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VISION 

To become a globally recognized association for certification of professional engineers. 

 

 

WWW.IACPE.COM | INFO@IACPE.COM 

 

KNOWLEDGE. CERTIFICATION. NETWORKING 

MISSION 
 
Based on engineering first principles and practical real world applications our curricu-

lum has been vetted by academic and industry professionals. Through  rigorous study 

and examination, candidates are able to prove their knowledge and experience. This 

body of certified professionals engineers will become a network of industry profes-

sionals leading continuous improvement and education with improved ethics. 

ABOUT 

International Association of Certified Practicing Engineers provides a standard of pro-

fessional competence and ethics. Identifies and recognizes those individuals that have 

meet the standard. And requires our members to participate in continuing education 

programs for personal and professional development. 

In additional to insuring a professional level of competency and ethics the IACPE fo-

cuses on three major areas of development for our members: Personal, Professional, 

and Networking. 

HISTORY 

The International Association of ertified Practicing Engineers concept was ormulat-

ed by  he  any oung professionals and students  e eet during our careers 

working  n the field, running training courses, and lecturing at universities. 

During question and answer sessions we found the single most common question 

was: What else can I do to further my career? 

We found, depending on the persons avail able time and finances, and very often de-

pendent on the country in which the person was from, the options to further ones 

career were not equal. 

Many times we found the options available to our tudents in developing countries 

oo costly and or provided too little of value in an expanding global business 

 

The reality is that most of our founders come from countries that require rigor-

ous academic standards at four year universities in order to achieve an engineering 

degree.  Then, after obtaining this degree, they complete even stricter government 

and state examinations to obtain their professional censes in order to join profes-

sional organizations. They have been fforded  he opportunity  o continue  heir 

personal and professional development with many affordable schools, programs, and 

professional organizations. The IACPE did not see those same opportunities for every-

one in every country. 

So we set out to design and build an association dedicated to supporting those engi-

neers in developing in emerging economies. 

The IACPE took input from industry leaders, academic professors, and students 

from Indonesia, Malaysia, and the Philippines. The goal  was  to  build  an  organiza-

tion that  would validate  a candidates  engineering  fundamentals,  prove  their  

individuals  skills,  and  enhance  their  networking ability.   We wanted to do this 

in a way that was cost effective, time conscience, and utilized the latest technologies. 
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LETTER FROM THE PRESIDENT  

KARL KOLMETZ 

If you search Google for “What Makes a Good Employee,” you will find multiple list of attributes.  Many 

of the list have 10 to 15 attributes listed. Most of the attributes are easy to list; intelligent, ambitious, 

hardworking, self-motivated, disciplined, continuous learning, punctual and others. 

 

If you look up the word “Good Employee” in the dictionary you might find this picture. 

 

 

 

 

 

 

 

 

 

 

 

Of course some of my bosses may agree, but others may not.   

 

Every year companies spend millions of dollars trying to find good employees.  Normally, within the first 

six months you began to know if your selected person is a good employee. Most of the list have these 

two attributes: 1. Self-Motivated and 2. Continuously Learning.  An easy way to find people that are self-

motivated and continuously learning is to survey the members of IACPE. 

 

 

IACPE members are self-motivated.  They have gone above and beyond to learn additional practical 

knowledge and become certified.  They are also Continuously Learning.  They are participating in a contin-

uing education program to keep their knowledge and certification current. 

 

The Best of Luck in Your Quest for Good Employees, 

 

Karl Kolmetz 

What Makes a Good Employee? 
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INDUSTRY NEWS 
Johor, Amity Energy to build refrigerated LPG terminal in Malaysia  

Amity Energy signed a memorandum of understanding with Johor Corp. to build and 

operate a refrigerated liquefied petroleum gas (RLPG) terminal in the Tanjung Lang-

sat industrial complex, officials announced on Tuesday.  This RLPG terminal will be 

the first of its kind in Malaysia. 

 

The project involves the construction of a 1.0 MMtpy throughput RLPG storage and 

break bulk facility at an estimated project cost of $150 million to $200 million. Upon 

completion, the RLPG terminal will be equipped to handle the storage and distribu-

tion of propane and butane, with direct connectivity to the deep-water berth facility capable of receiving 

very-large gas carriers. 

 

The RLPG terminal is expected to be operational in the first quarter of 2018. Amity Energy says it is in 

the final stages of discussion with potential customers and expects to have final investment approval by 

end of July 2016. 

European refining margins weakened in Q1 

French oil and gas company Total said that its refining margins in Europe had fallen to $35.1/

ton in the first quarter of the year.  Europe's biggest refiner still reported a European refin-

ing margins indicator (ERMI) of $38.1/ton in the fourth quarter of 2015 

Chevron signs up Australia’s Alinta to buy gas from Wheatstone LNG 

Chevron has agreed to sell 20 petajoules/year of gas from its Wheatstone project to Alinta 

Energy in Western Australia starting in 2020, securing a customer for more than a quarter 

of the domestic gas output from Wheatstone. 

 

The contract, lined up at a tough time for producers looking to seal long-term deals amid a 

gas supply glut, is for seven years, Chevron said on Tuesday. "This agreement is an im-

portant step in Chevron's rapidly expanding domestic gas business in Western Australia," 

Chevron Australia's managing director Roy Krzywosinksi said in a statement. 

Asian refiners turn to Middle East’s heavy crudes over Latin America 

Latin American crude sold to Asia fell 1% in the first three months of 2016 from a year ago, while Middle East ex-

ports to Asia rose 7% in the first quarter, according to new data. 

 

Asian oil buyers are seeking more heavy crude from the Middle East this year as Latin American supplies have be-

come more expensive relative to other grades, while port and production outages have disrupted exports from Ven-

ezuela, Peru and Brazil. 

