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1.0 Introduction   

The City of Waterloo (City) has retained Stantec Consulting Ltd. (Stantec) to complete the Waterloo 
Sanitary Servicing Master Plan (Master Plan). The purpose of the Master Plan is to provide an update to 
the 2002 City Wide Sanitary Sewer System Update – Master Plan (WSSS) (AECOM, 2002) to account for 
updated population and employment growth projections up to a 2031 planning horizon. Priority and 
strategic projects will be evaluated to efficiently and effectively continue to operate the system, implement 
best management practices (including Infiltration/Inflow (I/I) monitoring and mitigation approaches), 
and optimize staging of the sanitary capital program.  

The following tasks will be carried out for the completion of the Master Plan: 

• Task 1: GIS Sanitary Quality Control and Field Verification 

• Task 2: Hydraulic Needs Assessment 

• Task 3: Hydraulic Model Benefit/Cost Analysis 

• Task 4: Hydraulic Model Development, Train, and Implement 

• Task 5: Flow Monitoring and Inflow/Infiltration 

• Task 6: Public Consultation 

• Task 7: Master Plan 

Task 2 is intended to provide the basis for defining the needs and methodology, evaluating options and 
selecting a preferred hydraulic modeling tool that best suit the needs of the City. Information was solicited 
from City staff, organizations that have gone through a similar process, and software vendors to evaluate 
and select a preferred software and model development methodology. The outcome of Task 2 will be used 
in conjunction with the updated system data obtained from Task 1 to complete Task 4 - Hydraulic Model 
Development, Train, and Implement. 

The purpose of this draft memo is to summarize the information collected from relevant staff and 
organizations t0 date. The evaluation of alternatives, and the preferred software and methodology for 
developing the model will be summarized in the final version of this technical memorandum, therefore 
incorporating the information to be presented in meeting 5b with the City.  
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2.0 Hydraulic Modeling Overview 

A hydraulic model is an analytical tool used to assist in the planning, design, and operation of collection 
systems. The model consists of a network of nodes and links, where nodes represent manholes or inflow 
points, and links represent pipes, siphons, pumps, and other conveyance structures (e.g. flow diversion 
and flow control). Based on land use data as well as parameters that define the hydrologic response of the 
collection areas, loads are determined and assigned to the system under both dry weather and wet 
weather conditions. Complex mathematical equations are solved using various approximation methods, 
depending on the collection system model approach. In general, model output includes accumulated flows 
(rates and volumes), resulting water levels (hydraulic grade line), and pipe capacity ratios.  

Development of this tool requires several sources of information, depending on the scale and complexity 
of the intended hydraulic model. Generally, input data includes physical network information (asset data), 
performance data including SCADA or flow monitoring records, condition data including CCTV or O&M 
records, and existing planning data including details on the existing and future land use, populations, and 
pipe networks. 

In general, planning the development of a collection system model is dependent on many factors, the first 
of which is availability of existing and/or future data. Based on Technical Memorandum #1: Existing State 
Geodatabase, the City’s sanitary asset information is thorough and of good quality for incorporation into a 
hydraulic model. Similarly, supporting planning and operational data (e.g. pump stations) are available. 
Therefore, the City has flexibility to develop a range of models; from high-level planning to micro-detailed 
full-pipe models. The following sections outline the typical model applications and model approaches to 
help define the overall model needs. 

2.1 MODEL APPLICATION 

The preferred model software and development strategy is dependent on the intended purpose of the 
model. In some applications, additional modeling functionality is required to efficiently complete 
assessments and summarize information, warranting a larger investment in software and resources to 
complete/maintain datasets. In other cases, a high-level analysis is adequate, allowing organizations to 
reduce the required resources to develop and maintain the model. Potential applications for sanitary 
hydraulic models can be classified into four main categories, and include several specific uses as follows: 

1. Growth Planning 

o Master Planning/Master Servicing Capacity Assessments 

o Development Reviews 

o Capacity Assurance and Impact Assessment 
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2. Program Management 

o Asset Management (Capital Program Forecasting/Renewal) 

o Wet Weather Flow Management (Flooding, Overflows, Regulatory Compliance) 

o Infiltration and Inflow (Quantification, Rehabilitation) 

3. Functional and Detailed Design 

o Pipe/Storage Sizing (Dimensions, Alignments) 

o Pump Station Design (Wet Well, Pump Operation, Forcemain Sizing) 

4. Operational Review and Support 

o Level of Service Assessments 

o Emergency Planning and Risk Assessment (Climate Change, Flood Forecasting) 

Depending on the intended use, a high level of software functionality (e.g. time-varying vs. static), 
infrastructure data, or loading data may be warranted to ensure the model can be used to accurately and 
efficiently complete the assigned task. As such, the intended use dictates the overall collection system 
model approach, a summary of which is described in the following section. 

2.2 COLLECTION SYSTEM MODEL APPROACHES 

Collection system modeling approaches can be classified in two ways: by level of infrastructure detail, and 
by analysis type. 

