ENV 4012 Advanced Environmental Engineering 

Class Notes
Wastewater Treatment Review
What is the Composition of Wastewater? 

The typical composition of wastewater based on strength.  The important characteristics measured in wastewater included...

· Biochemical Oxygen Demand (BOD) [100-300 mg/L as O2]

· Suspended solids (SS) [100 – 350 mg/L]

· Settleable solids [5-20 mL/L]

· Total Kjeldahl nitrogen (TKN)  [20-80 mg/L]

· Total Phosphorus [5-20 mg/L as P]

A typical solids analysis of wastewater, of the total solids, 50% is dissolved, 50% suspended.  Of the suspended solids, 50% will settle.  

Industrial activity changes the composition of wastewater, often introducing toxic substances such as chromium and cadmium from plating operations.  

How is Wastewater Treated?

Wastewater treatment involves two major steps:  

1. Gravity settling of solids (called primary treatment)

2. Microbial transformation of organics and ammonia to reduce BOD (called secondary treatment).  

A typical treatment train in a wastewater treatment plant involves:

1. Bar racks to remove large debris
2. Primary treatment where Type II sedimentation for flocculated particles.  The SOR ranges from 25-60 m/d, td ranges from 1.5 to 2.5 hours. 

3. Secondary treatment involving the use microorganisms to remove BOD of any solids that pass primary treatment.   Oxygen is limited and must be supplied.   The most common secondary treatment processes is activated sludge.  

4. Secondary sedimentation to remove microorganisms from secondary treatment.   

5. Disinfection to kill pathogens using chlorine (typically HOCl). 

Advanced Treatment (Tertiary Treatment)

Secondary treatment removes 85% of BOD and SS and most pathogens, but can leave high nitrogen and phosphorus concentrations. 

Nitrogen is removed using denitrification:

1.  Secondary Treatment forms nitrate from ammonia:  
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NH3  + 2O2  

            NO3- + H2O + H+
2.  Denitrification transforms nitrate to nitrogen gas:  

Organics + NO3-  

        N2 + CO2 + H2O



Phosphorus is removed by chemical precipitation:  

Ferric Chloride:  

FeCl3  + HPO42-  

            FePO4(s)  + H+ + 3Cl-
Alum:  

Al2(SO4)3 + 2 HPO42-  

      2 AlPO4(s)  + 2 H+ + 3 SO42-
Lime:  

5 Ca(OH)2 + 3 HPO42-  

      Ca5(PO4)3OH(s)  + 3 H2O + 6 OH-
Sludge Treatment

Sludge gathers from primary sedimentation, secondary sedimentation, and tertiary precipitates.  Sludge volumes are reduced and disposed of as follows:  

· Slow gravity thickening to remove excess water

· Anaerobic digestion (also called stabilization) 

· Dewatering using a belt press or drying beds.  

· Disposal (land application or land fill).  

How microorganisms used in wastewater treatment and what are the basic considerations of wastewater microbiology?

Microorganisms are used in secondary treatment to remove organics and ammonia to reduce BOD.   

In all biological processes, energy is gained through oxidation/reduction reactions that involve the transfer of electrons from the substrate or food source to an electron acceptor:


Food Source (organics, ammonia)  


Electron acceptor (O2, CO2)

To grow, microorganisms need the following:

1. An electron donor for energy production. 

2. An electron acceptor for energy production. 

3. Macronutrients:  carbon and nitrogen to build cells; phosphorous for energy production (ATP) and DNA.

4. Micronutrients (vitamins, minerals).  

5. Appropriate environmental conditions (moisture, temperature, pH) 

Biological processes can be classified by the electron acceptor.  Aerobic processes use oxygen as an electron acceptor, anaerobic processes use other compounds.  

Aerobic Decomposition: 

Organic matter and ammonia are metabolized aerobically during secondary treatment:

Organics + O2  

    CO2 + H2O

NH3  + 2O2  

            NO3- + H2O + H+
Aerobic organisms grow rapidly and create high sludge volumes.  

Anaerobic Decomposition: 

Anaerobic decomposition is used to remove nitrate and for digestion of sludge from the sedimentation basins:  

Organics + NO3-  

        N2 + CO2 + H2O

(NO3- is the e- acceptor) 

Organics + CO2  

      CH4 + CO2

(CO2  is the e- acceptor) 

Anaerobic organisms grow slow but they produce low sludge volumes.  

Bacterial Growth and Death

The mathematical relationship widely used as a basis for modeling substrate utilization and bacterial growth was developed by Monod in 1949: 

Substrate utilization:
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Bacterial growth:
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X = concentration of active biomass [mg/L]

(m  = maximum specific substrate utilization rate [t-1]


KS  =  half-maximum rate concentration [mg/L]

S  =  limiting substrate concentration  [mg/L] 


[image: image3.wmf]utilized

food

L

mg

produced

biomass

L

mg

t

coefficien

yield

Y

/

/

=

=



Figure 1.  Plot of Monod Equation.

Another factor that affects the bacterial concentrations is bacterial death or endogenous decay.  Endogenous decay can be expressed by:


rdec =  - kd X







      


rdec   = rate of biomass loss due to death and decay [mg/L-t]


kd = endogenous-decay rate coefficient [t-1]

The net growth rate of microorganism includes growth on the substrate and death due to endogenous decay:
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The utilization of substrate or food is related to microbial growth using the yield factor:  
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Secondary Treatment Unit Processes and Activated Sludge Design
Secondary treatment involves bringing together microorganisms and oxygen to biologically reduce the amount of BOD in the wastewater.  The most common secondary treatment method in the US is activated sludge.  

