Design Worksheet for Activated Sludge Bio-Treatment Systems 

for Water-Soluble BOD Reduction 
 

Project Name:  ____________________________________________HEI Quote #: _________

Order Form #: _______ Job ID #: __________   Date this form filled out: ________ By: 



Note:  For BOD up to 3000 ppm, use aerated bio-treatment. Above that, anaerobic.  Reason is, at high BOD, the air consumption becomes expensive in blower cost and electricity cost, and in dry weather the amount of air required will evaporate more water than comes in and the aeration basin will actually dry up.  

1.
Max wastewater flow to be treated (influent), ________ (A) gal/min  


Max influent ________ (A) gal/min  x  1440 min/day  =  __________ (B) gal/day 

2.
BOD5 concentration in influent, __________ (C) ppm  (where ppm = mg/l)  

Note:  Bacteria can digest non-toxic water soluble BOD quickly.  Insoluble contaminants like oil 

droplets must be broken down slowly with enzymes generated by the bacteria in order to be 
ingested; hence water-insoluble contaminants are usually removed ahead of the bio-reactor  
(usually with DAF) also supplied by HEI.  

3.
lb BOD5   =   (C) ppm BOD5    x   8.34 lb influent   x   (B) gal influent   =   
(D) lb BOD5


   day                1,000,000              gal influent                     day  


    day


Shortcut


lb. BOD5    =   (C) ppm BOD   x   (B) gal influent   x   0.00000834


     day                      day



4.
If you feed a lot of food to 1000 cubic feet of bio-reactor, the bacteria will eat most of it but some of the food (BOD) will escape into the outlet water.  If you have to have low BOD at the outlet, or if you want to oxidize ammonia-nitrogen or organic-nitrogen to nitrate-nitrogen, then you have to have a bigger aeration chamber (bio-reactor), usually Extended Aeration (See Table 1 & attached).  The measurement used is lb of food/day per 1000 ft3 of aerator.  If you can tolerate high BOD at the outlet, which many industrial plants can, then it is much cheaper to run a higher BOD loading such as Complete Mix.  TNRCC (Texas Natural Resources Conservation Commission, the state's environmental agency) will not approve a domestic sewage plant with more than 45 lb BOD/day per 1000 ft3.  


Select the loading for your plant:  __________ (E) lb/day/1000 ft3.  Then size the aeration basin:  



(D) lb BOD5   x   1000 ft3 - day   =   ____________ (F) ft3

            day                        _______ (E) lb


__________ (F) ft3   x   7.48 gal/ft3  =  __________ (G) gal


5.
In an aeration basin the air bubbles serve to mix the liquor (called mixed liquor) and also to give the microbes air to breathe.  The amount needed for respiration is always many times the amount needed for mixing (15 hp per Mgal).  Only about 4% of the oxygen in the air bubble actually dissolves into the water;  the rest breaks out at the surface.  This can be improved by using a deeper aeration basin (takes longer for the bubble to get to the surface) and by using a fine bubble diffuser (but they foul easily).  TNRCC requires minimum 1.25 scfm per lb BOD5/day, and also 8 ft water depth plus 1.5 ft freeboard.  



(D) lb BOD5   x   1.25   =   __________ (H) scfm for respiration and mixing.  

           day  


*** Now make a quick sketch of the dimensions of the areation basin.  You need this to estimate water depth (next step).  



Blower pressure needed   =   (ft water depth above bubblers) x (0.43 psi/ft)  +  2 psi line loss 


= [_____ (I) ft  x  0.43 psi/ft]  +  2 psi  =  __________ (J) psig 


NOTE:  Fine bubble diffusers will require additional pressure; consult the manufacture.


Theoretical blower hp  =  scfm  x  psi  x  .00076  (per Pocket Reference).  Typical 12% blower efficiency.  Calculate motor hp.  (A better way to get blower hp is to look it up in the blower catalog.)  

Motor hp  =  __________ (H) scfm  x  __________ (J) psig  x  .00076  ÷  0.12   =   __________ (K) hp.   

6.
Clarifier size:  TNRCC requires max 1 gpm/ft2 for activated sludge, and max 50 lb dry solids per day per ft2.  These clarifiers require surface skimmers.  Liquid levels for clarifiers with mechanical rakes must be at least 8 ft sidewater depth, with 1.5 ft freeboard.  