 

Strong demand for replacements for South American crudes has driven up spot premiums for grades such as Iraq's 

Basra Heavy for loading in April and May, and buyers are also looking more to Saudi Arabia, Kuwait and Iran for oil 

of similar quality. 

 

Phillips 66 unveils 2016 capital expenditures plan for refining, NGL projects 

Phillips 66 plans $1.2 billion of capital expenditures in refining, with approximately 70% to 

be in-vested in reliability, safety and environmental projects, including compliance with the 

new Tier 3 gasoline specifications.  

 

“The 2016 capital budget will fund Midstream growth and enhance returns in Refining,” 

said chair- man and CEO Greg Garland. “Cash from operating activities, our MLP and a 

strong balance sheet allow us to fund business growth while returning capital to share-

holders.” 
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NEWS 
SEMARANG & SURABAYA CHAPTER SEMINAR 

In March and April 2016, IACPE held seminar’s focusing on “Petrochemical Process Plant Optimization” conduct by 

Mr. Helmilus Moesa (IACPE Industrial  Advisor, Technical Advisor of PT.Chandra Asri Petrochemical Tbk) for Sema-

rang Chapter at Universitas 17 Agustus 1945 Semarang and  “Petrochemical Industry, an Introduction and Sharing 

Working Experience“ conduct by Mr. Supriyanto (IACPE Industrial Advisor, General Manager of PT.Chandra Asri 

Petrochemical Tbk) for Surabaya Chapter at Universitas 17 Agustus 1945 Surabaya. 

MOU AND MOA WITH W.R SUPRATMAN UNIVERSITY, SURABAYA 

IACPE is proud to announce the MOU and MOA signing with 

W.R Supratman University Surabaya in April 2016. 

 



Introduction 

 

Many industries use large volumes of water in their manu-

facturing operations.  Industrial Waste Water Treatment 

Systems treat wastewater from an industrial or manufactur-

ing process such as a cooling tower, food or animal pro-

cessing plant or any type of manufacturing process that 

generates wastewater.   The Pulp and Paper, Steel, Refining, 

and Chemical industries account for more than 90% of the 

water used by industries in North America. 

 

 

 

 

Figure 1- The Water Cycle 
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A B S T R A C T  

Engineers today have a dual responsibility.  There is the 

responsibility to produce the chemicals needed for food, 

medicine, and improvements in life style.  Coupled with 

this need for chemical production is the need to produce 

these requirements with fewer impacts to the environ-

ment.    

There are two routes to reduce the impacts to the envi-

ronment.  The first route is to develop processes that 

produce fewer unwanted by-products, the minimization of 

waste generation.  The second route is the transformation 

of the unwanted by-products to streams of low environ-

mental impact. 

Each chemical plant constructed should include each of the 

routes.  The transformation of the unwanted by-products 

to streams of low environmental impact is called the 

Waste Water Treatment System.  It can process streams 

of various compositions and transform them to the de-

sired streams of low environmental impact.  

The Waste Water Treatment System has a variety of unit 

operations.  They include gravity separators, mechanical 

separators, filters, stripper towers, aeration and clarifiers 

basins, as well as others.  The transformation of the by-

product streams is based of the effectiveness of each of 

these unit operations. 

Each of these unit operations has three values.   

1. Industry Standard Design Value  

2. Actual Design Value and  

3. Present Operating Value  

The difference between the values can be benchmarked to 

establish areas good operation and areas of opportunities 

for improvements.   

An overview of each of the unit operations of a Waste 

Water Treatment System will be constructed and industry 

guidelines will be given for individual unit benchmarking.  
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The treatment process and equipment is specifically di-

rected to control or remove certain organic or chemical 

compounds. The flow may or may not contain domestic 

wastewater and ranges from several hundred to several 

million GPD. Industrial applications can present challenges 

that are specific to the plant or process. Maintenance on 

these systems is always mandatory and contains specific 

performance parameters. 

Atmospheric oxygen can replenish the dissolved oxygen 

consumption to exceed this re-supply; the dissolved oxy-

gen level drops, leading to the death of fish and other 

aquatic life. 

Under extreme conditions, when the dissolved oxygen 

concentration reaches zero, the water may turn black and 

produce odors.  Organic compounds are normally meas-

ured as chemical oxygen demand (COD) and biochemical 

oxygen demand (BOD). 

The amount of organic material that can be discharged 

safely is defined by the effect of the material on the dis-

solved oxygen level in the water.  Organisms in the water 

use the organic matter as a food source.  In a biochemical 

reaction, dissolved oxygen is consumed, as the end prod-

uct of water and carbon dioxide are formed.   

Atmospheric oxygen can replenish the dissolved oxygen 

consumption to exceed this re-supply; the dissolved oxy-

gen level drops, leading to the death of fish and other 

aquatic life. 

Under extreme conditions, when the dissolved oxygen 

concentration reaches zero, the water may turn black and 

produce odors.  Organic compounds are normally meas-

ured as chemical oxygen demand (COD) and biochemical 

oxygen demand (BOD). 

Industrial Waste Water Considerations include; 

1.Volume of daily flow 

2.All biological and chemical characteristics of the 

wastewater, 

3.Including biodegradability, toxic material content and 

any material covered by specific environmental regula-

tions 

4.Regulations of the local health department and feder-

al or state Environmental Protection Agency 

The Waste Water Treatment System can be bro-

ken down into distinct components. (2) 

 

1. Pretreatment Units 

2. Primary Treatment 

3. Secondary Treatment 

4. Tertiary Treatment 

5. Sludge Handing (thickening and denaturing) 

6. Sludge Disposal 

Waste Water Treatment System Overview 

Pretreatment Units 

Sedimentation - Gravity Separation   

Sedimentation is the separation from water of suspended 

particles that are heavier than water by gravitational set-

tling. The purpose of sedimentation is 1) clarification - to 

produce clean water, which can be used, recycled or fur-

ther treated and 2) consolidation - to produce concentrat-

ed solids that can be more easily handled and treated. 

