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Abstract

A wastewater treatment plant has been established in Khartoum Refinery Company 
in order to treat 1800 meters cubic per day, and to meet the increase in the number o f 
employees and the continued expansion of the company.

The study aims to evaluate the performance of the station after a three years period of 
work, and calculate the efficiency of the station through the following variables: average 
removal of the biological oxygen demand, chemical oxygen demand, suspended solids and 
oils, by taking water samples before and after treatment, every week for two months, analysis 
of samples were conducted in the central laboratoiy at KRC.

The determination of the station efficiency revealed that the station is working well, 
treated water characteristics are in conformity with the specifications set by the World 
Organization Health. It is also proved to be suitable for use in irrigation. The amount o f water 
entering to treatment is very large (1500 cubic meters), which lead to dilution o f the BOD, 
COD, SS and oils concentrations.

The reason being misuse of water by employees in addition to the large number of 
damage in the water pipes.

The station must be re-evaluated after a certain (5years) period to determine the impact 
of future increases of employees, and it is effect on the efficiency o f the station.

It is recommended to improve the behaviour o f employees regarding the use of water, 
so as to reduce the dilution.
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.  uj>*ûj ^  j  j  j  AilUll 1̂ jJ l

*Lull cxdUI ^  6j^S  ^-Sl AiLJaVW (J-ii (j-o ̂ LaII ̂ {.V^umYI ô ju> ̂ 1  <-juiaall u_iiui ̂ ^ .jj
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1-1 General: -

1-2 Justification
-The Khartoum Refinery company has expanded and needed more employees, hence there ib a
need to evaluate the system.
-The plant have been working for three years, thus it must be evaluated.
- Effluent is used for irrigation so it must comply with the standards.

1-3 Objectives:-
1-3-1 General objective:-
To evaluate the present sewage treatment plant of Khartoum Refinery Company

1-3-2 Specific objectives:-
These are to:

Evaluate the t ie a lm e iit  plant efficiency.
Assessment of the treated water quality and its suitability to be used in irrigation.

- Determine wastewater generation rate with the expansion of the company and increase of 
employees and compare this with the design capacity.

2

Water is essential to sustain life and be satisfactory. However waLer may cause adveise
health effects from single exposures or long exposures. Safe drinking water supply and basic 
sanitation are vital human needs for health and production. All the health, ill health, disease
arid ueai.ii in developing nations are allribuLed to Lire lack of these essentials. According to
WHO, about 30000 people die every day in the world due to unsafe water consumption and 
insufficient sanitation. Ten millions women- (Environmental sanitation2001) spend half of
their day walking in hot sun to carry home polluted water which poisons them and their
families.

Various definitions of sanitation are given by the National Sanitation Foundation of USA
as follows (Sanitation is away f life, it is quality of living that is expressed in trie clean 
community. Being the way of life, It must come from within the people, it is nourished by 
knowledge and grows as an obligation and an ideal in human relation).

The WHO defines environmental sanitation as (The control of all these factors in mans
physical environment which exercise or may exercise a deleterious effect on his physical 
development, health and survival, the construction and management of water supply and
wastewater disposal schemes can be associated with Lite growth of capital cities and

^ L-c

commercial centres that took place in the wake of the industrial revolution of 19 century. As 
against the mere provision of adequate quantities of water of unknown sanitary quality.

) he study of problem associated with the evaluation efficiency of wastewater treatment 
plant at KRC capable and known how to improvement this system to meet the Sudan 
condition.
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2-1 General:

Wastewater may by described as, a combination of the liquid or water carried wastes 
removed from residencies (domestic) institutions, commercial and industrial establishments 
together with such ground water, surface water and storm water as may be present, (Abd almagid
& Rowe, 1997).

Wastewater is a complex heterogeneous solution, which can pollute or contaminate our 
environment namely the water, air, food and soil. Such condition demand appropriate collection, 
proper treatment and final disposal of wastewater in order to safeguard the environment and 
protect human health and welfare.

2-2 Source of wastewater: -

Sewage is created by residencies, institutions, and commercial and industrial 
establishments. Raw influent (sewage) includes household waste liquid from toilets, baths, 
showers, kitchens, sinks, and so forth that is disposed of via sewers. In many areas, sewage also 
includes liquid waste from industry and commerce. The separation and draining of household 
waste into grey water and black water is becoming more common in the developed world, with 
grey water being permitted to be used for watering plants or recycled for flushing toilets. A lot of 
sewage also includes some surface water from roofs or hard-standing areas. Municipal 
wastewater therefore includes residential, commercial, and industrial liquid waste discharges, 
and may include storm water runoff. Sewage systems capable of handling storm water are known 
as combined systems or combined sewers. Such systems are usually avoided since they 
complicate and thereby reduce the efficiency of sewage treatment plants owing to their 
seasonality. The variability in flow also leads to often larger sewers than necessary, and 
subsequently more expensive, treatment facilities. In addition, heavy storms that contribute more 
flows than the treatment plant can handle may overwhelm the sewage treatment system, causing 
a spill or overflow (called a combined sewer overflow, or CSO, in the United States). It is 
preferable to have a separate storm drain system for storm water in areas that are developed with 
sewer systems.

2-3 Wastewater components

Sewage is the water borne waste originating in homes, commercial establishments, and 
industries together with infiltration, about 50% of volume comes from flush toilet; sewage is a 
very “PURE” substance only a very small amount of impurities make sewage bad, its 99.96% 
water and contains about 400 mg/l of contaminants, have Dissolved and suspended fractions 
composed of organic and inorganic substances, sewage contains carbohydrates, sugars, proteins, 
fats, oils, soaps, cellulose, bacteria, and viruses.

4



2-4 Wastewater flow rate:

Domcsiic wastewater rate of flow is normally estimated by finding the dry weather (low, 
DWF. DWF is defined as the total average discharge of sanitary sewage and is the normal flow 
in a sewer during the dry weather. DWF may also be described as the average daily flow in the 
sewer after several days during which rainfall has not exceeded 2.5 millimetres, in the previous 
twenty four hours. The DWF for a certain locality may be determined as:

DWF = (POP*Q) + Ir + Tw - Ev
Where:
DWF = Dry weather flow, L/d.
POP = Number of people served by the sewer, dimensionless.
Q = Average water consumption, L/c*d.
Ir = Average infiltration into the sewer, L/d (also estimated as L/d per
Kilometre length of sewer for different ages of the sewer). Usually, Ir varies between 0 and 30 % 
of DWF.
Tw = Average trade waste discharge, L/d.
Ev = Rate of evaporation.

Maximum wastewater flow:-
May be determined from Babbit formula as:

-  a i/ vti1

Where:
Qmax = Maximum daily wastewater flow,m7d. 
a = Factor (= 2 to 4).
DWF = Dry weather flow, m3/s.

Minimum wastewater flow:-
An estimate for the minimum wastewater flow

Qmin = b’*Qa 
Where:

'y

Qmin = Minimum wastewater flow, m /d.
b' = Constant (with b' = 30 to 50 % for small communities, and b' = 66 
to 80 % for large communities i.e. greater than 100 ,000  persons).
Qa = Average wastewater flow, m /d.

Qmin = b’*Qa

5
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Qmin = Minimum wastewater flow. m7d.
b' = Constant (with b' = 30 to 50 % for small communities, and b' = 66 
to 80 % for large communities i.e. greater than 100 ,000  persons).
Qa = Average wastewater flow, m7d.

Where I

Relationship between maximum wastewater: -
Flow and average flow through the peaking factor concept

pf = Qmax/Qa

Where:
pf = Peaking factor as given by

pf = 5/(POP/l000)0.167
Where:
POP = Number of people served, dimensionless.
The equation is valid for a population size of 2 0 0  up to 10 0 0 .

2-5 Characteristic of wastewater: -
Characteristics of water and wastewater can generally be grouped as physical, chemical, 

biological and radiological.
Physical parameters signify those characteristics of liquid that are result of application of 

physical forces (Abd almagid &  Rowe-1995). the most important physical parameter are 
discussed below:-

2-5-1 Physical parameter:-

2-5-1-1 Temperature:-
One of the physical parameters that reveal great deal of information about the water 

source and its state, changes in temperature may be due to seasonal or daily variation or disposal 
of hot water or due to disposal of wastes from industrial process and\or power stations. Higher 
temperatures lower dissolved oxygen solubility in water.

