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METERED DOSINGMETERED DOSINGMETERED DOSINGMETERED DOSING
AND EQUALIZATIONAND EQUALIZATION

Bennette D. Burks, P.E.Bennette D. Burks, P.E.
33 E i i LLCE i i LLC33--Engineering, LLCEngineering, LLC

Richmond, VARichmond, VA

Training GoalsTraining Goals

Review The Need for Metered Dosing and Review The Need for Metered Dosing and 
Flow EqualizationFlow EqualizationFlow EqualizationFlow Equalization
Examine Flow Metering TechniquesExamine Flow Metering Techniques
Examine Flow Equalization TechniquesExamine Flow Equalization Techniques
Appreciate  How Flow Metering and Appreciate  How Flow Metering and 
Equalization Enhance PerformanceEqualization Enhance PerformanceEqualization Enhance PerformanceEqualization Enhance Performance
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BenefitsBenefits

Minimize Component SizingMinimize Component Sizing
M i i T t t Effi iM i i T t t Effi iMaximize Treatment EfficiencyMaximize Treatment Efficiency
Address Transient Conditions That Address Transient Conditions That 
Otherwise Affect OperationOtherwise Affect Operation
Reduce Operation and Maintenance Reduce Operation and Maintenance 
Issues and Resulting CostsIssues and Resulting CostsIssues and Resulting CostsIssues and Resulting Costs
Provide Environmental Protection (and Provide Environmental Protection (and 
meet applicable codes!)meet applicable codes!)  

DEFINITIONSDEFINITIONS
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FLOW METERINGFLOW METERING

Techniques, practices, and Techniques, practices, and 
devices to limit the devices to limit the raterate at at 
hi h t t thi h t t twhich wastewater enters or which wastewater enters or 
leaves treatment tanks.leaves treatment tanks.

Flow MeteringFlow Metering

Within DwellingWithin Dwelling
Fl R t i tFl R t i tFlow RestrictorFlow Restrictor
Reduced Flow FixturesReduced Flow Fixtures
Spacing Laundry or BathingSpacing Laundry or Bathing

Within Treatment TankWithin Treatment Tank
Dosing PumpDosing Pumpg pg p
Orifice Plate or VOrifice Plate or V--Notch WeirNotch Weir
Effluent FiltersEffluent Filters
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Flow MeteringFlow Metering

Flow MeteringFlow Metering
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VV--Notch WeirNotch Weir

VV--Notch WeirNotch Weir
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VV--Notch WeirNotch Weir

FLOW EQUALIZATIONFLOW EQUALIZATION

Techniques, practices, and Techniques, practices, and 
devices to limit the devices to limit the timetime
h t t th t t twhen wastewater enters or when wastewater enters or 
leaves treatment tanks.leaves treatment tanks.
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Flow EqualizationFlow Equalization

Spacing Laundry or BathingSpacing Laundry or Bathing
C t i W t t f R l t L tC t i W t t f R l t L tCapturing Wastewater for Release at Later Capturing Wastewater for Release at Later 
TimeTime

Tank, Pump, and TimerTank, Pump, and Timer
Tank and Flow RestrictorTank and Flow Restrictor

DefinitionsDefinitions
Flow Metering and FlowFlow Metering and FlowFlow Metering and Flow Flow Metering and Flow 

Equalization are Equalization are related but related but 
independentindependent processes.  Both processes.  Both 

must be addressed independently must be addressed independently 
to provide proper design.to provide proper design.
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Weekday Residential Wastewater Flow

Peak
Fl

ow

5PM-11PM6AM-9AM

Average

Time of Day

Min.

Weekend Residential Wastewater Flow

10AM-2PM

Peak

Fl
ow

5PM-11PM

10AM 2PM

Average

Time of Day

Min.
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Weekday Office Wastewater Flow

Peak
Fl

ow

8AM-5PM

Average

Time of Day

Min.

Instantaneous Wastewater Flow
Peak at 86 X

Daily Design Flow
Washing Machine

DishwasherBath Tub

Fl
ow

Sink and Shower

Sink

Time of Day

F

Average

Min.
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Residential Activity  and FlowResidential Activity  and Flow

Equivalent DailyInstantaneousActivity

14,400 gpd10 gpmDraining Bath Tub

43,200 gpd30 gpmWashing Machine

Equivalent Daily 
Flow 

Instantaneous
Flow

Activity

3,600 gpd2.5 gpmLow Flow Shower

8,640 gpd6 gpmShower and Sink

ATU and Trash TankATU and Trash Tank
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Trash TankTrash Tank

Trash TankTrash Tank

Vt
Vr

Storage

Flow
M d ti

Flow
Moderation

VsStorage

Moderation
Homogenization
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Trash TankTrash Tank