Most waste treatment system employ a gravity separation 

step for suspended particle or oil removal.  The settling 

rate of a particle is defined in terms of “free” verses 

“hindered” settling.  A free settling particle’s motion is not 

affected by that of other particles, the vessel’s wall,  or 

turbulent currents.  A particle has a hindered settling rate 

if there is any interference from these effects. (2)  

Gravity settling is employed primarily for removal of inor-

ganic suspended solids, such as grit and sand.  The equip-

ment employed for gravity separation for waste treatment 

is normally either a rectangular basin with moving bottom 

scrapers for solids removal or a circular tank with a rotat-

ing bottom scraper. 

Rectangular tanks are normally sized to decrease horizon-

tal fluid velocity to approximately 1 foot per minute.  

Their lengths are three to five time their width and their 

depths are three to eight feet. 

Circular clarifiers are ordinarily sized according to the 

surface area, because velocity must be reduced below the 

design particle’s terminal velocity.  The typical design pro-

vides a rise rate of 600-800 gpd/ft2.  
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API Separator 

When wastewater contains appreciable amount of hydro-

carbons, removal of these contaminants become a prob-

lem.  Oil is commonly lower in density than water; there-

fore, if it is not emulsified, it can be floated in a separate 

removal stage or in a dual-purpose vessel that allows sedi-

m e n t a t i o n  o f  s o l i d s . 

For example, the refining industry uses a rectangular clari-

fier with a surface skimmer for oil and a bottom rake for 

solids as standard equipment.  Stokes’ Law expresses the 

basic principle governing the separation of oil from water 

by gravity differential as follows:  (4) 

 

 

 

Where:  

υp = particle settling velocity 

g  = acceleration due to gravity, 9.81 m/ 

ρp = density of particle  

ρw = density of water  

dp = diameter of particle 

m = dynamic viscosity 

Primary Treatment – Flotation  

Air Flotation 

Where the density differential is not sufficient to separate 

oil and oil-wetted solids, air flotation may be used to en-

hance oil removal.  In this method, air bubbles are at-

tached to the contaminant particles and thus the apparent 

density difference between the particles is increased. 

Dissolved air flotation (DAF) is a method of introducing 

air to a side stream or recycle stream at elevated pres-

sures in order to create a super saturated stream.  When 

this stream is introduced into the waste stream, the pres-

sure is reduced to atmospheric, and the air is release as 

small bubbles.  These bubbles attach to contaminants in 

the waste, decreasing their effective density and aiding in 

their separation. 

The most important operation parameters for contami-

nate removal by dissolved air flotation are;  (1) 

 

 Air pressure 

 Recycle or slip stream flow rate 

 Influent total suspended solids (TSS) including oil 

and grease 

 Bubble size 

 Dispersion 

As in gravity settling, air flotation units are designed for a 

surface-loading rate that is a function of the waste flow 

and rise velocity of the contaminants floated by air bub-

bles.  The retention time is a function of the tank depth. 

DAF units can be rectangular in design by are usually cir-

cular, resembling a primary clarifier or thickener.  They 

are often single stage units. 

Induced Air Flotation (IAF) is another method of decreas-

ing particle density by attaching air bubbles to the parti-

cles, however the method of generating the air bubble 

differs.  A mechanical action is employed to create the air 

bubbles and their contact with the waste contaminants.  

The most common methods use high-speed agitators or 

recycle a slipstream through venturi nozzles to entrain air 

into the wastewater. 

In contrast to DAF units, IAF units are usually rectangular 

and incorporate four or more air flotation stages in series.  

The retention time per stage is significantly less that in 

DAF circular tanks. 

As in gravity settling, the diameter of the particle plays an 

important role in separation.  Polyelectrolytes may be 

used to increase effective particle diameters.  Polymers 

are also used to destabilize oil / water emulsions, there by 

allowing the free oil to be separated from the water.  Pol-

ymers do this by charge neutralization, which destabilizes 

an oil globule surface and allows it to contact other oil 

globules and air bubbles.  Emulsion breakers, surfactants, 

or surface-active agents are also used in air flotation to 

destabilize emulsions and increase the effectiveness of the 

air bubbles. 
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Partners to the Top  
Summit Technology Management is a technical consultancy group, providing specialized  

services and training to improve process plant operational efficiency, profitability and safety. We 

provide engineering solutions by offering training, technical services, best practices, and equip-

ment to meet the specific needs of our partner clients. 

 Basic Design Packages 

 Detailed Design Packages 

 Commissioning of Process Units 

 Process Engineering Studies 

 Bench Marking of Process Units 

 Regional Training Conferences & In

-House Training 

 Singapore & Malaysia Company 

Registration & Set Up  

 Specialty Equipment: Distillation 

Equipment, Filter Skid Packages, 

Compressor Knockout/Scrubber 

Skid Packages, Mercury Removal 

Skid Packages 

www.summit-tech-mtg.com 



Filtration  

Filtration is employed in waste treatment whenever sus-

pended solids must be removed.  In practice, filtration is 

most often used to polish wastewater following treatment.  

In primary waste treatment, filters are often employed to 

remove oil and suspended solids prior to biological treat-

ment.  More commonly, filters are used following biologi-

cal treatment prior to final discharge or reuse. 

 

Filtration is also widely used as a tertiary treatment for 

suspended solids removal. The fundamental requirement is 

that the suspended particles are of sufficient size or capa-

ble of being increased in size by flocculation. In cases when 

it is not possible to flocculate such particles, more ad-

vanced techniques such as ultra-filtration is more practical. 