Water and wastewater may experience variations in temperature due to: climatic 
influences, hot discharges, industrial discharges. An increase in temperature may pose ceriaii, 
effects such as:
-Affect performance of treatment units.
- Reduction of concentration of dissolved oxygen.
-Acceleration in rates of chemical and biochemical reactions.
- Reduction in the solubility of gaseous substances.
- Increase in rate of corrosion of materials.
- Increase in toxicitv towards dissolved substances.

*

- Increase in undesirable growth.
- Increase problems of taste and odor.
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2-5-1-2 Odor:-
A wholesome supply of water is normally odor free, offensive odor are generally 

associated with raw wastewater that has been in sewage system too long and anaerobic condition 
have developed the sewage turns black and gives off hydrogen sulphide.

2-5-1-3 Conductivity:-
May be defined as the electrical conductance of a conductor of unit length and unit cross- 

sectional area, and is commonly expressed in micro IviHub/cm . tnc increase 01 aissoivea sans ir, 
water increases its conductivity, some time use indicating the degree of its purification or 
pollution, the conductivity value is proportional to the concentration of dissolved solid (Abd 
almagid and Row 1995),

2-5-1-4 Turbidity:-
Turbidity is a measure of the suspended matter that interferes with the passages of light 

through water, thus the factors that affcctcd the scattering of light would affect its measurement 
(Isam& Rawe-1995).

2-5-2 Chemical characteristics:-
Chemical characteristics of significance in the field of water and wastewater include: pH, 

alkalinity, acidity, hardness, dissolved oxygen, dissolved gases, chloride contcnt, nitrogen 
(ammonia nitrogen, nitrite, nitrate), nutrients, protein content, oil and grease, carbohydrates, 
phenols, detergents, toxic metals, BOD, COD, etc.

2-5-2-1 Biochemical Oxygen Demand:
The Biochemical Oxygen Demand (BOD) test measures the relative amount of oxygen 

that is needed to biologically stabilize organic matter present in a sample. The test advantages 
include the estimation of the size of treatment units, evaluation of treatment efficiency, 
estimation of the relative amount of oxygen required for oxidation of organic pollutants.

Value of BOD exerted at any time t and temperature T. BODt

T = Lo - Lt = Lo(l - 10-k’l *

Usuaiiy the 5-day BOD at a temperature of 20°C is used (BOD5 20) in practice. 
Oxidation is from 60 to 70 % complete within the 5-day test time. The 20°C temperature 
represents an average value for slow-moving streams in temperate climates and is easily 
duplicated in the laboratory.

2-5-2-2 Chemical Oxygen Demand: -
The COD is also a measure of the strength of wastewaters. Its measure of oxidation 

requirements of a sample under prescribed conditions, as determined by using a chemical 
oxidant. This indicator is generally useful where industrial wastes are important. In any given 
system, a relationship may exist between COD and BOD.

7



Sewage strength in terms of BOD and COD:-

Strength BOD5(mg/L) COD (mg/L)

Weak <200 <400

Medium 201-350 401-700

Strong 351-500 701-1000

Very strong >750 > 1500

2-5-2-3 Hydrogen Ion Concentration (PH):-
The hydrogen ion concentration, pH, is a measure of the acidity or alkalinity of a 

solution. The pH influences the treatment methods and quality of water supply or wastewater 
discharge.

2-S-2-4 Hardness: -
Hardness prevents the formation of a soap lather, and is generally associated with 

divalent metallic cations of calcium, Ca’+, or magnesium, M g ' o r  strontium, Sr+T. or ferrous
• I S  1 rion, re , or mangenous ions, M n''.

2-5-2-5 Dissolved oxygen: -
Oxygen dissolved (DO) is of paramount importance for aerobic metabolic reactions.

Cs = KD*Cg
Where:
Cs = Saturation concentration, g/m3.
KD = Distribution coefficient.
Cg = Gas concentration in gas phase, g/m3.

Cg = Pg*MW/R*T
Where
Pg = Partial pressure of the respective gas in the gas phase, Pa.

Pg = xg*Kh

xg = Mole fraction of gas = Ng/(Ng + Nw).
Ng = Moles of gas.
Nw = Moles of water. 
kH = Henry's constant.
MW = Molecular weight of the gas.
R = Universal gas constant = 8314.3 J/Kg*K.
T = Absolute temperature, K.
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Relationship of oxygen solubility:

C' = Cs*(P - pw)/(760 - pw)
where
C' = Solubility of oxygen at barometric pressure P and given temperature, mg/L. 
Cs = Saturation concentration at given temperature, mg/L.
P = Barometric pressure, mm Hg.
pw = Pressure of saturated water vapor at the temperature of the water, mm Hg.

2-5-3 Biological Characteristics
The biological characteristic must has considerable of wastewater and principle group of 

microorganism found in surface water and wastewater as well as those responsible for biological 
treatment, the pathogenic organism in wastewater, the organism used as indicator of pollution
and their significance, ad the methods use to evaluate the toxicity of treated wastewater.

The principal groups of organism found in surface water and wastewater are classified as 
protista, plants and animals (Metcalf & Eddy). The category protista include bacteria, fungi, 
protozoa and algae, seed plants, ferns and mosses and liverworts are classified as plants.
Invertebrate and vertebrate are classified as animals. Viruses, which are found in wastewater, are 
classified according to the host infected, these indicator organisms include Escherichia coli, 
which originates in the intestines of warm - blooded animals. All sewage is heavily contaminate 
with these organisms.

2-6 Wastewater treatment Processes :-
Wastewater treatment units can be classified according to their capacity as:

i] Small wastewater treatment plants:
Small wastewater treatment units address wastewater treatment as applied to individual 

households, or small communities. Usually they are on-site treatment and disposal units.

ii]Large wastewater treatment units:
Large wastewater treatment plants are wastewater works that govern the discharge.

The sewer systems are built to follow the natural slope of the land. This design allows 
gravity to do most of the work transporting the wastewater to treatment facilities. In some 
situations, pump stations are constructed in low-lying areas to force the wastewater uphill to the 
treatment facility.

The goal is to reduce or remove organic matter, solids, nutrients, disease-causing 
organisms, and other pollutants from wastewater.

2-7 Wastewater treatment units:-
Sewage can be treated close to where it is created (in septic tanks, bio-filters or aerobic 

treatment systems), or collected and transported via a network of pipes and pump stations to a 
municipal treatment plant. Sewage collection and treatment is typically subject to local, state and 
federal regulations and standards. Industrial sources of wastewater often require specialized 
treatment processes.
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2-7-1 Per-treatment:-
Pre-treatment removes materials that can be easily collected from the raw wastewater 

before they damage or clog the pumps and skimmers of primary treatment clarifiers.

io

Conventional sewage treatment may involve three stages, called primary, secondary and tertiary 
treatment.

Primary treatment consists of temporarily holding the sewage in a quiescent basin 
where heavy solids can settle to the bottom while oil, grease and lighter solids float to the 
surface. The settled and floating materials are removed and the remaining liquid may be 
discharged or subjected to secondary treatment.

Secondary treatment removes dissolved and suspended biological matter. Secondary 
treatment is typically performed by indigenous, water-borne micro-organisms in a managed 
habitat. Secondary treatment may require a separation process to remove the micro-organisms 
from the treated water prior to discharge or tertiary treatment.

Tertiary treatment is sometimes defined as anything more than primary and secondary 
treatment. Treated water is sometimes disinfected chemically or physically (for example by 
lagoons and micro filtration) prior to discharge into a stream, river, bay, lagoon or wetland, or it 
can be used for the irrigation of a golf course, green way or park. If  it is sufficiently clean, it can 
also be used for groundwater recharge or agricultural purpose. 
t :> c c s s  Flow Diagram for a typicai iarge-sca'ie treatment plant
(http://www.cep.unep.org/publications-and-resources/technical-reports/tr40en.pdf. Retrieved
2009-10-12. Technical Report No. 40.)

http://www.cep.unep.org/publications-and-resources/technical-reports/tr40en.pdf


2-7-1-1 Screening:-
The influent sewage water is strained to remove all large objects carried in the sewage 

stream. This is most commonly done with an automated mechanically raked bar screen in 
modem plants serving large populations, whilst in smaller or less modem plants a manually 
cleaned screen may be used. The raking action of a mechanical bar screen is typically paced 
according to the accumulation on the bar screens and/or flow rate. The solids are collected and 
later disposed in a landfill or incinerated.

