' • • • • • • ••: • • • •• ••• • • •• • • • • • • •• •••• •!• • •OOOOOOOO O O•• ooooo0.,0 0! •• 000 o ooo oo0 0 000000000000 

29/06/01 i 7.3 i 8.24 i 8.15 : 8.19 : 7.18 : 7.63 
····3·a106.ia·1·····;············1:"is···· ····· ···l· ·······a:24·······r·······s·.·1··5········:····· ·· ·s·.·1·9········1 ········::,·:1·a·······1········7:53··· .. ·· 

::::q:~1.9.?.)9. :i: ::::t:::::: : :::::!;:?.::::::::::::r:::::::~;~?.:::::::r:::: : ::~ ;?.:~:::::::1::::::::s.:.:~f : : : ::::[ :::::: ::§:;~~:: :::::!::::::::~;?.?. : :: : ::: 
07/07/01 ! 7.8 [ 26.7 \ 26.5 : 26 .6 i 24.6 i 8.06 ... ....... ... ........ ... .... ;. ...................... ·········t············· ····· ... .. .. ":''' ....... ··· ·· .. ' .... .. . ·~ ' ................ ...... ''! "' ' ''''' " '""''''' " ''i'''" ''" ''''''"'' ' ' ' '' ' 

09/07/01 : 7.5 l 7.82 : 7. 7 : 7.68 1 6.83 1 7.8 ....... ·········· ........... >··· ········· ................... , .............. . ···· ······':· ····· ·· ... .. .. .. ' ....... · ~ .... ... ... ... .. ..... ... ••J• •""""'''"'"'""' ' f''"'''"'' ' '''"''"'"' 

10/07/01 : 7.6 1 : : l l 7.8 

::::::: ::::::::::::::::::::1:::::::::::::::::::::::::::::::r::::::::::::::::::::::::r::::::::::::::::.:::::::1 :::::::::::::::::: :::::::!::::::::::::::::::::::::r::::::::::::::::::::::: 
AVERAGE! 7.5 [ 8.6 \ 8.6 \ 8.6 l 8.1 l 8.0 ... .......... .... .. .. ... ... ·?· ..................... ........ . , ... ... .. ..... ... ....... .. ~- · ..... .. .... .. .. ... ... .. · ~ .... ... .. ... .. .... "' ' " ' : " ' " " "" ' '"' '""" ' " i"'" ' ' ' " "' " '" " " "' " 

STDEV j 0.2 i 4.5 l 4.5 i 4.5 l 4.1 j 0.4 

Table A 16: Temperature uc degree 
Tap1 (effluentl Tap2 : Tap3 Tap4 Taps Influent 

29/05/01 l 27.9 l 27.2 j 26.9 27.4 . 27.2 27.9 

~~'.~~~1T ~~F i mr ~~FI ~!Fl::~H:! ~~F 
··· ·64/06ia1·· · · ·; · ·· ···· ··· ·2·4·_·9 ·· ·· · · ·· · ·1·· · · · · ··24· :3 · · · · · ··1· ·· ··· · ·24 :·3······ · ·~· · · · · · ····2·5·· · · · · ·· · ·~·· · ·· ···2·45·······r· · ··· ··25·:5······· 

: : ::q:?.1.9.~~9.j: : :: 1 : :::: : : :: ::::?.:t.:::::::::::::r:::: ::?~:;~: : :::: :t: :: ::::?~;:?::::::::r::::::::?:~:.:~:: : ::::r::::: ::?.:~:.:?:: :::::r:::::::?~j: ::::: : 
11/06/01 ! 2S.7 : 25.2 l 26.5 : 26.2 ! 27 : 28.1 .. ......... ···· ··· · ··· · · ····~····· · ···· .................. ... !·· ·· ·· ···· .. ·············<· ·· .. .... ..... ..... ····· ·» .. .......... .... · · · ·• •• ••!•''"'''""'""'''"'""''!"'"''""''''"'' " "''' 

13/06/01 i 30.7 i 31.1 j 30.2 : 30.1 i 30.9 i 32.2 
••· · •• • ··· • ··· ... . . ... .. ... . :, .. ... . ... .... ............... ... !'''"'"'''"'' ....... .. .... .. ...... .. ....... .. .. ... - ~ ..• .. .. ... ... .. ... ·······J ......................... , ...... .................. . 