 

Some of the advantages of filtration are as follows: (3) 

 

1. Simple to operate and easy to control 

2. Can be used for almost any type of free-flowing 

liquid stream containing suspended solid parti-

cles 

3. Relatively cost competitive with regard to sludge 

dewatering processes 

4. Lower energy consumption as compared to 

others 

5. Can be integrated easily with other treatment 

trains 

6. Great potential for recovery as the process will 

not chemically change the characteristics of the 

materials treated. 

 

Some of the disadvantages, among others are: (3) 

 

1. Not capable of producing a high purity effluent 

as both the liquid product and dewatered sludge 

still contain a certain fraction of the liquid and 

solid phase 

2. Not capable of separating chemical components 

especially when they are present in the same 

phase. 

3. Not capable of destroying or chemically changing 

the toxicity of materials 

4. Will produce a liquid waste stream that requires 

further treatment prior to disposal. 

 

Ultra-Filtration 

Ultra-filtration, by definition, is a membrane filtration pro-

cess that separates high molecular weight solutes or col-

loids from a solution or suspension. The process has suc-

cessfully been applied to both homogeneous solutions and 

colloidal suspensions that are difficult to separate practi-

cally by other techniques. 

The types of membrane used for ultra-filtration are similar 

to reverse osmosis membranes that are made of cellulose 

acetate and nylon. It has demonstrated unique capabilities 

in the treatment of industrial wastewaters such as the 

separation of oil from water, reduction of toxic com-

pounds present in the wastewater and recovery of valua-

ble byproducts. Nevertheless, the process is unattractive 

to small-scale industries due to high operating and capital 

costs. (3) 

Secondary Treatment - Clarification 

The Secondary Treatment consists of at least two types of 

systems.  The first is Fixed Film / Media System and the 

second is Suspended Growth Systems. 

The Fixed Film / Media Biological Oxidation System has a 

media in which the Biological Film is attached to a Media.  

The Waste Water is slowly passed through the Media and 

the Biological Film degrades the organics to non-organic 

products. The fixed film system include Trickling filters, 

Rotating Biological Contactor (RBC), etc. 

The Suspended Growth Biological Oxidation System in-

cludes Stabilization Ponds, Single Pass Aerated Lagoons 

and Activated Sludge Systems. 

Biological Oxidation 

One of the most common ways to convert soluble organic 

matter to insoluble matter is through biological oxidation.  

Soluble organics metabolized by bacteria are converted to 

carbon dioxide and bacterial floc, which can be settled 

from solution. 

The biodegradable contaminants in water are usually 

measured in terms of biochemical oxygen demand (BOD).  

BOD is actually a measure of the oxygen consumed by 

microorganisms as they assimilate organics. 
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Bacteria metabolize oxygen along with certain nutrients 

and trace metals to from cellular matter, energy carbon 

dioxide, water and more bacteria. This process may be 

represented in the form of a chemical reaction.  (1) 

 

The purity of the water depends on minimizing the 

amount of organic compounds that remain after secondary 

treatment. Factors that affect biological oxidation are 

shown in Table 2. (1) 

Table 2 - Factors Affecting Biological Oxidation 

Figure 2 - Biological oxidation converts soluble waste 

to clean water and insoluble biomass 

Fixed Film / Media Systems 

Fixed Film / Media Oxidation passed influent wastewater 

across a substructure laden with fixed biomass.  Fixed 

media allow a biological layer to grow on a substructure 

continually exposed to raw wastewater.  As the layer 

grows in thickness oxygen transfer to the inter-most lay-

ers is impeded.  Eventually, some of the layer is removed. 

This phenomenon is called sloughing.  In a continuous 

process this material is carried to a sedimentation stage, 

where it is removed. 

Media plugging and lack of oxygen transfer are the primary 

difficulties encountered with fixed media designs.  Plugging 

problems can be alleviated by increase wastewater shear.  

This is normally accomplished by recycling a portion of the 

wastewater. The graphical representation of bio-film for-

mations in the fixed film/media system is shown in Figure 

3. 

Figure 3 - Volumetric element for Microbial film and 

Bulk Liquid Layers in the fixed film/media system 

Suspended Growth Biological Oxidation Systems 

Activated Sludge Systems 

Activated sludge system is a biological process that is char-

acterized by the suspension of aerobic microorganisms 

being maintained in a relatively homogenous state by the 

mixing or turbulence induced from the aeration process 

(3). 

The microorganisms oxidize the soluble and colloidal or-

ganics in the presence of molecular oxygen. In the oxida-

tion process, a part of the organic material is transformed 

into new cells that subsequently undergo auto-oxidation in 

the aeration basin.  

F o o d  

( O r g a n i c  c o m -
p o u n d s  

+ M i c r o o r g a n i s
m s  

+ O x y g e n  

+ N u t r i e n t s  

  

  

®  

C e l l u l a r   

M a t t e r  

+ M i c r o o r g a n i
s m s  

+ C a r b o n  d i -
o x i d e  

+ W a t e r  

+ E n e r g y  

Factor Affect 

Food, BOD To maintain control with efficient BOD re-

moval, the proper amount of food must be 

supplied 

Dissolved Oxy-

gen 

Insufficient oxygen levels inhibit BOD removal 

  

pH, toxicants With time, bacteria adapt to change in condi-

tions.  Rapid changes in pH or type of waste 

Time 

  

The degree of degradations varies with time 

Nutrients Bacteria require trace amounts of nitrogen 

and phosphorus for cell maintenance. 

Temperature Low Temperature result in slow reaction 

rates, higher temperature may kill many 

strains of bacteria 

BIOLOGICAL OXI-

DATION 

SOLUBLE ORGAN-

IC WASTE 

INSOLUBLE SET-

TLEABLE BIOMASS 
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In the conventional activated sludge process, the typical 

hydraulic retention time (HRT) is in the range of 6 to 10 

hours, and the volumetric loading rate (VLR) of the reac-

tor is in the range of 0.32 to 0.64 kg BOD /m3.day.  