2-7-1-2 Grit removal:-
Pre treatment may include a sand or grit channel or chamber where the velocity of 

the incoming wastewater is carefully controlled to allow sand, grit and stones to settle.

2-7-2 Primary treatment:-
ln the primary sedimentation stage, sewage flows through large tanks, commonly called 

"primary clarifiers" or "primary sedimentation tanks". The tanks are large enough that sludge can 
settle and floating material such as grease and oils can rise to the surface and be skimmed off. 
The main purpose of the primary sedimentation stage is to produce both a generally 
homogeneous liquid capable of being treated biologically and a sludge that can be separately 
treated or processed. Primary settling tanks are usually equipped with mechanically driven 
scrapers that continually drive the collected sludge towards a hopper in the base of the tank from 
where it can be pumped to further sludge treatment stages. Grease and oil from the floating 
material can sometimes be recovered for specifications.

2-7-3 Secondary treatment: -
Secondary treatment is designed to substantially degrade the biological content of the sewage 

such as are derived from human waste, food waste, soaps and detergent. The majority of 
municipal plants treat the settled sewage liquor using aerobic biological processes. For this to be 
effective, the biota require both oxygen and a substrate on which to live. There are a number of 
ways in which this is done. In all these methods, the bacteria and protozoa consume 
biodegradable soluble organic contaminants (e.g. sugars, fats, organic short-chain carbon 
molecules, etc.) and bind much of the less soluble fractions into floe. Secondary treatment 
systems are classified as

fixed-film or 
suspended- growth.
Fixed-film OR attached growth system treatment process including trickling filter and 

rotating biological contactors where the biomass grows on media and the sewage passes over its 
surface.
In suspended-growth systems, such as activated sludge, the biomass is well mixed with the 
sewage and can be operated in a smaller space than fixed-film systems that treat the same 
amount of water. However, fixed-film systems are more able to cope with drastic changes in the 
amount of biological material and can provide higher removal rates for organic material and 
suspended solids than suspended growth systems.

Roughing filters are intended to treat particularly strong or variable organic loads, 
typically industrial, to allow them to then be treated by conventional secondary treatment
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processes. Characteristics include typically tall, circular filters filled with open synthetic filter 
media to which wastewater is applied at a relatively high rate. They are designed to allow high 
hydraulic loading and a high flow-through of air. On larger installations, air is forced through the 
media using blowers. The resultant wastewater is usually within the normal range for 
conventional treatment processes.

Treated
Ajr Water
_  A

Raw Water
C la iifie i-S e ttle i

I

Aeiation Tank

Recycle Sludge 0)
V>
«3

< L >CFl
T3

if)
t

To Sludge Treatment

A generalized, schematic diagram of an activated sludge process.

2-8 Activated sludge plant:-
In general, activated sludge plants encompass a variety of mechanisms and processes that 

use dissolved oxygen to promote the growth of biological floe that substantially removes organic 
material.
The process traps particulate material and can, under ideal conditions, convert ammonia to nitrite 
and nitrate and ultimately to nitrogen gas.

2-8-1 Surface-aerated basins:-
In an aerated basin system, the aerators provide two functions: they transfer air into the 

basins required by the biological oxidation reactions, and they provide the mixing required for 
dispersing the air and for contacting the reactants (that is, oxygen, wastewater and microbes). 
Typically, the floating surface aerators are rated to deliver the amount of air equivalent to 1.8 to 
2.7 kg 02/kW-h. However, they do not provide as good mixing as is normally achieved in 
activated sludge systems and therefore aerated basins do not achieve the same performance level 
as activated sludge units.

Biological oxidation processes are sensitive to temperature and, between 0 °C and 40 °C, 
the rate of biological reactions increase with temperature. Most surface aerated vessels operate at 
between 4 °C and 32 °C.

2-8-2 Trickling fllter:-
In older plants and plants receiving more variable loads, trickling filter beds are used 

where the settled sewage liquor is spread onto the surface of a deep bed made up of coke 
(carbonized coal), limestone chips or specially fabricated plastic media. Such media must have 
high surface areas to support the biofilms that form. The liquor is distributed through perforated
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rotating arms radiating from a centrai pivot. The distributed liquor trickles through this bed and 
is collected in drains at the base. These drains also provide a source of air which percolates up 
through the bed, keeping it aerobic.

Biological films of bacteria, protozoa and fungi form on the media's surfaces and eat or
otherwise reduce the organic content. This biofilm is grazed by insect larvae and worms which 
help maintain an optimal thickness. Overloading of beds increases the thickness of the film 
leading to clogging of the filter media and ponding on the surface.

2-8-3 Biological aerated filters :-
Biological Aerated (or Anoxic) Filter (BAF) or Bio-filters combine filtration with 

biological carbon reduction, nitrification or denitrification. BAF usuaiiy includes a reactor filled 
with a filter media. The media is either in suspension or supported by a gravel layer at the foot of 
the filter. The dual purpose of this media is to support highly active biomass that is attached to it 
and to fiiter suspended solids. Carbon reduction and ammonia conversion occurs in aerobic mode 
and sometime achieved in a single reactor while nitrate conversion occurs in anoxic mode. BAF 
is operated either in up flow or down flow configuration depending on design specified by 
manufacturer.

2 0 4 0
-0-4 k j e t u u u a i y  s e u i i i i e m a i u m : -

The final step in the secondary treatment stage is to settle out the biological floe or filter 
material and produce sewage water containing very low levels of organic material and suspended 
matter.

2-8-5 Tertiary treatment: -
The purpose of tertiary treatment is to provide a final treatment stage to raise the effluent 

quality before it is discharged to the receiving environment (sea, river, lake, ground, etc.). More 
than one tertiary treatment process may be used at any treatment plant. If  disinfection is 
practiced, it is always the final process. It is also called "effluent polishing".

2-8-6 Filtration:-
Sand filtration removes much of the residual suspended matter. Filtration over activated 

carbon removes residual toxins.

2-8-7 Disinfection:-
The purpose of disinfection in the treatment of wastewater is to substantially reduce the 

number of microorganisms in the water to be discharged back into the environment. The 
effectiveness of disinfection depends on the quality of the water being treated (e.g., cloudiness, 
pH, etc.), the type of disinfection being used, the disinfectant dosage (concentration and time), 
and other environmental variables. Cioudy water wiii be treated iess successfully since solid 
matter can shield organisms, especially from ultraviolet light or if  contact times are low. 
Generally, short contact times, low doses and high flows all militate against effective 
disinfection. Common methods of disinfection include ozone, chlorine, or ultraviolet light. 
Chloramines, which is used for drinking water, is not used in wastewater treatment because of its 
persistence.

13



Chlorination remains the most common form of wastewater disinfection in North 
America due to its low cost and long-term history of effectiveness. One disadvantage is that 
chlorination of residual organic material can generate chlorinated-organic compounds that may 
be carcinogenic or harmful to the environment. Residual chlorine or chloramines may also be 
capable of chlorinating organic material in the natural aquatic environment. Further, because 
residual chlorine is toxic to aquatic species, the treated effluent must also be chemically 
dechlorinated, adding to the complexity and cost of treatment.

Ultraviolet (UV) light can be used instead of chlorine, iodine, or other chemicals. 
Because no chemicals are used, the treated water has no adverse effect on organisms that later 
consume it, as may be the case with other methods. UV radiation causes damage to the genetic 
structure of bacteria, viruses, and other pathogens, making them incapable of reproduction. The 
key disadvantages of UV disinfection are the need for frequent lamp maintenance and 
replacement and the need for a highly treated effluent to ensure that the target microorganisms 
are not shielded from the U V radiation (i.e., any solids present in the treated effluent may protect 
microorganisms from the UV light). In the United Kingdom, light is becoming the most common 
means of disinfection because of the concerns about the impacts of chlorine in chlorinating 
residual organics in the wastewater and in chlorinating organics in the receiving water. 
Edmonton and Calgary, Alberta, Canada also use UV light for their effluent water disinfection.