2.2.1 Level of Detail 

2.2.1.1 Full Pipe Model 

Full pipe models include a high level of detail, including a street-by-street representation of all pipes 
within the network. This type of model is used to understand localized problems and design of local 
system improvements. These full pipe models require an extensive development and calibration process 
due to the larger number of elements in the system, which therefore results in longer computational 
times. The model may be split into sub-trunk models to increase computational efficiency. These models 
can provide details of local sewer flows, hydraulic grade lines, I/I influence, etc., and if calibrated on a fine 
enough scale, best represents the physical interactions of a collection system. 
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2.2.1.2 Trunk Model 

A trunk model is a skeletal model which is less detailed than a full pipe model. These models are used for 
high level decision-making and system planning. The development and calibration processes are therefore 
less onerous compared to that of the full pipe model due to fewer model elements, resulting in more 
efficient computational times. The trade-off of faster build and run times is a reduction in the resolution 
of system performance on the local scale, since there are fewer entry points to the system requiring 
“lumping” of load estimation and flow travel timing. Therefore trunk models cannot accurately reflect 
local system response or flow characterization outside the trunk system (e.g. local-level capacity impacts, 
isolation of I/I sources, etc.). 

2.2.2 Type of Analysis 

There are two kinds of hydraulic models used for sanitary collection systems: static (steady state flow) and 
dynamic (both steady and unsteady flow conditions). A static model assumes a single flow rate for each 
element in the system that does not vary with time, and typically attempts to represent the peak flow that 
would be expected to occur during design conditions. Extended period simulations can be completed 
which string together snapshots of flow and level simulations to estimate impacts of downstream water 
levels over time; however, volume attenuation impacts are not considered typically resulting in 
conservative estimates of flows and hydraulic grade lines. These models are best used for assessing the 
system capacity under design conditions where the effects of surcharge and storage elements are minimal. 

Dynamic flow models compute time-varying flows and levels at each element in the system, solving 
complex hydraulic equations that account for attenuation of peak flows in the system network, and 
depending on the complexity of the computation engine, may also account for storage capacity/overflow 
volumes. These dynamic systems better represent the hydrologic response and hydraulic behaviour of the 
system under a variety of flow conditions. Detailed volumetric assessment is enabled, which allows 
assessment of surcharging, storage, pump cycling, and I/I responses. 

2.3 STATE OF INDUSTRY PRACTICE 

In an effort to inform the decision-making process, a review of the state of industry practice was 
conducted based on past projects and a formal municipal questionnaire. Figure 1 presents a generic 
overview of the sanitary hydraulic model software use within the surrounding municipalities. Generally, 
five programs dominate local use including InfoSWMM, InfoWorks, PCSWMM, Mike Urban, and 
H2OMap Sewer.  
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Figure 1:  State of Industry Practice in Surrounding Areas 

Each municipality’s use of the software varies depending on their unique circumstances in terms of model 
needs, system complexity, and governance structure. For example, the City of Toronto currently utilizes 
modeling software primarily for detailed capacity and wet weather flow analyses on a study area basis, 
while the Region of Peel has a full-pipe model used for capacity assessments (master planning and 
development review) and I/I analysis/remediation planning. Toronto, Hamilton, London and Niagara 
Region utilize fully dynamic modeling on their combined sewer system infrastructure in support of 
regulatory compliance. On the opposite scale, Haldimand County has had static models developed solely 
for master planning. More locally, Kitchener has developed a calibrated fully dynamic model currently 
used for development review, and intends to use it for master planning evaluations associated with the 
future Light Rail Transit corridor. As can be seen, within southern Ontario alone, there is a variety of 
model scale and usage. 

Given this prevalence of local modeling experience, the municipal questionnaire was developed to solicit 
information from these organizations that have completed a similar model procurement and development 
process. The questionnaire is presented in Appendix A1, which was distributed to four (4) representative 
municipalities: City of Kitchener, City of Cambridge, Region of Peel and City of Toronto. The feedback 
received is provided in Appendix A2, and is summarized in the following sections 

2.3.1 City of Kitchener 

The City of Kitchener maintains a sanitary hydraulic model in InfoSWMM that is primarily used for 
capacity assessment and asset management. The model is dynamic and includes all sewers (local, sub-
trunk, and trunk). Although the model is maintained in-house and is used to perform day-to-day analyses 
(primarily to support development applications), more complex analyses or studies are conducted by 
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consultants. Overall, City of Kitchener staff have expressed that the model suits their needs; however, 
lower satisfaction was noted for model outputs, stability, and training requirements. In particular, 
problems were noted with model errors during simulations that cause the software to shut-down.   

Key considerations noted by City of Kitchener staff for selecting software and developing the model 
include training resources, staff resources, compatibility with GIS, and data accuracy.  If completing the 
process again, priorities they would have identified in their model needs would include operating 
knowledge, ease of use, and asset management capabilities. 

Some of the key ‘Lessons Learned’ include: 

• Ensure that appropriate model-build assumptions are clearly documented for later use. 

• The model is only as good as the underlying geodata that is input. 

• It is beneficial to clearly define the model maintenance and management protocols for in-house 
files and scenario management. 

