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MSDGC SWM Modeling Guidelines & Standards
EXECUTIVE SUMMARY

INTRODUCTION

The Metropolitan Sewer District of Greater Cincinndd$DGC) Volume |- System

Wide Model (SWM) Modeling Guidelines andStandards igo guide modelers in
model development, calibration, validation, and documentation of the System Wide
Model. The intention is to provide MSDGC with accurate and consistent models of
the sewer system.

HISTORY OF UPDATES

The initial version of the MSDGC ModelinGuidelines andstandards/olume 1 -
System Wide Modelvasprepared by XCG Consultants, Inc. aeleloped in 2011
with the Revision 0 issued aduly 29, 2011 The rviewers of Revision @nd
included:

1 Joe KoranP.E., MSDGC

Eric Saylor, P.E., MSDGC

Edward Burgess, P.E., D.WRE of CDM
Philip Cheung of City of Toronto, Ontario
Taymour EfHosseiny, PID., P.E. of EMH&T
Philip GrayP.E.,P.Eng of XCGConsultants
Susan Moisio, P.E. of CH2MILL

Nancy Schultz, P.E., D.WIRof CH2ZMHILL
1 Donald Wendorf, P.E. of CH2MILL

Based on the reviewdrcomments, an updated version of the Guidelines and
Standards was issued as Revisiohptil 2012

MSDGC developed validation and calibration report templates. Revision 2 was
issued m June 2012.
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Acronyms and Definitions
CAGIST Cincinnati Area Geographic Information System
Calibrationi Adjustment of model parameters to better match observed data
CAPPi1 Capacity Assurance Program Plaganitary sewer system upgrade plan

CSO1 Combined Sewer Overflow flow from combinel sewer in excess of interceptor
capacity that is discharged to an open channel or stream

DUC i Dynamic Underflow Controli System of sensors and gates to automatically
maximize flow to the interceptor and minimize overflows

DWF i Dry Weather Flowi low flow of sanitary discharge and base groundwater
infiltration without stormwater or rainfall derived inflow and infiltration

EHRT 1 Enhanced High Rate TreatméntChemicallybased enhanced sewage treatment
system for treating wet weather flows befdigecharge to receiving stream

GIST1 Geographic Information System (includes generic mapping and CAGIS)

HRT i High Rate Treatmerit Primary sewage treatment system for treating wet weather
flows before discharge to receiving stream

LID 7 Low Impact Developranti structures and techniques for reducing water quantity
and water quality impacts of development compared to standard construction

LTCP1 Long Term Control Plain combined sewer system upgrade plan
MSDGCi Metropolitan Sewer District of Greater Cincatn
PBDi1 MSDGCdivision forPlanning and Business Development

RDII i Rainfall Derived Inflow and Infiltratiori rainwater directly or indirectly flowing
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inflow and K as duration of recession limb to time&ak
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SSOi Sanitary Sewer Overflow flow from sanitary sewer in excess of interceptor
capacity that is discharged to an open channel or stream

SWMi System Wide Modédl model input file of sewer system

Validation i Comparison of model results to observed data without adjustment of model
parameters

WaPUG i Wastewater Users Group group of experts that developed standards on
expected model accuracy
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1. INTRODUCTION

In 2003 he Metropolitan Sewer District of Greater Cincinnati (MSDGC) developed
seven hydraulianodels ofa portion ofits collection systemo study, plan, and
design solutionsEach sewershed has its own distilgidrologic andhydraulic
model For the purposes of this documegBystem Wide Model (SWM) encompasses
each of the seven distinct collection system modé&lse SWM includes all
combined pipes 1Bichesin diameterand lager, and all sanitary pipes lifchesin
diameterand largerThe SWM is intended for modeling hydrology and hydraulics in
the sewer systen©ther uses such as water quality modeling are outside the current
scope of the SWM and are not discussed in tbhuchent The current SWMuses

the U.S. Environmental Protection AgenciERA) SWMM 5.0021 engine This
document will be adjusted if MSDGC decides to use different modeling software in
the future.

The SWMgivesMSDGC a tool to evaluate for both existing &nture conditions,

as well as to analyze proposed improvement projects before constriitieo8\WWM

was further developed to include proposed solutions models supporting the Wet
Weather Improvement Plan (WWIP), the Capacity Assurance Program Plan (CAPP),
the Long Term Control Platlpdate (LTCP Updatg, and other studied~or the

CAPP released in 2006, MSDGC used standards developed by CDM as documented
in the CAPP Modeling Standard$ated January 200%hese standards and protocols
were further developed by a team of experts as documented Wedhé&Veather
Improvement Program Volume IV: Protocols and White Paplense 2006.

MSDGC regards this as a dynamic document, with continual updates and reviews
occurring as neededlust as the MSDGC collection system changes over time, the
SWM and the methodology for that SWM will also change and be updeated
needed

Purpose of Document

As land development and redevelopmearid sewer system repairs, replacement,
and improvements continue throughout Hamilton County, MSDGC sné¢ed
standardize methods as much as possible and to allow innovation where needed.

MSDGC views the modeler amvningthe particular version of the model developed
for a project This Guideline& Standardslocumenis intended to guide the modeler
through the development and documentation of the model for a prdjeet
mo d e |decuntemstation forms a justification of the changes to the model.

This document is intended to:

1. Provide technical sugpt and guidance to those involved with developing,
using, reviewing, or any other aspect or activity related to hydrologic,
hydraulic, and water quality modeling for MSDGC

2. Ensure consistency in modeling and reporting on the MSDGC collection
systems.

3. Prodcee accurate and reliable model s
system.

MSDGC Modeling Guidelines & Standards Revisidune 2012 Volume | 11
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1.1.1 Audience

The primary audience for this document is those who are directly responsible for
developing, updating, usingnd reviewing thénydrologic and hydraulicomputer
modeling of the MSDGollection systemWhile some of thenformationwill be

of interest to planners and other nmodeles, this document assumes some
familiarity with modeling and the modeling software.

1.1.2 Allowable Variance from SWM Modeling Standards
(Innovation)

The modeling techniques described in this document have been successfully used to
model MSDGC sewer systenmAlthough specific model approaches are described in
herein alternative approaches are neicluded Additional data, changing
conditions, updated software, etc. may allow new methfd@OGC recognizes that
innovation will occur and intends this document to provide a framework for the
documentation, review, and acceptance of alternative methlosgever it should

be noted thaét any time during the projeatieviation from these standards requires
written approval from thePrincipal or Supervising Engineer of ti®anning and
Business DevelopmenPBD) Modeling and Monitoring Group

Purpose of SWM Modeling Standards

The objective of the MSDGGWM Modeling Standards is to provide a consistent
approach to modeling, documentation, review and acceptéhedollowing section
describeglements considered in establishing modeling standards.

1.2.1 Compatible and Comparable Methods and Results

The SWM Modeling Standards are intended to provide MSDGC wittonsistent
approach to the development, validation/calibration, application, and interpretation
of modelsregardless of the individuals and organizations performing the mgdelin
This document presestlecisions already madeg,,accept abl e range
roughness coefficienh), methods of modeling the separation of combined sewers,
etc.) in othesituations so the modelean focus on new or unique situations

1.2.2  Checklist for Completeness

Sections regarding review and documentation can be viewed as a checklist for use by
the modelers and reviewers during a projédbdelersare expected to use this
Guideline & Standards documetd review their own efforts and to produtiee
documentation required by the reviewekslditionally, ths document describes the
expectations of the model reviewers soriwdeles can fully document their efforts

and speed the review process.

Software Discussion

MSDGC has invested significantly the development of the SWMhe SWM has
played an important role in the hydrologic and hydraulic model used extensively in
the development of the 2006 WWIP and by MSDGC staff and the consulting
community in the planning, evaluation, and design of maajepts in theDistrict.

MSDGC Modeling Guidelines & Standards Revisidune 2012 Volume | 1-2
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The SWM was originally developed in EPA SWMM4 and migrated to EPA
SWMMS5 in 2004 05. The model has been updated as projects or assignments have
moved forwardMSDGC has been using EPAWMM 5.0021 software for system
planninganalysis as well as projespecific needs.

1.3.1 Software Engine

EPA-SWMM is the current modeling software used by MSDGEA-SWMM is a
singleuser software package and has no direct cost associated. \WMBDGC has
selected EPASWMM 5.0021 as the softwareot be used in developing future
hydrologicand hydraulicmodels This document assumes the use of this version of
the EPA-SWMM software.

The EPASWMM modeling software package has several benefits including:

Federally approved modeling software

Free downlod

Not proprietaryand easily ported to other hydraulic software packages
Used to deve&sWhlp MSDGCOs

Online users group available to discuss software and modeling issues

While EPASWMM i s a capable software package
modelingneeds, it does have limitations with respect to data management, review,
and scenario manageme@hallenges include:

= =4 =4 -8 9

1 No scenario manageas each input file is a single time period and set of
input parameters

Limited results review including fixed outptables

Limited data managemerguch as formats for input data

No Geographic Information SysterG[S) interaction

Limited user interface

= =4 =4 -9

All modeling work performed must be provided to MSDGC in the format of the
MSDGC standard softwar€alibration runs ash final alternative scenarios must be
run in the standard softwareith the input and output files provided to MSDGC
Submissions for review include the model input files as well as any supporting files,
such as boundary conditions time seriegmnfall ime series, and any supporting
external files All documentation reporting and supporting changes to the model and
describing calibration effortshouldbe included.

Revision of SWM Modeling Standards

As stated before, thiSWM Modeling Standards is ling documenand will be
updated and changed aseded Several different changes may come about in the
future that will require an update of techniques or the addition of different sections
as new or updatedfeatures become availabl®roposed changes to the SWM
Modeling Standardshouldbe submitted to the Principal or Supervising Engineer of
the PBD Modeling and Monitoring Group for review and possible inclusion in future
versions of the SWM Modeling Guidelines and Standards.

MSDGC Modeling Guidelines & Standards Revisidune 2012 Volume | 1-3
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The following sections highlight only a few reasons for an update/revision of this
document.

1.4.1 Software Changes

The standard modeling software for MSDGC at this time is EPA SWMMZALO.

The developers of EPA SWMM are constantly updating and making revisions to the
modeling softwareln the future, EPA SWMM may offer different features that ease
working with Low Impact Development (LID) strategies and Real Time Control
(RTC) facilities In the future MSDGC may want to move to a different modeling
packageln eithercase, this document will need to adapt to future decisions made by
MSDGC.

1.4.2 Innovations in Technique

The modeling techniques describbdrein have been used tbestrepresent the
physical reality within the limitations of the software and the available. data
Improved(more accurate, more fully representative) techniques are expected to be
developed through the experiences of various neogleghe availability of more
information, and ofgoing development cfoftwaretools

Document Organization
Theremaindeof this document is organized as follows:

1 Section 2provides an overview of general modeling

1 Section 3 describes MSDGC modeling and review process to ensure
consistency

1 Section 4provides guidance to the modeler on determining when the existing

model needs to be updated

Section 5lists general modeling guidelines for MSDGC sewer systems

Section 6 offers guidance on modeling specific situations that may be

encountered

1 Section 7 provides validating the existing model as sufficiently calibrated

without further changes

Section 8describes guidelines for calibrating an updated model

Section 9 presents documentation requirements for describing model

validation and calibration, and model changes

= =4

= =
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2. MODELING OVERVIEW

Uses

A hydrologic andhydraulic model is a computgeneratedsimulation offlow into

and through a sewer and channel netwérlsewer systemmodel allows users to
view flows, levels, velocities, and surcharge conditions in many areas of the sewer
network at the same timeBlending fixed information (pipe diameter, manhole
elevation, etc.) withvariableinformation (rainfall, flow water level, etc.), a model

will estimate the conditions throughout the sewer system

The computerized model is a valuable ttml assessingurrent conditions antbr
the planning, evaluation, and design of projects within a syshadels allow the
user to simulate ppposed system improvements before constructiont@adévelop
and evaluatelifferent scenariadModels also allowuture conditiongo be simulated
to help determine the impact of changes.

In the development of computer models, the dbjes must be defined early in the
process The objectives will help define the importance of modeling assumptions
(i.e., Dry Weather Flow DWF] patternvs. average value) and the level of detail in
the modelite., 18-inch-diameterpipe only or down to he6-inch-diameterpipe).

Limitations

One limitation of computer modeling is the quality of data used in ridel
developmentupdateand calibrationOften thereis notsufficient data available for
model development and calibration for specific aréas exampleasbuilt records
of an older collection system may be difficult to acquire

Calibration data (rainfall, flows, etc.) may be limited in location, time, and quality of
data The primary limitation in flow monitoring for calibration data is thessible
inaccuracy in the flow measuremeiihis inaccuracy can b£10% error or more
resulting fromerrors in the level measurement, the velocity measurement, and the
pipe cross section measuremenifiese three measurements are used in each
instantaneos calculation of flow, so small errors (on the order of 2%) in each
measurement combine to become a larger efarbulence and debris movement
during high flows can exacerbate errors in flow monitarifige 10% error can be
expected during normal flowoaditions and can bgreaterduring higher flow
conditions.