Cone bottom clarifiers are permitted for influent rates below 25,000 gpd, but they have their own design criteria;  see TNRCC Design Criteria for Sewerage Systems.  The following calculations refer to clarifiers with rakes and mechanical skimmers.  


Clarifier area (hydraulic loading)  =  __________ (A) gal/min  x  ft2/1 gpm  =  __________ (L) ft2  


For worst=case solids loading assume (a) 100% recycle, thereby doubling the rate that solids enter the clarifier, and (b) MLSS = 4000 ppm.  Clarifier area (solids loading)  =  



(B) gal influent   x   8.34 lb   x   2   x   4000 lb MLSS   x  

 ft2______
   
               day                           gal                 1,000,000 lb sludge          50 lb solids


=  __________ (M) ft2 clarifier area, solids loading basis. 


Select the larger:  ________ (L) or  ________ (M):   Minimum clarifier area  =  __________ (N) 

7.
Estimating gal/day of waste activated sludge (WAS) to be sent to the digester:  Metcalf & Eddy (p. 390) use 0.65 lb of biomass generated in (and therefore wasted from) the bio-reactor aeration basin per lb BOD5 consumed.  And they use 1%wt solids in the clarifier bottoms.  

gal/day WAS  =  
     ( D) lb BOD5   x   0.65 lb bio-mass   x   100 lb sludge   x   gal sludge   
                                           day                           lb BOD5                 lb bio-mass      8.34 lb sludge 


=   ______________(O) gal WAS/day wasted from the clarifier bottoms to the aerobic digester.  

8.
Sizing the recycle pump:  A safe estimate is gpm recycle = 2 x gpm influent.  The operator will set the throttling valve or the pump timer (centrifugal pump), or the air pressure (AODP), so as to maintain 1 ft to 3 ft blanket in the bottom of the clarifier.  


__________ (A) gal influent/min  x  2  =   __________ (P) gal recycle/min pump capacity  

9.
Residence times in the aerator:  There are two residence times commonly referred to, water residence time and sludge age (called mean cell residence time, MCRT).  The MCRT is calculated by running solids after the plant is operating steady state; guidelines for where-it-should-be are on attached Table 1 & 2.  The water residence time calculation ignores the recycle gpm;  recycled water is considered to be just running in a circle within the aerator.  


Water residence time   = 
   (G) gal   x   

min____   x    __hr__   =  __________ (Q) hr  
                                                                
            ______ (A) gal           60 min


__________ (Q)  hr  ÷  24 hr/day  =  ____________ (R) days water residence time 

10.
Aerated digester:  As stated above, 1 lb BOD5 generates about 0.65 lb of microbial growth.  But these are fat, well fed microbes.  The purpose of the digester is to give them plenty of air but starve them down to about 0.40 lb microbes per lb BOD5.  TNRCC says this takes 15 days residence time, and 30 scfm per 1000 ft3 digester volume.  In practice this is oversized, because (a) much of the water gets evaporated by so much air, and (b) whenever the digester gets full, common practice is to turn off the blower for a few hours to let the bio-mass settle, then decant off a third or a half of the clear water (back to the aeration basin).  


Digester volume   =  

(O) gal WAS   x   15 days   =   __________(S) gal   ÷    7.48 gal/ft3   
                                        

day   


=  ______________ (T) ft3 digester volume 


Blower calculations are a little different from those above for aerator blower:  


scfm  =  __________ (T) ft3 digester  x   30 scfm   =     __________ (U) scfm 
                                                                             1,000 ft3 


Again, make a sketch of the dimensions of the digester tank to estimate water depth: 

Blower pressure needed   =   (ft water depth above bubblers) x (0.43 psi/ft)  +  2 psi line loss 


= [_____ (V) ft   x   0.43 psi/ft]   +   2 psi  =  __________ (W) psig 


Theoretical blower hp  =  scfm  x  psi  x  .00076  (per Pocket Reference).  Typical 12% blower efficiency.  

Blower hp  =  __________ (U) scfm  x  __________ (W) psig  x  .00076  ÷  0.12   


=   __________ (X) hp.   (A better way to get blower hp is to look it up in the blower catalog.)  