• It is beneficial for training to be conducted by appropriate, dedicated staff members who will use 
the software. It is recommended that small groups of staff members be trained with specific task-
oriented training.  

2.3.2 City of Cambridge 

The City of Cambridge maintains an in-house sanitary hydraulic model in PCSWMM which is used 
primarily for capacity assessment and capital planning. The model is steady state and includes all sewers 
(local, sub-trunk, and trunk). Two (2) staff members have received training and only use the model on an 
infrequent basis. The investment cost required for PCSWMM was low and it meets the needs for their 
primary intended uses. It was noted, however, that the model was only recently implemented and more 
time is required to evaluate if the model meets the long term needs. It is noted that inputting/modifying 
infrastructure data can be difficult, and the model’s ease of use varies for end users. 

Cambridge noted the main key consideration for selecting software and developing a model was 
computational stability. If completing the process again, priorities should include functionality, 
versatility, data validation tools, staff allocation, and keeping the model up-to-date. 

Key ‘Lessons Learned’ include: 

• Ensure data validation is thorough. 

• Ensure adequate consideration is given to staffing requirements for model use, maintenance, and 
up-keep. 

• Ensure that consideration is given to how the model will be kept up-to-date. 
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2.3.3 Region of Peel 

The Region of Peel has gone through a lengthy model development phase over time, iteratively advancing 
from a static trunk model in InfoSewer to the current dynamic full pipe InfoWorks CS model. While the 
Region now has a dedicated modeling engineer, the original models were developed by third-party 
consultants who are still retained to conduct model updates, calibrations, and planning simulations. 
Internal use by staff includes smaller-scale capacity assessments, inflow and infiltration planning, and 
various rehabilitation assessments. Overall, the Region of Peel indicates a high level of satisfaction with 
the model, however acknowledges the elevated need for advanced training requirements due to model 
scale and complexity.   

Key considerations noted by the Region for selecting software and developing a model were: simulation 
speed, ArcGIS compatibility, stability, and flexibility. If completing the process again, priorities they 
would have identified in their model needs would include functionality, data validation, and asset 
management needs integration. 

Generally, the key ‘Lessons Learned’ include: 

• Ensure that the intended application of the model is clearly defined, considering multi-
departmental end-use, and plan development of tool accordingly (phasing). 

• Data validation should be thorough with a structured and documented approach clearly 
integrated with asset management team. 

• Ensure that appropriately educated and trained staff members are responsible for model use, up-
keep, and/or contract administration.  

2.3.4 City of Toronto 

The City of Toronto has undergone several modeling iterations over time, seeing a variety of model usage 
and platforms applied. Initially, trunk level models we created in the 1980’s for the combined sewersheds, 
to assist in planning and assessment of the extremely complex sewer systems. After several incidences of 
widespread surface and basement flooding, the City began developing various sanitary models of the 
separated sewer systems on an area-specific basis to determine flood mitigation measures. These models 
were developed piecemeal over time by various consultants and internal staff, using various software 
platforms.   

In the wake of the extreme flooding episode of August 2005, the City formalized a work plan to conduct 
comprehensive modeling work across the City’s priority flood cluster areas, including the selection and 
implementation of a new modeling platform. Through this extensive process, the InfoWorks CS platform 
was selected. Toronto has designated, trained modeling engineers to oversee the model use, maintenance 
(i.e. calibration), and updates (integrated with asset management). Efforts are on-going with assistance 
from local universities to merge and enhance the various area-specific models for continued use in 
regulatory compliance and implementation of their Wet Weather Flow Management Master Plan. 
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Key considerations noted by the City of Toronto staff for selecting software and developing a model 
included data management, data validation tools, and computational stability for a large and complex 
system.  

Key ‘Lessons Learned’ for Toronto includes: 

• Be thorough in determining the models capabilities in great detail prior to model development, as 
the generic literature from the supplier can be vague. 

• Be aware of internal I.T. limitations and requirements, and engage appropriate staff for 
implementation. 

• Data management and modeling protocols should be determined in advance of model 
development, and administered diligently (internal and external).  
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3.0 Model Needs Assessment 

The model needs assessment task is used to inform the short-listing and evaluation of software options. 
Information was collected from City staff and reviewed in the context of the state of the industry practices 
and model functionalities relative to the City’s defined needs. Based on the City’s input and specifically 
defined needs, weighted evaluation criteria will be developed and used to compare and evaluate the model 
software development options. This will lead to the selection of a preferred software. 