In building and calibrating the model, parameter selection and estimation is usually
determinedby the modeler Tables of typical value ranges are available for
parameters s uch essssoilM=@rmaadteristioy,@ts., butd is gphtanthe
modelerto make an engineering decision concerning the application of these.values
For many of the parameters, the model software or the observed data support the
selection of a single value for a parametet varies in the physical realityor
example, the roughness of a grass sarfaaries throughout the yedow in the

winter (lack of growtl), high in the spring and fallgrowth triggered by warm
temperatures and adequate raipfalhd low in the summédrough).
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The enduser of the model should understand the uncertainty and sensitivity of the
assumptions made in model develamnh Therefore,modeles must quantify and
present the uncertainty of their model outgttis information allows endsers the
opportunity to evaluate the results and the confidence that should be placed.in them

Another concern with computer modelingnet with the structure or processes of
the model itself, but in how the model output is interprefdus issue can be
minimizedby clearly defining the design problems to be addressed by the modeling
exercise to end with a thorough interpretation ofrttualel results, their uncertainty,
and their relationship to the design questions.

Situations That Do Not Require Modeling

2.3.1 Pipe Lining
Model requests for pipe lining typically fall into two categories:

a. Does the current pipe have capacity?
b. How will lining affect the capacity of the pipe?

Modeling requests that fall under the first category should be performed to evaluate
the current capacity of the pipe and determine if lining is the appropriate solution to
the problem. If the pipe is modeled as under cépaadditional investigation may

be warranted.

Modeling requests that fall under the second category do not need to be performed.
Typically, liners range in size fromm thick for an 8nch pipe to 27mm thick

for a 3Ginch pipe. This translates to as®of 67% of pipe diameter, which is well
within all of the other sources of potential error in the model.

2.3.2  Addition of new Dry-weather flow

Generally, unless it is a large area, the addition ofwlrgther flow to the model
does not have a great impachdding new dryweather flow area most likely does
not require a fulscale modeling effort. Currently, model results are reported in
cubic feet per second (cfs) to one decimal place. If the additionavemther flow

is less than 0.1 cfs, the impaall not be shown in the reported model results. If the
additional dryweather flow is greater than or equal to 0.1 cfs, modeling is still not
required if it is adding less than 10% to the existingwleather flow.

2.3.3 Changes in Horizontal Layout, Manningd salue, Planned Pipe
Slope

Changes to horizontal layout do not generally need to dmeodkeled if the change

does not increase the pipe length or change the pipe slope. Even if the pipe length or
pipe slope is changed, modeling may still not be requifate designer calculates

that changes in pipe slope or length will not change the design flow of the pipe by
more than 10%

MSDGC Modeling Guidelines & Standards Revisidune 2012 Volume | 2-2
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Topics Outside MSDGC System Wide Model

For thisGuidelines & Standarddocument, the topics outlined below are considered
outsice the MSDGC SWM effortThe level of effort involved in developing and
adding the required model data are greater than the presumed level of accuracy and
the impact on the model results would justify

2.4.1  Water Quality Modeling

At this time, MSDGC generallyloes not use ERSWMM for modeling water
quality. Flow hydrographs from EPAWMM have been used by MSDGC as inputs
for separate water quality models

Water quality modeling is discuss in Volume 3 of the MSDGC Modeling
Guideline &Standards

2.4.2 Groundwater

MSDGC does not generally model the groundwater flows in its systéven the
volume of data needed to model groundwater impacts on the sewer networks and the
presumed accuracy of the model results, the value of the model impacts is
considered minimalThe inflow into the system from groundwater is modeled using
other methods such as RTK into separate sewer systems or adjusting the runoff
parameters for combined sewer systems.

2.4.3 High Receiving Water Levels

The SWM generally does not consider receiving streeater levels For major
streams such as the Ohio River, Little Miami River, and Mill Creek, the scale of the
effort in developing models is beyond the current sc@pecific smaller streams
such as Duck Creek and West Fonave been added where theeiging stream
water levels have a direct impact combined sewer overflonCSO performance,
water level datareavailable, and the modeling effort is manageable.

Surface water intrusion is a problem in the MSDGC netw8&dmetimes the Ohio
River, Mill Creek, etc. will rise and enter the MSDGC system either through
infiltration by raising groundwater levels by direct inflow throughan open CSO
flap gate, damaged manhole,.dstimation of this inflow is difficult

One way to manage the effectsdiect inflow to the MSDGC system is to set a
boundary condition on all CSO overflows equal to the river stage of the receiving
stream Unfortunately this analysis can only be done for observed storms with
reliable river stage data or for design starM&ter level data (usually ifinute
interval) is available through the United States Geological Survey (USGS) website
for limited locations in the MSDGC service area

The impact of high water on sewer flows can only be accurately reproduced with
flow monitoring and receiving water level monitorirffyom these data, relationships
may be determined linking the water level to the resulting flows in the sewers.
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Through frequency analysis of the local storms and the levels in the receiving
waters, an assumedcesving water level can be determined for a projdttese
water levels are normally determined specifically for a project.

2.4.4 Snowmelt

Snowmelt is &orm of runoff not commonly accounted for in the SWMthough

the model has the capability to simulate sn@lmthis analysis is only possible
when coupled with a tremendous amounteaifable data Some of the parameters
required are redime temperature, temperature at which snowmelt occurs, and many
other snow pack parameteB&now can only be incorporat@ato the model as it as

an equivalent depth in raifror calibration of the model, the observed snowfall is
only possible through the use of heated raingga Currently, MSDGC does not
have any heated raingges in its networland has decided not to tai them

In addition, the climate for the greater Cincinnati area limits the need to model
snowmelt Typically, snowmelt in this regiondoes not significantly impact the
performance of the collection systdmecause limited depth of accumulated snow
leads to limited volumes of runoff during snowm@lherefore the climatedoes not
justify the time and expense required to gather the data necessary to include
snowmelt in the model

2.45 Modeling of Wastewater Treatment Plants

MSDGC staff is currently in the process of developing hydraulic models for each of
the seven major wastewater treatment plai8NTPs). The modeling of the
WWTPs is discussed in Volum2 of the MSDGC ModelingGuidelines &
Standards
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3. MSDGC MODELING AND REVIEW PROCESS

This section describes the steps tnatleles will follow whenthe SWMis required
for project modelingand model updatesThis section isintended to guide the
modelers through the model development and review phases

MSDGC Update Due to New Information

As MSDGCcontinuously improvethe collection system, tH8WM needs taeflect

the system or condition chang&ources of new dataclude construction of new or
replacement structures, changes to pump ratings or operating rules, discovery of
construction drawings, as well as surveys and inspections

Periodically MSDGC will update the model parameters based on updated
information The updated model may not be adjusted to improve calibration
following the update The modeler is responsible for the validation and
documentation of the model status before project developribet update of the
model based on new information and an ovamattalibration of any of the seven
collection system models will follow the work plans developed by MSDGC for each
model.

Project Modeling Steps

MSDGCbelievess he model ers for a project need
the project The depth of relew, the type and detail of data collected for model
update, the adjustment of parameters, the level of validation or calibration, and the
techniques used for modeling are the responsibility ofrtbdeles. In the proposal

stage of the project developmetiie modeler will propose the level of detail to be
used in following the SWM ModelinGuidelines &Standardsincluding boundaries

of model reviewand possible deviations from the SWM Modeling Standdfds
example, small projects may not require theasdevel of review as WWIP bundle
projects The modeles mustdefendand thoroughly documei EPA-SWMM any
changes to th8WM for MSDGCH eeviewas part of the review process

The steps for project modeling are showirigure3-1.
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Figure 3-1 Project Modeling Steps

Project
Modeling
Steps

Step 2
Determine Project
Boundaries

Step 1
Aquire SWM from |::>
MSDGC

Step 5 Step 4 Step 3
Data Collection Plan Review & Document Review & Document
Validation Data Model Inputs

Step 8
Documentation

Step 7
Model Calibration

Step 11 Step 10

New Information Model Alternatives, <:| Step 9

Following MSDGC Evaluation, and MSDGC Review

Review of Base Model Recommendations

Step 6
Model Validation

3.21 Step 1- Acquire SWM from MSDGC

Project modeling should begin by acquiring the most re88iM for the project
from the MSDGCPBD Modelingand MonitoringGroup. Themodeles must review

all aspects of the modalith MSDGC to identify possibldimitations of the current
model (level of calibration, certainty of pump cunasl WWTP operatiorgtc.)for

the specific project needi addition, tle needs of MSDGC for updat) the model

will be discusseds well as the status of the model wptan AppendixA includes

the MSDGC workplan for each SWM Documentation of previous modeling
projects that chaged the model parameters will be available from PBD Modeling
and Monitoring Group for modelers of current projects.

The modeling software to be used for each project should be verified with MSDGC
to maintain consistency between model input files
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An impatanttopic of discussion with MSDGC will be the status of other projects in
the samesewershedisthe project Current and possible futupggojects may impact
flows into the project area, change the downstream conditions (flow and/or water
levels), alterthe timing of flows, and/or change the WWTP operationke
combined impact of all projects must be consideredSamitary Sewer Overflow
(SSO and CSO volumes, pump station and conveyance capacity, WWTP capacity,
etc Proper modeling of the other projeatill likely involve coordination witn the
MSDGC organiation and with other consulting groups

3.2.2 Step 2 - Determine Project Boundaries

Once the specifiSWM has been obtainethe modelershall perform the following
tasks:

1. Delineate and confirmhe spedic area of interest within theewershed
model Identify SSOs andCSOs that may be affected by system hydrolmgy
hydraulicsmodification

2. Establish suitable boundary conditions for assessm&wgfine boundary
conditions (head and flow) sufficiently tagecognize upstream and
downstream influencesBe aware that other projects may impact the
boundary conditions.

3. ldentify where additionatatchment delineation detail opllection system
information is requiredto meet the modeling objectives of the projdn
general, the SWM combined sewer system model includes agpsmall as
18inches in diameter and separate sanitary aasasmall asl2inches in
diameter Additional detail may be required depending on the specific project
and the availability ofriformation.

3.2.3  Step 3 - Review Model Inputs

The modeler will perform @reliminaryreview of model hydrology and hydraulics
with data needs assessed and identifidddel attribute information should be
reviewed in GIS and any discrepancies resolved throaggn equests to MSDGC
and field visits Model input parameters will be reviewéa ensure that values fall
within expected range corresponding to the physical conditput parameters will
alsobeanalyzed fopossible anomaliegnd flaggedor furtherinvestigation.

3.2.4  Step 4 - Review Validation Data

The modelershould work with MSDGC tadentify available flow monitoring and
rainfall data ando review GIS datalf flow monitoring dataarenot available oare
insufficient, the modeler shoul@entify the need for flow monitoring and potential
locations and provide thisrecommendationto MSDGC Insufficient datamay
include flows collectedluring:

1. Unusually wet or dry periodsith abnormal rainfalto-runoff characteristics
2. Periods with only smalstorms(if calibrated only to small storm#he model
may poorly simulatelarger storm}s
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3. Periods before major system chang@sajor change in land ussewer
separation, RTC, etcsuch that the flows do not correspond to the modeled
collection system.

4. Peiods ofdata with large or frequent gafsoor data quality)so peak flows
or water levels are missed or volume calculations may not be complete.

The modelewill review available flow and rain dafar completeness and utility for
model validation and aibration The modelerwill prepare adata summaryo
document the available flow and rain data, discuss any data shortcomings, and
identify additionaldataneeds.

MSDGC has procedures in place for the initial review of rain and flow monitoring
data Because ofhe volume of data regularly collected by MSDGC, this review will
never be as comprehensive as a review by modelers investigating a specific area and
period of time The modeler is expected to review the available data to identify
periods of dat for use in modeling

For flow and level datahe data review should include:

Conservation of volume through downstream monitors;

Extreme changes in depth, velocity, and/or flow;

Extreme values of depth, velocity and/or flow;

Depth or velocity measuremis outside range of instrument
Scatter plots of depth to velocity and depth to flow for consistency
Periods of supercritical flownd hydraulic jumps

Periods of receiving water intrusion

= =4 =4 -8 -8 -9 -9

3.25 Step 51 Data Collection Plan

Based on the review of the SWM, dissions with MSDGC and others about the
project area and about other projects in the system, and the monitoring data review,
the modelemill developa Data Collection PlarData Collection Plans include the
following tasks:

91 Acquire construction drawings

1 Review reports related to the project area and the sewer system
9 Site visits

1 Meetings or other communication with MSDGC personnel

1 Detailed review of flow monitoring

1 Schedule of activities

After review and acceptance by MSDGC, the Data Collection mRidin be
implemented This step may continue for some time and may coincide with other
aspects of the projedEor example, flow monitoring may coincide with the initial
calibration of the model using existing flow data.

3.2.6  Step 6 - Model Validation

Model valdation occurs if the model inputs have not been significantly chaoged
once the calibration process has taken plddes objective of validation is to
document that the model is a reasonable representation of the .sydtelal
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validation will use obseed data to verify that the model represents M&DGC
system

Data used in the validatioprocessincludes flow and level monitoring, overflow
activations, WWTP records, reported manhole flooding and basement backups, and
discussions with field personndlhe validation resultshould becompared with the
calibration requirements discussed in later secti{Bestions 7, 8, and 9)

If the model is validated as adequately representing the current condhi®mnssults
are documented according to later et of this documeniSections 7, 8, and 9)
and submitted to MSDGC for review and approvahis documentation will
specifically discuss whether further data collection and calibration are nedded
model validation report template is includedNppendix B.

