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The calculations provided in this booklet are tools, much like the equipment utilized, that will enable the
operator to manage and run a wastewater treatment facility as efficiently and smoothly as possible.

Operating a treatment facility can be challenging, yet very rewarding. These plants are designed using
parameters that take into account various hydraulic and organic loadings, and with equipment that will
allow for efficient operation. However, running the equipment alone is not enough to ensure a smooth
operation. The operator must use the calculations provided to operate the plant in an effective manner.
While the operator can choose which calculations to use, it is imperative that the facility is run following
operational guidelines.

We hope you find this guide helpful.
If you have any questions or need further assistance,
please call Baxter & Woodman at 815-459-1260.
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Calculations Used in the Daily Operation
of a Wastewater Treatment Facility

Several basic equations are used in calculations to determine things such as Weir Overflow Rate, Detention

Time, SRT, etc. The formulas for area and volume appear below, along with examples.

AREA

Area Formula Example

Rectangle (Length) x (Width) (35'L) x (12" W) = 420 sq. ft.

Circle (0.785) x (Dia. sq.) (0.785) x (55') x (55") = 2,375 sq. ft.
VOLUME
Volume Formula Example
Rectangle LxWxH 80'L x 25'W x 10"H = 20,000 cu. ft.
Cylinder (0.785) x (Dia. sq.) x (H) (0.785) x (55') x (55') x (25") = 59,366 cu. ft.

Raw Influent Calculations

Plant Influent Loadings
Determines the influent loadings of pounds (BOD, TSS, etc.) to a wastewater treatment facility.

Plant Influent Loadings:
mg/l x mgd x 8.34 = Ibs./day

Example (using TSS):
Plant Conditions:
TSS Influent = 135 mg/I
Influent flow = 1.5 mgd

To determine pounds into the plant, use the following calculation:
mg/l x mgd x 8.34 = Ibs/day
Example: 135 mg/l x 1.5 mgd x 8.34 = 1,688.85 Ibs.

This reflects the pounds of TSS into the plant on that particular day.




Clarifier Capacity Calculations

Surface Loading Rate - RECTANGULAR Clarifier

Gallons of wastewater applied to each square foot of the clarifier area. This affects the settleable solids and
BOD removal efficiency in the sedimentation process.

Surface Loading Rate (RECTANGULAR CLARIFIER):

gpd
sq. ft. of clarifier

Example:
Clarifier:
Length = 75 feet
Width = 12 feet
Influent flow = 1.2 mgd (1,200,000 gpd)

The square footage of the clarifier is L x W:
75 x 12 =900 sq. ft.

To determine the Surface Loading Rate of a rectangular clarifier, use
the following calculation:
gpd
sq. ft. of clarifier
Example: 1,200,000 gpd = 1,333 gpd/sq. ft.
900 sq. ft.

Clarifier Capacity Calculations

Surface Loading Rate - CIRCULAR Clarifier

Gallons of wastewater applied to each square foot of the clarifier area. This affects the settleable solids and
BOD removal efficiency in the sedimentation process.

Surface Loading Rate (CIRCULAR CLARIFIER):

gpd
sq. ft. of clarifier

Example:
Clarifier:
Diameter = 60 feet
Influent flow = 2,200,000 gpd

The square footage of the clarifier is .785 x Dia. sq.
.785 x 60' x 60' = 2,826 sq. ft.

To determine the Surface Loading Rate of a circular clarifier, use the
following calculation:
gpd
sq. ft. of clarifier
Example: 2,200,000 gpd = 778.48 gpd/sq. ft.
2,826 sq. ft.




Clarifier Capacity Calculations

Detention Time
Period of time that a particle remains in a tank.

Detention Time:
tank volume x 24 hours
Influent flow

Example (rectangular clarifier):
Clarifier:
Length = 75 feet
Width = 30 feet
Depth = 10 feet
Influent flow = 2,850,000 gpd

The volume of the clarifieris Lx W x H x 7.48
70'x 25'x 10" x 7.48 = 130,900 gals.