High
ft/hr ft/dayft/min

g 
or

 S
et

tli
ng

 V
el

oc
ity

High

Particle Size or Density

R
is

in
g

Low

Big--mm Small--µ

Trash TankTrash Tank
70%

2 hrs 6 hrs

50%-70% TSS Removal

Pe
rc

en
t R

em
ov

al

50% 70% TSS Removal

25%-40% BOD Removal

Detention Time (hr) 

P

0%

0 hr 8 hr
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Trash TankTrash Tank
High FlowsHigh Flows

Allow Solids to be Carried Out of theAllow Solids to be Carried Out of theAllow Solids to be Carried Out of theAllow Solids to be Carried Out of the
Trash TankTrash Tank

AndAnd
Prevent BOD Removal from Reaching Its Prevent BOD Removal from Reaching Its 

Highest EfficiencyHighest Efficiency

Treatment TankTreatment Tank
Effluent WeirAir Supply

Influent Wastewater

Aeration

Clarification

Effluent Wastewater

Clarification
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Treatment TankTreatment Tank
COHNS�O 2�BacteriaCO 2�NH 3�C 5 H 7 NO 2� Misc .
Wastewater New Cell Mass

C 5 H 7 NO2�5O 2�Bacteria5CO 2�2H 2O�NH 3� Energy
Decaying Cells

Carbon Oxidation

C-NH4-R NH3 N02 NO3
Bacteria Nitrosomonas Nitrobacter

Proteins
Amino Acids

Urea

Nitrification

Treatment TankTreatment Tank
Endogenous Phase

m
be

r o
f M

ic
ro

be
s

Log Phase

Stationary Phase

Death Phase

N
um

Time

Lag Phase
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Treatment TankTreatment Tank

Hydraulic Retention

Observed in ATU’sMunicipal DesignParameter

2000-5000 mg/L1500-4000 mg/L
Mixed Liquor

Suspended Solids

40-to-250 days3-to-15 days
Solids

Retention Time

10-to-24 Hours3-to-5 Hours
Hydraulic Retention 

Time

.5-1.2+ lb/lb BOD
0-4.57+ lb/lb TKN
0-.04+ lb/lb MLSS

1.2 lb/lb BOD
4.57 lb/lb TKN
.04 lb/lb MLSS

Oxygen Supply

Treatment Tank High FlowTreatment Tank High Flow

Overwhelm AeratorOverwhelm Aerator
I l t BOD R lI l t BOD R lIncomplete BOD RemovalIncomplete BOD Removal

•• Exceed Effluent LimitsExceed Effluent Limits
•• Odors!Odors!

High Effluent BOD and TSSHigh Effluent BOD and TSS
I l t BOD R lI l t BOD R lIncomplete BOD RemovalIncomplete BOD Removal
Imcomplete Settling of SludgeImcomplete Settling of Sludge
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Treatment Tank ClarifierTreatment Tank Clarifier

Effluent Weir

Clarification

Effluent Weir

Aeration

AerationClarification Aeration

Treatment Tank ClarifierTreatment Tank Clarifier

High
ft/hr ft/dayft/min

g 
or

 S
et

tli
ng

 V
el

oc
ity

High

Particle Size or Density

R
is

in
g

Low

Big--mm Small--µ
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Treatment Tank ClarifierTreatment Tank Clarifier
70%

2 hrs 6 hrs

50%-70% TSS Removal
Pe

rc
en

t R
em

ov
al

50% 70% TSS Removal

Detention Time (hr) 

P

0%

0 hr 8 hr

Treatment Tank ClarifierTreatment Tank Clarifier
Observed in ATU’sMunicipal DesignParameter

Upflow

30-to-1500 gpd/LF10,000 gpd/LF
Weir

Loading

25-to-50 gpd/ft2200-to-400 gpd/ft2
Overflow

Rate

*Critical Design Factor

8-100 ft/hr*12-24 ft/hr
Upflow
Velocity
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Treatment Tank ClarifierTreatment Tank Clarifier

High FlowsHigh Flows
Allow Solids to be Carried Out of theAllow Solids to be Carried Out of the

Trash TankTrash Tank

Flow MeteringFlow Metering
andand

Flow EqualizationFlow Equalization

DOSE PUMP CONNECTED TO TIMER

TRASH TANK DOSE TANK
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Control Strategy to Provide Flow Control Strategy to Provide Flow 
Metering and Flow EqualizationMetering and Flow Equalization

Distribute Dosing Over Longest Time Distribute Dosing Over Longest Time 
PeriodPeriod——24 Hours24 HoursPeriodPeriod 24 Hours24 Hours
Match Flow to “Assimilative Capacity” of Match Flow to “Assimilative Capacity” of 
the Treatment Tankthe Treatment Tank——About 5 gpmAbout 5 gpm
Make Sure to Provide Adequate Storage Make Sure to Provide Adequate Storage 
for Highest Flowsfor Highest Flows