3.2.7  Step 7 - Model Calibration

Calibration of the hydraulic model must be completeth& model datahave been
revised or if the model was not validated upon initial simulatiohsceptable errors
from observed datarediscussed in later sectis(Sectiors 7 and 8)

The project area of the model may be isolated and used for calibration with
appropriate boundary conditianhe full SWM with adjustments for calibration
must be used for the final calibration rungl&dinethe impactof the chageson the
entire systemA model calibration report template is includeddippendix B.

3.2.8  Step 8 - Documentation

The modeler must submitTeechnicalMemorandum(TM) to MSDGC documenting

all the changes to the model inputs as well as an analysis of the calibration and
validation of the model inputs AppendixB provides a example of this
documentation Additionally, all updated datasets and model results must be
submited to MSDGCusing EPA-SWMM 5.0.021along with any recommended
changes tothe GIS dataset Changes to the model input file should be noted
generally in the Title section of the input file and in the comment lines of the
changed parameter3he necessary domentation is discussed in later sections
(Sections 7, 8, and 9)

3.29 Step 9- MSDGC Review

MSDGC will reviewthe TM and associated datasetscepting or rejecting proposed
changes Using the work plan as a guid®SDGC will review the parameters
changedadied or removed from the SWMSs well aghe resulting calibratian

The time required by MSDGC for review and comment of T as well as the
time required to respond to the comments must be considered in the project
schedule.

3.2.10 Step 10 - Model Alternatives, Evaluation, and
Recommendations

Onceupdated and accepted by MSDGBe SWM modelfor a projectcanbe used
to identify and model potential alternativeélternatives must take into account

MSDGC Modeling Guidelines & Standards Revisidune 2012 Volume | 3-5



MSDGC SWM Modeling Guidelines & Standards
MSDGC REVIEW

other projects in as much detail as possifblee sgcific projects included in the
future conditions models will be a matter of coordination with MSDGC and with
other consultantsThe final alternative details may require coordination with other
projects to meet MSDGEystemwide goals.

The modelermay useonly the project area portion of the SWM, with appropriate
boundary conditions, for developing and testing alternatiVee final alternative
mustbe modeledack into the SWM on a broader scalelt@umenthe impacts o

the system outside the project ar€he scale of the SWM modeling depends on the
scale of the project and its expected impacts downstréaenportions of the SWM
modeled with the final alternative will be coordinated with MSDGC.

As discussed in the Semt 1, the software used by tmeodeles for alternative
development and analysis does not have to be the MSDGC standard model software
However, he modeler must test the final alternative using the MSDGC standard
software and present those results to NBE&Dfor review.

3.2.11 Step 11 - New Information Following MSDGC Review of Base
Model

As MSDGC is likely to have multiple projects simultaneously in each sewershed
area new information should be expected to arise following the approval of the base
model MSDGC aml the modeler wilfeview nformation regarding areas outside the
project area based on the expected impact on the project boundary condiens
modeler will recommend data for inclusion in the model for MSDGC written
approval.

A cutoff datefor modelrevisions should be seluring project negotiation#\fter

this point in the project schedule, no updates toptiogect modelshould bemade
without discussions between the MSDGC project manager, the modeler, and other
project team memberabout the impat of the new information on the project
analysis, schedule, and cost.
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4. STANDARDS FOR DETERMINING IF CHANGES TO THE MODEL
ARE NECESSARY

The known information about tHdSDGC sewer system is continually changing
Site inspections and surveys clarify details on existing struct@esning and
lining may change the roughness of pigesmps are repaired or replaced resulting
in changes to the pump curvddew pipes, pumgstations, and other structures
changesystemcapacity New development and redevelopmerfitect dry and wet
weather inflows

When updating the model, the updates must be inserted in the model based on the
timing of the actual installatiorivalidation andcalibration to observed data may
depend on the coordination of the changes to the sewer system and the timing of the
observed datdor examplethe installationdatesof Real Time Control at Ross Run

and Mitchell Avenue would change the dates of valigatiata used for flows in the

Mill Creek and Auxiliary Mill Creek InterceptordAlternatively, correction of the
modeled shape of the existing Mill Creek Interceptor is independent of the dates of
validation data.

Existing Conditions Version of the System Wide Model

The MSDGC policy is to maintain the SWM as up to date as pos$ieSWM is
intended to be as correct a representation of the existing sewer system as.possible
An accurate model can be used to test and size alternatives to improve operations
and reduce overflows

The modeler will update the Existing Conditions SWM whenever discrepancies are
found in physically measured paramet@rs cor di ng to the model

1 Subcatchment
o Delineation and area
o Percent Slope
o Outlet location

o Pipe shape
o Diameters and other cross section measurements
o Length, inlet and outlet offsets (elevations)
1 Manhole
o Type and resulting surcharge depthlind, buried, bolted, etc.
0 Depth, invert and lid elevation
o0 Area or storage volume
T Pumps
o On and off depths
0 Pumpcurves

Whenever discrepancies are found in measureable parameters (area, pipe shape,
etc.), themodeler will update the Existing Conditions SWM according toSWév
work plan.
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Increased Detail and Model Updates for Project Area

As modelers update thexisting SWM with information found during successive
projects within a sewershed, the existing calibration may beTbstexisting model

was originally calibrated by adjusting the model parameters to fit the observed data
If portions of the sewershedave the flow meter site of the observed data are
changed, the changes may impact model results (flows, levels, velocities, time of
peak, etc.) at the flow meter sit€hese changes may cause the model to lose
calibration with the observed datéhe possibiity of losing calibration increases
with the accumulation of changes to the existing moéigjure 4-1 shows a flow
chart indicating guidelines for when a model tseer does not meet validation
criterion This flow chart is primarily intended for small projectisat arein
unmonitored areas anthat are unlikely to impact flows at the nearest flow
monitoring site.

Projects may require more detailadalysisof the watershed and sewer system
within the project areal he issues that may require increased detail include:

1 Smallersubcatchmestfor modeling flows and water levels within areas of
interest

1 Sewer separation

1 Sustainablenfrastructure

1 Storage and Real Time Gwol facilities

When defining smallersubcatchmest than the original model, design and/or
observed storms for a variety of recurrence intervals must be run with both the
original and the updateslibcatchmest Unless the model is being recalibrated, the
original and updated models must have the same response to all storms modeled
This identical response preserves the calibration developed for the original model for
areas outside the updatsabcatchmest

When the model does not meet the validation requirendegsribedin Section7

and the model must be adjusted, the model will be updated to better represent the
sewer systemThe model will be updated to the information matching the time
period of the vatlation data
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Figure 4-1 Flow Chart for Achieving Validation
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S. GENERAL MODELING METHODOLOGY

This section of the SWM ModelingGuidelines & Standards presents the
requirements fothe overallmodelingeffort. For specific situations, modelers may
vary from these requirements wlpproval from thé’BD Modeling andVonitoring
Group

Standards for General Modeling Methodology

This document contains both guidelines and standérdislelines give the modeler

a reference to aid in decision makisgandards are the values and methods expected
by MSDGC and should be folleed unless satisfactory justification can be provided
by the documentatiorBoth the standards listeid this sectionand the available
guidelines are discussed in the following text.

Table5-1 lists the model properties that are considered standards.

Data Quality Review

Modeless should review data used in the model input files, including the data sources
describing the physical network (i.e., GIS data, surveybudsdrawings) as well as

the calibration data (rain, flow, level, velocity, pump records, gate operations, etc.).
The limits of the model review depend on the scope of the project. For each project,
these limits will be determined during the project scope negotiations.

521 Flow Data

Reliable flow monitoring data is necessary for the development of an accurate
hydraulic nodel. Initial model development should include an assessment of flow
monitoring data including: depthflow scatter plot, deptirelocity scatter plot, as
well as the assumed pipe size and shape for the flow calculations.

The modeler should work with MSDGtO identify available flow monitoring and
rainfall data and to review GIS dataflow monitoring dataarenot available oare
insufficient, identify the need for flow monitoring and potential locations and submit
this recommendation to MSDGC. Insufiait data includes flows collected only
during:

1. Unusually wet or dry periods with abnormal rainf@aHrunoff characteristics.

2. Periods with only small storms (if calibrated only to small storms, the model
may poorly simulate larger storms).

3. Periods beforemajor system changes (major change in land use, sewer
separation, RTC, etc.) such that the flows do not correspond to the modeled
collection system.

4. Periods of data with large or frequent gaps (poor data quality), so peak flows
or water levels are missed wlume calculations may not be complete.
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Table 5-1 General Modeling Methodology Standards

Topic Model Option Standard
General Options Infiltrgtion Hor t on 0s met hag
Ponding at Nodes No Ponding
Inertial Terms Dampen
Supercritical Flow Slope and Froude number
DynamicWave Force Main Equation HazenWilliams
Variable Time Steps On
Conduit Lengthening 10 seconds
Minimum Surface Area | Default (12.556 fj
Dates End of Analysis Return to DWF
Time Steps Routing Time Step 5 seconds
Boundary Conditions File| Not used in MSDGC
submission
" Boundary Conditions b) Not used without MSDGC
Boundary Conditions . o
others Project Manager permission
Hot Start files Not used in MSDGC
submission
Modeling Units Modeling Units SeeTable5-2
Evaporation Evaporation Data See
Table5-3
Hydrology Subcatchmen‘_é\rea Always correct area
Subarea Routing Outlet
Outfall Normal depth
Dry Weather Flow patterr] Use diurnal and weekly patte
but not seasonal
EnergyLoss at bends See Figure 2
Energy Loss at dro[ Use 1.0 on entrance of
manhole downstream pipe
Hydraulics Modeling of pump Most realistic pump possible,
not Ideal pump
Modeling pump wet well | Use storage node of realistic
dimensions
Modeling of force main | Use force main or gravity
conduit as appropriate
Weir coefficient Sharp crested (CSO dam) 3.3
Inflatabledam 2.5

The primary limitation in flow monitoring for calibration data is the possible
inaccuracy in the flow measuremerifhis inaccuracy can be&l0% or more
resultingfrom errors in the level measurement, the velocity measurement, and the
pipe cross section measuremenitiese three measurements are used in each
instantaneous calculation of flpwwo small errors (on the order of 2%) in each
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measirementcombine tobecome darger error As the depths or velocities approach
or exceed the limits of the instrument, the errors will increase

MSDGC has procedures in place for the initial review of rain and flow monitoring
data. Because of the volume of data regularly collected by MSDGC, this review will
never be as comprehensive as a review by modelers investigating a specific area and
period d time. The modeler is expected to review the available data to identify
periods of data for use in modeling.

For flow and level data, the data review should include:

Conservation of volume through downstream monitors;

Extreme changes in depth, velocigmd/or flow;

Extreme values of depth, velocity and/or flow;

Depth or velocity measurements outside range of instrument;
Scatter plots of depth to velocity and depth to flow for consistency;
Periods of supercritical flow and hydraulic jumps;

Periods of redging water intrusion

= =4 -4 -8 _48_9_-°

Flow monitoring data standards are currently being developed in a separate effort
The results of that effort will be reflected in revisions to this document.

5272 Rain Data

Rain gauges supply precipitation data for one or nsoufecatchrants within the
study areaThe rainfall data can be either a udefined time series or reference an
external file.

The primary input properties for rain gauges are the rainfall data type and recording
time interval EPA-SWMM has three options for theim&all data type: intensity,
volume, or cumulativeMSDGC normally uses the volume rainfall data typat
records the incremental rainfall (in inches) at a specified time Fhép choice is to
reduce the possibility of rainfall data errors when switghietween observed data
and design storms (frequently intensity).

Rain gauge site selection is an important aspect of model develogrhenack of
data about the spatial variability of rainfall and problems with rain gauges can cause
many problems with wdel calibration and validation.

Flow monitoring data standards are currently being developed in a separate effort
The results of that effort will be reflected in revisions to this document.

5.2.2.1 Radar Rainfall
MSDGC utilizes weather radar technology in assttan with rain gauges to observe
and record rainfallProvisional hourly rainfall estimates inches over Hamilton
County is available through the MSDGC websiBomplete dta setsthat hae
undergone a QA/QC revieareavailable through data requéstMSDGC

The radar data is supplied as incremental rainfall at grid points radiating from the
National Weather ServiceNWS) Wilmington radar site Each grid cell is
approximatelyl kilometer km) by 1 degregroughly 1.3 km in Hamilton County)
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Radar ain data can be used in one of two waymint or subcatchmenaverage
rainfall. The point method assigns the rainfall calculated for the grid cell of the
subcatchmententroid The subcatchmenaverage methodses theaverage rainfall

of all the grid cellsthat fall within thesubcatchmentlelineation While requiring
more effort, thesubcatchmenaveragemethod produces more representativdata
than point rainfall data.

5.2.2.2 Thiessen Polygon Method

The Thiessen polygon methassignsareal significance to pointainfall values,

such as the data collected by rain gautrethis method, perpendicular bisectors are
constructed to the lines joining each measuring station with those immediately
surrounding it The bisectors form a series of polygongith each polygn
containing one statiohe value of precipitation measured at a station is assigned to
the whole area covered by the enclosing polygon
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Figure5-1 shows an example of Téssen polygons.

This method is useful for determining which subcatchments to assign to a particular
rain gauge in a modellhe subcatchment area centroid is calculatedhe GIS
software from the subcatchment delineatidbhe subcatchment is then assigned the
rainfall total corresponding tthe center of thelhiessen polygon.

