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Reasons for Modeling

Regulatory RequirementsRegulatory Requirements
•• CMOM CMOM –– system evaluation and capacity assurancesystem evaluation and capacity assurance
•• CSOCSO--LTCP LTCP –– flow characterization and CSO controlflow characterization and CSO control

Conveyance ConcernsConveyance Concerns
•• SSOsSSOs–– overflows, basement backupsoverflows, basement backups
•• CSOsCSOs–– violating clean water criteriaviolating clean water criteria
•• system expandabilitysystem expandability

Capital Improvement PlanningCapital Improvement Planning
•• prioritization of needsprioritization of needs
•• focus efforts and fundsfocus efforts and funds
•• sizing and cost estimatingsizing and cost estimating



Choosing a Model

Identify Your NeedsIdentify Your Needs

•• local surcharge problem or simple extensionlocal surcharge problem or simple extension

•• to understand the complete system hydraulicsto understand the complete system hydraulics
oo average daily flowaverage daily flow
oo system bottlenecks and storagesystem bottlenecks and storage
oo surchargingsurcharging

•• to determine expandability of the systemto determine expandability of the system
oo what sewers can be expandedwhat sewers can be expanded
oo do those sewers have capacitydo those sewers have capacity

•• how much effort and money do you want to spendhow much effort and money do you want to spend
oo itit ’’ s easy to get carried aways easy to get carried away



Choosing a Model

Basic Model TypesBasic Model Types

Simple capacity summary (spreadsheet)Simple capacity summary (spreadsheet)

Capacity summary softwareCapacity summary software

Dynamic hydraulic analysis softwareDynamic hydraulic analysis software

Robust dynamic hydraulic softwareRobust dynamic hydraulic software



Choosing a Model

Simple Capacity Summary Spreadsheet Simple Capacity Summary Spreadsheet ““ ModelModel””

•• Spreadsheet created by userSpreadsheet created by user
•• Input of simple pipe data (lengths, elevations, etc.) Input of simple pipe data (lengths, elevations, etc.) 
•• Capacity calculated by theoretical computation (Manning)Capacity calculated by theoretical computation (Manning)
•• Static Static –– steady state, snapshot in timesteady state, snapshot in time
•• A handy way to simply view capacitiesA handy way to simply view capacities
•• Often used as a big picture/sanity check of more complex Often used as a big picture/sanity check of more complex 

modelsmodels

•• Examples:Examples:
•• ExcelExcel
•• Quattro ProQuattro Pro

•• Typical Price Range:Typical Price Range:
•• $500 to $1,000$500 to $1,000



Choosing a Model

�� simplesimple
�� easy to use for very limited easy to use for very limited sewer sewer 

network sizenetwork size
�� inexpensiveinexpensive
�� handyhandy

�� too simple for complete systemtoo simple for complete system
�� low level of realismlow level of realism
�� limited GIS integrationlimited GIS integration



Choosing a Model

Capacity Summary ModelsCapacity Summary Models

•• Software package (proprietary)Software package (proprietary)
•• Input of simple pipe data and runoff equationsInput of simple pipe data and runoff equations
•• Limited hydrologic/hydraulic data analysis capabilityLimited hydrologic/hydraulic data analysis capability
•• Typically will Typically will ““ routeroute”” flow through system and compare flow through system and compare 

flows and capacitiesflows and capacities
•• Steady state, little to no dynamic flow simulationSteady state, little to no dynamic flow simulation
•• Often used for simple analyses and planning level designOften used for simple analyses and planning level design

•• Examples:Examples:
•• HydraHydra
•• Sewer CADSewer CAD

•• Typical Price Range:Typical Price Range:
•• $5000 to $10,000$5000 to $10,000



Choosing a Model

�� fairly simplefairly simple
�� easy to use for small sewer systemseasy to use for small sewer systems
�� relatively inexpensiverelatively inexpensive
�� increased data outputincreased data output