SeasonalSeasonalSeasonalSeasonal
DailyDaily
HourlyHourly

Provide Adequate StorageProvide Adequate Storage
Residential InstallationResidential Installation

Maximum Tank Volume Is About 300 Gallons for 750 gpd Flow
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Match Flow to OccupancyMatch Flow to Occupancy

Maximum Tank Volume Is About 470 Gallons for 750 gpd Flow

Distribute Flow Over Distribute Flow Over 24 24 HoursHours

Match Treatment Capacity of ATUMatch Treatment Capacity of ATU

Minimize Dose VolumeMinimize Dose Volume

Maximize Dilution/Homogenization of Maximize Dilution/Homogenization of 
WastewaterWastewater

Minimize Change in Treatment TankMinimize Change in Treatment Tank
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Flow MeteringFlow Metering

Match Flow to “Assimilative Capacity” of Match Flow to “Assimilative Capacity” of 
Treatment Tank and ClarifierTreatment Tank and ClarifierTreatment Tank and ClarifierTreatment Tank and Clarifier

Match Wastewater Inflow with Oxygen Match Wastewater Inflow with Oxygen 
AvailabilityAvailability

Do Not Exceed Critical Upflow VelocityDo Not Exceed Critical Upflow Velocity

Match Wastewater Inflow with Match Wastewater Inflow with 
Oxygen AvailabilityOxygen Availability

Introduce Wastewater

Oxygen Concentration Drops
as BOD Is Used
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Flow Metering andFlow Metering and
Flow EqualizationFlow Equalization

1" B A LL  V A LV E
A D JU S T  F LO W  T O  5  G P M  IN T O  T R E A TM E N T  T A N K

M Y E R S  S R M -4  E F F LU E N T  P U M P  (O R  E Q U A L)
C O N N E C T E D T O C O N T R O L P A N E L

E X C E S S  F LO W  R E T U R N

1" B A C K F LO W  P R E V E N T E R

F LO W  E Q U A LIZ A T IO N

C O N N E C T E D  T O  C O N T R O L P A N E L

Flow Metering andFlow Metering and
Flow EqualizationFlow Equalization
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Flow Metering andFlow Metering and
Flow EqualizationFlow Equalization

Flow Metering andFlow Metering and
Flow EqualizationFlow Equalization
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Flow MeteringFlow Metering

Maintain Dissolved Oxygen at a Minimum Maintain Dissolved Oxygen at a Minimum 
1 mg/L1 mg/L toto 2 mg/L2 mg/L1 mg/L1 mg/L--toto--2 mg/L2 mg/L

Avoid Rapid Changes in Salinity or pHAvoid Rapid Changes in Salinity or pH

Avoid Lethal Concentrations of ToxicAvoid Lethal Concentrations of ToxicAvoid Lethal Concentrations of Toxic Avoid Lethal Concentrations of Toxic 
SubstancesSubstances

Potential PerformancePotential Performance

TPTNTSSBOD

823< 10< 10Effluent

1246219224Influent

33509898% Removal
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ATU PerformanceATU Performance
After TwoAfter Two--Months of InactivityMonths of Inactivity

CBODCBOD 10 /L ft d10 /L ft dCBODCBOD55 << 10 mg/L after one day10 mg/L after one day

TSS TSS << 10 mg/L after two days10 mg/L after two days

SummarySummary
Flow Metering Manages Flow Metering Manages RateRate Wastewater Wastewater 
Enters or Leaves a TankEnters or Leaves a Tank

Flow Equalizations Manages Flow Equalizations Manages TimeTime
Wastewater Enters or Leaves a TankWastewater Enters or Leaves a Tank

Flow Metering and Flow Equalization AreFlow Metering and Flow Equalization AreFlow Metering and Flow Equalization Are Flow Metering and Flow Equalization Are 
Related But Independent ActivitiesRelated But Independent Activities



4/22/2008

26

SummarySummary

Meter Flow to Match the Assimilative Meter Flow to Match the Assimilative 
Capacity of the Treatment TanksCapacity of the Treatment TanksCapacity of the Treatment TanksCapacity of the Treatment Tanks

Oxygen ConcentrationOxygen Concentration

Particle VelocityParticle Velocity

SalinitySalinity——pHpH——ToxicityToxicity——ConcentrationConcentration

Maximize Treatment PerformanceMaximize Treatment Performance

SummarySummary

Equalize Flow to Match Tank Volume with Equalize Flow to Match Tank Volume with 
Occupancy FlowOccupancy FlowOccupancy FlowOccupancy Flow

Identify Minimum, Average, and Peak FlowsIdentify Minimum, Average, and Peak Flows

Identify Diurnal Flow VariationIdentify Diurnal Flow Variation