5.2.2.3 Single Rain Gauge or Designh Storm

If only a single rain gauge is used for the project areah@n using a design storm,
all subcatchments use the same rainfall data set.

521 GIS

In this document, the term GIS refers generically to GIS maps and geospatial data
and to the Cincinnati Area GIS (CAGIS) shapefiles. CAGIS shapefiles include
system attribuigs beyond the geospatial data. An example is the CA&Gi&ewer
shapefile which includes such information as pipe length, shape, size, material,
slope, and invertsModel developers should usBIS records as a source of
information. However, in cases wierGIS data areincomplete or incorrect,
discrepancies should be resolved through information requests to MSDGC or field
visits. GIS standards are discussed in the work plans in AppAandix

5272 Field Verification

During model development, field verification mag needed to obtain an accurate
understanding of the structure or operation of the system being modeled.

Field verification could include site visits and inspections, flow monitoring, smoke
and dye studies, geotechnical investigations/artitailed surveys.

The data quality standards are described in the SWM Work Plan. Any measured data
used to update the SWM will be documented as described in S@ction
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Figure 5-1 Thiessen Polygon for Rai Gauges

Legend

Subcatchments per Rain Gauge
Rain Gauge #1

I:] Rain Gauge #2

[:] Rain Gauge #3

5221 Survey vs. Measurement
When performing field verification, measurements of structural attributes of the
sewer (i.e., manhole depths, pipe sizes, dam height, etc.) will be Tdieemodeler
can usehese measurementsrgsolveinconsistencies in the model
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For the purpose of updating GIS data, a licensed surveyor may be required to
perform the field verification to ensure accura&pr clarification on this topic
before proceeding, coordinate the data request with the apmis@dSDGC
personnel.

5.2.2.2 Coordination with MSDGC

To avoid redundant effortsnodeles should coordinate any field verifications as
well as any subsequent changes with the MSDGC PBD Modeling G@ther
projects or departments within MSDGC may have alreadgaebdrelevantdata.

General Model Options

The options tab of the ERBWMM software sets the overall modeling optiohse
following sections describe the MSDGC settings required.

5.3.1 Infiltration Method

EPA-SWMM 5.0.@1 allows the use of only one infiltratlomethod throughout the
model MSDGC has chosen to use the Horton method of modeling infiltration.

5.3.2 Ponding at Nodes

Ponding is the storage of water that is modeled as overflowing out of the top of a
node If ponding is used, the overflowing water is stoetdhe node and returned to

the system as capacity allows ponding is not used, the overflowing water is lost
from the system

MSDGC standard practice i® not allow ponding for modelingn a system wide
basis The possible destination of overflow tgavaries with the specific location of

a manhole As EPASWMM 5.0.021 requires all or none of the manholes have
ponding and individual ponding manholes can be modeled in other ways, not
allowing ponding is the more accurate choigewever if field dataindicatethat
ponding occurs, the modgishouldupdatethe affected nodes

In the MSDGC service area, water overflowing from manholes has several possible
fates The first fate is for the overflowing water to flow to a natural channel or storm
sewersystem that is not included in the SWWhis flow would be lost from the
modeled system

The second fate is pondings modeled by ERSWMM. Water ponds above the
overflowing manhole and returns to that manhole as sewer capacity.dllevaise

the MSDGCstandard is for no ponding system wide, ponding is modeled using
individual manhole parameters

The third fate is for overflowing water to leave the overflowing manhole but return
to the sewer system at another locatibhe return to the sewer system miagy

through street flows to a catch basin, through a natural channel that enters the sewer
system, or into a storm sewer that is part of the modeled system

Depending on the required level of accuracy of modeling required, how far the
overflow travels beijre reentering the sewer, and whether the overflow returns to
the same sewer line, these situations may be modeled in one of twollwayf#rst
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way is for situations where the overflowing manhole and receiving manhoie are
proximity and on the same sewline For this case, the ponding and return is
modeled at the overflowing manhoken example of this situation is an overflowing

manhole located a block uphill of a catch basin on the same combined sewer line

The second way is to model flows thatvigha significant distance before returning

to the modeled system or return to the system somewhere other than downstream of
the overflowing manholeTo model this situation, add the street, natural channel,
etc. to the modelin this case the overflowingnd return manholes have the
estimated depth of flow added to their manhole defthe conveyance is modeled

to carry the overflow to the return manhole

5.3.3 Dynamic Model Routing

Dynamic routing will be used for modeling with the SWakit producesthe mat
accurate resultghis method models time and location varying flow, backwater and
reverse flow effects, pressurized flow, and entrance and exit losses.

For EPASWMM 5.0.@1, the default settings are standard for the SWM:

Inertial terms are Dampen

Supecritical flow is determined by both slope and Froude number
Force main equation is Haz&illiams

Variable time steps are used

Conduit lengtheningses 16secondime of travel

Default minimum surface area is used

= =4 =4 -8 -8 9

534 Time Frame of Model Run - Dates

The timeframe for the model run is specified in the Simulation Options Tak
modeler is required to specify the Start of Analysis, the Start of Reporting, and the
End of Analysis

5.34.1 Time Period Before Recording Results 1 Start of Analysis

At the beginning of a wdel run, a period of model time is required to stabilize the
flows, water levels, et®uring this periogdthe dry weather flows have time to reach
the outlet of the model, storage volumes and pump rates reachequdsirium,
and control rules are oped to normal settingés the model output for this period
of stabilization is unreliable, the output should not be saved for use in analysis

The length of time before the model begins to save data results is the difference
between the Start of Analgsand the Start of Reporting

Setting this time period balances the time required for the software to model this
period and the possibility of instabilities being saved in the model oufug
method to estimate the required time period is to use thezl spgravity wave or a
particle of water would travel from therthest inflow node to the outleAn
approximateestimate of these speedsiteet per second (fps)
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The length of time needed to stabilize the model may be redisied either hot
start fles or initial conditions values for each hydraulic elem@&iiese techniques
are discussed below.

5.3.4.2 Time Period Before Rainfall i Start of Reporting

A period of dry weather flow should be established before rainfall occurs in a model
simulation When perbrming calibration or other model analysis, this period allows
review of the hydrograph starting at base conditi6ias watersheds with diurnal or
other flow patterns, at least one full cycle should be included in the period before the
rainfall begins This suggestion is to aid the viewer of the hydrograph in judging the
significance of the runoff peak flow and volume relative to the range in dry weather
flow.

This period is determined by the Start of Reportifige preferred Start of Reporting

is midnightso as to begin hydrographs at the presumed lowest dry weather flow if a
diurnal pattern is usedAdditionally, this start time is easily understood by the
viewer of the hydrograph.

5.3.4.3 Time Period Following Rainfall i End of Analysis

The modeled flows returrto dry weather flow after rainfall occursaNhen
performing calibration or other model analysis, this period allows review of the
hydrograph shape (timing and rate of decrease) as it returns to base carithteéons
modeled flow should return to dry weatlilew for one diurnal cycle.

This period is determined by the End of Analy3ike preferred End of Analysis is
midnight so as to end hydrograptisring a period of lowedry weather flow if a
diurnal pattern is useddditionally, this end time is easilynderstood by the viewer
of the hydrograph.

5.3.5 Time Step for Model Run

Time steps are the length of time used for runoff and routing computation as well as
results reportingTime steps are specified in days, hours, minutes, or seconds.

5.35.1 Reporting Time Step

The reporting time step should be set to approximately the same increment as the
available observed datMSDGC normallyrecords data ab-minute intervals for

flow data and rainfall dataDther data sourcesuch as USGS and NW8ay use

other time steps such as 15ninutes orlhour. For more information, see the
MSDGC Flow Monitoring Standards.

For the Typical Year, the default time steplibour to match the rainfall dat&or
design or observed storms, the time step minutesor the interval of theainfall
time step For projects investigating more detailed operatiswgeh as RTC and
pump stations, the recording time step should match the calibration data.

For investigation of rapidly changing situations, the recording time step may be very
small Certain stuations such as RTC inflatable dams and automated gatay
require very small recording times steps to enable review of modeled operbtions
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modeling a specific event, the recording time step may be as small &sé¢hend
routing time step

5.3.5.2 Runoff Time Step

Both the Dry Weather and Wet Weather Runoff Time Steps should be set equal to
the Reporting Time Stepvhich in turn is set to approximately the observed data
time step.

5.3.5.3 Routing Time Step

The routing time stepnitially should be set t®d seconds The duration can be
reduced to help with instability in the mod&ecreasing the routing time step
reduces instabilities but increases model run time.

5.3.6 Boundary Condition and Hot Start Files

Boundary condition files are used to reduce the sizedarun time of models by
providing data (flows, levels, etc.) instead of requiring the model to calculate the
data every model rumoundary condition files spedke development and testing of
alternatives and reducehe possibility of corrupting portianof the model outside

the project boundariesBoundary conditions filesare allowed for alternative
development by MSDGC to increase efficiencies

For final runs of the project models for documentation and submission to MSDGC,
boundary condition files caot be usedAs separate files from the model input file,
boundary condition file management adds complication to modeling by others
addition, the boundary location may be influenced by either the existing conditions
or the alternatives developdd this case, running the full modekstead of usinghe
boundary conditions ighe correction to possible errors in boundary location
selection.

When the boundary condition files are generated by MSDGC or other organizations
to represent future project imgta, the modeler uses the provided datee modeler

does not need to acquire and incorporate the proposed chamgesnodeler is
required to document the source of the data, the date of data delivery, and a
description of assumptions used

The use of bondary conditions data from other sources must be authorized by the
MSDGC project manager.

When an interceptor is the downstream boundary conditien;Typical Year time
series should be used as the boundary condifibe surcharge condition of the
interceptor may limit the underflow capacity and impact the CSO valukhea
minimum, the recommended condition for an interceptor is full,pipéess other
information is available.

Hot start files provide the flows and water levels throughout the model for stable
conditions (such as dry weather flow) without the delay of running the model for an
extended period before the Start of Reportiigwever, the hot start file must be
recreated when hydrhe elements are added, removed, or renariiédile hot start

files may be used for alternative development, they cannot be included for the
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submission to MSDGCThe extra file management and the requirement for a new
hot start file for changed hydraulic ta@rks complicate the use of the model by
others.

MSDGC Modeling Units

SWMM can use either US or SI metric units of meastine unit system that is used

for all quantities is determined by selecting flow unikw units can be selected
directly fromtheSt at us Bar on the main window
values| f the change is made in the proje
saved so that all future projects will automatically use those. units

Care must be taken when changingtairfor an existing modelThe units will
change but the values may nofor example, if changing frommillion gallons per
day (ngd to cubic feet per seconafg), the maximum flow in a pump curve (for
example 10 mgd) will not change values (I¥s not he correct 15.47 cfs).

MSDGC standard practice is to usfe-based unitsas showrTable5-2.

Evaporation

Evaporation can significantly affect runotispecially during the Typical Year or
other continuous simulationBvaporation reduces the amount of runoffdepleting
the depression storage between rain events

Evaporation is required to be modeled for single event or design storm maakeling
well as continuous period modelindhis practice reduces the chance of not
incorporating evaporation for continuous period modeling when switching between
event modeling and continuous period modelgS DGC6és preferred
modeling evaporation is to @ghe literature values for evaporatidfor multiple

event or continuous period modeling of specific time periodswhich observed

data is available evaporation from calculations is alloweBor example, an
abnormally warm March may encourage the gtowf vegetation that would
increase the evapotranspiration.

The term evaporation used in EFSAVMM is actually potential evapotranspiration
Evaporation only occurs when the subcatchment surface (depression storage) or
storage unit has water to evaporate.

MSDGC standard practice is to use the literature values list@dble 5-3 for all

or
ct

m

modelingMSDGC¢ andard practice is also to chec

Dry Per i od s the Evaparation tab af the Climatology window as being
more representative of the normal evaporation.
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Table 5-2 Standard Units

Variable

| Units

Infiltration

Infiltration Rate

Inch perhour (in/hr)

Decay Constant hours' (1/hr)
Drying Time Days
Climatology
Evaporation Inch per day (in/day)
Rainfall Inches (in)
Subcatchments
Area Acres (ac)
Width Feet (ft)
Depression Storage Inches (in)
Slope Percentage (%)

Imperviousness

Percentage (%)

Unit Hydrograph

Maximum Depth Inches (in)
Recovery Rate Inch per day (in/day)
Initial Depth Inches (in)
Nodes
Invert elevation Feet (ft)
Maximum Depth Feet (ft)
Initial Depth Feet (ft)
Surcharge Depth Feet (ft)

Ponded Area

Square Feet (i

Conduits
Maximum Depth Feet (ft)
Length Feet (ft)
Inlet Offset Feet (ft)
Outlet Offset Feet (ft)
Initial Flow Cubic feet per second (cfs

Maximum Flow

Cubic feet per second (cfs

Transect Editor

Station | Feet (ft)
Output Results
Flow Cubic feet per second (cfs
Velocity Feet per second (fps)
Runoff Results
Total Precipitation Inches (in)
Total Runon Inches (in)
Total Evaporation Inches (in)
Total Infiltration Inches (in)
Total Runoff Inches (in)

Total Runoff Volume

Million Gallons (MG)

Peak Runoff

Cubic feet per second (cfs

Storage Unit Volume

1000 Cubic feet (ft3)
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5.5.1 Evaporation from Literature

The evaporation datahown in Tablé-3 was obtained froNOAA Technical
Report NWS 33,Evaporation Atlas for the Contiguous 48 United StaldsS.
Department of @mmerce, Washington, D.C., Juh@82 as reported in thdlatural
Resources Conservation ServiblRCS Electronic Field Office Technical Guide

(http://efotg.nrcs.usda.gov/references/public/OH/ohio_county evaporatign.htm

Table 5-3 Monthly Pan Evaporation for Hamilton County, OH

Monthly Total (inch) Rate (n/day)

January 0.84 0.027
February 1.00 0.036
March 1.90 0.060
April 3.15 0.105
May 4.40 0.142
June 5.10 0.170
July 5.08 0.164
August 4.73 0.153
Septembel 3.55 0.118
October 2.54 0.083
November 1.38 0.046
December 0.92 0.030
Total 34.6

5.5.2  Evaporation from Calculation

MSDGC standard practice is to use the valuesTable 53 but calculated
evaporation may be used in specific circumstances.