To determine the Detention Time of a rectangular clarifier, use the
following calculation:
tank volume x 24 hours
Influent flow

Example: 130,900 gals x 24 = 1.10 hours
2,850,000

Clarifier Capacity Calculations

Weir Overflow Rate
Volume of water flowing over foot length of weir per day.

Weir Overflow Rate:
gpd flow
Total feet of weir

Example:
Plant Conditions:
Weir length = 100 feet
Flow rate = 1,500,000 gpd

To determine the Weir Overflow Rate, use the following calculation:

gpd flow
Total feet of weir
Example: 1,500,000 gpd = 15,000 gpd/ft.

100 feet of weir




Activated Sludge Calculations

Sludge Age
Average time a particle of suspended solids remains in the activated sludge system. Sludge age is used to
maintain the proper amount of activated sludge in the aeration system.

To determine sludge age, you must calculate both the daily amount of suspended solids and the total amount
of solids in the aerator.

Sludge Age:
Total Ibs. of MLSS in aerator
Daily Ibs. of MLSS in aerator

Sludge Age - Plants with Primary Clarifier

Example:
Suspended solids of primary effluent = 110 mg/I
Influent flow = 2.5 mgd
Aeration tank volume = .5 mg
MLSS concentration = 2,200 mg/I

The plant influent loading = mg/l x mgd x 8.34

Example:

110 x 2.5 x 8.34 = 2,293.5 Ibs. daily of SS (Ibs of MLSS in aerator)
2,200 x .5 x 8.34 = 9,174 Ibs. total of MLSS in aerator

With these calculations, you can determine Slude Age:
Total Ibs. of MLSS in aerator = Days Sludge Age
Daily Ibs. of MLSS in aerator

Example:
9,174 Ibs. total of MLSS in aerator =4 Days Sludge Age
2,293.5 Ibs. daily of MLSS in aerator

Sludge Age - Plants without Primary Clarifier

Example:
Influent suspended solids = 250 mg/I
Influent flow = 2.5 mgd
Aeration tank volume = .5 mg
MLSS concentration = 2,200 mg/I

The plant influent loading = mg/l x mgd x 8.34

Example:

250 x 2.5 x 8.34 = 5,213 Ibs. daily of SS (Ibs of MLSS in aerator)
2,200 x .5 x 8.34 = 9,174 Ibs. total of MLSS in aerator

With these calculations, you can determine Slude Age:
Total Ibs. of MLSS in aerator = Days Sludge Age
Daily Ibs. of MLSS in aerator

Example:
9,174 Ibs. total of MLSS in aerator = 1.76 Days Sludge Age
5,213 Ibs. daily of MLSS in aerator




Activated Sludge Calculations

Solids Retention Time (SRT)
Average time a given unit of cell mass stays in the activated sludge system. SRT is based on solids leaving the
Activated Sludge process, and includes solids in the clarifiers. Also called MCRT (Mean Cell Residence Time).

Solids Retention Time (SRT):
SRT days = Ibs./day of SS in system
Ibs./day of SS leaving system

Factors in determining SRT:
1. Solids leaving the system (wasted)
2. Solids leaving the system (SS in the final effluent)
3. Solids in the system (aeration basins and clarifiers)

Example:

Tank volumes: Aeration volume = 1.6 mg
Final Clarifer volume = .10 mg

SS Concentration: Final effluent = 20 mg/I
Waste sludge SS = 7,250 mg/I|
Aeration Tank MLSS = 2,500 mg/l

Flows: Influent flow = 4.3 mgd
Waste sludge flow = 0.08 mgd (24-hour period)

Using these figures, calculate the amount
of suspended solids leaving the system:

Example:
(7,250 mg/l waste sludge) x (.08 waste sludge flow) x (8.34 Ibs.)
+ (20 mg/l SS final effluent) x (4.3 MGD influent flow) x (8.34 Ibs.)
=4,837.2Ibs. SS + 717.2 Ibs. SS = 5,554.4 Ibs. SS leaving system

For this example, the volume of the aeration tank and clarifier equals
1.7 mg.