Ozone 03 is generated by passing oxygen 02 through a high voltage potential resulting 
in a third oxygen atom becoming attached and forming 03. Ozone is very unstable and reactive 
and oxidizes most organic material it comes in contact with, thereby destroying many pathogenic 
microorganisms. Ozone is considered to be safer than chlorine because, unlike chlorine which 
has to be stored on site (highly poisonous in the event of an accidental release), ozone is 
generated onsite as needed. Ozonation also produces fewer disinfection by-products than 
chlorination. A disadvantage of ozone disinfection is the high cost of the ozone generation 
equipment and the requirements for special operators.

2-8-8 Odor removal
Early stages of processing will tend to produce smelly gasses, hydrogen sulfide being 

most common in generating complaints from nearby areas. Large process plants in urban areas 
will often contain a foul air removal tower, comprised air circulators, a contact media with bio
slimes, and circulating fluids to biologically capture and metabolize the obnoxious gasses 
previously contained by reactor enclosures.

2-9 SEQUENCING BATCH REACTORS:-
Background:-

Activated sludge is the most widely used biological wastewater treatment process treating 
both municipal sewage and a variety of industrial wastewaters. During the early 1900’s, the basic 
principles of biological degradation processes using activated sludge were established by Ardem, 
Lockeii and Fowler amongst others. These researchers operated “fill-anddraw” processes on 
crude sewage at Manchester in the UK and established the concept of sequencing batch reactors 
(SBR’s) operating a single biological reactor basin using repetitive cycles of aeration, settlement 
and discharge of the treated effluent. These original fill-and-draw variable-volurne SBR systems 
were capable of achieving excellent treated effluent quality but suffered many operational 
difficulties which favored the development of fixed volume continuous-flow activated sludge
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processes which incorporate two separate units, one for aeration and one for settlement. Further 
developments of the SBR process did not occur until the 1950’s when Pasveer and co-workers 
incorporated interrupted and continuously fed batch treatment principles in their variable volume 
activated sludge system. Further development took place in the 1970's mainly in Australia and 
the United States, and with grant aid from the EPA and publication of the EPA’s SBR Design 
Manuals in 1986 and 1992, led to the wide scale application of the technology world wide. The 
earlier operational difficulties have been resolved by technological improvements, particularly 
reliable microprocessor control systems, aeration equipment and mechanically actuated valves. 
Through process performance monitoring and variations / modifications of the original SBR 
process, the modern generation ofSBR’s have lound application in large scale municipalities (up 
to 1 million population equivalent), as well as the modular expansion and up-rating of existing 
wastewater treatment facilities.

2-9-1 SBR Operating Principles:-
Conventional activated sludge systems require separate tanks for the unit processes of 

biological reactions (aeration of mixed liquor) and solids-liquid separation (clarification) and 
also require process mixed liquor solids (return activated sludge) to be returned from the final 
clarification stage to the aeration tanks. In contrast, SBR technology is a method of wastewater 
treatment in which all phases of the treatment process occur sequentially w'ithin the same tank. 
Hence, the main benefits of the SBR system are less civil structures, inter-connecting pipe work, 
and process equipment and the consequent savings in capital and operating costs.

All SBR's operate on a time-based proccss cycle to achicve the process conditions 
necessary for carbonaceous oxidation, nitrification, de-nitrification and biological phosphorus 
removal. In addition, solids-liquid separation, treated effluent removal, and solids wasting are 
also incorporated to complete the proccss cycle.

SBR technology has the advantage of being much more flexible than conventional 
activated sludge processes in terms of matching reaction times to the concentration and degree of 
treatment required for a particular wastewater. For example, the SBR process allows for the 
following adjustments to be made in addition to those (such as sludge age and operating mixed 
liquor solids concentration) that can be made in an equivalent conventional process:
_ Total cycle duration
_ Duration of each phase within the process cycle 
_ Pattern of inflow 

Dissolved oxygen profile during aeration 
_ Operating top water level 
_ Operating bottom water level

Hence changes in wastewater characteristics over time may be readily accommodated in
the SBR process. SBR Process Configuration the essential components of SBR’s are:- 
_ Reactor basin
_ Waste sludge draw-off mechanism 
_ Aeration equipment 
_ Effluent decanter 
_ Process control system

To accommodate continuous inflow of wastewater, the SBR system generally comprises 
either a storage /equalization tank and a single SBR tank or a minimum of two tanks. As with
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conventional activated siuuge treatment systems, conventional screening unu grit removal uu 
usually provided as preliminary treatment. A primary sedimentation stage is not usually required 
with SBR processes unless the influent suspended solids are excessive. Settled sewage may also
dc treated ti me is  installed downstream 0 1  existing primary settlement tanKs.

Reactors are usually simple circular, square or rectangular tanks and may be constructed 
from concrete or steel. Lagoon structures can also be used and existing tanks, for example, 
primary sedimentation tanks, can be retrofitted. Since the tank serves as an aeration tank and a 
final clarifier, fewer structures are used for the treatment plant as a whole and a more compact 
layout for the site can be obtained. Extensions to the plant by the addition of modular basins 
using common wail construction can easily be designed for future loading conditions.

The volume between the design bottom water level and top water level represents the 
volume treated per batch or “hydraulic” volume. These volumes are typically up to thirty percent 
of the designated top water level volume and the overall basin depth is generally sized around 5 
to 7 m. The volume of liquid at bottom water level is sized to provide sufficient mass of 
activated sludge to complete the biological treatment processes.

Waste activated sludge (WAS) is typically withdrawn by pump or actuated valves from 
the settled sludge blanket during the decant or idle phase of the cycle. Typical WAS 
concentrations are usually in the range 8 ,0 0 0  -  15,000 mg/1 and sludge production (yield) will be
similar to conventional activated sludge processes operating under the same process loading rates 
(and sludge age). Waste activated sludge can be further treated by aerobic or anaerobic 
processes, or thickened and dewatered before disposal.

ivlosi SBR processes use air blowers to provide aeration air to biologically degrade the 
organic components in the wastewater. Many SBR facilities in North America operate with low 
maintenance coarse bubble diffused aeration, although jet aeration systems are in operation, 
particularly in industrial facilities. Jet aeration systems can also be used without air to provide a 
formal anoxic mixing phase in biological nutrient removal plants. Surface aeration equipment 
has also been used successfully. The high efficiency of flexible membrane, self-sealing, fine 
bubble diffusers has ied to their adoption in SBR plants where energy usage is important.
Fine bubble flexible membrane diffusers provide high efficiency in terms of process oxygen per 
unit of energy and also allow the flow of air to be interrupted during process air off (settling and
decanting) phases without fouling of the diffusers or flooding the air distribution pipe work.

Removable fine bubble aeration equipment may be used to facilitate maintenance of the 
diffusers, where the tank cannot easily be drained . Operating any SBR process, the air can only 
be supplied during the fill, aerate and react periods. Therefore, for a cycle comprising 50% 
aeration, the process air must be supplied to the SBR tank in a 12 hour period every day. For a 
two tank system, this translates to continuous blower operation for the total system, with each
lank being provided with an aeration grid capable of taking the total airflow.

Air flow is directed to the correct tank by motorized valves controlled by the process 
control centre. A major advantage of the time based sequence of operations is the ability to vary 
the aeration intensity and duration. A large turndown capability can be achieved so that over
aeration does not occur at plant startup, or during periods of off-peak loading. Additional fine- 
tuning of the aeration system can be achieved through installing a dissolved oxygen probe within
the basin, and controlling the air output with a variable speed blower. Nitrification and 
denitrification can be achieved through turning the air on and off during the filling and react 
phases, and can also be simultaneously achieved during the aerobic phases of the cycle by 
controlling the aeration intensity (and hence the process dissolved oxygen concentration) to
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ensure macro anoxic conditions within the activated sludge floes.
Denitrification also takes place within the sludge blanket during the air-off phase, but 

rising sludge is rarely a problem because of the low concentrations of nitrate present. Typically,
biological phosphorus removal can be achieved by incorporating an anaerobic phase within the
process cycle, usually at the beginning during filling.