The primary issues with calculating evaporation are the selection of the equation and
collection of the required datalhe number of variables used in calculating
evaporation varies with the methdthe Hargreaves method (used in EBA/MM
5.0.016 and later) uses the observed daily maximum and minimum air temperatures
as well as the site latitud&he PriestlyTaylor method usesolar radiation, air
temperature, and relative humiditfthe PenmaiMonteith method uses solar
radiation, air temperature, relative humidity, and wind sp&hd accuracy of these
equations depends on how well they represent the physics of evaporatiom éued
accuracy of the data used
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While using the evaporation equations may represent the conditions for observed
storms, the input data for the evaporation equations would have to be developed to
represent the normal conditions throughout the Typicak Yedor design storms
MSDGC may determine that evaporation estimates from normal temperatures are
more representative

Hydrology

MSDGC uses two methods within EFWMM to calculate the rainfatierived
flow into the sewer systensurface runfi (subcatchments) and rainfalérived
inflow and infiltration (RDII)} The surface runoff method is used in combined sewer
areas and in stormwater sewer aredse RDIl method is primarily used in the
separate sanitary sewer arebise RDIl method can be u$en combined sewer or
stormwater sewer areas if observed datdicate additional flows that cannot be
accounted for with the calibrated surface runoff.

5.6.1 EPA-SWMM Surface Runoff Methodology

A subcatchment surface is treated as a nonlinear resefb@rirflow consists of
precipitation and runoff from subcatchments upstredime outflow consists of
infiltration, evaporation, and surface runoffhe subcatchment acts as a reservoir
with a capacity equal to the maximum depression storage, which is the maximum
surface storage provided by ponding, surface wetting, and interceftioface
runoff from the depth of water over the subcatchment exceeds the maximum
depression storage.

SWMM continuously updates the depth of water over the subcatchment by
repeatedly slving a numeric water balance equation.

5.6.2 Subcatchments

Subcatchments are represented in the model as hydrologic units whose topography
and drainage system components direct surface runoff to a single discharge point

The MSDGC service area has been modeligd sufficient subcatchment coverage

For project modeling, the subcatchments may be adjusted to improve accuracy, to

better represent flow paths, or to include new or changed infrastrugkammples of

when the existing subcatchments may be changdatiec

1 Redefinition of flow paths

1 Projects examining flows within subcatchment

1 Flow monitoring within subcatchment

1 Subdividing subcatchments to account for differing lasd, slope, etc.

5.6.3 Allowable Changes to Hydrologic Parameters

The subcatchment parameteran be measured or estimated to varying degrees of
accuracy For example, the percent impervious area is very difficult to accurately
measure for large areaBetermining the number and area of roofs draining to
pervious areas would require an extengiglel program Finding which paved areas
flow to pervious areas also would require a field progrAmthis parameter has a
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large degree of uncertainty, adjusting the percent impervious as a first step to
improve model calibration iszquired Converselyjmpervious surface roughness is

a better estimated parameter, as the types of impervious surfaces and their
approximate Manning's n value can be accurately estimated from orthaphotos
Becausehis parameter has a low degree of uncertainty, adjusting dnesngter is
expected to be limited as guided Dgble5-4.

A recommendedgbut not requiredhierarchy of adjustment priority is:

Percent impervious

Width

Slope

Depresion storage

Maximum infiltration rate

Minimum infiltration rate

Percent zero impervious depression storage
Surface roughness

Subarea routing

©CoNo,rwNE

The only subcatchment parameter that MSDGC does not allow changes to (unless
the modeler is certain the existingodel is incorrect) is the total area of the
subcatchmentSubcatchments may be subdivided, joined, or added but the total area
of the watershed must be correct and accounted for in the .SiAddbcatchment

area is changed, the width also must be changedatotain the flow path length
calculated from the area and width valuBse change in the width is proportional to

the change in areaA 10% increase in subcatchment area is matched by a 10%
increase in width.

5.6.4  Width

The width parameter is based on thegth of the overland flow path for sheet flow
runoff in a subcatchmenfn initial estimate of the width can be determined by
dividing the subcatchment area by the average overland flow IeAgghoverland

flow length is the length of the flow path frothe farthest drainage point of the
subcatchmento the point where the flow enters a pipe, stream, guiteother
conveyanceMultiple flow path lengths should be measured for each subcatchment
to develop the initial areaeighted average valu&enerdl, flow path lengths are

on the order of 100 to 3G@et in developed areas and less than f880 in
undeveloped areas

In the model, the width parameter best represents the physical process of flow
attenuation andtherefore adjustments should be mate the width parameter to
improve the modeled hydrograph shape compared to the measured hydrograph

5.6.5 Slope

The slope parameter is the steepness of the overland flow path and is given in
percent slopeAverage percent slope values can be estimated bygtakenaverage
elevation difference in the subcatchment and dividing it by the maximum overland
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flow length The impervious and pervious surfaces use the same slope within the
EPA-SWMM software.

Adjustments to the slope subcatchment parameter affect thegtioh the runoff
from a subcatchment antherefore are used to adjust the time to peak and duration
of the runoff hydrograph.

5.6.6  Percent Impervious

Subcatchments are divided into pervious and impervious sub&edace runoff

can infiltrate into theupper soil zone of the pervious subarea but not through the
impervious subaregAdjustment to the percent impervious parameter has the most
significant impact on the volume of runoff from the subcatchment.

Percent Impervious values can be determined uSiggor estimated from land use
Determination from GIS may be more accurate for a specific subcatchasertt
accounts for individual circumstances such as large parking areas or highways within
the subcatchmenBy accounting for these details in thetiai setup of the Percent
Impervious, the modeler may requiessiterations to achieve calibration.

5.6.6.1 Hydraulically Connected Impervious Area

The impervious area is assumed to be hydraulically connected to the outlet point of
the subcatchmentThe meaningof this assumption is that small areas of
imperviousness flowing onto pervious surfaces act as part of the pervious area
Examples include roofs draining to large pervious areas, as well as sidewalks and
patios draining to yards.

Subarea Routing is usedddjust the internal routing of runoff between pervious and
impervious aread he three options for Subarea Routing are:

1 Impery, where the runoff flows from the impervious to the pervious area;
1 Pery, where the runoff flows from the pervious to the impeus area; and
9 Outlet where the runoff from both areas flows directly to an outlet.

The Percent Routed is used to adjust the amount of runoff routed between subareas.

MSDGC normally use®utletwhich assumes the impervious areas are hydraulically
connectd to the outlet Detailed models of small subcatchments may use other
routing methods as needed.

5.6.6.2 GIS Calculation

The modelercan use GIS to analyze the land use of a subcatchment, as well as
measure impervious properties such as roads, pavement, ande@dVdhin each
catchment, the different forms of impervious area are measiirittor should be
developed to account for the fraction that flows to pervious areas for that type of
imperviousnessAn example would be that 50% of roof areas less thad0z;Dare
assumed to be houses with downspouts discharging onto. f&odf areas greater
than 2,00Gt* are assumed to be commercial or other large structures discharging to
the combined sewekVhen the various type of impervious aseae factored and
summed to produce the subcatchment percent impervious, the result will be
compared to the literature values listed below as check on reasonableness.
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The GIS calculation can be supplemented with field .dBft@ level of detail can
vary fran advindshield survegof a portion of the sewershed to inspection of every
impervious surfaceFrom the field survey, the modeler can refine the Subarea
Routing and Percent Impervious values to better represent the subcatchment

5.6.6.3 Literature Value
Literature values for percent impervious area have been developed as a guide for
modelers as shown ihable 5-4. These values are general averages sralild be
viewed as strting valuesFactors that may adjust the percent impervious include:

1 Extentroofs are routed directly to storm or combined sewers

1 Use of ditches rather than gutters $tormwater

1 Amount of landscaping around office complexes and parking lots

1 Stormwatedetention ponds allowing infiltration and evaporation

1 Park facilities such as parking lots, tennis and basketball courts, picnic
shelters

Calibration is likely to require adjustment of these values to achieve acceptable
results

Table 5-4 Percent Impervious by Land Use

Land Use Percent Impervious
Commercial/Industria 90
Institutional 90
Parking 95
Multi-unit Residential 75
Residential

0.25 acres per hous 35
0.5 acres per houss 25
1.0 acre pehouse 20
2.0 acres per houss 10
Open Land
Forest

567 Surface Roughness Using Manningds n

Subcatchment s require i nput of Manni ngo
impervious subareaDur i ng the calibration process,
adjusted to affect the timing and attenuation of the runoff from the subcatchment
without impacting the runoff volumélowever, significant changes to the referenced
Manningds n values | isted below most | ik
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adjuged, such as depression storageorslGener al |l 'y, adj ust ment s
valuesare expedd but not required teemain in range of 20% of the values shown
in Table5-5.

Table 5-5 Manning's Roughness n for Overland Flow

Surface n
Smooth asphalt 0.011
Smooth concrete 0.012
Ordinary concrete lining 0.013
Corrugated metal pipes 0.024
Cement rubble surface 0.024
Fallow soils (no residue) 0.05
Cultivated soils
Residue cover < 209 0.06
Residue cover > 209 0.17
Range (natural 0.13
Grass
Short, prairie) 0.15
Dense 0.24
Bermuda gras 0.41
Woods
Light underbrush 0.40
Dense underbrus 0.80

Source: McCuen, R. et al. (1996), Hydrology, FHWA-SA-96-067, Federal Highway
Administration, Washington, DC

5.6.8 Depression Storage

Depression storage is the maximum surface storage provided by ponding, surface
wetting, and interceptionAdjustments to the depression storage can affect the
volume of the runoff hydrograph as well as timing of the beginning of the
hydrograph.

As previously mentioned, subcatchments are divided into pervious and impervious
subareas Surface runoff can infiltrate into the upper soil zone of the pervious
subarea, but not through the impervious subahegervious areas are further
divided into two subareasne that contains depression storage and another that does
not

SimilartotheManni ngés n val ues, during calibrat
be adjusted to affect the volume and timing of the runoff hydrograph from the
subcatchmentHowever, significant changes of referenced depression storage values

most likely indicate thabther parameters should be adjustednerally, adjustments

to depression storage values should remathanange of 20%f the valueshown

in
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Table5-6.
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Table 5-6 Typical Depression Storage Values

Surface Depth of Storage
Impervious surfaces| 0.05 0.10 inches
Lawns 0.10'0.20 inches
Pasture 0.20 inches
Forest litter 0.30 inches

Source: ASCE, (1992), Design & Construction of Urban Stormwater Management Systems,
New York, NY

5.6.9 Infiltration Method

Infiltration is the process of rainfall penetrating the ground surface into the
unsaturated soil zone of pervious subcatchment .a8&#M offers three options
formodel ing infiltrati o-Ampt Ntethodi amchtbesCurkteq u at i
Number Method The infiltration method is chosen in the General Tab in the
Simulation OptionsSWMM 5 only allows a single infiltration method to be chosen

for a model.

MSDGCusesh e Hortonds Equation method to cal

The Horton methodhas four required parametersand a fifth optional parameter:
maximum and minimum infiltration rates, decay curve, drying time, and the optional
maximum infiltration volume Table 5-7 lists the expected range of values for the
Horton method in Hamilton County.

Table 5-7 Infiltration Parameters

Infiltration Units Description Expected Range
Parameter of Values
Maximum In/hr | Fully dried soll 1to3
Infiltration Rate
Minimum In/hr | Fully saturated soil 0.1t0 0.25
Infiltration Rate
Decay Rate Hr' | Transition from Max to Min 2to4
infiltration rate (SWM usually 2
Drying Time Days [ Time to return to Max 5to 10
infiltration rate (SWM usually §
Maximum Inches| Optional capacity of soil, no 3to 10 inches
Infiltration Volume infiltration once reached depending on
depth of soil

The maximum andnhinimum infiltration rates are initially determined from literature
values or from NRCS soil mapping estimatébese values may be adjusted to
impact the timing of the start of the hydrograph, the peak runoff rates, and the shape
of the hydrograph recessi. When adjusting infiltration rates, the adjusted rates may
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change by 50% but should be compared to the literature values and soil mapping
Because of the presence dhy soils and the large areas of development and
compaction, most subcatchments shdwge low infiltration ratesHigh infiltration
ratesshould beexpected only in areas with sand depositeeh as stream beds and
some filled areasTable5-8 may serve as a guide to expected maximum infiltration
rates(hydraulic conductivity in tableyhen more detailed dasaenot available.