14/06/01 l 32 ~ 29.2 : 29 .2 ! 29 .2 : 30.4 : 32.2 
.................... .. ..... •? " " ... ... ... .................. ! ....... .. .... .. ........ .. ~ .. ... .. .. .... ......... .. .. ; ... ... ...... .. ... . """'!"""'"""'''""'""!"""""""""' ' "" '"" 

15/06/01 i 29.S l 28 j 27.4 : 27 .3 l 28.1 j 28.9 

... g?.1.9.!!9. .~ ..... f · · · ···· · ···2~?.9· ·· ···· · · .. l·· · ·· ···i~'.i······ ·l· · · · ·· ·i~: -i--· · · ·· · f ·· ·· · ···i~·:·~·- ···· ·· 1· ··· ····?15~·-· ·· · .. I··· .. ···~:'.~ ....... 

Jij~0.~t I .. ~H :1.: . 1. : f i. : .. · · ]:- ~;E .. 
; I j . i . l . i 
• " ' " ' " ' "" " l .. " ' io ! • " ' ' " J • l •IHll lt • 0 1 Jl ll l Jl l P •l Hll PIJllHll l l llfl111111 1 J .!l) i l !J io l ~ 1 1 • h •U llill o l llHllllH l {! io• il ii l i1 U ll ~Hl • f UI J 

.A.vEi4GET· ·· · · ·· · · i7~s 1 2s.9 l 2s.1 , 2s.9 1 21.0 l 28.8 

... ... ... ... .. ... ........... ; ... ... ...... .. .. ............... ! ......................... : ..... .. .. ... ...... , ...... '? ' " ''" ' ' '' ' ' ' ' ' ' ' ' " ' " ' ! " '' ' " ' ' " """ ' " " '" ! " " " " ' ' "" " " ' "'" ' 

STDEV j 2.0 i 1.9 i 1.6 : 1.7 i 2.1 i 2.2 
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Table A 17 Ambient temperature 

March, 2001 Aoril, 2001 May, 2001 June, 2001 July, 2001 
Days Max. : Min. Max. Min. Max. i Min . Max. l Min. Max. l Min. 

1 . 25.2 : 17 24.2 l 20.7 23.4 : 18 34.5 : 22 27.6 ! 17.9 

:::::::::: ?. ::: : :::::r::::: ~ :$:;?.:: :: ::: : ::: :: :t9.::: :: : :: :: :::?.:t;:4::::::J::: : :: :~::~:.:$:: ::::: :::: :: ::i: ~; :¢ .:: ::: :::::: ::: :~::~:: :: : : : : : :::::~:i:;~::: ::r::::?:~:I:::: :::: : :?.~;:~:::: : :r::::j:t.: :::::: 
3 : 12 : 8.4 17 i 12.6 19 : 12.6 1 27 ! 15 

9 ! 16.5 ! 10.6 21 : 8.8 22 : 11.4 : 27.4 ! 17.6 

:::::::::j :¢:::::::J:::: : ~:t: ;~ : ::::::::::::$.:.:?:: :: :: : ::::: ::::?.?.::: :::::] : :::: ::: :~:+:::::::: :: :::: :: : :\~::::: :: : ::::::::i: j :;:?.:::: : ::::::::::::::::::::::r::::::::::::::::::: :::::::::*9::::::::r::::::I~:::: :: : 
11 : 12.4 : 22 16.5 : 10.3 20 : 11 : 31.4 1 21.8 