In the process, the flocs generated from the oxidation 

process are separated in a clarifier and partly recycled into 

the aeration basin with some removed for disposal off site 

or further treatment. The supernatant overflows from the 

clarifiers as final discharge. The process has been widely 

used throughout the world as one of the most proven 

method to treat, not only sewages but also highly toxic 

industrial wastewaters. Since its invention, the process has 

been modified to improve its efficiency and reduce the 

capital and operation costs. (3) 

The advantages of the activated sludge process are as fol-

lows: 

 Requires limited space – HRT is 3 to 36 hour 
range 

 MLSS is in the range of 1500 to 10,000 mg/l 

 Reliable operator control capability 

 Can handle shock loads better with less recov-
ery time required 

 Can handle high loaded waste streams 

 Excellent solids removal capability 

The control of contaminate oxidation at high BOD loading 

requires a bacteria population that is equal to the level of 

food.  The need is the basis for the activated sludge pro-

cess.  In the activated sludge process, reactants, food, and 

microorganism are mixed in a controlled environment to 

optimize BOD removal. The process incorporates the 

return of concentrated microorganisms to the influent 

waste. 

When bacteria are separated from wastewater leaving an 

aeration basin and reintroduced to the influent, they con-

tinue to thrive. The re-circulated bacteria continue to 

oxide wastewater contaminates, and if present in sufficient 

quaintly, produce a relatively low BOD effluent water. 

Because the activated sludge process incorporates the 

return of concentrated microorganisms, it must include a 

process for microorganism concentration and removal.  

This process includes an aeration stage and a sedimenta-

tion stage. 

Figure 4 - Activated sludge process returns active 

biomass to enhance waste removal 

The operating parameters that affect the performance of 

any activated sludge process are BOD, microorganism, 

dissolved oxygen, retention time, nutrient concentration, 

and external influences of temperature and pH.  In order 

to understand the various activated sludge designs, it is 

necessary to examine the relationship between available 

food and bacteria population. 

Initially, excess food is present; therefore the bacteria 

reproduce in a geometric fashion.  This is termed the “log 

growth phase”.  As the population increase and food de-

crease a plateau is reached in population.  From the inflec-

tion point on the curve to the plateau, population is in-

creasing but a decreasing rate. This is called the “declining 

growth phase”. 

Figure 5 - Model of bacteria population as a func-
tion of time and amount of food 

Once the plateau is crossed, the bacteria are actively com-

peting for the remaining food.  The bacteria begin to me-

tabolize stored materials, and the population decreases.  

This area of the curve is termed “endogenous respira-

tions”.  Eventually, the bacterial population and the DOD  

 

AERATION CLARIFIER INFLUENT EFFLUENT 

RETURN 

SLUDGE 

WASTE 

EXCESS 

SLUDGE 

LOG 

GROWTH 
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GROWTH 

ENDOGENOUS 

BACTERIA 

CONVENTIONAL 

EXTENDED 

AERATION DISPENSED 

GROWTH 

HIGH RATE 

FOOD 

REMAINING 
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are at a minimum. 

 

Because activated sludge is a continuous, steady sate pro-

cess, each plant operates at some specific point on the 

curve, as determined by the oxidation time provided.  The 

point of operation determines the remaining bacteria pop-

ulation and BOD of the effluent. 

Optimization of an activated sludge plant requires the 

integration of mechanical, operational and chemical ap-

proaches for the most practical overall program.   

Mechanical problems can include excessive hydraulic load-

ing, insufficient aerations, and short-circuiting.  Operation-

al problems may include spill and shock loads, pH shocks, 

failure to maintain correct mixed liquor concentrations, 

and excessive sludge retention in the clarifier. Because 

activated sludge depends on microorganism re-circulation, 

sedimentation is the key stage.  The settle ability of the 

biomass is a crucial factor.  As bacteria multiply and gener-

ate colonies, they excrete natural biopolymers.  These 

polymers and the slime layer that encapsulates the bacte-

ria influence the flocculation and settling characteristics of 

the bacteria colonies. 

It has been determined empirically that the natural settle 

ability of bacteria colonies is also a function of their posi-

tion on the time chart.  Newly formed colonies in the log 

growth phase are relatively non-settle able.  At the end of 

the declining growth phase and the first part of the endog-

enous phase, natural flocculation is at an optimum.  As the 

endogenous phase continues, colonies break up and floc 

particles are dispersed, decreasing the biomass settle abil-

ity. 

Although microbes are eventually able to break down 

most complex organics and can tolerate very poor envi-

ronments, they are very intolerant of sudden change is pH, 

dissolved oxygen and the organic compounds that normal-

ly upset and activated sludge system.  These upsets nor-

mally result in poor BOD removal and excessive carry 

over of suspended solids (unsettled microorganisms) in 

the final effluent. 

Types Of Activated Sludge Systems (4) 

1. Conventional, plug flow systems 

The most common activated sludge design used by 

municipalities and industry operates in the endoge-

nous phase, in order to produce and acceptable efflu-

ent in BOD and TTS levels.   

Conventional aeration represents a “middle of the 

road” approach because its capital and operating cost 

are higher than those of the high rate process, but 

lower than those of the extended aeration plants.  

Natural flocculation is at the optimum, so the re-

quired sedimentation time for the removal of sus-

pended solids from the effluent is minimized. (1) 

Settled wastewater and return activate sludge (RAS) 

enter the front end of the aeration tank and are 

mixed by diffused air or mechanical aeration. In early 

designs, air application was generally uniformed 

throughout the tank length; however, low DO con-

centrations usually occurred in the initial passes of 

the tank. In modern designs, the aeration system is 

designed to match the oxygen demand along the 

length of tank by tapering the aeration rates. During 

the aeration period, adsorption, flocculation, and 

oxidation of organic matter occur. Activated sludge 

solids are separated in a secondary settling tank. (4) 

2. Extended Aeration, plug flow systems 

Extended aeration plants operate in the endogenous 

phase, but use longer periods of oxidation to reduce 

effluent BOD levels.  This necessitates higher capital 

and operating cost (i.e., larger basins and more air).  