The decay curve and drying time determine the rateghath the soil infiltration
changes from maximum to minimum rates and batle decay curve value should
be approximately2 hr', which indicates a clay soil that quickly swells and limits
infiltration. The drying time should bapproximately7 days which indicatesclay
soils that dryslowly.

The maximum infiltration volume (volume per unit area with units of depth)
determines when the soil is saturated and no longer accepts infiltfEtisnvalue is
determined using a large number of storms and ishaonhally used by MSDGC
This parameter may be used more frequently in modslisgainablenfrastructure
with surface layers of high infiltration, porous backfill for storage, and very low
infiltration rates for suksoils beneatlsustainablenfrastructue.

Table 5-8 Soil Characteristics

Soil Texture Class K Y f FC WP

Sand 4.74 1.93 0.437 0.062 0.024
Loamy Sand 1.18 2.4 0.437 0.105 0.047
Sandy Loam 0.43 4.33 0.453 0.19 0.085
Loam 0.13 3.5 0.463 0.232 0.116
Silt Loam 0.26 6.69 0.501 0.284 0.135
Sandy Clay Loam | 0.06 8.66 0.398 0.244 0.136
Clay Loam 0.04 8.27 0.464 0.31 0.187
Silty Clay Loam 0.04 10.63 0.471 0.342 0.21
Sandy Clay 0.02 9.45 0.43 0.321 0.221
Silty Clay 0.02 11.42 0.479 0.371 0.251
Clay 0.01 12.6 0.475 0.378 0.265

K = hydraulic conductivity, in/hr
Y = suction head, in

f = porosity, fraction

FC = field capacity, fraction
WP = wilting point, fraction

Source: Rawls, W.J. et al., (1983). J. Hyd. Engr., 109:1316.
The Maximuminfiltration Volume is estimated from soil data based on the field
capacity and depth of soifhe information for estimating the volume is found at the

NRCS Soil Data Mart (http://soildatamart.nrcs.usda.gov/) using the Physical
Properties report.
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Hydraulic Network

The hydraulic network (pipes, manholes, orifices, weirs, pumps, etc.) can be
reviewed through GIS and other data sources to verify that the parameters are
reasonable and represent the physical reality

5.7.1 Nodes

Nodes represent a collection pointanhydraulic networkNodes in SWMM are
categorizednto four types: junctions, outfalls, dividers, and storage units

Several parameters are used by most of the node. tepsh of the node is the
distance from the node invert to the ground surfdtes value can be determined
from GlSdataor field measurements.

Initial depth is the depth of water in a manhole prior to simulafitis parameter
may be used to speed stabilization of the model at the beginning of a model run
instead of a hot start file.

Surcharge depth is the depth above the rim elevation before which water. floods
Surcharge depth is often added for bolted manholes and for blind junctions to
prevent overflows (flooding) from the nadé&/hen a blind manhole is modeledl,
surcharge depthput valueshould beset so high so that the node will never flood
The value used should be an easily recognizable round nah#tés much higher

than any expected ponding in the MSDGC service .afldee recommended
surcharge depth is 56et.

The following sections provide more detail on the different types nodes located in
the model.

57.1.1 Junctions

The most common nodes in a SWMM model are junctiagch represent simple
manholes Junctions areassumed tde 12.566t> unless changed in the Options
menu, Dynamic Wave tab, Minimum Surface Area parameter. fighd default
value is used if the parameter field idfOvolume is required to accurately represent
the physical structure or #dditional storage is needed to stabilize the model, a
storage nde is substituted for the junction

57.1.2 Qutfalls

An outfall is a node without a pipe on the downstream. égtfalls usually
represen@an exit point in the systensuch as the outfall of a CS®ive different

types of ouialls are defined in EPAWMM: free, normal, fixed, tidal, and time
series When using elevation or level data for the outfile modeler shoulgerify

that the datum used in setting the level is appropriate in comparison to the model
outfall elevation.

The first type is dree outfall, which has no governing downstream conditions for
the outfall so the flow regime passes through critical flélis type of outfall is not
normally used as the critical flow at the downstream end may overstate pipe
capacity This outfall type may be used farparticular situation known to be a free
outfall.
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A normal outfall uses the normal depth of flow at the downstream end of the
discharging pipeNormal flow is the most likely situation for an outfall discharging

to a channelNormal flow is also a comprose between modeling a free outfall to a
channel during low flow and small events, and estimating a backwater condition for
high flows in the receiving stream during large eve@her outfall types would
require some information on the particular outfalich as frequency and extent of
backwater in the receiving channel.

A fixed outfall sets the depth or stage of the boundary condition for the downstream
end of the outfallThis type of outfall produces more realistic flow conditions in the
discharging e than the free outfall if the selected depth is appropriate

The tidal outfall curve is capable of setting the boundary condition based on the
time of day, which is mostly useful when dealing with high tide and low tide of the
ocean, an issue not considd in Cincinnati

The time series outfall is a usedefined serieghat represents the stage of the
boundary condition for a certain day and tirtfereliable dataare available for the
stage of the Ohio River, the Mill Cregkittle Miami River, GreatMiami River, or
other streamsthe water surface elevatiomay be input to examine the interaction
between the MSDGC system and surface waldrie USGShasstream gauge data
at http://waterdata.usgs.gov/nwihe gauges that may be of interest include:

Ohio River at Cincinnati (03255000)

Mill Creek at Evendale (03255420)

Mill Creek at Sharonville (03255300)
Mill Creek at Reading (03255500)
Sharon Creek at Sharonville (03255390)
Little Miami River at Milford 03245500)
Great Miami at Miamitown (03274615)

When using stream gauge data, thedeler must consider thdistance to the
measurement site and flows occurring between the measurement and the location of
interest For example, the water surface elevatiothe Muddy Creek WWTP will
be lower than at the Ohio River at Cincinnati gauné will also be influenced by
backwater caused by flows from the Great Miami River entering the Ohio River.

=4 =42 =4 -8 -8 _4_-9

Additional stream water levels may be available at the outfaliseoRTC facilities,

at the WWTP, and for CSO and SSO overflow monit@aution should be used

with these data sources as the gauges are generally intended for purposes other than
stream level monitoringSite-specific hydraulics may limit the usefulnesfsthe data
(e.q.,RTC outfall measurements at CSO 487 Ross Run actually measuring depth of
flow from the RTQ. In this case, review of the RTC operational data may indicate
when the RTC dam was storing water and the RTC outfall data reflects the water
level in the Mill Creek.

MSDGC standard practice is to use the noroeghth outflow as producing more
realistic flows in the discharge pipe unless specific site information is available
Specific information would include site visiis verify possible poolig at the end of
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an outfall, cross sectional data for downstream channels, or any other hydraulic
situation that would inhibit normal flogeptrs.

5.7.1.3 Dividers

The divider is similar taa node with many of the same input parameters except a
divider can splitthe flow if multiple downstream links exisDividers were
commonly used to model CSO regulators when the model was run with a kinematic
wave solutionDividers can only be used witkinematicwave the dynamic wave
solution treats dividers as a reguladeo

MSDGC standard practice is to not use dividassthe SWM models with dynamic
wave Limiting flow through a particular pipe is possible using the maximum flow
parameter in a conduit.

5.7.1.4 Storage Units

Storage units are nodes that have storage caphaitgan range from the inherent
storage in a catch basin, a storage tank, or a retention Poa@dtorage volume can
be entered as:

1 Fixed plan area throughout the depth of the storage like a pump station wet
well

1 Curve equation for smooth shapes like demg pond

1 Table of values for variable shapes like a storage tank

For ponding at an overflowing (flooding) manhdleat returns flow to the same
manhole, the ponding can be modeled using the table of vdlnesstorage of the
manhole with depth can be ersed in the table as well as the stor&gen surface
flooding. The depth of the manhole would have to be increased to account for the
depth of storage modeled.

Evaporation from a storage unit is available using the evaporation factor, ranging
from O (clesed tank) to 1 (shallow open pond), which represents the evaporation
potential in the basinThis feature allows for modeling the evaporation from
sustainablénfrastructure.

Inflows to Nodes
Nodes are the locations where flows are added to the hydsgatem Flows can be
from subcatchment runoff, dry weather flow, RDII, and direct flows (outside
calculations).
5.8.1 Subcatchment Runoff
Flows from subcatchments are calculated by the model using the subcatchment
parametersThe nodes receiving runoff are assg in the subcatchment parameters
5.8.2  Dry Weather Flow

The following sections describe ways to estimate the averageeahther flow rates
and the temporal patterns of that laWwSDGC standard practida the past waso
use observed data whenever available and to use simple daily average values
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However at the time of the development of these standélss models are being
updated to the most recent set of GIS datd MSDGC is now adding diurnal
patterns into the odek.

5.8.2.1 Estimation from Observed Data

Dry-weather flowis estimated from the flow monitoring datéhe first step is to
identify representative dry weather flow periods when there is minimal RDII
influence Dry weather flow periods are determined by plgtoily average flow

and identifying periods when daily flows are stabhMth at least3 days of no
preceding rainfall The daily average flows for these periods can be used as an
estimate of the dry weather flow

The next step is to determine the isethdry weather flow for each flow monitor
The isolated flow is the flow at a flow monitor less the flows already measured by
and assigned to any upstream flow monitditse isolated flow is that flow entering

the sewer between the upstream flow monitonsl @dhe flow monitor being
examined.

Dry weather flow values can then be assigned to specific inflow locafidres
distribution of the dry weather flow inflow locations should be based on the
subcatchment characteristics within the contributing area, auighater supply data,
subcatchment area, land use, and tributary sewer characteristics.

5.8.2.2 Estimation from Water Supply Data

Combining water supply records with GIS data adar assigning the volume of
drinking water supplied to a subcatchmddsing addresses of customers and the
associated volume of water used at each addmesdgelers can usthe average
volume of water delivered to estimate the-diyather flow for a subcatchmeiithe
water supply data should be frominter weather monthgtypically November
through Februanyto eliminate periods of car washing, lawn and garden watering,
and swimming pool filling Additional periods to avoid are major holidayghen
possible traveling by consumers would skew water supply demands.

The two majoruncertainties in this method is the estimation of consumptive use of
the drinking water and theng-term infiltration from ground wateif no observed

data are available, the modeler should assume that the consumptive use and the
infiltration balanceln this case, the water supply dataused without adjustment.

5.8.2.3 Estimation from Similar Land Use

When observed data and water supgdya are not available, the dmeather flow
may be estimated from other areas similar to the subject subcatcAinergimlar
areas should be similar in lande (type and mix of development, density, etc.), age
of construction, and similar topographifhese factors impact the volume of water
supplied, the consumptive use rate, and the expected infiltrationidatdly dry
weather flow of the similar areas is based on flow monitoring data.
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5.8.2.4 Estimation from Literature Values

When observed data and water supgdya are not available, the dmeather flow
may be estimated from literature valu€mne frequently used value i90gallons

per day per capitégpdpc)for residential areas'his method is highly uncertgias

the estimation would assume a population for the subcatchifentmodeler should
determine ommercial and industrial use rates with MSDGC project manager
appoval.

5.8.25 Diurnal and Seasonal Patterns

Dry weather flows in a sewer vary over timand it may be important to
appropriately model these patterns.

The daily change in dry weather floja.k.a.the diurnal pattegncan be determined

through statistical analig The flow measurements should be sorted into time of day
groups and the median flow for each time of day calculaibéeé pattern of the

median flows should be smoothed to produce an hourly pattern of daily fawi

flow pattern should be normalizedt t he f |l ow meter 6s daily
flow to produce a pattern of ratios for hourly dry weather flow to daily average dry
weather flow The hourly patterns of ratios are combined to find a representative
pattern.

Dry weather flow may also be subjgo a seasonal patterdsing several years of
historical data, the median flow for each month should be calculated using the dry
periods within each monttEach flow pattern should be normalized to the flow
metero6s yearly aver agea phttey of vatos fohnsonthlyf | o w
dry weather flow to yearly average dry weather fldlve monthly patterns of ratios

are combined to find a representative pattern.

MSDGC standard practice is not to use seasonal patterns for the BvéNdatterns

are us@l in calibration for specific events so as to properly adjust flows from
upstream areas and allow more representative calibration for local eoeaesign
storms, the patterns may change the results depending on the time of day or year
selected for th design evenM S D G Cséasdard practice regarding diurnal flows is

to add the patterns into the motiekreflect the most recent setrabnitoringdata.

5.8.3  RDII Methodology

Modeling RDII is based on the following understanding of the components of RDII
Generally RDII entey the sanitary system via three different pathisst are the
shortterm inflows such asstormwatersystem cross connections and roof leaders
connected to the sanitary systehypically these flows peak ith hour or less after
peakrainfall. Second is the intermediate infiltratiosuch as basement sump pumps
to the sanitary system and leaking house latefidiese flows peak within a few
hours aftepeakrainfall. Finally, the longterm infiltration enters the sanitary system
throughleaking mains and manholéghis flow peaks after many hours or even days
afterpeakrainfall.