�� still not a dynamic modelstill not a dynamic model
�� relatively low level of realismrelatively low level of realism
�� limited GIS integrationlimited GIS integration
�� not friendly for alternative not friendly for alternative 

analysesanalyses



Choosing a Model

Dynamic Hydraulic Analysis ModelsDynamic Hydraulic Analysis Models

•• Software package (proprietary)Software package (proprietary)
•• Allows entry of pertinent data, calculates capacities with Allows entry of pertinent data, calculates capacities with 

unsteady stateunsteady stateflow equationsflow equations
•• Model routes hydrographs through the system taking into Model routes hydrographs through the system taking into 

account travel time, storage, etc. (more realistic analysis)account travel time, storage, etc. (more realistic analysis)
•• Unsteady state, includes varying flow and surchargeUnsteady state, includes varying flow and surcharge
•• Used for more complex systems and Used for more complex systems and ““ what ifwhat if ”” scenariosscenarios

•• Examples:Examples:
•• XPXP--SWMMSWMM
•• Sewer GemsSewer Gems

•• Typical Price Range:Typical Price Range:
•• $10,000 to $15,000$10,000 to $15,000



Choosing a Model

�� a dynamic model much more realistica dynamic model much more realistic
�� useful for all size systemsuseful for all size systems
�� wider variety of data inputswider variety of data inputs
�� excellent for alternative analysesexcellent for alternative analyses

�� fairly complicated to usefairly complicated to use
�� more expensivemore expensive
�� some instability in programsome instability in program



Choosing a Model

Robust Dynamic Hydraulic Analysis ModelsRobust Dynamic Hydraulic Analysis Models

•• Software package (proprietary)Software package (proprietary)
•• Similar to dynamic hydraulic analysis modelsSimilar to dynamic hydraulic analysis models
•• Offer more robust analysis features with greater Offer more robust analysis features with greater 

capabilities, better model stability, and reduced capabilities, better model stability, and reduced 
processing timesprocessing times

•• Typically used by large sewerage agencies and Typically used by large sewerage agencies and 
municipalities with highly complex systemsmunicipalities with highly complex systems

•• Examples:Examples:
•• MIKE UrbanMIKE Urban
•• Info Works CSInfo Works CS

•• Typical Price:Typical Price:
•• Over $15,000Over $15,000



Choosing a Model

�� more stable programmore stable program
�� faster processingfaster processing
�� more detailed capabilitiesmore detailed capabilities
�� good for very large, complex systemsgood for very large, complex systems

�� very complicated to usevery complicated to use
�� more expensivemore expensive
�� not as widely usednot as widely used



Choosing a Model

Other features of most dynamic models:Other features of most dynamic models:
•• View and encode shape files as background imagesView and encode shape files as background images
•• Import/export to or from external databasesImport/export to or from external databases



Choosing a Model

Other features of most dynamic models:Other features of most dynamic models:

•• Model a variety of hydraulic Model a variety of hydraulic 
elements elements –– open & closed conduits, open & closed conduits, 
pumps, orifices, weirs, baffle walls, pumps, orifices, weirs, baffle walls, 
valves, storage facilities, etc.valves, storage facilities, etc.

•• Several internal methods to develop Several internal methods to develop 
sanitary dry weather flowssanitary dry weather flows

•• Numerous methods to output data Numerous methods to output data 
and view resultsand view results



Creating a Model

Focus on Dynamic ModelsFocus on Dynamic Models
•• Create the Paper ModelCreate the Paper Model
•• Build the ModelBuild the Model
•• Calibrate the ModelCalibrate the Model



Creating a Model

Paper ModelingPaper Modeling
•• Study your existing systemStudy your existing system



Creating a Model

Paper ModelingPaper Modeling
•• Identify your system backbone (10 inches and up)Identify your system backbone (10 inches and up)



Creating a Model

Paper ModelingPaper Modeling
•• Break the system into drainage basinsBreak the system into drainage basins