3.1 SUMMARY OF CITY QUESTIONNAIRES 

Questionnaires were developed to solicit information from City staff and assess the model needs. Ten (10) 
questionnaires were received from staff and are included in Appendix A1. The feedback received from the 
City is summarized below. The number of responses per category (number, percentage of total) is 
displayed in the following pie charts. In the case of Chart 5, the overall sums of each rank assigned by the 
staff for a given category are indicated in a bar chart format. Note that not all respondents provided a 
response to each question. 
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1, 10% 

2, 20% 

1, 10% 

0, 0% 0, 0% 0, 0% 
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Capacity Assessment for
Development Applications
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3.2 INITIAL RESPONSE 

Results of the initial survey reveal the following preferences: 

The intended model use would be primarily used for capacity assessments associated mostly with 
development application. Ability to also conduct storm modeling is considered beneficial. A level of detail 
that goes beyond a trunk level model is preferred. It is undecided whether a full pipe model would be 
selected or a trunk model with pump stations, special structures and a select number of prioritized local 
areas defined at a higher level of detail. Tables, maps, and figures are the most important method for 
summarizing and communicating results, however dynamic graphics/results were de-emphasized. All 
respondents to date stress In-house Operation/Control. Functionality, Versatility, Capacity knowledge, 
Accuracy and are strongly preferred. Asset and Risk Management have equivalent importance. Some 
commentary on use for assessing I/I.  

3.3 SECONDARY MANAGEMENT SURVEY 

As a follow-up to the initial questionnaire, a secondary management survey was conducted internally by 
City staff following Strategic Meeting 3b to help finalize the City’s needs. The aggregated survey result is 
provided in Appendix A3.  

The results of the survey show that a hydraulic model is expected to assist the City the most in the area of 
planning, then design, and least in operations. The City believes that a hydraulic model product will 
contribute to asset management goals for the organization.  

4, 45% 
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1, 10% 

0, 0% 0, 0% 

7. Use of Software for City Staff 
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Maintenance by Full-
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The City was asked to identify which activities are likely to be completed by In-House Staff, and which are 
expected to be completed by External Consultants. It has been determined that Master Planning will be 
exclusively completed by external consultants. Development Application Review, Capital Programming, 
and Project Scoping are to be completed by internal staff. Capacity Assessments, Storm/Sanitary 
Flooding, I/I Source Control, and Preliminary Design are to be completed by a combination of internal 
staff, and external consultants. No comment was provided for Detailed Design, as it is not applicable. 

The model is to be maintained and updated by internal staff, once it has been developed. After reviewing 
“Lessons Learned” from the Region of Peel, the Cities of Toronto, Kitchener, and Guelph, the City of 
Waterloo believes that it has the commitment and resources to avoid these pitfalls. The City has indicated 
that it is prepared to implement and enforce strict data management and modeling protocols.  

It has been determined that an integrated storm and sanitary model will be important in the future. The 
model accuracy appears to be very important to City Staff. To obtain accuracy, a dynamic model along 
with good base data (network and flow) is required. A dynamic model is preferred by the City, even if a 
static model is found to suit the currently identified needs of the City. 

In terms of capacity assessment, the City has determined that the level of detail required (now and in the 
future) includes Collector, Subtrunk, and Trunk components, along with pumping stations. The City’s 
preference is to develop a trunk model which maintains the capability of supporting a full-pipe model, to 
enable migration to that level of detail in the future. 

In terms of vendor selection, strong customer service and technical support is valued over the extent of 
the models usage both locally and worldwide. 

3.4 SUMMARY OF MODEL NEEDS 

The culmination of the two surveys reveals that the City’s preference is to develop a dynamic model with a 
higher than trunk level of detail. At this stage, full-pipe is not necessarily preferred; however, it shall be 
the goal to eventually have a functional full-pipe tool. The City has also expressed the preference for the 
model to be maintained and updated in-house, with external consultants only being utilized as necessary. 

The most important method of summarizing and communicating results is in tables, maps, and figures. 
The ability for the selected software to also conduct storm modeling is considered beneficial, while 
customer service by the vendor is considered more important than a larger user base.  
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4.0 SOFTWARE EVALUATION 

4.1 AVAILABLE MODEL SOFTWARE 

All potential sanitary collection system software alternatives commonly used in the industry were 
identified and vendors were contacted to obtain the product information necessary to evaluate the 
software with respect to the needs of the City. Table 1 summarizes the software considered and the 
associated contact. 

Table 1:  Summary of Software Alternatives and Vendor Contacts 

Vendor Software Contact 

Environmental 
Protection Agency 
(EPA) 

EPASWMM 5 Website: 
http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/ 

XPSolutions XPSWMM 
Neil Vollen 
Phone: 888-554-5022 
Email: neil.vollen@xpsolutions.com 

Computational 
Hydraulics Int. (CHI) PCSWMM 

Meghan Korman 
Phone: 519-767-0197 ext. 1001 
Email: meghan@chiwater.com 

DHI MIKE URBAN/MOUSE 
Patrick Delaney 
Phone: ### 
Email: pad@dhigroup.com 

Bentley SewerGEMS 
Bruce Thomas 
Phone: 403-221-9370 ext. 817814 
Email: Bruce.Thomas@bentley.com 

Innovyze 

InfoWorks CS 

Christopher W. Baxter 
Phone: 604-639-7167 
Email: cwbaxter@hydrannt.com 

InfoSewer Pro 

H2OMap Sewer Pro 

INFO-SWMM 

H2OMap SWMM 

 

  

http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/
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4.2 SHORT-LISTED SOFTWARE 

In accordance with RFP 13-04, three (3) software packages that meet the objectives of the City are to be 
reviewed in detail. A total of 10 common software packages, available from 5 different suppliers and 
currently utilized within Ontario, were reviewed as part of a preliminary screening. The screening was 
based on the following criteria: 

1. Ability to conduct dynamic and static modeling as per City’s needs; 

2. Prevalence of software use locally, incorporating municipal experience; 

3. Adequacy of vendor software support; and 

4. Potential for future regional and inter-municipal coordination. 

Short-list screening is provided in Table 2. 