•••••••••1f ••• •1 •••~f ~~ ·•1•• It ••• • •• ••]l•t••E ••·~·~· ·· ··· · · ~f 6
6

•••• •• •,•• ~i
1

6····· •• ••••••••••••••. ·+·•············ •.•• _lH•E~f:~~ 14 : 13.5 : 9.6 21 : 15 20 : 14.4 32.5 ! 27 29.5 l 20.8 ······················(······································· ·· ......................... , .......... ............. ························· ·· ············· ····························(···········································<········· ······· ···· 
15 i 16.8 : 8.5 18.8 ! 10 17.8 i 11 .5 l 29.5 ! 18 

:: : :: ::::~:6.:: ::::::r:: :::::j:$. :: :::::: ::: : :: :~:.: $: ::: :: ::: : :::?. :i:;:$:: ::::::1: :: :: :::~;~ : ::::: :: :::::::::?.:o. ::·:::::::::::: :::j::1:::::::: :::::::::::::::::::::::r:::::::::::::::::::: ::: :: :?.~A:: ::: :1::: ::~::$.:.:$:: : :: 
17 ! 21.4 : 9 23.8 ! 14 21 ! 11 : 28 ! 20 

:::::::::~ :~::::: :::J: :::::?+;~: : :: : l : ::::::I?. : :: ::: :: :::: :: ::?.:$. : ::::::::1:::::::~::6.:.:?.:::: ::: :::::::?.?.:6.:::::::::: :::Ij:;:$::::: ::::::::::::::::::::::1:::::::::::::::::::: :::::::::?.:$.::::::::I::::::j:~: : : :::: 
19 ! 25.4 : 15 19.2 ! 13.6 24 : 12.6 : 28 ! 21 

: :: ::::::?:q: : :::: ::J: ::: ::?6.:;$. :::: :!::: :: j :t~:: :: :: : ::: :?.~;:6.:: :::: : 1:::::: : :::~:::::::::: ::: ::::?.t;:¢::::::::::::::::j::$::::::: :::::::::~~::::::::r:::::?:~:I:::: ::::::::::::::::::::::I::::::::::::::::::: 
21 i 24.7 : 17.8 28.4 : 17.6 31 i 20.6 32.1 : 28.2 31.8 ! 22.8 

: ::::::: :?.:?.:::: : :: : J:::::::: :i :~: :: ::::: : : :: : :i:~: ; ~:: :: ::::::::::?.:¢: : :::::::I:::::: :j::$.:.:~: :: : :: :::::::?.~; :$. ::: :: :::: : :: ::::j::?.::: : ::: :: :::::::::::::::::::::r::::::::::::::::::: :::::::*?.:.:?.:::::J:::::?.}:A:::: 
23 ! 19 i 11 24.2 ! 20.6 31 : 17.2 23 : 18.2 30 ! 21.4 

: : ::: : :::?.+:: :::::t : :: :j :?.:;$.: : :::i:::: :~ :g;~:::: : :: : ::::: :~::~:: ::::::::t:::::::::~:~ :: ::::::: : : : ::::~9.: :s.:::::: ::: :::: ?.~ : :6. : :: :: ::: ::::?:$:;~::::::r:::It.:;{ :: :: : :::::?.$.:.:§: :: :::t: :: ::j:~::::: :: 
25 i 16.4 ! 9 16.5 i 10 28 : 20.3 23.5 : 15.6 27.4 ! 18.2 

···· · ·· ···· ··· ··· ·· ·· · ~ · ······ ·· ·· ··· · · · ····: · · · · · ··· · ··· 4 6 : 4 4 5 2 : 4 5 4 3 : 4 9 2 0 : 2 ... ~.!P.~'!.· · /- · ·· · · · ~ ... ~·· ·· · · ·j· ·· · · · ·~ ... ~ .................. : ............ ! ........... : ........... .. .......... : ........... :····· ·· ···: .................... : ........... t·········-'·········· ........... : .......... !··· · ······=·~·· ···· 
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Annex B : Figures 