11.
Estimating ft3 of cake to be disposed of daily:  Most large bio-plants use either a centrifuge (high capital cost) or belt press (labor and maintenance intensive) to de-water the sludge from the digester.  HEI would hope that its customers use our filter press which would give a drier cake than centrifuge or belt press and is much more cost-effective for small-and-medium size jobs.  For rough estimate calculations, figure that an ft3 of cake will contain 15 lb dry solids regardless of what equipment is used.  (Note that some very small bio-plants opt to have a vacuum truck haul the sludge from the digester to a land farm.  For really small bio-units, they don't even have a digester, they just suck WAS from the aeration basin.)  



(D) lb BOD5   x   0.40 lb dry microbes  x          ft3_____   =    __________ (Y) ft3/day cake

             day                    
lb BOD5              15 lb dry microbes 

TABLE 1

	Affects of Aerator BOD Loading

	Loading Value

Lbs./1000 ft2
	Operating Range with Associated F/M and Sludge Age
	Effects of Loading on Operations

	Below 2


	Starved biological system.  Neither F/M nor Sludge Age (MCRT) can be used effectively for process control.
	Limited biological growth.  Poor floc formation.  If a small plant, supplemental food such as dry dog food, chicken feed or manure may be used.

	2 to 5


	Underloaded biological system due to dilute influent or insufficient flow.  F/M will not give satisfactory control but use of Sludge Age (MCRT) will provide adequate control of solids and wasting.  Sludge Age should be between 40 and 70 days, but set sufficiently low to keep the settleable solids (SSV30) below 30% and the volatile solids in the mixed liquor (MLVSS) above 50%.
	Insufficient organic food supply to maintain healthy biological growth.  Floc will be small, weak and over-oxidized.  If flows are high the clarifier overflow will contain excessive pin floc.  The return and skimmer flow should be minimized to avoid overloading the clarifier with excessive solids and pin floc.  In small plants aeration should be cycled on and off to avoid over-oxidation.

	(Extended Aeration)

5 to 15


	Typical range for operation of Extended Aeration Plants.  Sludge Age (MCRT) should be used for process control in the range from 20 to 40 days.  F/M in the range 0.05 to 0.15 cam be used to set solid levels.  The F/M should be based on MLSS not on MLVSS because most of the volatile solids will be oxidized.  SSV30 should be maintained between 10% and 40%.  The percent MLVSS should be above 50%.
	Biological floc formation will be adequate to produce acceptable settling characteristics, however pin floc will occur over this range of Sludge Age.  To control the loss of floc from the clarifier, the Sludge Age should be minimized and the return and skimmer flows should also be minimized.  Complete nitrification should be achieved when the plant has sufficient dissolved oxygen, temperature and absence of toxins.

	15 to 35


	Typical range of operation for singe stage nitrification in complete mix, conventional, step feed or similar process variations.  Many contact stabilization plants operate in this range.  Both F/M and Sludge Age will provide good process control.  F/M should be based on MLVSS and be set between 0.15 and 0.35 per day.  For advanced secondary plants required to produce effluent BOD5 below 10 mg/l  the F/M should be between 0.15 and 0.25 per day.  Sludge Ages (MCRT) should be from 7 to 15 days in cold months and 5 to 12 days in warm months.
	Excellent biological floc formation is possible in this loading range.  Some ashing and pin floc may occur at the higher sludge ages.  Complete nitrification should be achieved when the plant has sufficient dissolved oxygen, temperature, aeration detention time and absence of toxins.


TABLE 1 Continued

	Affects of Aerator BOD Loading

	Loading Value

Lbs./1000 ft2
	Operating Range with Associated F/M and Sludge Age
	Effects of Loading on Operations

	(Complete Mix)

35 to 50


	Typical range of operation for complete mix, conventional, contact stablization and step feed plants that provide secondary treatment (effluent BOD5 below 20 mg/l).  Both F/M and Sludge Age will provide good process control. F/M should be based on MLVSS and be set between 0.15 and 0.40 per day.  Nitrification and BOD5 values below 10 mg/l may be achieved at F/M values between 0.15 and 0.25 per day during warm weather.  Sludge Ages (MCRT) should be from 4 to 12 days.
	Excellent biological floc formation should occur in this loading range as this is ideal for the floc forming bacteria.  Partial nitrification will occur when the dissolved oxygen is above .0 mg/l, sludge ages are above 4 days and aeration basin temperatures are above 70°F.  Operators may adjust plant conditions to either favor biological nitrification or prevent nitrification by minimizing dissolved oxygen and sludge age.