Table 2:  Software Short-Listing 

Software Fully 
Dynamic 

Local 
Municipal 

Use 

Vendor 
Support Other Carry 

Forward 

EPASWMM 5 Yes Low None Software engine basis for all 
SWMM-based models No 

XPSWMM Yes Low Yes Formally used by Waterloo No 

PCSWMM Yes Moderate Yes 
Local provider (Guelph); 
used by Cambridge and 
Guelph 

Yes 

MIKE URBAN/ 
MOUSE Yes Low Yes Limited use in Ontario No 

SewerGEMS Yes Low Yes Limited use in Ontario No 

InfoWorks CS Yes High Yes Used extensively in GTA Yes 

InfoSewer/H2O 
Map Pro No Moderate Yes 

Static model only; H2OMap 
used in Core Area 
Assessment 

No 

InfoSWMM/H2O 
Map SWMM Yes High Yes Used by Kitchener Yes 

 

Of the models, only the Info/H2OMap Sewer Pro software packages are not fully dynamic and have 
therefore been screened out. Similarly, all provide vendor support, except EPASWMM5. Of the remaining, 
PCSWMM, InfoWorks CS and InfoSWMM are widely used locally with positive feedback from municipal 
staff. These three (3) packages thus form the short-list for further consideration. 
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4.3 EVALUATION CRITERIA 

Initial criteria are proposed for consideration in the evaluation of the short-listed software, as 
summarized in Table 3. The criteria will be reviewed in detail against the vendor-supplied information.   

Table 3:  Summary of Evaluation Criteria 

Criteria Weighting Description 

Hardware Requirements 5.7% 
Hardware requirements to install and run the model, including 
additional software or platforms that must be run in conjunction 
with the modeling software, if any 

Graphics Capabilities 7.3% Ability to graphically display input and output information, as 
well as manipulate graphics to suit the needs for specific analyses 

Data Review and Validation 7.9% Tools and options to review and validate input data to identify 
potential data gaps or errors 

Vendor/Model Support 8.2% Availability, extent and speed of vendor, hard copy or on-line 
support 

Simulation Time and Stability 8.1% Ability for the model to complete simulations efficiently and 
without simulation errors (provided the data input is correct) 

Hydrology/Flow Generation 6.2% Methodology and flexibility for generating inflow/infiltration 
inputs 

Calibration Capabilities 8.4% Available tools and methodology for calibrating the model  

Scenario Management 8.1% Ability to create and manage multiple modeling scenarios and 
track modifications or links between scenarios 

GIS Integration/Data Exchange 7.1% Ability to exchange input/output information, manipulate layers, 
and create graphics 

Database Management 8.4% Ability to track/document changes, manipulate information, and 
reporting capabilities 

Ease of Use/Need for Training 7.9% Complexity of the tool and degree of training requirements 

Capital Cost 7.7% Relative cost of initial software purchase 

Maintenance Cost 6.4% Relative cost of annual maintenance 

Training Costs 2.6% Relative cost of on-site vendor-provided training 

 

In order to establish the relative importance of each criterion, a pair-wise comparison of the criteria was 
used to compute each percent weighting (see Appendix C). The initial comparison resulted in a higher 
emphasis on calibration capabilities, database management, model stability, scenario management and 
vendor technical support. Slightly lower priorities include training and maintenance costs, along with flow 
generation. In general, however, the overall weighting of each criterion is relatively close. 
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Scoring of the software is relative and based on a 1 to 3 ranking structure for each criterion, and is 
presented in an evaluation matrix format. The resulting overall scores are then used as the basis for 
recommending a preferred software platform. 

4.4 EVALUATION OF SHORT-LISTED SOFTWARE 

This section is to be completed after meeting 5b where City feedback on the approach and scoring can be 
incorporated. However in the interim a preliminary software evaluation has been undertaken to 
demonstrate the process, and to facilitate discussion at Meeting 5b. 

Appendix C presents the preliminary evaluation matrix which summarizes the relative scoring of each 
criterion. The following summarizes the key rationale for the scoring: 

1. Hardware Requirements:  Each requires approximately equivalent computer speed, memory, 
graphics capabilities. PCSWMM generally requires less physical memory therefore scores higher. 

2. Graphics Capabilities:  All have the same basic graphical user interface capabilities, allowing 
graphs, tables, hydraulic profiles, and GIS-integrated mapping. InfoWorks CS has the added 
built-in capability of dynamic 3-dimensional imagery of the collection system and the ability to 
interact between multiple window views simultaneously (tables, map, profile plots) and therefore 
scores higher. 