Treated effluent can be removed from the SBR tank after the settle period. Enough time 
must be allowed during the settle phase lo enable the solids interface to reach a low enough 
position in the tank to avoid entrainment and scouring during the effluent decanting. Since 
hydraulic surges are equalized within the reactor and inflow to the tank is normally interrupted 
during decani, mixed liquor suspended solids cannot be washed out with the treated effluent. A 
variety of different effluent removal systems have been developed for SBR’s:
- Fixed decanters including submerged outlet pipes with automated siphon control valves, and air 
locked multiple pipe arrangements.
- Moving devices including weir troughs, floating weirs and pipes connected to flexible 
couplings, tilting weirs, and floating submersible pumps. Some decanters suffer from solids loss
by trapping mixed liquor suspended soiids during the aeration phase or in the submerged pipe
work.

The most important aspect to the decanter design is to ensure that effluent is withdrawn
uniformly from within the tank. Point discharges suffer from scouring suspended solids from the 
settled sludge blanket and have no flexibility for process changes, e.g. higher sludge blanket 
through increased tank solids concentration. Decanter designs usually incorporate guard
mechanisms to prevent scum and other floating material from causing deterioration in effluent
quality.
SBR processes are usually fully automated, using microprocessor programmable logic 
controllers (PLC’s) with operator changeable set poinLs. Process cycles and phases can easily be 
changed to optimize plant performance for actual loading conditions.

SBR’s have been used on thousands of plants worldwide and are generally appropriate
for ail municipal and industrial wastewater where activated sludge processes are utilized. 
Typically, the small footprint, simple structures, and high flexibility in process operations makes 
them cost-effective solutions. There are many SBR process equipment suppliers on the market, 
all with different equipment and with various operational claims, including treated effluent 
quality and waste sludge yield. Generally, SBR performance has been well-documented for 
municipal wastewater and effluent permits of 10 mg/L BOD, 15 mg/L TSS, Img/L NH3N, 10 
mg/'L TN and 1 mg/L P (as 30-day averages) are typical.

Modifications of the Sequencing Batch Reactor Large scale applications of SBR’s are 
generally based on the Cyclic Activated Sludge System (CASS™), or Intermittent Cycle Aerated 
Extended System (ICEAS®). These systems have been used on municipal wastewater treatment, 
plants treating populations over 1 million. For example, the Dublin Bay WWTP in Ireland
utilizes the ICEAS® process in 24 SBR basins stacked in two levels, for an average daily flow of 
320,000 m3/'d and a vvcl weather peak flow of 960,000 m3/'d Further examples of the compact 
design of the SBR process can be found in Bangkok, Thailand. Two separate CASS™ SBR 
facilities, each with an average daily flow of 200,000m7d and peak flow of 500,000 m3 /d, utilize 
tanks stacked on 4 levels to achieve a treatment planl footprint of 6,000 m2. Interestingly, both 
these facilities operate as BNR systems and equivalent conventional activated sludge systems 
would have required either more footprint (which as not available due to existing buildings), or 
additional levels (and higher capital and operating costs) For large scale SBR facilities, treated
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effluent is removed from the SBR Lank after the settle period by a moving vveir decanter. Thv 
weir trough of the decanter is situated above top water level for both aeration and settling phases 
to prevent the accidental discharge of mixed liquor suspended solids. When operated during the 
decant phase of the cycle, the decanter is driven by an electro-mechanical actuator mechanism 
into the liquid at a uniform rate and a constant flow of clarified effluent is discharged from the 
tank. Upon reaching the pre-set designated bottom water level, the decanter then returns to its 
out-of-liquid rest position. The decanter is fitted with a scum guard that positively excludes 
surface scum and other floating material. Large scale facilities are normally operated as a 
minimum of two side-by-side basins (with common dividing wall) to ensure influent can be 
continuously accepted by the treatment plant. More basins are generally provided on larger 
plants to increase the overall plant flexibility and facilitate maintenance.

2-10 CASS™ (Cyclic Activated Sludge System):-
Activated sludge is the most widely used biological wastewater treatment process in the 

developed world, treating both sewage and a variety of industrial wastewaters. Batch operation 
of the activated sludge process is nothing new. During the early development of the activated 
sludge process in the United Kingdom by Adem and Lockett around 1914,plants were operated 
using fill-and-draw or interrupted batch feed methods. These researchers firmly established ihe 
concept of operating a single reactor basin using repetitive cycles of aeration, settlement and 
discharge of treated effluent. Around 1956, during the development of oxidation ditch 
technology, Pasveer incorporated interrupted and continuously fed batch treatment principles. 
Further advancements to the oxidation ditch fed-batch treatment then too place by incorporating 
a rectangular basin configuration. By the late 1970's, the generic sequencing batch reactor (SBR) 
was well established and many small plants were in operation. A major development took place 
in 1978 with the incorporation of a pre-react zone within the SBR to control filamentous sludge 
bulking, further refinements of SBR processes took place mainly in Australia and the United 
States and has led to the wide scale application of the technology worldwide. The shortfalls of 
the original design have led to the development of the present state-of-the-art CASS™ 
Sequencing Batch Reactor. While SBRs have generally been classified by the water industry for 
small or medium scale applications, CASS™ has found application in large scalc municipalities 
(50MGD or 400,000 + population equivalent ) and the modular expansion, retrofit or upgrading 
of existing wastewater treatment facilities.

2-10-1 CASS™ Process Components:-
CASS™ is a combination of a biological selector and variable volume process reactor. 

The process operates with a single sludge in a single reactor basin to accomplish both biological 
treatment and solids-liquid separation. CASS™ is by design and operation with municipal 
wastewaters, a biological nutrient removal process, configured to function with filamentous 
sludge bulking control. A simple repeated sequence of aeration and non-aeration is used to 
provide aerobic, anoxic and anacrobic process conditions, which in combination with Lhc 
aeration intensity, favor nitrification, denitrification and biological phosphorus removal.

The essential features of the CASS™ technology are the plug-flow initial reaction 
conditions and the complete-mix reactor basin. Each CASS™ reactor basin is divided by baffle 
walls into three sections (Zone 1: Selector, Zone 2: Secondary Aeration, Zone 3: Main Aeration). 
For typical domestic wastewater treatment applications, these sections are in the approximate 
proportions of 5%, 10%, and 85%. Sludge biomass is continuously recycled from Zone 3 to the
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Zone i selector io remove the readily degradabie soluble substrate and favor the growth of fioc- 
forming microorganisms. System design is such that the sludge return rate causes an approximate 
daily cycling of biomass in the main aeration zone through the selector zone. The mechanisms of
Zone i and the internal sludge recycle eliminate the requirement for separate fi 11-ratio selectivity, 
anoxic, and anaerobic mixing periods. The selector is self-regulating for any load condition and 
operates under anoxic and anaerobic reaction conditions during non-aerated periods. Polishing
deniirificaiion and enzymatic transfer of available substrate during enhanced biological
phosphorus removal is also achieved in the selector zone. The complete-mix nature of the main 
reactor provides flow and load balancing and a tolerance to shock or toxic loadings, and the 
process prevents solids washout during peak or wet weather hydraulic surges.

2-10-2 Process Cyclic Operation:-
CASS™ utilizes a simple repeated time-based sequence which incorporates:

FILL-AERATION (for biological reactions) 
FILL-SETTLE (for solids-liquid separation) 
DECANT (to remove treated effluent)

Completion o f  these three operations constitutes a cycle which is then repeated. The
sequence above can also include a FILL, FILL-MIX, FILL-REACT, and REACT if  required. 
During the period of a cycle, the liquid level inside the reactor basin rises from a set bottom 
water level in response lo a varying wastewater How rale. Aeration ceases at a predetermined 
period of the cycle to allow the biomass to flocculate and settle under quiescent conditions. After 
a specific settling period, the treated effluent supernatant is removed (decanted), using a moving
weir decanter. This operation returns the liquid ievel in the reactor basin to the bottom water
level. Surplus solids are wasted as required to maintain the biomass MLSS at the required level, 
solid wasting after settling enables waste sludge concentrations in excess of 10,000 mg/L to be 
removed.