Pounds of Aeration Tank MLSS =
Aeration Tank mg/l MLSS x mg x 8.34
Example:
2,500 mg/l MLSS x 1.7 mg volume x 8.34 Ibs. = 35,445 Ibs. MLSS

Solids Retention Time (SRT):
SRT days = Ibs./day of SS in system
Ibs./day of SS leaving system

Example:
35,445 Ibs. MLSS =6.38 SRT
5,554.4 Ibs. SS leaving system
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Activated Sludge Calculations

F/M Ratio
Ratio of food (biochemical oxygen demand) entering the aeration tank to microorganisms in the tank.

F/M Ratio:
lbs./BOD
Ibs. MLSS

Example:
Ibs. of BOD entering plant daily = 4,340 Ibs.
Ibs. of MLSS in aerator = 8,201 Ibs.

Ibs. BOD or 4,340 Ibs. of BOD entering plant daily = .53 F/M
Ibs. MLSS 8,201 Ibs. of MLSS in aerator

MLSS Concentration in Pounds
Pounds of MLSS in the aeration system.

MLSS Concentration:
MLSS (mg/l) x volume of aeration tank x 8.34

Example:
MLSS in aeration tank = 2,500 mg/I
Aeration system volume = 1.4 mg

MLSS (mg/l) x volume of aeration tank x 8.34
2,500 mg/l x 1.4 x 8.34 = 29,190 Ibs. of MLSS

Solids to be Wasted
Solids (measured in pounds) to be wasted over a set period of time (typically daily).

Solids to be Wasted:
Current inventory
- Desired inventory to achieve peak performance
= Pounds to be wasted

After calculating the MLSS Concentration (see above), use the
following formula to determine the pounds of solids to be wasted.

Example:
Peak performance = 22,000 pounds of MLSS in aeration system
Current inventory = 25,000 pounds of MLSS in aeration system

25,000 pounds (current inventory)
- 22,000 pounds (desired inventory)
= 3,000 pounds to be wasted




Activated Sludge Calculations

Waste Sludge Pumping Rate
Rate at which to pump the sludge to be wasted from the system. Normally expressed in gallons per minute (gpm).

Example:
Plant Conditions:
Ibs. of MLSS to be wasted = 1,400 Ibs.
MLSS concentration = 5,900 mg/I

Ibs. to be wasted
MLSS concentration x 8.34

= flow rate (mgd)

Example:
1,400 Ibs. to be wasted
5,900 mg/l x 8.34

=.0284 mgd wasting rate

Convert million gallons per day to gallons per day:
mgd wasting rate x 1,000,000 = gpd wasting rate

Example: .0284 x 1,000,000 = 28,400 gpd

Convert gallons per day to gallons per minute (over 8 hours):
gpd wasting rate
480 minutes (8 hours)

28,400 gpd =59.166 gpm
480 minutes

Example:

Typical WWTP Operational Parameters

Process BOD Loading, Ib | MLSS, mg/l | F:M ratio, Ib Sludge | Aeration RAS BOD
BOD/day per BOD/day per | Age,days | period, | Rates,% | Removal
1,000 ft. 3 Ib MLSS hr Efficiency
%
Conventional 20-40 1,000-3,000 0.2-0.5 5-15 40-75 | 20-40 80 - 90
Step Aeration 40-60 1,500 -3,500 0.2 -05 5-15 40-70 | 30-50 80 - 90
Extended Aeration 10-20 2000-8,000] 005-02 =20 20-30 | 50-100 85-95
High - purity oxygen > 120 4,000 - 8,000 06-1.5 3-10 1.0-30 | 30-50 80-90




Metal Salt Addition for Phosphorus Removal

Using metal salt chemical data, theoretically calculate the amount of chemical salt solution to add in
gallons per day to remove phosphorus.

* Values that need to be entered are shown in the gray boxes.

Step 1. Determine the amount of influent phosphorus to remove.

Influent flow in MGD

Influent P (mg/l)

Ibs/gallon

Ibs of P to remove

2

X

8

X

8.34

133

Step 2. Determine the pounds of metal salt in a gallon of solution knowing the specific gravity.