3. Data Review and Validation:  All platforms have built-in tools for assessing data input 
validation (tracing tools, engineering validation queries, etc.). InfoWorks SQL query toolset and 
‘selection set’ saving capabilities within the model environment, along with the individual data 
field flagging function resulted in a higher scoring. 

4. Vendor/Model Support:  Based on experience utilizing the support systems of each provider, a 
preference was given to the smaller, local firm of CHI who have put a strong emphasis on client 
support, including proactively responding to recommendations for model enhancements. 
Innovyze is based out of the United States with no local support office; however, their global 
presence does offer a larger pool of staff across multiple time zones. Software documentation for 
all is primarily through an in-model help dialogue that is updated with each version release. 
InfoSWMM ranks lowest for documentation and support based on reported user experience. 

5. Simulation Time and Stability:  All models generally operate with decent run times 
depending on the complexity of the network. User experience indicates some instabilities and 
performance issues with InfoSWMM on larger networks, with episodes of model ‘crashes’.  
Although based on the same underlying SWMM5 engine, PCSWMM experiences have been more 
favourable than InfoSWMM. InfoWorks CS ranks highest due to its proprietary computational 
engine that is reportedly robust with limited stability issues. 

6. Hydrology/Flow Generation:  All of the short-listed software equally provides flexibility for 
inputting and computing hydrologic response and load input. Both PCSWMM and InfoSWMM 
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offer dry weather flow allocation routines, however only PCSWMM includes this in the base 
software therefore scores higher. InfoWorks allows for a specific separation of residential and 
employment (called “Trade”) inputs, however the trade flow input is limited requiring external 
processing of the values before input, therefore scores lowest. 

7. Calibration Capabilities:  All three programs include graphical functions for conducting 
model calibrations, including comparative graphs with simulated vs. observed datasets. The 
InfoWorks CS tools are robust, provide direct quantification summaries, and is easily saved/ 
viewed within the model environment. InfoSWMM is similar with a slightly more cumbersome 
interface and external data file saving requirement, however at extra cost there is an additional 
Calibrator tool which uses genetic algorithms. PCSWMM also has a genetic algorithm-based 
sensitivity, calibration and error analysis tool as part of their base product, which also ties in a 
parameter uncertainty and confidence tracking tool, and therefore scores best. 

8. Scenario Management:  Both PCSWMM and InfoSWMM have a dedicated scenario 
management function, whereby combinations of various input data sets and simulation options 
can be easily selected and results compared. InfoWorks CS has a fundamentally different data 
structure which stores all network data together thus enabling parent-child data relationships, 
however is slightly more cumbersome to use thus scores lower. 

9. GIS Integration/Data Exchange:  All platforms offer a completely integrated stand-alone GIS 
interface. In the case of InfoSWMM, this version sits as an ESRI ArcGIS extension thereby 
requiring a separate license. Both InfoWorks CS and PCSWMM offer more robust import 
functionality and analytical tools for manipulating spatial data, however PCSWMM provides a few 
more advanced topological operations (intersections, joining, area-weighting, buffering) which 
ranks it highest. 

10. Database Management:  The structure of InfoWorks CS is a relational database, housing all 
data in a master database allowing for controlled management of files, data documentation and 
auditing, and user access rights. Both PCSWMM and InfoSWMM save in an open structure with 
less control of file integrity on a common network. While each has decent data structures, 
PCSWMM has a better file management interface and InfoWorks has the most robust structure. 

11. Ease of Use/Need for Training:  Inherently, all three programs will require some level of 
training for ultimate end-users. Ease of use is fairly subjective and user-dependent; however, 
InfoWorks reportedly has a larger training need due to its unique data structure and therefore has 
scored lower. 

12. Capital Cost:  The InfoWorks platform is the most expensive up-front capital cost at $36,000 
(assuming an 8,000 node seat) and the equivalent basic InfoSWMM seat of $14,000). PCSWMM 
is subscription-based therefore only requiring the annual subscription fee (covered under 
maintenance cost). However, if an enterprise license was required for PCSWMM, it would still be 
the most economical up-front cost at ~$4,000 to 5,000 depending on number of users. 
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13. Maintenance Cost:  Each provider requires an annual maintenance fee to cover model updates 
and user support. InfoWorks CS is the most expensive at $5,400, followed by InfoSWMM at 
$2,000, and PCSWMM at $1,500 per year. Additionally, should a network license be purchased, 
InfoSWMM maintenance fees would increase by $1,000. 

14. Training Cost:  Innovyze provided equivalent pricing for training on InfoWorks CS and 
InfoSWMM at $7,250, while PCSWMM located in nearby Guelph, quoted a much smaller fee of 
approximately $3,500 plus travel. 
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5.0 Recommended Software 

This section is to be completed after Meeting 5b. For discussion purposes, a preliminary recommendation 
is provided. 