	50 to 100


	High purity oxygen plants can achieve secondary treatment in this loading range.  However, above 50 pounds per day per 1,000 cubic feet, consistent secondary treatment (effluent BOD5 below 20 mg/l) with mechanical or diffused aeration should not be expected.  An effluent BOD5 of less than 30 mg/l can be achieved over most of this range.  The F/M should be based on MLVSS and should be between 0.30 and 0.70 and the Sludge Age  (MCRT) between 2 and 5 days.
	In this range the biological floc may contain excessive zoogleal material and have poorer flocculation and settling characteristics.  Nitrification would not be expected at these loadings.

	Above 100
	High rate plants can produce substantial BOD reductions at these loadings but do not produce good enough effluent quality for discharge into receiving waters.  The F/M should be based on MLVSS and can be between 0.5 and 1.5 with Sludge Age less than 3 days.
	Dispersed growth with poor flocculation is likely.  No nitrification is expected to occur.


TABLE 2

	Summary of Recommended Process Control Parameters

	Loading Value

Lbs/Day/1000 ft3
	F/M Ration

Lbs BOD3 per

Day per Lb

Aerator Solids
	Sludge Age

(MCRT)
	Mixed Liquor

Suspended Solids

(mg/l)
	Settle Sludge

Volume in Aeration Tank

(SSV30)
	Notes

	Below 2
	-
	-
	Retain all that develops
	Retain all that develops
	Supplement food if practical and necessary for floc formation

	2 to 5
	-
	40 to 70 days
	Keep MLVSS above 50% of MLSS
	10% to 30% 
	Supplement food should not be required except at low loading periods

	5 to 15
	0.05 to 0.15 

based on MLSS
	From Figure 8.3 on Page 8-13
	1,500 to 4,000 mg/l MLSS
	10% to 40%
	Complete Nitrification Expected

	15 to 35
(Advanced Secondary)
	0.25 to 0.35 

based on MLVSS
	From Figure 8.4

On page 8-27
	1,000 to 3,000 mg/l MLVSS
	10% to 40%
	Complete Nitrification Expected

	15 to 35

(Secondary treatment without complete Nitrification)
	0.25 to 0.35 

based on MLVSS
	From Figure 8.4
	1,000 to 2,000 mg/l MLVSS
	10% to 30%
	Incomplete Nitrification Expected

	35 to 50
(Secondary treatment without Nitrification)
	0.30 to 0.40 

based on MLVSS
	From Figure 8.4
	1,000 to 3,000

mg/l MLVSS
	10% to 30% 
	Incomplete Nitrification



	50 to 100
	0.30 to 0.70 

based on MLVSS
	From Figure 8.4
	1,000 to 3,000 mg/l MLVSS
	10% to 40%
	Nitrification greatly restricted
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	Liquid Streams
	Influent 

1
	To 

Clarifier

2
	Clean 

Effluent 

3
	Clarifier 

BTMS

4
	RAS

5
	WAS

6
	Digester

Overflow

7
	Digester

BTMS

8

	Flow Rate
	GPM A

GPD B
	
	
	As Needed
	As Needed
	GPD O
	Batch

Transfers
	Batch

Transfers

	TSS. ppm
	
	Assume 2000-4000
	Assume 0
	Assume 10,000
	Assume 10,000
	Assume

10,000
	
	Assume 10,000

	LB/DAY Microbes
	Assume 0
	
	Assume 0
	
	
	(D) x 0.65
	
	(D) x 0.40

	BOD5 ppm
	C
	
	
	
	
	
	
	

	BOD5 lb/day
	D
	
	
	
	
	
	
	


	Tanks
	Bio-Reactor

10
	Clarifier

11
	Digester

12
	
	Blowers
	Bio-Reactor

13
	Digester

14

	Gal.
	G
	
	S
	
	SCFM
	H
	U

	Ft2
	
	N
	
	
	PSIG
	J
	W

	Ft3
	F
	
	T
	
	HP Motor
	K
	X

	Hydraulic

Retention
	HR Q

DAYS R
	
	15 days
	
	Dewatered Cake

Recycle Pump Capacity
	-

-


	(Y)Ft3

(P) gpm
	
	
	
	