Activated sludge definitions:

· Activated sludge:  flocs (or clumps) of live (active) microorganisms.

· Mixed liquor:  mixture of activated sludge and wastewater in the aeration tank 

· MLSS and MLVSS:  Mixed liquor suspended solids and mixed liquor volatile suspended solids.

· Return sludge:  settled sludge that is pumped back to the aeration tank.

· Waste sludge:  sludge that is removed from the treatment process and is disposed of.  

· Mean cell residence time (C:  average time that cells (or microorganisms) spend in the treatment process (also called solids retention time or sludge age).  

Using mass balances, the following relationships can be derived for microorganisms (X) and food (S) under the following assumptions:  

1. The influent and effluent microorganism concentrations are negligible.

2. Food and microorganisms are completely mixed in the aeration basin.  
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S = BOD concentration in activated sludge (S = BOD5 allowed – BOD5 in SS) [mg/L]

X = microorganism concentration in activated sludge (2,000 to 3,500 mg/L) [mg/L of MLVSS]

Xr = microorganism concentration in recycle [mg/L of VSS]

SO = influent BOD5 [mg/L]
(c =  mean cell resident time in the aeration tank [d] 

(  =  hydraulic detention time [d]

V  = aeration tank volume [m3]

Q  =  flow rate [m3/d]

Qw  =  flow rate of waste sludge  [m3/d]

(m  = maximum specific substrate utilization rate [d-1]

KS  =  half-maximum rate concentration [mg/L]

kd = endogenous-decay rate coefficient [d-1]

Y  = yield coefficient [mg/L MLVSS/mg/L]  

Example Problem:

Food to Microorganism Ratio: 

To keep the microorganisms efficient, the Food to Microorganism Ratio (F/M) must be keep low (around 0.10 to 1.0 mg/L-d).  
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To achieve a low F/M ratio, use a low sludge wasting rate (Qw) creating a long cell detention time ((c).

Design of Sludge Return:

The purpose of the sludge return is to keep the concentration of microorganism (X) high in the aeration basin.  The proper design of the sludge return is one of the most critical elements in the activated sludge process.  

A measurement used to characterize and control the sludge return rate is the Sludge Volume Index (SVI).  The SVI is determined by measuring the MLSS and the volume of sludge that settles during a standard test.      
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SVI  =  sludge volume index [mL/g]

SV  =  volume of sludge in one liter of sludge that settles in 30 minutes [mL/L]

MLSS  =  mixed liquor suspended solids [mg/L]

To determine the recycle rate (Qr) in the activated sludge design, a mass-balance of microorganisms (X) is evaluated to achieve a steady state condition:

dX/dt = 0 = (Q + Qr)(X’) – (QrXr’ + QwXr’)




X’ =  mixed liquor suspended solids (g/m3)

Xr’ =  maximum return sludge concentration (g/m3)

Solving Equation 5-36 for Qr:
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To solve the above equation, the maximum return sludge concentration (Xr’) must be estimated using the equation below.     
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The sludge waste flow rate (Qw) is derived as follows:
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Waste Sludge Production:

Excess sludge is produced during the activated sludge process that must be treated and disposed of.  To estimate the excess sludge production, use the following equation:
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Px =  waste activated sludge produced [kg VSS/d]

VSS is 60-80% SS (multiply Px by 1.25 to 1.667 to get total solids load). 

Oxygen Requirements:

Activated sludge uses large volumes of oxygen in the production of sludge and the consumption of BOD.  However, oxygen is produced during cell formation by moving from right to left per the following equation: 

C5H7O2N + 5O2   
 5CO2 + 2H2O + NH3 + energy 


The ratio of oxygen usage to cell formation is 5(32)/113 = 1.42.  Subtracting cell formation from the oxygen consumed in the reduction of BOD (SO-S), the oxygen requirements of activated sludge can be estimated:  
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f = conversion factor to convert BOD5 to ultimate BOD. 

Miscellaneous Activated Sludge Process Design Considerations

Some miscellaneous considerations in the design of activated sludge include:

· The maximum BOD of effluent should be 4-8 mg/L (set by regulations).

· To treat industrial waste, you may need to add Phosphorous or Nitrogen (N/BOD = 1/32;  P/BOD = 1/150).

· Increasing cell retention time (C decreases effluent BOD. 

· Use precipitation to remove toxic metals.

· Use air stripping to remove volatile organics to avoid air pollution problems.    

Secondary Clarifier Design (Sedimentation)

Design of secondary clarifiers is similar to sedimentation studied for water treatment...
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SOR = Surface overflow rate (20-34 m/d for secondary clarifiers)

As  =  Surface area [m2]

In addition to controlling the SOR, the Weir Loading Rate (WLR) and Solids Loading Rate (SLR) must be limited:
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WLR  =  weir loading rate [125-250 m3/d-m]

Ps  =  weir length [m]
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SLR  =  solids loading rate [kg/d-m2]

Miscellaneous design considerations:  

· Maintain minimum tank depth (typically around 12-15 feet).  

· Must beware of bulking sludge that does not settle well, caused by having too many filamentous organisms.  

· Must avoid anaerobic sludge, which can trap gas in the sludge, causing it to float.  
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