B: Mean ) values of (COD balance,concentrations in taps, efficiency curves) for 
COD andrfractions, BOD, TSS, VSS, NH/-N, TKN, o-P04-

3
-P, total P, pH 
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Figure BL: COD balances per one half a month in tapl , as percentage of the average 
CODt in mg/L divided over COD coll, COD sus, CODdiss. 
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Figure 82: COD balances per one half a month in tap2, as percentage of the average 
CODt in mg/I divided over COD coll, COD sus, CODdiss. 
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Figure 8 3: COD balances per one half a month in tap3 , as percentage of the average 
CODt in mg/I divided over COD coll , COD sus, CODdiss . 
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Figure 8 4: COD balances per one half a month in tap4, as percentage of the average 

CODt in mg/I divided over COD coll i COD sus, CODdiss . 
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Figure BS : COD balances per one half a month in tap5, as percentage of the average 
CODt in mg/I di vided over CODcoll, COD sus, CODdiss . 
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Figure B6: COD balances per one half a month in tapl , as percentage of the average 

CODt divided over CODcoll, COD sus, CODdiss. 
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Figure 87 : COD balances per one half a month in tap2, as percentage of the average 
CODt divided over CODcoll , COD sus, CODdiss. 
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Figure 88: COD balances per one haH a month in tap3, a percentag of th av rag 
CODt divided over CODcoll, COD sus, CODdiss. 
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Figure 89: COD balances per one half a month in tap4, as percentage of the average 
CODt divided over CODcoll , COD sus, CODdiss. 
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Figure BIO: COD balances per one half a month in tap5, as percentage of the average 
ODt divided over CODcoll , COD sus, CODdiss. 
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Figure B 13: COD suspended at different heights of the reactor (sampling point 
heights in each profile : I 7, 48, I 07, 13 2 and 15 7 cm from the top respectively) 
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Figure B 14: COD dissolved at different heights of the reactor (sampling point heights 
in each profile : 17, 48, 107, 132 and 157 cm from the top respectively) 
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Figure Bl5 : NH/ -N at different heights of the reactor (sampling point heights in 
each profile : 17, 48, 107, 132 and 157 cm from the top respectively) 
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Figure B16 : TSS at different heights of the reactor (sampling point heights in each 
profile : 17, 48, 107, 1 2 and 157 m from the top respectively) 
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Figure B 17:VSS at different heights of the reactor (sampling point heights in each 
profile : 17, 48, 107, 132 and 157 cm from the top respectively) 
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Figure B 18: Total P at different heights of the reactor (sampling point heights in each 
profile : 17, 48, 107, 132 and 157 cm from the top respectively) 
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Figure B 19: o-P04-3 -P at different heights of the reactor (sampling point heights in 
each profile : 17, 48, 107, 132 and 157 cm from the top respectively) 
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Figure B20: Removal efficiency of total COD as function of time. 
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Figure B25 : Removal efficiency of total P04-3 as function of time. 
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Figure B26: Removal efficiency of TSS as function of time. 
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Figure B27: Removal efficiency of VSS as function of time. 
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Annex C : Photos 

Photo Cl : Collected manhole from faculty of commerce. 

Photo C2: Submersiple pump in collected manhole 
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Photo C3: line 2" from manhole to holding tank for black wastewater. 

Photo C4 : Holding tanks and UASB tanks for black and grey wastewater. 
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Photo C5 : Holding tank ,UASB tank and gas meter for black wastwater. 

Photo C6 : lntluents and effluent for UASB tank and taps for black wastwater. 
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Photo C7 : Effluent for UASB tank and cover the reactor. 

Photo C8 : Effluent of treated wastewater from UASB tank to treatment plant. 
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Photo C9: Gas meter and its connection. 

Photo l 0: Anaerobic bond which take from it seed sludge. 
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