In conjunction with lower BOD, extended aeration 

produces a relatively high-suspended solids effluent 

when optimum natural settling ranges are exceeded. 

Extended aeration design may be necessary to meet 

effluent BOD requirements when the influent is rela-

tively concentrated in BOD or the waste are difficult 

to biodegrade.  Because extended aeration operates 

on the declining side of the biomass population curve, 

net production of excess solids is minimized.   

Therefore, savings in sludge handling and disposal 

cost may offset the higher pant capital and operating 

cost required for extended aeration. (1) 
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The extended aeration process is similar to the con-

ventional plug-flow process except that is operates in 

the endogenous respiration phase of the growth 

curve, which requires a low organic loading and long 

aeration time. Because of the long HRT (in the order 

of 24 to 36 hours), aeration equipment design is con-

trolled by mixing needs and not oxygen demand. The 

process is used extensively for pre- engineered plants 

for small communities. Generally, primary clarification 

is not used. Secondary clarifiers are designed at lower 

hydraulic loading rates than conventional activated 

sludge clarifiers to better handle large flow rate varia-

tions of small communities. Although the bio-solids 

are well stabilized, additional bio-solids stabilization is 

required to permit beneficial reuse. (4) 

3. Complete Mix Systems 

The complete mix activated sludge (CMAS) is an 

application of the flow regime of a continuous flow 

stirred-tank reactor. Settled wastewater and RAS are 

introduced typically at several points in the aeration 

tank. The organic load, MLSS concentration and oxy-

gen demand are uniform throughout the tank. An 

advantage of the CMAS is the dilution of shock loads 

that occurs in the treatment of industrial 

wastewaters. The CMAS is relatively simple to oper-

ate but tends to have low organic substrate concen-

trations that encourage the growth of filamentous 

bacteria, causing sludge bulking problems. 

4. Contact Stabilization 

Due to the highly efficient absorptive capabilities of 

activated biomass, the time necessary for biomass to 

capture the colloidal and soluble BOD is approxi-

mately 30 minutes to one hour.  Oxidation of fresh 

food requires the normal aeration time of 4-8 hours.  

IN the contact stabilization design, relatively quick 

sorption time reduces aeration tank volume require-

ments.  The influent waste is mixed with return bio-

mass in the initial aeration tank (or contact tank) for 

30-90 minutes.  The entire flow goes to sedimenta-

tion, where the biomass and its captured organics are 

separated and returned to a re-aeration tank.  In the 

re-aeration tank the wastes under go metabolism at a 

high biomass population.  The system is designed to 

reduce tank volume by containing the large majority 

of flow for a short period of time. 

This process is not generally as efficient in BOD re-

moval as the conventional plant process, due to mix-

ing limitation in the contact basin.  Operating costs 

are equivalent.  Due to the un-stabilized state of the 

biomass at sedimentation, flocculation is inferior.  

Suspended solids in the effluent are problematic. 

Because this design exposed only a portion of the 

active biomass to the raw effluent at a time, it is less 

susceptible to feed variations and toxicants.  For this 

reason it can be beneficial for treatment of industrial 

wastes. (1) 
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The contact zone detention time is relatively short 

(30 to 60 minutes), and the MLSS concentration is 

lower than in the stabilization zone. Rapid removal of 

soluble BOD occurs in the contact zone, and colloidal 

and particulate organics are captured in the activated 

sludge floc for degradation later in the stabilization 

zone. 

In the stabilization zone, RAS is aerated and the de-

tention time is in the order of 1 to 2 hours to main-

tain a sufficient SRT (solids retention time) for sludge 

stabilization. Because the MLSS concentration is so 

much higher in the stabilization zone, the contact 

stabilization process requires so much less aeration 

volume than CMAS or conventional plug flow process 

for the same SRT. The process was developed for 

BOD removal and the short contact time limits the 

amount of soluble BOD degraded and NH4-N oxida-

tion. (4) 

5. Step Feed 

In a plug flow basin, the head of the basin receives the 

waste in its most concentrated form.  Therefore, 

metabolism and oxygen demand are greatest at that 

point.  As the waste proceeds thought the basin, the 

rate of oxygen uptake (respiration rate) decreases, 

reflecting the advanced stage of oxidation. 

Tapered aeration and step aeration reduce this inher-

ent disadvantage.  Tapered aeration provides more 

oxygen at the head of the basin and slowly reduces 

oxygen supply to match demand as waste flows 

through the basin.  This results in better control of 

the oxidation process and reduced air cost. 

Table 3 - Activated Sludge Systems (1) 

Process 

  

Aeration 

Retention 

Time, hrs 

MLSS, ppm DO 

ppm 

Sludge 

Recycle  

% 

BOD 

Load-

ing 

 Lb/

mft3 

F/M 

Lb 

BOD / 

lb 

MLVSS 

Sludge 

Produc-

tion 

  

BOD 

Re-

moval 

% 

High Rate 

  

0.5-3 300 - 1000 0.5-2 5- 15 2.5 1.5 – 

5.0 

0.65 – 0.85 75-85 

Conventional 

  

6 – 8 

(diffused) 

9-12 

(mechanic

al) 

1000 – 3000 0.5-

2.0 

  

20-30 20-40 0.2-0.5 0.35-0.55 85-90 

Extended Aer-

ation 

18-35 3000 - 6000 0.5-

2.0 

75-100 10-25 0.03-

0.15 

0.15-0.20 90-95 

Step Aeration 3-5 2000 - 3500 0.5-

2.0 

25-75 40-60 0.2-0.5 0.35-0.55 85-95 

Contact Stabili-

zation 

3-6 1000 -3000 

(aeration) 