Based on the evaluation presented in the previous sections, the recommended software platform is PC-
SWMM, based on the following: 

• Exceeds the base needs identified by the City for a dynamic modeling platform 

• Superior calibration and advanced topological tools built-in to the base cost 

• Local software provider to support training and implementation needs 

• Excellent vendor availability and extent of customer/technical support 

• Least expensive fee structure, with subscription-based approach allowing annual review of 
needs 
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A.1 MUNICIPAL EXPERT QUESTIONNAIRES 

  















 

CITY OF WATERLOO SANITARY 
SERVICING MASTER PLAN UPDATE 

Hydraulic Model Needs Assessment 
Municipality Questionnaire 

 
MUNICIPALITY:  Can we publish 

your response? 

YES   /   NO 
NAME/ROLE:  

  
The City of Waterloo (City) is completing an update to their Sanitary Servicing Master Plan.  As 
part of this process, the City is conducting a Hydraulic Model Needs Assessment to determine 
the purpose and degree to which a model should be constructed, and whether to own and 
maintain the software in-house. It is understood that your municipality has undertaken a similar 
process, and the City is looking for any feedback you can offer to help identify challenges, 
opportunities, and lessons learned.  The following questions have been developed to assist in 
data collection.  Thank you in advance for your assistance. 
 
1. Please indicate the wastewater modeling software implemented for your organization. 
 

Name Version 

Infoworks CS 12 

 
2. Rank the primary uses of your hydraulic model: 

Rank 

Capacity Assessments to Support Development Review 1 

Capital Planning for Future Growth / Alternative Servicing Strategies 1 

Level of Service / Risk Management (Flooding, Climate Change) 2 

Infiltration and Inflow / Rehabilitation Planning 1 

Asset Management / Maintenance Planning (CCTV, testing) 3 

System Characterization and Regulatory Compliance 4 

System Operations Optimization 5 

Other:  

 
3. Please highlight/circle the descriptions that best describe the type of model developed for 

your organization: 
 

Dynamic Full Sewer Network (All-Pipe) Model Maintained In-house Calibrated 

Steady 
State 

Trunk Sewer Network Model Maintained by Third 
Party Consultant 

Partially 
Calibrated 

 Trunk and Priority Sewer 
Network 

Model Not Maintained Not Calibrated 

 
4. Please rate your satisfaction with the model from 1 to 10 for the items below: 

Rating Item 

2 Ease of Use (Accessibility for End Users) 

2 Graphical Interface 

4 Training Requirements 

2 Technical Support from Supplier 

2 Model Outputs 

2 Versatility for  

2 Accuracy and Reliability 



City of Waterloo Sanitary Servicing Master Plan Update 
Hydraulic Model Needs Assessment - Municipal Questionnaire 

pg. 2 

 
5. Please indicate what best describes your organization’s modeling status. 

# Staff 

 Full-time Trained Staff Dedicated to Model Development & Use 1 

 Trained Staff who work more than 50% on Modeling  

 Trained Staff who work Sporadically on/with Modeling 2 

 Partially-trained Staff who work Sporadically on/with Modelling  

 Partially-trained Staff - Modeling Completed by Third Party Consultant  

 No Trained Staff - Modeling Completed by Third Party Consultant  

 No Trained Staff - Model No Longer Used  

 
6. Do you feel the model developed for your organization met your needs/expectations? 

Yes.  

 

 

 

 
7. Do you feel your model is good value with respect to costs (including maintenance) versus 

its actual use?  Please indicate areas for improvement to better allocate money/resources. 

Yes 

 

 

 

 
8. If completing the same process again for developing a hydraulic model, please indicate what 

criteria you would prioritize to support your decision making process by highlighting/circling 
the three most important factors. 

Functionality - Does What I Want it to Do Lifecycle Cost - Is it Cost Effective 

Versatility - Ability to Do More Degree of Difficulty / Level of User Training 

Data Validation/Interpretation/Mapping Tools Maintaining Ownership of the Model 

Asset Management Integration Allocating Staff 

Alignment with Interdepartmental Needs Keeping the Model Up-to-Date 

 
9. Please indicate any additional considerations you believe are important in the model 

selection or development process. 

Simulation speed 

ArcGIS compatible 

Stability and flexibility 

 

 

 

 

 
Please e-mail your completed form to Dave.Eadie@stantec.com, or should you wish to 
verbally provide your comments please call (519) 575-4110. 

mailto:Dave.Eadie@stantec.com
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A.2 CITY MODEL NEEDS ASSESSMENT SURVEY AND PRESENTATION 
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October 21, 2013 
File: 1611 11191 

CHI SOFTWARE INFORMATION 

Computational Hydraulics Int. (CHI) 
www.chiwater.com 
 

Operation requirements 

PCSWMM requires the Microsoft 7, Vista, XP (SP2), or 2000 operating system, with the Microsoft .NET 4.0 
framework installed. In addition, it requires a minimum screen resolution of 1600x768 pixels (XGA), a 
minimum of 2GB of physical memory and 100MB of disk space. 

Licensing  

All licenses are subscription based and can be purchased in 12 month periods only. Each license include 
support for unlimited model sizes (number of nodes/entities), as well as telephone and email support by 
professional engineers and software updates for the duration of the subscription. Update and support 
subscriptions are renewed in 12 month periods by purchasing a new subscription. Updates include both 
major and minor releases as and when they are made available.  