Specific gravity Ibs/gal Ibs metal salt/gal
1.4 X 8.34 = 11.7
Chemical Specific Gravity
Alum 1.33
Ferric Chloride 1.441
Ferrous Chloride 1.23
Ferrous Sulfate 1.185

Step 3. Determine the pounds of actual metal in a gallon of metal salt solution with certain percentage
metal content (provided by chemical supplier).

Ibs metal salt/gal

% metal

Ibs metal/gal metal salt solution

11.7

X

12.5

1.5

Step 4. Look up removal ratio for the metal salt being used.

Chemical
Alum
Ferric Chloride
Ferrous Chloride
Ferrous Sulfate

Removal Ratio
0.87 to1
1.8to 1
2.7t01
2.7t01

Step 5. Determine the pounds of metal needed to remove the incoming pounds of phosphorus.

Removal ratio

Influent Ibs of P

Ibs of metal to add

1.8

X

133

240

Step 6. Determine the gallons of metal salt solution with a certain percentage metal content to thus add.

Ibs of metal to add

Ibs of metal/gal

gal/day of metal salt solution to add

240

1.5

165

This estimate may be different than
the value obtained from a calculator
due to rounding differences.

This spreadsheet was developed by the Wisconsin Department of Natural Resources
and the Operator Certification Phosphorus Removal Exam Workgroup (2008)




Water/Wastewater
Operations

Baxter & Woodman provides a full range of services to meet your daily and long-term operational needs,
complemented by a staff that provides customized Municipal Engineering Services. Licensed and certified
operators are available to assist with your water and wasterwater operations needs.

Wastewater
Operational assistance
Startup

Troubleshooting

O&M manual preparation
Lab assistance

DMR reports

NPDES permit applications
Land application permits
Plant sampling programs
Maintenance programs
Operator training

Odor control issues

Water

Operational assistance
Startup

Troubleshooting

O&M Manual preparation
Permit applications

Water modeling

Lab assistance

Consumer Confidence Reports
Sampling programs
Maintenance programs
Operator training
Unidirectional flushing

Cross connection programs

Licenses/Certifications

USEPA

Pretreatment Training
Industrial User Classification & Permitting

OSHA

Authorized Trainer

Qualified staff is available to meet with you on site.
Call 815-459-1260 for additional information
or to schedule an appointment.

Miscellaneous
Construction services support
Water/Sewer rate studies
Value engineering
Regulatory issues resolution
SCADA systems

Fiscal reports

Engineering design

GIS tracking system

Grant and loan funding
SPCC plans

Safety compliance program
Safety training programs
Safety audits

Pretreatment

Develop pretreatment ordinances

Develop sampling programs

Develop technically-based Local
Limits

Enforcement response plans

Permitting for SIU’s
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Baxter & Woodman, Inc. is an employee-owned engineering consulting firm which provides
planning, design, construction and technology services for water, wastewater, stormwater and
transportation facilities for municipalities, counties and state agencies throughout the Midwest.

Founded in 1946, Baxter & Woodman is one of the largest regionally focused engineering firms
in the Midwest. Clients are served from nine regional offices. Baxter & Woodman’s staff of 200
engineers, surveyors, technicians and support personnel has completed projects for more than 500
municipalities and county governments.

Water Wastewater Transportation GIS
Stormwater  Construction Municipal Services

Office Network

Crystal Lake
8678 Ridgefield Rd.
Crystal Lake, IL 60012

815.459.1260

Burlington

256 S. Pine St.
Burlington, WI 53105

262.763.7834

Grayslake
31S. Seymour Ave.
Grayslake, IL 60030

847.223.5088

Madison
5100 Eastpark Blvd.
Suite 200
Madison, WI 53718
608.241.5481

Plainfield
24402 S. Lockport St.
Suite 227
Plainfield, IL 60544
815.609.7425

Chicago
39 S. LaSalle St.
Suite 816
Chicago, IL 60603
312.578.0050

DeKalb
1788 Sycamore Rd.
DeKalb, IL 60115

815.787.3111

Itasca
300 Park Blvd.
Suite 355
Itasca, IL 60143

630.773.1870

Mokena
8840 W. 192nd St.
Mokena, IL 60448

708.478.2090

www.baxterwoodman.com

info@baxterwoodman.com