4000–10000 

(contact 

basin) 

0.5-

2.0 

25-100 60-70 0.2-0.6 0.35-0.55 85-95 

Pure 

Oxygen 

1-3 3000-8000 2-6 25-50 100-250 0.25-1.0 0.35-0.55 95-98 

Complete 

Mix 

3-5 3000-6000 0.5-

2.0 

25-100 50-120 0.2-0.6 0.35-0.55 85-95 
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Step aeration modifies the introduction of influent 

waste.  The basin is divided into several stages, and 

raw influent is introduced to each stage proportional-

ly.  All return microorganisms (sludge) are introduced 

at the head of the basin. This design reduces aeration 

time to 3-5 hours, while BOD removal efficiency is 

maintained.  The shorter aeration time reduces capi-

tal expenses because a small basin can be used.   Op-

erating costs are similar to those of a conventional 

plant. (1) 

Flexibility of the operation is one of the important 

features of this process because the apportionment 

of the wastewater feed can be changed to suit oper-

ating conditions. The concentration of MLSS may be 

as high as 5000 to 9000 mg/l in the first pass, with 

lower concentrations in subsequent passes as more 

influent feed is added. This process has the capability 

of carrying a higher solids inventory and thus a high-

er SRT for the same volume as a conventional plug 

flow process. (4) 

6. Oxidation Ditch 

Oxidation ditch consists of a ring or oval-shaped 

channel equipped with mechanical aeration and mix-

ing devices. Screened wastewater enters the channel 

and is combined with the RAS. The tank configura-

tion and aeration and mixing devices promote unidi-

rectional channel flow, so that the energy used for 

aeration is sufficient to provide mixing in a system 

with a relatively long HRT. The aeration/mixing 

method used creates a velocity from 0.25 – 0.30 m/s 

in the channel, which is sufficient to keep the activat-

ed sludge in suspension. At these channel velocities, 

the mixed liquor completes a tank circulation in 5 –

15 minutes, and the magnitude of the channel flow is 

such that it can dilute the influent wastewater by a 

factor of 20-30. As a result, the process kinetics 

approach that of a CMAS, but with pug flow along 

the channel. 

7. High -Purity Oxygen  

A staged enclosed reactor is used in the high-purity 

oxygen. Three or four stages are generally used and 

the influent wastewater, RAS and high-purity oxygen 

are added to the first stage. The oxygen partial pres-

sure in the headspace may range from 40 to 60 per-

cent in the first stage to 20 percent in the last stage. 

At high oxygen partial pressure, higher volumetric 

oxygen transfer rates are possible so that pure oxy-

gen systems can have a higher MLSS concentration 

and operate at a shorter HRT and higher VLR than 

conventional processes. The rate of oxygen addition 

is 2 to 3 times greater than CAS. Major advantages 

for pure oxygen systems are the reduced quantities 

of off-gas if odor control and VOC control are re-

quired. 

8. Sequential Batch Reactors (SBR) 

The SBR is a fill-and-draw type of reactor system 

involving a single complete-mix reactor in which all 

steps of the activated sludge process occur.  An SBR 

goes through a number of cycles per day; a typical 

cycle may consist: fill, aeration, settle and withdrawal 

of supernatant.  

An idle step may also be included to provide flexibil-

ity at high flows. Mixed liquor remains in the reactor 

during all cycles, thereby eliminating the need for 

separate secondary clarifiers. The HRT ranges from 

18 to 30 hours, based on influent flow rate and tank 

volume used. 

Latest Research in Wastewater Treatment Sys-

tems 

Recently, biological process has been attracting considera-

ble attention for removing heavy metals from aqueous 

wastes. Biofilm systems, in particular, are able to retain 

relatively high biomass concentrations resulting in shorter 

liquid detention times, better performance stability and 

higher volumetric removal rates. The efficiency of an ex-

panded bed biofilm reactor in the treatment of waste wa-

ters contaminated with heavy metals has been investigated 

for rubber product manufacturing industry. In the study, it 

has been found that the process could achieve 60% to 90% 

removal of Zinc. 

Application of plant-based flocculants can be considered as 

new in industrial wastewater treatments. Despite its bio-

degradable characteristics, plant-based flocculants possess 

an advantage for oxidation and coagulation process. A 

newly invented plant-based flocculants, namely KN2 has 

been introduced in the treatment of inking wastewater.  
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Comparison has also been made with other conventional 

chemical-based flocculants (i.e. PAC, PE, PDMC, etc.) in 

order to compare their effectiveness in removing pollu-

tants. Application of activated carbon as a polishing media 

at the final stage shows a drastic declination in COD and 

BOD values as well as the other parameters. 

Dissolved Air Flotation (DAF) using micro-bubbles of size 

50μm are used to remove suspended solids, emulsified oils 

& greases from industrial and municipal waste waters. 

Micro-sized air bubbles are formed by injection of pressur-

ised recycle water into a flotation tank using special de-

signed nozzles or needle valves. These bubbles will attach 

to the suspended solids and float them to the surface. The 

floated sludge can be removed either by overflow or me-

chanical scraping. Influencing parameters being studied are 

bubble size, particle size, air pressure for saturated vessel, 

air saturation system, and efficiency of suspended solids 

removal. The saturation system consists of an unpacked 

saturation vessel, an air compressor and the associated 

control system. The saturation vessel operated at a 4 bars 

pressure. The results of the study have reported that per-

centage removal of Suspended Solids, COD, Colour and 

Turbidity were 90%, 91%, 86% and 90%, respectively. Sim-

ulation has been carried out to obtain kinetic data for the 

parameters under study. 

Conclusions  

The Waste Water Treatment System has a variety of unit 

operations.   They include gravity separators, mechanical 

separators, filters, stripper towers, aeration and clarifier 

basins, as well as others.  The transformation of the by-

product streams is based of the effectiveness of each of 

these unit operations. 