EPA-SWMM allows the use of the RTK method of modeling RDIhe RTK
method generates a hydrograph based on precipitation data and catchmértearea
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total I/l into the sanitary sewer system is determined by combining triangular unit
hydrographs from three components of flow:

1 Rapid inflow (shorterm fast response)
1 Moderate infiltration (mediurterm response)
1 Slow infiltration (longterm slow response)

The following three parameters describe the shape and the volume of runoff that
enters the sanitary sewer for each triangular unit hydrographs:

T AR0O is the fraction of precipitation 1
T ATo is the time to peak of the hydrogl
1T KO0 is the ratio of the recession ti me

ARO can be equated to the area wunder t he
volume per unit area as a fraction of precipitatibotal time of runoff is the time to
peak and the time of recessign+T*K).

Three available adjustments to tHeDII flow are the initialabstraction deptlof
rainfall, the recovery rate of the storagend the starting depth of abstractidime
initial abstractionis the total depth of rainfall lost to surfadepressions, surface
runoff, storage in the soil, et€his loss decreases the available volume of water for
infiltration to the sewer systenmitial abstractiormay take several time steps to fill
and so delay the onset of infiltrationThe rate of recoery of the storage impacts
later rainfall time stepand subsequent storn#ss time passes, the volume of storage
drains and becomes available to intercept later storms

Initial abstraction is used tonore accurately model the delay in the start of
infilt ration and the total volume infiltrated

EPA has provided guidance in developing RTK paramete@omputer Tools for
Sanitary Sewer System Capacity Analysis and PlanfE@A/600/R07/111);
U.S.EPA, October 2007.

MSDGC allows the use of initial abstramti as warranted by the available flow
monitoring data. MSDGC allows the use of RTK factors that vary by season as
warranted by the available flow monitoring datar the MSDGC service area, the
highest R factors are expected in the sprimigh lower valies in the summer and
fall.

Links
Links are the conveyance cponents of a model that connecpair of nodedLinks
can becategorizednto conduits, pumps, orifices, weirs, and outlets.

5.9.1 Conduits

Conduits represent pipes or channels in the mdded coss sectional shape of a
conduit can be selected from a variety of defined geometrah standard and
irregular Additionally, modeles can create their own usgefined closed shapes.
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When modeling open channels, the shape must be deep enough to aibfiavs.
For modeling open channelsatinclude flood plainsmodelers should beardul to
not double account for flood plain stordgem overlapping cross sections.

Energy losses in the hydraulic system are calculated as occurring in the .cahduit
losses are calculatdased on the velocity of flow, as described below.

59.1.1 Straight Line Alignment

When the upstream and downstream pipes are close in alignment, a small energy
loss occurs at each manholéhe loss coefficient varies with the type of bemchi
and the depth of flow through the manhole

MSDGC standard practice is to ignore losses at manholes when the pipes are aligned
or close to aligned and to use the pipe roughness to calibrate the depth. dihigow
uncertainty in assigning values when tiype of benching varies and is usually
unknown prevents assigning values to the losses.

5.9.1.2 Significant Bends

Turbulence caused by significant berfd2.5 degrees or larger) alignment causes
energy losses that should be accounted for in the modélwg types of bends are
considered in MSDGC standaéd$ends at manholes and bends in alignmBath
losses are assigned at the conduit.

For bends at manholes, the losses are assigned to the entrance loss of the outflow
pipe usingFigure 5-2. For bends in pipe alignment, the losses are assigned to the
Other Losses parameter of the conduit.

5.9.1.1 Drop manhole

Drop manholes occur where the inflowing pipe invert isvabthe water level in the
receiving junction. Inflowing water drops into the junction and creates turbulence in
the water at the junction. Velocity energy and gravitational potential energy (change
in elevation) are lost in the turbulence of the plundiog. The assumption of the
model is that velocity energy is maintained through a junction unless losses are
assigned. A number of equations are necessary to calculate the energy loss from
plunging flow. The equations include such factors as depth of watgmction

above outflow pipe invert, area of junction, and height of inflowing pipe invert. The
complexity of these equations is beyond the capacity of the ®RMM model to
calculate.

MSDGC standard practice is to assign an entrance loss of 1.0datflusving pipe

if the invert of the inflowing pipe is above the crown of the outflowing pipe. Adding
an exit loss to the inflowing pipe would cause an incorrect increase in the grade lines
of the inflowing pipe.
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Figure 5-2 Losses at Bends
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5.9.2 Pumps

Four different types of pump curves are available in SWMHkese pump curves

relate the volumedepth, or head conditions at the inlet nodefifth option, an

Ai deal o transfer pump, allows the flow r
inflow node.

MSDGC standard practice is to use the most realistic pump for the situBlien
intention is to force development of pump curves to provide realistic estimates and to
have pump curves for later improvemddse of the Ideal pump or overly simplistic
pump curves would reduce peak flows downstream, and reduce storage requirements
and backwateeffects upstreamrherefore, MSDGC does not use the Ideal pump
curve.

MSDGC standard practice is to model the pump wet well as a storage node
Whenever possible, the pump in the model represents only the actual plenp
downstream pipshould bemodeled as gravity conduit or force main as appropriate.

5.9.3 Orifices

Orifices are used to model outlet and diversion structsesh as openings in the

wall of a manhole, storage facility, or control gatee modeled orificshould beas

close to the sizand shape of the actual orifice as possibte underflow pipes that

are side orifices to a larger pipe, the orifice size is based on the size of the underflow

pipe.
MSDGC standard practice is to use an orifice coefficient of 0.65 as the initial value
The coefficient may be adjusted during calibration to observed data.

594 Weirs

Weirs are used to model outlet and diversion struct@@&4VIM has four different
types of weirs: transverse, side flowsndtch, and trapezoidatach uss different
formulas to calulate flow as a function of area, discharge coefficient, and head
difference across the weir.

MSDGC standard practice for sharp crested wesush as CSO dams to use a
weir coefficient of 3.33For inflatable dams, the weir coefficient is assumebfieo
2.5 as an initial valuelf flow monitoring dataare available, inflatable dam weir
coefficients should be adjusted during calibration to observed data.

5.95 Outlets

Outlets are links that are usually used to control outflows from storage units but can
beused with other junction3he outlet flow is based on the head difference between
the upstream and downstream nod@stlets may be used to model the gravity
drainage from storage nodes.
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6. MODELING TECHNIQUES FOR SPECIFIC SITUATIONS

Standards for Modeling Specific Situations

This document contains both guidelines and stand@rdislelines give the modeler

a reference to aid in decision makisgandards arthe values and methods expected
by MSDGC and should be followed unless satisfactory justification can be provided
by the documentatiomBoth the standards listed here and the available guidelines are
discussed in the following text.

In the Modeling Specif Situations sectiorfable6-1 contains standards that should
be followed.

Table 6-1 Table of Standards for Modeling Specific Situations

Topic Model Option Standard
Manholes or othe| Nearest manhole name wi
nodes sequential letter appended
Conduits Upstream  node, das

downstream node
Naming Pumps, Weirs, etc. Location ID, @, upstrear
node, dash, downstream
node
Subcatchment Based on name of firg
catchment downstream
High Rate Sludge Return Fraction of treated flow
Treatment returned to interceptor
Force Main modeling | Model force main rathe
Pumps & Force than extend pump link
Mains ForceMain modeling | Use circular gravity condu
with appropriate manholes
Flap Gate Flap Gate use On_Iy where flap gate exist
or is proposed
- Change in pipe diametq Adjust diameter to accoui
Sewer Lining ; : .
or thickness of liner
Existing RDIlI stays in
. combined sewer
Adding newstorm — 5
| sewer Mlnlm_u_m runoff from 5@
Sewer Separatiol of original area stays i
combined sewer
Splitting surface Total area maintained, ac
catchments stormwater conveyance

Naming Conventions

When adding a node not previously in the SWhhdelers shouldlways try to
retrieve the manhole number from GIS or frorrbadt drawings When the manhole
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number is not availablenodelers shouldise the nearest manhole number, adding

the | et theeendl TAG hteo ntame i s already taken,
etc. until there is a unique manhole.IDo n o't use the Il etter i
uni que node name; the | etter ABO is reseil

The naming conventions for conthu should contain both the upstream and
downstream node namefor example, the upstream node of link 28407035
28402032 is 28407035, and the downstream node is 28402082 naming
conventions for an orifice, weir, and pump are similar to a conduit exbapt

orifices, weirs, and pumps are also numbew&ten adding a new orifice, pump, or

weir, the name should contain the link typgee location identifief he @A @0 sy mbo
and the names of the upstream and downstream nedpsPUMP7@31016027

31006020) The location identifier should be the name of the location (such as
Boldface) but aunique number may be used.

When existing subcatchments are subdivided, the subsequent subcatchments will be
named from the original catchment narmbe MSDGC standard rtteod is to add a
|l etter AAO, ABO, etc. to the end of the

For new subcatchments, the name will be based on the name for the first
subcatchment connecting to the sewer downstream of the new subcatchment
Generally SWM gbcatchmen names end in a fowdigit number such as
LMCO002C0114 The new subcatchment name will use the same characters to the left
of the four digitsplus a new foudigit number The first of the four digits will be
increased by one (1) and the other three sligét to zero (0)Subsequent new
subcatchments will be number sequentially moving upstré#simg the example
name, the first new subcatchment would be LMC002C1000, followed by
LMC002C1001, LMC002C1002, LMC002C1003, etc.

Review Impacts

Changes to model parametemay impact the flows and water levels beyond the
immediate area of the changd$e expectedmpactsinclude decreased overflows
upstream of the model chanffem increased conveyance capaciyn unexpected
impact could be inceased conveyance raising downstream interceptor levels,
causing in turn an RTC facility to reduce underflow volumes, which then cause
larger overflows at the RTC facilityAnother unexpectedmpact could be the
elimination of an overflowing manhol®ecauseof improved model stability
resulting from the changes in model parameters

Following the changing of the SWM for a project, whether adjustments for modeling
the project or updating of the existing parameters, the rapdélould review the
results for impacts outside the project area.

6.3.1 Upstream Backwater Impacts

The changes to the SWM may cause increased water levels upstream of the model
changesModel results will be reviewed for impacts on:

1 Peak flows and water surfaces;
1 Regulator and RT@perations;
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1 Pump station operation; and,
1 Possible basement and manhole flooding

6.3.2 Pipe Capacity & Flooding Manholes

Projects(model changeghat increase either the flow (peak flow or total voluime)
water levelmust be reviewed for downstream impaét®jectsthat locally increase
peak flow without sufficient downstream capaciye of special concernrAn
example of this situation would be the replacement of -sndl2diametersanitary
sewer with an l81ch-diametersanitary sewefor improving capacityDownstream
pipes must beeviewed to see if the now leattenuated peak flow causes manhole
flooding, basement flooding, or other undesired impatkese impacts must be
mitigated as part of the project.

For projects to be built in phases, the impaétsach phase must be tested

6.3.3 Downstream CSO Volumes

One of the primary purposes of the SWM is to mad8lO flows. Changes to the
SWM for updating parameters and for project modeling may impact the flows and
volumes at CSQs

As small changes to the modeay not show a significant impact for a design storm,
the CSO volumeshouldbe compared using the 1970 Typical Year rainfaihall
changes may accumulate to significant changes during the year or back to back
storms may interact.

For projects that chaeghe flows (peak flows or total volume) to the CSO regulator,
the impacts on CSO overflow volum&isouldbe noted and documented.

High Rate Treatment Systems

High Rate Treatment (HRT) systems are intended to remove solids and disinfect wet
weather flowshat would otherwise overflow untreated to the receiving stre@hes

HRT described in this section is approximation and can be modeled in greater
detail

HRTSs generate sludge that must either be stored on site for later disposal or returned
to the inteceptor for transport to the WWTRFhe selection 95% of HRT capacity to
discharge and 5% to sludge return to interceptor is a guideline that may vary with the
specifics of the HRT being modeled.

6.4.1 Level of Detail in Modeling

High Rate Treatment facilitiesercomplex facilitieghat are simplified for modeling

in EPAASWMM. HRTs aremodeled as a systeofi pumps and storage nodésgure

6-1 shows an example of an HRT 4g1 in SWMM Note that thdigure and text are

an exampleand the HRT should be modeled as close to the proposed design as
practical.
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In this case, an HRT wasadeled as an alternative at an existing C8Gtorage
unit should be placed between the regulator and the ovei®oae flow enters the
storage facility, it can be pumped by the HRT or the sludge pump, or it can overflow.

Figure 6-1 Typical HRT Set-up

Inflow

v
Underflow

CSO Regulator
0 >

A\ 4

HRT 95% HRT Storage ¥ Sludge 5%

- =

Overflow
v

6.4.2  Storage

The volume of the storage unit should only be the storage inherent in the holding
tanks When a defined storage volume is not availalthe, modeler shouldise
engineering judgment to determine arpagpriate storage volumé&he volume of

the HRT storage is the storage in the node below peak elevation observed in the
storage noddnitially, the offset of the overflow pipe and the node invert elevation
should be set so that the volume in the HRT g@mraode below the overflow pipe is

the storage estimated for the HRT faciliiyhe offset and node inveshould be
adjusted so the design storm storage at peak water surface elevation is the estimated
HRT storage volumeCareful attention must be paid to enstiratthe storage unit

does not flood during the operation of the HRT

6.4.3 HRT Pumping

The pumps in the model for an HRT are sized to test the impacts of the HRT on the
SWM. The HRT pump should first be sized accordioghe design storm defined

for the particular projectThe HRT pump curve should initially vary linearly by
depth in the storage unit, operating up to 95% of the total HRT capacity at the
elevation where flow begins to leave out the overfldWwe flow beng pumped by

the HRT pump is assumed to receive primary treatment and is pumped to an outfall
(i.e., a receiving stream)~or wet weather events in excess of the capacity of the
HRT, excess volume will overflow from the storagede and be counted as
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overfow volume The HRT pump will initially be set to turn on when any water
enters the storage node.