2-10-2-1 Fill - Aeration:-
The FILL-AERATION (react) operation refers to the air-on time of the process cycle.

During this period, influent is received into the basin through the selector zone where it contacts 
with the biomass recycled from the main aeration zone. Complete-mix reaction conditions occur 
in Zone 3 during this variable volume operational period.

2-10-2-2 Fill - Settle
This refers to the first part of the air-off time period when quiescent settling conditions 

are created in Zone 3 for soiids-iiquid separation. The activated sludge solids form a sludge-icvci 
interface which progressively falls toward the floor of the basin. The floes adhere together and 
the mass settles as a blanket leaving a clear supernatant. At the end of the aeration period, the 
sludge is at a uniform concentration. During the initial seliiing period, the sludge undergoes 
internal flocculation due to the residual mixing energy within the basin. As this energy dissipates 
the sludge interface forms and settles as a blanket. Dense solids fall through the formed mass to 
settle on the basin floor. There is an initial slow settling velocity which increases and then 
gradually falls off due to the compressive accumulation of solids on the basin floor. Zone settling
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velocity is a function of the iniiiai solids concentration, basin depth, total area of the basin and 
nature of the biological solids. A top water level solids concentration of around 3,500 mg/L will 
typically settle to form a layer of sludge having a mean concentration of around 10,000 mg/L. 
CASS™ facilities are sized and configured to operate with inflow into the basin during the seitie 
phase of the cycle. Biomass is returned from the main aeration zone to the selector zone to 
promote selectivity and create anoxic/anaerobic conditions.

2-10-2-3 Decant (Effluent Removal):-
Inflow to the basin undergoing decanting (effluent withdrawal) is interrupted and directed 

to an alternate basin in a multi-basin facility or stored in a pump vveil in a single basin facility. 
The weir trough of the decanter is situated above top water level for both aeration and settling 
phases to prevent the accidental discharge of mixed liquor suspended solids. When operated 
during the decant phase of the cycle, the decanter travels down at an initial fast speed. Interaction 
with the liquid level is detected by a level indicator float switch which causes the skimmer to 
proceed at its design rate of travel producing a constant rate of discharge of treated effluent from 
the basin. On reaching designated bottom water level, the decanter is reversed to its rest position 
at the initial fast speed.

Idle:-
In practice, decanting will always be less than the allocated time available. This residual 

time is designated as IDLE and can be used as a period of inflow without aeration or reaction. 
The IDLE sequence begins 4 minutes after the skimmer has traveled in the reverse up direction 
and finishes at the end of the designated decant period. Biomass is recycled from Zone 3 to the 
selector zone to promote selectivity and create anoxic/anaerobic conditions.

2-10-3 Respiration Rate Control (RRC™):-
Dissolved oxygen is a necessary requirement for the biological oxidation reactions which 

lake place with the CASS™ process. Residual dissolved oxygen occurs as a result of oxygen 
which is not used by the microorganisms in the biomass. Too much dissolved oxygen in the 
CASS™ process is wasteful of energy and may inhibit biological nutrient removal mechanisms. 
A simple control method has been developed to ensure optimum biological reaction conditions 
take place and valuable energy is not wasted. Advantage is taken of the fact that the CASS™ 
process conforms to a complete-mix reaction model. This also means that CASS™ provides a 
very stable reaction environment when compared to oiner conventional plug-fiow activated 
sludge, extended aeration, contact stabilization, or sequencing batch reactor systems. A dissolved 
oxygen sensor is used to measure changes in biomass oxygen demand. For example, a reduction 
in the oxygen load demand to a CASS™ basin will automatically cause a lowering of the 
aeration intensity (air supply) so that the excessive dissolved oxygen concentrations are 
prevented. Conversely, an increase in load demand will cause an increase in aeration intensity so 
that the metabolic activity of the biomass, as registered by its propensity to use oxygen, is 
matched with the corresponding aeration intensity rate of air feed into the reaction basin. RRC™ 
directly interacts with the best sensor which is available for the control of air into the process. 
The system is an in-basin respire-meter. Simply stated, low oxygen demand caused by low 
loadings during diurnal, or other variations can now be directly matched to energy use. The 
biomass senses the oxygen requirements which are needed for the process. The dissolved oxygen
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2-13 Environmental consideration
Many processes in a wastewater treatment plant are designed to mimic the natural 

treatment processes that occur in the environment, whether that environment is a natural water 

body or the ground. If not overloaded, bacteria in the environment will consume organic 

contaminants, although this will reduce the levels of oxygen in the water and may significantly 

change the overall ecology of the receiving water. Native bacterial populations feed on the 

organic contaminants, and the numbers of disease-causing microorganisms are reduced by 

natural environmental conditions such as predation or exposure to ultraviolet radiation. 

Consequently, in cases where the receiving environment provides a high level of dilution, a high 

degree of wastewater treatment may not be required. However, recent evidence has demonstrated 

that very low levels of specific contaminants in wastewater, including hormones (from animal 

husbandry and residue from human hormonal contraception methods) and synthetic materials 

such as phthalates that mimic hormones in their action, can have an unpredictable adverse impact 

on the natural biota and potentially on humans if the water is re-used for drinking water, and 

strict water quality requirements are to be met. A significant threat in the coming decades will be 

the increasing uncontrolled discharges of wastewater within rapidly developing countries

2-14 The use of wastewater for crop irrigation:-
Crop yields are higher as the wastewater contains not only water for crop growth, but also

piani nutrients (mainly nitrogen and phosphorus). However there is the risk that wastewater
irrigation may facilitate the transmission of excreta-related disease. In the late 1980s, the world 

health organization, the world bank and the international reference centre for waste disposal 

sponsored a series o f studies and meetings o f  experts to examine these health risks (international 
centre reference for waste disposal 1985; Shuvel et al.,1986Prost, 1988; World health 

organization, 1989 ). from an appraisal of the available epidemiological evidence, it was

established that the major risks were, the transmission of intestinal nematode infections both of 
these working in the wastewater-irrigated field and to those consuming vegetables grown in the 

field ; these infections are due to Ascaris lumbricoides (the human roundworm), Trichuris 

trichiura (the human whipworm), and Ancylostoma duodenale and Necator americanus (the

firing in municipal waste-to-energy plants is occasionally done, this option being less expensive 

assuming the facilities already exist for solid waste as well as no need for auxiliary fuel.

2-12 Sludge disposa!:-
When a liquid sludge is produced, further treatment may be required to make it suitable 

for final disposal. Typically, sludges are thickened (dewatered) to reduce the volumes
. 1 r * r *  * ,  r *  i * j • i  * i  1 . i  j  * * . 7 J  .transported ou-sue lor uisposai. / acre is no process nmcn completely eliminates me neeu 10
dispose of bio solids. There is, however, an additional step some cities are taking to superheat the 

wastewater sludge and convert it into small pelletized granules that are high in nitrogen and other 
organic materials, in New York City, for example, several sewage treatment pianis have 

dewatering facilities that use large centrifuges along with the addition of chemicals such as 

polymer to further remove liquid from the sludge. The removed fluid, called cent rate, is

typically reintroduced into the wastewater process. The product which is left is called "cake" and

that is picked up by companies which turn it into fertilizer pellets. This product is then sold to 

local farmers and turf farms as a soil amendment or fertilizer, reducing the amount of space 

required to dispose o f sludge in landfills.
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human hookworm); and ihe transmission of faecai bacterial disease - bacterial diarrhea and 
dysentery, typhoid and cholera - to the crop consumers.

In order to prevent the transmission of these disease, it has been recommended (World 
health organization, 1989) that only treated wastewater will be used for crop irrigation, and 
treated wastewater should comply with the microbiological quality guidelines.