� age of pipe network
� land use characteristics
� pumping stations
� basin size



Creating a Model

Model Building Model Building –– System ParametersSystem Parameters
•• Data base and by handData base and by hand



Creating a Model

Model Building Model Building –– Dry Weather (Base) FlowsDry Weather (Base) Flows

•• Theoretical characterization of flowsTheoretical characterization of flows
oo related to basin identificationrelated to basin identification
oo estimate flow production based on land useestimate flow production based on land use
oo assign flow contribution to sewer (nodes) in modelassign flow contribution to sewer (nodes) in model
oo run a mass balance to fine tune contributionrun a mass balance to fine tune contribution
oo verify with water records and system flow recordsverify with water records and system flow records

•• Actual flow metering data (typical)Actual flow metering data (typical)
oo enter 24enter 24--hour hydrograph from meter datahour hydrograph from meter data
oo the model mimics actual datathe model mimics actual data
oo careful, dry weather flows are seasonally dependantcareful, dry weather flows are seasonally dependant
oo theoretical is needed for future development or infilltheoretical is needed for future development or infill



Creating a Model

Model Building Model Building –– Wet Weather FlowsWet Weather Flows

•• Theoretical characterization of flows (typical)Theoretical characterization of flows (typical)
oo related to basin identificationrelated to basin identification
oo estimate runoff based on land coverestimate runoff based on land cover
oo models usually have several different runoff methodsmodels usually have several different runoff methods
oo assign flow contribution to sewer (nodes) in modelassign flow contribution to sewer (nodes) in model

•• Actual flow metering data (used more for calibration)Actual flow metering data (used more for calibration)
oo enter 24enter 24--hour hydrograph from meter datahour hydrograph from meter data
oo only reliable for specific events meteredonly reliable for specific events metered

•• This is where modeling separate sanitary sewer systems This is where modeling separate sanitary sewer systems 
becomes challenging and complex (inflow and infiltration)becomes challenging and complex (inflow and infiltration)



Creating a Model

Model Calibration Model Calibration –– Flow MeteringFlow Metering
•• Use your paper modelUse your paper model



Creating a Model

Model Calibration Model Calibration –– Flow MeteringFlow Metering
•• Identify data collection locationsIdentify data collection locations



Creating a Model

Model Calibration Model Calibration –– Flow MeteringFlow Metering
•• install flow metersinstall flow meters
•• collect pumping station datacollect pumping station data
•• install rain gaugesinstall rain gauges
•• install flow samplers, if neededinstall flow samplers, if needed



Creating a Model

Model Calibration Model Calibration –– Flow Metering DurationFlow Metering Duration
•• varies by purpose of study or modelvaries by purpose of study or model
•• separate sanitary sewer systemsseparate sanitary sewer systems

oo dry weather (base) flowdry weather (base) flow
oo inflow and infiltrationinflow and infiltration
oo 60 days minimum during wet weather (spring)60 days minimum during wet weather (spring)
oo relatively inexpensive compared to longrelatively inexpensive compared to long--termterm

•• combined sewer systemscombined sewer systems
oo inflowinflow
oo 3 to 4 months during wet weather (spring) and 3 to 4 months during wet weather (spring) and 

summer summer 
•• 1010--minute interval data collectionminute interval data collection
•• perform continual assessment of data for errors, perform continual assessment of data for errors, 

inconsistencies, and mechanical failureinconsistencies, and mechanical failure



Creating a Model

Model Calibration Model Calibration –– Flow Metering is CriticalFlow Metering is Critical
•• flow metering for hydraulic modeling creates accountabilityflow metering for hydraulic modeling creates accountability

Relocate 
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��������	
���
����

�
���
��

������

�
�
	�

�
�
�
�
����
����


�������
������
��

������

���� �		����


���
������
����
�

 ���
	��!���
�
�����
�
"
�

#
�"��$

�
���
�����
�%
��&
������

�
!
���
'�
��������
 ���&������
'����
�
��

 ���&���

���
�

(
��
�
)������


���
�

*��"
�
�
����



Creating a Model

Model Calibration Model Calibration –– Identify Flow CharacteristicsIdentify Flow Characteristics

Wet Weather Hydrograph
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Creating a Model

Model Calibration Model Calibration –– Identify Flow CharacteristicsIdentify Flow Characteristics

Wet Weather Hydrograph
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Inflow/Infiltration Hydrograph
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•• Separate sanitary sewer systemsSeparate sanitary sewer systems



Creating a Model

Model Calibration Model Calibration –– Employing Metering DataEmploying Metering Data

•• Dry weather flowsDry weather flows
oo use to verify basin contribution allocation, oruse to verify basin contribution allocation, or
oo input directly into modelinput directly into model
oo difficult to tweak model for dry weather flowdifficult to tweak model for dry weather flow
oo system parameters are generally not system parameters are generally not ““ tweakedtweaked””

with the exception of roughness coefficientswith the exception of roughness coefficients
oo if using theoretical data, tweak flow contributionif using theoretical data, tweak flow contribution



Creating a Model

Model Calibration Model Calibration –– Employing Metering DataEmploying Metering Data

•• Specific wet weather events meteredSpecific wet weather events metered
oo use to verify basin land cover characteristics and use to verify basin land cover characteristics and 

runoff equation inputs, orrunoff equation inputs, or
oo input directly into modelinput directly into model
oo easy to tweak model for wet weather floweasy to tweak model for wet weather flow
oo adjust hydraulic path, impermeability, rate of adjust hydraulic path, impermeability, rate of 

ground saturation (changing runoff and ground saturation (changing runoff and TcTc))



Creating a Model

Model Calibration Model Calibration –– Employing Metering DataEmploying Metering Data



Creating a Model

Model Calibration Model Calibration –– Extrapolating Metering DataExtrapolating Metering Data
•• differs from SSS to CSS or storm sewer systemdiffers from SSS to CSS or storm sewer system
•• CSS is more reliableCSS is more reliable
•• SSS is very difficult, requires engineering judgmentSSS is very difficult, requires engineering judgment

0.00

500.00

1000.00

1500.00

2000.00

2500.00

3000.00

3500.00

4000.00

4500.00

5000.00

0.00 1.00 2.00 3.00 4.00 5.00

Return Frequency (Year)

P
ea

k 
F

lo
w

 (
gp

m
)

Response

Linear (Response)



Using a Model

Analysis of Deficiencies and SolutionsAnalysis of Deficiencies and Solutions
•• model shows bottlenecks and possible blockagesmodel shows bottlenecks and possible blockages
•• model used to compare alternatives for remediationmodel used to compare alternatives for remediation
•• use data output to feed costuse data output to feed cost--benefit modelsbenefit models



Using a Model

Identification of Future Needs and ExpansionIdentification of Future Needs and Expansion
•• model shows available capacitiesmodel shows available capacities
•• model used to compare alternatives for expansionmodel used to compare alternatives for expansion
•• use data output to determine costs and user rates, use data output to determine costs and user rates, 

SSAsSSAs, recapture fees, impact fees, recapture fees, impact fees
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Using a Model

Capital Improvement PlanningCapital Improvement Planning

Economics
Environmental
Benefits

Social
Values Subset that

Meets All Goals

•• define project based on define project based on 
needneed

•• determine priorities and determine priorities and 
““ what ifwhat if ”” scenariosscenarios

•• cross reference conveyance cross reference conveyance 
improvements with other improvements with other 
capital improvement capital improvement 
projectsprojects

•• remove the politicsremove the politics



mike.waldron@strand.commike.waldron@strand.com

815815--744744--42004200



Creating a Model

Model Calibration Model Calibration –– Identify First Flush for CSSIdentify First Flush for CSS