The 95% treatment and the 5% sludge return rates are assumptions for the example
model HRT Specific fractions of the HRT design capaahould bedeterminedor
each HRT being modeled.

6.4.4  Sludge Return to Interceptor

The sludge pump shown Figure 6-1 pumps 5% of the HRT capacity back to the
underflow where it can reach theatment plant and receive full treatmeis the
sludge generation generally is proportional to the total HRT treatment rate, the
sludge pump curve must mirror the shape of the HRT pump

The 95% treatment and the 5% sludge return rates are assuniptitims example
model HRT Specific fractions of the HRT design capaahouldbe determined for
each HRT being modeled.

The interceptor in the vicinity of the return sludge discharge point must be reviewed
for excessive surcharge or overflolwecause othe additional flow Solutions to
excessive surcharge include gating the underflow pipe to reduce flows to the
interceptor, changing to the HRT to reduce the sludge return rate, or using sludge
storage at the HRT.

6.4.5 Possible Variations

One possiblevariation to more accurately represent the operation of the HRT is to
include the possible use of the HRT as a storage fadititthis case, the HRT and
sludge pumps turn on when the volume in the HRT storage node reaches the volume
in the HRT tanksFor thisvariation, a third pump to drain the HRT storage node
after small events must be used to empty the storage when the HRT is not triggered
The drain pump will discharge to the interceptor

A secondvariationwould be to step the HRT and sludge pump curvestount for
the activation of HRT treatment trairiBhe HRT pump and sludge pump rates must
add to the total HRT capacity at each point in the capacity curve.

Control Rules

Control Rules are used to adjlisks, pumps weirs,and regulators in a convayee
system during a simulatio@ontrol Rules allowthe adjustment of model parameters
in reaction to modeled or time series vall®samples include:

1 Adjusting gates to control water levels trpam or downstream of the gate
91 Limiting flow through a peto control downstream flows
1 Turning pumps on or off sepaeafrom the pump curve settings

Control rule operation can be reviewed using the Options Menu, General tab by
turning on the Report Control Actions under MiscellaneBeasaware that all control
actons by all control rules will be reported in the Report fihen testing a new or
modified rule, the recommended method is to use only a portion of the model with
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boundary condition time series as need@tificial time series with extreme values
may ke used to verify the proper response for the full range of possible values.

A Control Rule is a statement comprised of a label, condition clause, action clause,
and a priority valughatare edited in the Control Rules Editor.

An example of a Control Rule:

RULE ORIFICEG7A

IF NODE 29516018B DEPTH > 1.1

THEN ORIFICE ORIFICE67@29516013516018A setting = 0
PRIORITY 1

Table 6-2 from the EPASWMM Help Menushows the objects and attributes that
can appear in a Control Rule.

Table 6-2 Control Rule Attributes

Object Attributes Value
Node DEPTH Numerical value
HEAD Numerical value
FLOW Numerical value
Link FLOW Numerical value
DEPTH Numerical value
Pump STATUS ON or OFF
SETTING Pump curve multiplier
FLOW Numerical value
Orifice SETTING Fraction open
Weir
Outlet SETTING Rating curve multiplier
Simulation TIME Elapsed time in decima
hours orr:min:sec
DATE Month/day/year
CLOCKTIME Time of day in hr:min:sec

6.5.1 Condition Clause

The condition clause has the following formabiject, ID, attribute, relation, and
value The object parameter refers to the category of an object (node, linkTate.)

ID is theobjects ID label The attribute parameter is an attribute or property of the
referenced objeciThe relation parameter is a relational operator (=,<>,<,<=,>,>=)
The value parameter is a specified value of the referenced attribute.

As can be seen in theo@trol Rule example, the condition clause identifies that
Node 29516018B must have a depth greater than 1.1 for the action to occur.
6.5.2  Action Clause

The action clause can have two different formats, depending on if it is referencing
the status of a pump dre setting of a regulator.
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When referencing the status of a pump, the action clause has the following format
pump,ID, and status (ON/OFF).

When referencing the setting of a regulator, the action clause has the following
format object (pumpl/orifice/weidutlet),ID, and setting

As can be seen in the Control Rule exangileve when the condition clause is met,
ORIFICE67@295160129516018A will be fully closed.

6.5.3  Priority Value

When there are multiple rules that require conflicting actions on the chjeet, a
priority value is used to determine which rule appli€se higher thepriority
number, the more important the rulRriority ranges from 5 as the most important to
1 asleastimportant.

A rule without a priority value is given lower priority theone with a value
Additionally, if two rules have the same priority value, the rule that appears first is
given the higher priority.

6.5.4 Control Curves

The Control Curve determines how the control setting of a pump or flow regulator
varies as a function obse control variablesuch as depth or flowA Control Curve
can be used in applications where continuous control in a simulation is required

The Control Curve is created in the Curve Editor and referenced in an action clause
as the setting parametefhe range of values in the control curve should extend
above and below any possible modeled input valliee modeler must understand

the impacts of extreme values on the controlled vaker example, when
controlling for the gate opening (actually fractiof full open flow) based on the
depth in a manhole, the range of depth must go from zero feet to the full depth of the
manhole This range of depths allows the modeler to know the gate settings for
unexpected events including model instability.

6.5.5 Control Rule Examples

The use of Control Curves is highlighted by two exampldg first example is
Rules ORIFICE67A and ORIFICE67B\s the two rules have the same priority,
ORIFICEG7A will be used in case of both IF statements being true since it is first in
the Ist. Assume that node 29516018B is a manhole on a sewer line with dry weather
flow as well as wet weather flovhAssumethat dry weather flow is below Of8et

deep and the wet weather peak is abovdekil Beforeand duringa wet weather
event occurringthe orifice is fully open and stays open until the depth exceeds
1.1feet At 1.1-foot depth, the orifice fully closes and stays closed until the depth
drops to 0.3eet

RULE ORIFICEG7A

IF NODE 29516018B DEPTH > 1.1

THEN ORIFICEORIFICE67@295160129516018A setting = 0
PRIORITY 1
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RULE ORIFICE67B

IF NODE 29516018B DEPTH < 0.3

THEN ORIFICE ORIFICE67@29516043516018A setting = 1.0
PRIORITY 1

The above rules can cause instabilities if the target node 29516018B is downstream
of the controlled orifice Closing the orifice when the depth in the node reaches
1.1feet could then allow the depth to drop to f&&t At this depth the gate fully

opens and the depth increadespending on the size of the gate, the distance to the
targetnode, and the time for the orifice to open and close, the orifice setting could
changebetween the two extremaseach routing time step.

Another problem occurs if the target node is upstream of the oiflben the depth
in the node reaches 1fdet, tre orifice closesOnce closed, the orifice keeps the
upstream node above Xeet and so never opens.

The alternative ruleelowuses a control curve to modulate the orifice setting.

RULE ORIFICEG67C

IF NODE 29516018B DEPTH > 0.01

THEN ORIFICE ORIFICE67@2985501829516018A setting €EURVE 67
PRIORITY 1

Curve 67

Controller Value | Control Setting
0 1.0

0.3 1.0

1.1 0

20.0 0

The controller value is the depth at node 29516018B and the control setting is the
multiplier for the orifice capacityln this casethe orifice proportionally changes
from fully open to fully closed as the depth rises fromféed to 1.1feet If the

shape of theontrol settingransition is a curve rather than a straight line, additional
points can be added between f@8tand 1.1feet as needed.

6.5.5.1 Real Time Control

RTC features have been implemented in recent projects completed by MSDGC
RTC facilities (as the term is used within MSDGC) are designed to optimize the
amount of combined sewage reaching the treatment plant while mimgmilze
overflows from the CSO regulators; this is accomplished by storing wet weather
flows until the interceptor has capacifach RTC site makes use ofline storage

for the wet weather flowsThis practice is consistent with maximizing the inherent
storage in the collection system and maximizing flow to the WWTP as outlined in
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E P A €anbined Sewer Overflows: Guidance for Nine Minimum Conirdisay

1995 Using level sensors, water levels at several locations are monitored on a
constant basidVhen levels reach a programmed target point, a predetermined action
occurs such as a sluice gate opening/closing or an inflatable dam increasing
decreasing its internal pressuiithe RTC response to specific levels can come as
one of three types:ull, Direct, and Proportional Integral Derivative (PID)

Other systems using sensors and control systems to adjust sewer system operation in
real time may be used by MSDGC but will be named using other.terms

6.5.5.2 Full Real Time Control

The Full Real Time Control method is a basic method for simulating BR&C
utilizes Control Rules to regulate flow by completely opening or closing gates when
triggered

6.5.5.3 Direct Real Time Control

The Direct Real Time Control method references a ContraveCio apply a
continuous degree of control to a pump or flow regulator as a function of a control
variable such as depth, flow, or time.

Observed data or known operational strategies of an, BRI¢h as an inflatable dam
or sluice gateare used to create Control CurveThis Control Curve is referenced
in a Control Rule to simulate the RTC function.

6.5.5.4 Proportional Integral Derivatives

A PID is a genericclosedloop control scheme that tries to maintain a desired set
point on some process variable by cotimy and applying a corrective action that
adjusts the process accordinglyPID controller calculates the difference between a
measured process variable and a desired sef@oidt attempts to minimize the
difference by adjusting the process control spu

RTCs can be modeled using PIDs to control weirs, orifices, and pumps based on a
specified depth in a manhole or flow in a piggPA SWMM uses thdollowing
classical PID controller equation:

_ & de(t)
m(ﬁ)-Kp[e(i}+ﬁje(f)dT+Td = ]

The specified values in a PID are the factor of proportign@<p), the integration

time (Ti), and the derivation time (T.dyhough the Ti and Td values are generally
determined through an iterative calibration process, the starting value of Kp will
either be 1 orl depending on whether the control action iedi or reverseA

direct control action is where an increase in the link setting causes an increase in the
controlled variable A control action such as adjusting an orifice to maintain a
desired flow downstreapwould be a direct action; here the Kp wmalwould be
positive However, controlling an orifice to maintain an upstream water level would
be a reverse control action, and the Kp would be negative.

Figure 62 shows typical starting values for the three PID values from DHI Mouse
RTC User GuideDHI Mouse software uses the same controller equation for PIDs as

MSDGC Modeling Guidelines & Standards Revisidune 2012 Volume | 6-9
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EPA SWMM and therefore these valuespresentommon PID controls used for

RTC features

Figure 6-2 Typical Starting Parameters for PID Values

DATA INPUT

i
Tu
K:

(05}

300 sec.

Pumps and gates:

- setpomnt downstream:

- setpoint upstream:

Weirs

- setpomt downstream:

- setpoint upstream:

Gates and weirs:

Pumps:

0.8 sec.

1.0
-1.0

-1.0
1.0

1.0

0.7
1.0

1.0

Source: DHI, Mouse RTC User Guide, 2004

Once the starting point values are in place, modelers may use desired set points or
observed data to optimize the timing and shape of the hydrographs produced by the

Typical values of the PID constants and weighting factors

RTC facilities Based on the PID algorithm, geal guidelines for the desired shape

of the RTC are presented in the Mouse RTC User Guide from Siigestions on
which PID parameter to change are given based on the shape of the simulated RTC

hydrographs Figure 6-3Error! Reference source not found, Figure 6-4Error!

Reference source not found.andFigure 6-5Error! Reference source not found.
are examples of how the hydrograph curves may respond to tpeisethosen for

either a flow or water level based on the choice of PID constant used.

Pumps and Force Mains

Pumps and force mains are the two links in SWMM ideghto operate under

pressure flow conditions. The other closed conduit shapes are capable of being
pressur e

model ed
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Figure 6-3 Variability Aro und Set Point based on Proportionality Factor, K
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Source: DHI, Mouse RTC User Guide, 2004

Figure 6-4 Variability Around Set Point based on Derivation Time, Ty
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Source: DHI, Mouse RTC User Guide, 2004
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Figure 6-5 Variability Around Set Point based on Integration Time, T,

Source: DHI, Mouse RTC User Guide, 2004

6.6.1 Pump

Pumps may be used as a combination of pump and force main to convey flow from
one point to a distant pointThis use of a pump link allows the modeler to delay
developing the details of pipe sizing, layout, etc. until later in the project

MSDGC standard practice is to include the force mains and downstream gravity
sewers atthemodeled s b est e sasshowairfiguresfe. det ai |

Figure 6-6 Pump Modeling

6.6.2 Force Main

A force main is a circulaconduit that uses either the Haéfilliams or the Darcy
Weisbach method of calculating friction lossése method used is selected globally
for the SWM in the Options window under the Dynamic Wave Thale advantage to
using the Force Main conduit inst of another pipe shape is the ability to use either
of the friction methods and the ability to have multiple barrels.

MSDGC standard practice is to modeice mainsusing the Circular conduit shape
rather than the Force MaiModelers may use Force Maiithe upstream network
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