Each of these unit operations has three values. 

1. Industry Standard Design Value 

2. Actual Design Value and 

3. Present Operating Value 

The difference between the values can be benchmarked to 

establish areas good operation and areas of opportunities 

for improvements.   A review of the individual unit opera-

tions should be conducted to maximize the effectiveness 

of a Waste Water Treatment System. 
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Typical Removal Efficiencies for Oil Refinery Treat- ment Process (1) 
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Process 

  

Process Influent BOD COD TOC SS Oil Phe-

nol 

NH3 Sulfide 

API Separator 

  

Raw Water 5-40 5-30   10-50 60-99 0-50     

Primary Clarifier 

  

API Effluent 30-60 20-50   50-80 60-95 0-50     

DAF 

  

Separator Efflu-

ent 

20-70 10-60   50-85 70-85 10-75     

Filter 

  

API Effluent 40-70 20-55   75-95 65-90 5-20     

Secondary Oxida-

tion Pond 

API Effluent 40-95 30-65 60 20-70 50-90 60-99 0-15 70-99 

Aerated Lagoon 

  

Primary Effluent 75-95 60-85   40-65 70-90 90-99 10-45 95-99 

Activated Sludge 

  

Primary Effluent 75-95 60-85   40-65 70-99 90-99 10-45 95-99 

Trickling Filter 

  

API Effluent 60-85 30-70   60-85 50-80 70-98 15-90 70-99 

Cooling Tower 

  

Primary Effluent 50-95 40-90 10-70 50-85 60-75 75-99 60-95   

Activated Carbon 

  

Primary Effluent 70-95 70-90 50-80 60-90 75-95 90-99 7-33   

Tertiary Filter 

granular media 

Secondary Efflu-

ent 

    50-65 75-95 65-95 5-20     

Activated Carbon 

  

Secondary + Fil-

ter Effluent 

91-98 86-94 50-80 60-90 70-95 90-99 33-87   
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Contaminants that can get into drinking water are very 

dependent on the geographic location of its source because 

the surrounding ecosystem and runoff from the watershed 

can be heavily influenced by human activity from agriculture, 

industrial and domestic use. This dependency of the water 

quality in geographic location leads us to understand that it 

is not possible to regard all water as being the same. Thus, 

although the general process steps in the treatment of wa-

ter are the same, specifics can vary tremendously. Water 

treatment can be as much art as it is science.    

For largely economic reasons, Flint, MI decided to process 

drinking water for its citizens itself, rather than continuing 

to obtain water from Detroit Water and Sewerage Depart-

ment, which sources its water from Lake Huron. In making 

this switch, the city decided to temporarily source its water 

from the Flint river until it can be supplied with Lake Huron 

sourced water by the Karegnondi Water Authority at the 

end of 2016. This switch occurred in May 2014. Almost 

immediately, the populace reported foul-smelling and foul-

tasting water. Visually, the water also showed high turbidity 

and coloration at the end user. The City of Flint later re-

ported that the water had lead and iron contamination and 

contained levels of total trihalomethanes (TTHMs), that 

exceeded maximum contaminant levels (MCLs). TTHMs are 

byproducts of disinfection and are produced in amounts 

that can exceed the MCLs if chlorination rather than chlo-

ramination is used as the disinfection technology. 

Lead and discoloration. It has been said that the lead in 

the water was attributed to the high corrosiveness of the 

Flint river water. What exactly is causing the water to be 

more “corrosive”? It is the high level of chloride ions. Chlo-

ride ions have an affinity to iron in the cast iron pipes, and 

which leads to stress corrosion cracking. These cracks are 

entryways for lead and iron in the distribution system to 

mix with water. Another possible source of lead can arise 

from the use of chloramines to treat drinking water, that is, 

if chloramination was used for disinfection. The lead leach-

ing caused by chloramines is especially pronounced in older 

homes with older plumbing systems.   

The Water Quality Summary Report, dated January 2015 

and published by Flint, shows that Flint had no value as-

signed for a maximum concentration level (MCL) for chlo-

ride, although the average level was 86 ppm with a range of 

78 – 92 ppm. What is now known is that the corrosion 

inhibitors were not used as part of the water treatment 

plan. The use of corrosion inhibitors (phosphates) would 

have mitigated either mechanism of lead leaching. Water 

treated by the Detroit Water & Sewerage Authority, the 

previous supplier of drinking water, is treated with anti-

corrosion agents. 

A look at TTHMs. Flint received violations from the 

Michigan Department of Environmental Quality (MDEQ) 

for total coliform and E. coli in August and September of 

2014. To combat the bacteria, Flint used chlorination 

(where free chlorine is used) rather than chloramination 

(where compounds of chlorine and ammonia are used) to  
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disinfect the water and bring the MCLs within specification. 

Free chlorine is faster acting than chloramines. The result of 

chlorination, however, was an uptick in the TTHMs levels.     

Proposed methods for managing water 

“corrosivity”. In lieu of using corrosion inhibitors are 

there other ways in which chloride ions could be re-

moved? A possible means of removing the chloride 

ions is to oxidize them to the chlorine gas using ozona-

tion.  Ozonation is a well-accepted practice for disin-

fection at public water utilities, and optimizing the dos-

age according to source water properties could be a 

management practice.  An effective management prac-

tice would also include a consideration of where ozone 

is used in the process as well as frequency of use. 

Another method of removing chloride ions could be to 

precipitate it out. The treatment of water with silver 

ions or colloidal silver nanoparticles on a ceramic filter 

substrate can remove these chloride ions. Additionally, 

the use of silver for disinfection of drinking water can 

also be leveraged. These alternatives cost money and 

must go through extensive evaluation as it is seen that 

each component added to the water to make it drinka-

ble brings its own set of potential issues. 
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