2-15 The advantages of the use of reclaimed water in agricultural 

irrigation include:
- The low cost of reclaimed water rales,
- The use of land application as tertiary treatment,
-The beneficial employment of plant stimulants or nutrients contained in the reclaimed water by 
plantations such as phosphorous and nitrogen.
- The decrease in the amount of fertilizers needed to increase crop 
yields, and the earnings acquired from cultivation of cash crops.

2-16The disadvantages of the use of reclaimed water in agricultural 
irrigation include:
- The large storage volume that may be needed to balance the supply and demand for irrigation 
water.
- The restriction on application rates because of the possible effects of wastewater contaminants 
on groundwater, soils and crops.
-The health hazards, and the toxicity problems, and the salinity build-up.
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Chapter three

Materials &  methods

24



3-1 Study area:-

This plant is invested by the KRC and is part of the expanding second phase building of the 

refinery, with the extension of refinery employees are increasing. The use of water and 

discharging of waste water has been increasing, the used sewage treatment facilities’ cannot 

satisfy this request and need a new sewage treatment plant with daily treatment capacity 1800 m 3 

to clean the wastewater by SBR. The treated water will be discharge in to the oxidation pond and 

KRC Park.

The SBR system (equipment) carries out purification after foul water collects KRC 

employee’s utility area. Gradually the facility discharge 1800 m  /day by that the water reaches 

the standard to the original oxidation pond and KRC park in at reduce prices. The main 

construction include coarse grid, adjustment pond, CASS, lab, equipment room and related 

power supplying and pipe system...etc.

3-2 Process design and operation of sewage treatment system

The wastewaters mainly belong to two consideration bio-degrading sewage which has 

good biological treatment character. The key treatment technology is international Cyclic 

Activated Sludge System.

Pre-treatment:-
Grid:-

Because there is some suspended substance in sewage a mechanical grid is set before 

wastewater collection and adjustment pond to hold up the big solid in order to avoid the bad

influence to following treatment process.

1-Adjustment pond:-

The un-regular discharge of wastewater collection and adjustment is set to adjust the water 

quality, balance water quality, and make the wastewater enter biological treatment stage with 

design capacity.

B- Biological treatment:-
The biological treatment process of the system will be assumed by CASS ponds, which 

have multifunction of primary sedimentation, aeration, 2 sedimentation as one unit. It is an 

intermittent reaction system. In this pond active sludge process is running repeatedly between 

aeration and un aeration period, the bio-chemical reaction and sludge water separation process 

will be also finished in the pond. The wastewater will be treated through fixed a period and 

stage, each treatment circle is consisting of following stage:-
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A-Inlet water, aeration, recycle stage: -
CASS reaction pond is consisting of three parts:-

Selection area.

Pre-reaction area.

Main-reaction area.

The wastewater from adjustment pond will be pumped in to mixing tank and enter 
biological selection area after mixing with the recycling sludge delivered by sludge recycling 
pump. The dissolved organic substance will be removed quickly by enzyme reaction mechanism. 
The nitrate in recycling sludge can realize ant nitration process in selection area to avoid sludge 
expanding. In pre-reaction area the wastewater will take a little aeration and will be in the anoxic 
situation, the organic substance will be degraded primarily and some N- nitrate also can be 
removed. In the main reaction area, the wastewater after anoxic process will be aerated and will 
be in an oxygenised situation, mainly nitration will take place and degradation as well as anti
nitration sometimes.

B- Sedimentation period:-
At this period, both sludge recycling and reaction process are stopped, the hole pond will 

be full of water and relatively quiet situation, at this time the sludge start to flocculate and 
separate from the water, finally forming 1.5m clean water in top of the pond.

At this stage if  the inlet water quantity doesn’t make the water level reach the pre-set 
high, the pump will keep working due to the relative balance of the water in pond, which add a 
staying time of water in biological selection area, and the connection of selection are pre-reaction 
area, and main reaction will take place, special flow design, therefore the wastewater entering 
CASS pond at this time will be mixed at selection area and the enter pre-reaction area and enter 
the bottom of the main reaction area in the way of laminar flow. It will mix with descended 
flocculated sludge and will not affect the top treated water.

C- Water skimming period:-
The water skimming will start to work automatically and falling down in the situation of 

walk stop walk the top clean water will be send to discharge channel by water skimmer, the fall 
down speed is similar to the speed of top water level, so this will not stir the separated sludge, 
due to special design of water skimmer. The floatation substances in water surface will not be 
skimmed out to guarantee the water quality.
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2-Stage treatment:-

1- Filter:-

The outlet water must enter further filter treatment to remove SS and organic substance in 
order to make the treated water meet the design discharge standard.

Take original water for reverse washing, the outlet of reverse washing water will enter
wastewater collection and adjustment pond for further treatment.

2- Disinfection

The outlet of the filtered water will enter the disinfection pond. The disinfection reagent 
is liquid chlorine.

3- Sludge treatment:-

To guarantee proper s/udge thickness in CASS pond, the sludge pump set at the end of

CASS pond will deliver the surplus sludge in to sludge machine for dewatering, the filtering 
water will be lead to water collection pond for treatment. The dried sludge cake will be 
transported out for land filling.

This system will set two separate CASS pond, i.e system (A) and system (B), both of 
them work separately in manual operation and automatic operation and form a system by it self. 
There is no relationship between the two ponds, but should decide a right and proper 
intermediate time of the two ponds in order to make the water in wastewater collection and 
adjustment pond can be discharge evenly.
This system has the following character:-

Occupying small land, need primary sedimentation pond and 2nd sedimentation pond and 
complicated water recycle system.

1- Few mechanical equipments, low investment, low running costs.

2- Simple operation, high automatic level.

3- Can amortize the fluctuation of water quality by adjusting aeration time.

4- Set biological selection area, no sludge expanding phenomenon.



Tabic No (3*1) The performance index of this system is as follows:-

NO Item Inlet water Outlet water Removing 
rate (%)

1 Water quality 1800 nrVd -

2 CODcr 450 mg/l 100 mg/l 77.8
3 b o d 5 300 mg/l 20 mg/l 93.3
4 SS 200 mg/l 5 mg/l 97.5
5 Oil & grease 50-100m g/1 <3 mg/l 97
6 PH 6-9 6-9 -

Table No (3-2) Pood parameter of the wastewater treatment plant

No. Name Spec.(L*W*H)m Efficiency water 
level (m)

•

1 Screen well 4.112*0.8*1.35 0.3

2 Adjusting pond 15.9*10.45*2.7 1.5

3 CASS pond (A) 31.05*7.95*4.5 4.0
4

4 CASS pond (B) 31.05*7.95*4.5 4.0

5 Middle pond 10.6*10.6*3.52 2.6

6
.

Recycle pond
■ - - .........................

8*5.5*2.5 2.0

Note:-
Width and length of outer well size of pond, the height is the distance from bottom of the 

pool to roof.
Sampling:-

Random samples taken from:
- Grit removal pond.
- CASS pond.
- Recycle pond.
As one sample from each one every Tuesday for two months.
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3-3 Data collection

Data are to be collected through the flowing activities:

A- Laboratory

Chemical & Biological analysis (BOD, COD, SS, Oil, PH).

B- Observations:-

Observation was conducted with regards to treatment plant, operation, plant design and 
irrigation system.

C- Records:-

Records and documentation concerning the inlet water quality and quantity change and 
analysis for water quality in technology department.

D- Interviewing :-

The will be directed to the following persons:- 

I - Operator of the treatment plant.

2- HSE department employee.

3- Technology department employee.
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Chapter four
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4-1 Results:-

From the tables No 1,2,3,4,5,6  and fig 1,2,3,4 it is found that the efficiency of removing 
rate of BOD was about 77.5% . COD 85.9%, SS 83.4%, and removing oil rate was 
about 73.5 %.

The policy of KRC averted taking any samples for analysis in external laboratory, so the 
could not take it.

The daily rate of wastewater influent is about 1500 m3/d, however this is not the actual 
rate, it is an estimate from operators, because the available data record was only the rate 
of pumping. This rate of pumping did not effects the quantity of the daily wastewater 
influent (The pump is connected with the PLC system).

From the analysis of the actual BOD, COD, SS, and oil, and comparing these with the 
design load, it is clear that there was a dilution factor in the influent wastewater.

The percent of the treated water used for irrigation is about 25% from the total treated 
water, and the remaining treated water is send to the oxidation evaporation pond.

A300m water is added every week from the swimming pool due to changing of the pool 
water.
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Table N o  (1) operational parameter (flow rate &  C O D

COD A nalysis Testi-

I

Q  m y h

N e w  +01d 

lift station

1693

1697

C O D  m g /1 

Inlet

68.9

94.6

C O D

mg/1

Outlet

18.4

23.5

Efficiency

%

75

'/6

Date 2010 

6/1

13/1

20/1 1817 135-9 30.5
77

A ' /  j  L

i  ̂O
tuyo / 3-9

91
3/2 1742 33 21

36
10/2 1875 48.6 2

98

17/2 i960 27.3 4-5
87

24/2 1871 24.3 3-01

90
Average 1794 59-5 13-35

85-9

U O D  Analysis i’est:-

Table N o  (2) operational parameter (flow rate &  BOD)

1

Rate of pumping

m 3/h 
N e w  +01d 
lift station

B O D  m g /1 
Inlet

B O D  mg/i 

Outlet

\ ‘  ' 

Efficiency 

%
Date 2010

6/1 1693 137-62 15-5
90

13/1 1697 118 21.07
i

80

20/1 1817 304.5 18.06

0/1
[ y  1

27/1 1698 177.6 57-19
68

S/2 1742
<  J

88.05 10.05

88

10/2 1875 107.05 19-3
82

17/2 i960 128.5 8.02

94 I

24/2 1871 103 15.01

Qr
Average 1794 145-5 20.5

77.5
3 ^



Table N o  (3) operational parameter (flow rate &  SS)

Suspended solid Analysis Test:-

Q  m 3/h 
N e w  +01d 
lift station

SS mg/l 

Inlet

SS mg/l 

Outlet

Efficiency

%

Date 2010

6/1 1693 40 6

85

13/1 1697 26 7
77

20/1 1817 33 8

79
27/1 1698 37 14

65

3/2 1742 27 0

103

10/2 1875 25 0

104

17/2 i960 38 8

79
24/2 1871 30 0

r

100

Average 1794 32 53
83-4
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Table N o  (4) operational parameter (flow rate &  Oil)

Oil A nalysis Test:-

I
Q  myii 

N e w  +01d 
lift station

-A  * -

oil mg/l 

Inlet

oil mg/i 

Outlet

hitticiency

0 //o
Date 2010

6/1 1693 4-32 1.87

92

13/1 1697 5.16 1-25 1

7 7
20/1 1817 6.02 1.17

99
27/1 1698 0 0 1

|

0
3/2 1742 0 0

0
10/2 1875 1 .14 0.11

175
17/2 i960 O 0

0
24/2 1871 0 0

u
Average 1794 4.16 1.1

73.5
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Table No (5) overall design feature:-

N O

1

item iniet water Outlet

water

Removing rate 

(%)

1 Water quality 1800 t/d i

2 LUUcr 450 mg/l iuO mg/l 77.8

3 BODg 300 mg/l 20 mg/l 93-3
i
•

4 SS 200 mg/l 5 mg/l 97-5

5

v> _ _ _ _ _ _

uiic^ grease 50-i00iiig/I <-3 mg/l 97

1
J

6 P H 6-9 6-9
—

1____________________________________ 1 __ ____ ......................... ..... — -L  __ _ _ _ _ _ __  I

Table N o  (6) average overall operational feature:-

1 . . .

JN*J item

I ....................................................................................................................................

Average 

Inlet water

Average

Outlet

water

Average 

Removing rate

(%)

1 Water quality 1794.1 t/d —

CUl/cr 14b.b4 8b.y

3 BODg 59.53 13.35 77.5

4 SS 32 5.375 83.4

5 Oil &  grease 4.16 1.1 73.5

6 PH 7.30 7.25 —
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Fig No (l) COD inlet, outlet & removing
rate
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I
300

1 Design parameter 
1 present- actual paramter

BOD inlet m g/l BOD outlet m g/l BOD removing
rate %

Fig No (2) BOD iniet, outlet & removing
rate
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SS inlet mg/1 SS outlet mg/1 SS removing
rate %

■ Design parameter
■ present- actual paramter

Fig No (3) SS inlet, outlet & removing rate



oil &grease oil &grease oil &grease
inlet m g/l outlet m g/l removing rate

%

■ Design parameter
■ present- actual paramter

Fig No (4) Oil inlet, outlet & removing rate



Chapter Five

40



5-1 Conclusions:-

1. Generally the study revealed that: The

2. plant efficiency is high.

3. The influent to the plant is of low BOD level.

4. The influent to the plant is of low COD level.

5. The influent to the plant is of low SS, oil.

6. Effluent level from the plant is complying with the design levels.

7. The effluent is recommended to be used for irrigation according to WHO standards.
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5-2 Recommendation

It is recommended that:-

The plant must be re-evaluated after several years of operation, especially whether the 
increase of employees lead to increase of the influent wastewater.

Promote the awareness of employees regarding water use.

The water from the swimming pool should be directly send to the irrigation system.

Samples from the plant should be subjected to analysis in a credited laboratory to insure 
the accuracy of the KRC laboratory.

Install a device to measure the actual influent of wastewater.

42



References

43



References;-

1/ Abdel-magid, I.M  and Donald R.Rowe, Hand book of waste water Reclamation and Reuse, 
lewis publisher, US, Bocar Ratan, 1995.

2/ Donald W.S. and Herbert E. K, Wastewater treatment US, 1979.
J

3/ Metcalf, and Eddy, INC, Wastewater engineering, 2 edition, Hill Publishing compan\ 
limted, New Dalhi.

4/ WHO, Guidelines for drinking -  water quality, 2 Edition volume (1), recommendation, 
Amman, Jordon, 1995.

5/ Khopkar, S. M. (2004). Environmental Pollution Monitoring And Control. New Delhi: New 
Age International, p. 299. ISBN 8122415075.
http://books.google.com/books?id=T Ak21 grzDZgC&client=safari&source=gbs_navlinks_s. 
Retrieved 2009-06-28.

6/ Caribbean Environment Programme (1998). Appropriate Technology for Sewage Pollution 
Control in the Wider Caribbean Region. Kingston, Jamaica: United Nations Environment 
Programme, http://www.cep.unep.org/publications-and-resources/technical-reports/tr40en.pdf.
Retrieved 2009-10-12. Technical Report No. 40.

7/ Massoud Tajrishy and Ahmad Abrishamchi, Integrated Approach to Water and Wastewater 
Management for Tehran, Iran, Water Conservation, Reuse, and Recycling: Proceedings of the 
Iranian-American Workshop, National Academies Press (2005).

44

http://books.google.com/books?id=T
http://www.cep.unep.org/publications-and-resources/technical-reports/tr40en.pdf


Annexes

45



Grit Removal Pond:

Water system, new sewage plant (unit 35)
Quality analysis record

Item
' »  *-----  1

COD BOD SS OIL PH
mg/L mg/L mg/L mg/L mg/L
Value 9 0 ,  £ 2, -S~S~

/

NH4-N
mg/L

TN
mg/L

TP 
mg/L

CASS Pond:
CASS- main aeration pond CASS-Bio-selector

pond
CASS-Anoxic
pond

Middle Pond

Item MLSS sv SVI PH DO Lens Check DO DO Turbidity SS

g/L ml/l % / mg/L Type mg/L mg/L NTU mg/L
N PD3509 I A  1

6 f tflf. Z 1 M _ « I

F * -9
& PD3510 . l 3 _ .................

6 2 { . a t
____________________

Y

RECYCLE POND:
Item COD BOD SS OIL PH Turbidity Anion

Surface
Activated
Agent

NH4-N TP Stool
colifrom
Number

Cl2

mg/L mg/L mg/L mg/L NTU mg/L mg/L mg/l mg/L
S t  S i o - f 6 1 4.3 0 - r -

'  V

Water in cake %

Monitor: 1 Date: i (S',
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