Single user license 

 The single user licenses (PCSWMM Professional and PCSWMM Professional 2D) allows for one designated 
individual (licensee/named-user) to use the software, and for the software to be installed on a maximum of 
two computers (e.g. one desktop and one laptop), for the use of the licensee only. The software license is 
owned by the purchasing entity (company), however the licensee within the company/organization is the 
designated user of the software and is the one that qualifies for technical support. 

Enterprise license 

An enterprise license is granted to a company/organization/government agency and permits an unlimited 
number of named users at that organization to use the software. The enterprise license becomes cost 
effective if you have 3 or more users of the software. 

CHI registers each user and provides software activation codes for those users. Additional/new users can be 
designated at any time by the company during the subscription period. When it is time to renew, the 
company can review the list of users, determine the users going forward and purchase their subscription for 
the next 12 months. 

On Site training 

CHI would be pleased to work with your company to provide an in-house workshop where one of our 
qualified instructor's would travel to your location and lead the workshop. 
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Some advantages to an In-house workshop include: 

• The context and length of the workshop may be customized to fit your company's needs 

• You may select a date and location that is suitable to your company's schedule and workload 

• Licensees will have an opportunity to improve their knowledge of PCSWMM and become proficient 
with the modeling packages just as they would at any of our regularly-scheduled workshops 

The cost for in-house workshops can vary depending on the number of attendees and travel costs. For an 
idea for a 1-day training for a maximum of 10 attendees you would be looking at $3500 plus the cost of 
travel and material. We also have regular training workshops all over Ontario during the course of the year 
that anyone can attend. Rob James (CEO) also hosts free webinar sessions bi-weekly to go allow for remote 
training on specific topics, for example one topic is Basic introduction to PCSWMM. 

PCSWMM technical support 

• Free and immediate email and direct telephone technical support with our staff of knowledgeable 
professional engineers 

• Extensive, searchable documentation with comprehensive reference tables for parameter values 

• Searchable PCSWMM Frequently Asked Questions database 

• Comprehensive searchable US EPA SWMM5 knowledge base (3400+ topics and growing) 

• Free SWMM-USERS list server (800+ participants around the world) 

• Library of peer-reviewed case studies available through our publications 

• Cost-effective and timely model review services available 

• Professional consulting engineering services available 

• Software customization services available 

 



  
 
 

Windows 7 interface (also compatible with Windows Vista, XP, and 2000 operating system)

Multi-threaded application with support for multiple cores (dual-core, quad-core and greater) for significant speed 
improvements

Written from the ground up in C# for .NET, utilizing many new technologies (e.g. Google Earthtm, web 
documentation, etc.)

SWMM model natively stored in your choice of open GIS format (e.g. Shape file, Personal Geodatabase, OpenGIS 
SQL, GML, etc) *

Hydrology / Hydraulics engine is public domain (official US EPA SWMM5)- well written and well documented object
-oriented C+ code

Standard US EPA SWMM5 input file automatically maintained at all times - models are editable by both interfaces 
(SWMM5 GUI and PCSWMM)

Standard US EPA SWMM5 reporting and time series files produced

Open standard GIS layers populated with computed SWMM5 results for analysis, thematic rendering, reporting 
and exporting

Comprehensive support for GIS layer types (over 30 formats)

Flexible importing from Microsoft Exceltm, CSV and virtually all database formats, incl. Accesstm, SQL Servertm, 

Oracletm, MySQLtm, XML, OLE DB and ODBC sources, plus direct importing from 17 common GIS/CAD vector 
formats

Straight-forward conversion of older SWMM models to SWMM5 format

Flexible exporting to most common GIS/CAD formats

Dynamic wave, kinematic wave, or steady state modeling

Natural river/stream modeling and macro-scale watershed modeling

Sanitary sewer, storm sewer, and/or combined sewer modeling

Backwater effects, surcharging, gravity and pressure flow modeling

Branched, dendritic and looped pipe network modeling

Natural channels, pumps, orifices, weirs, storage pond/tanks modeling

Inflatable dams, valves, gates, bendable weirs, leaping weirs and other complex flow structures

Fixed, variable, free and tidally-influenced outfalls, with or without flap gates

Culvert modeling under dynamically varying inlet and outlet control

Dual drainage (major/minor) system modeling, including dynamic interaction

Rainfall-runoff modeling via non-linear reservoir routing and/or triangular unit hydrograph methods

Dry weather flow (DWF), rainfall derived inflow and infiltration (RDII), and/or direct inflow modeling

Continuous and/or single event modeling

Low Impact Development (LID) modeling: permeable pavers, bio-retention areas (rain gardens, green roofs), 
vegetative swales and buffer strips, cisterns, infiltration trenches, etc.

Details

PCSWMM is a fully featured urban drainage system modeling package, with no limitations on model size or complexity. 
PCSWMM contains a complete GIS system (no third party software required) tailored to urban drainage modeling which 
supports most projections, datums, and ellipsoids, provides interaction with a large number of GIS formats, as well as 
topological operations and querying. 
PCSWMM provides advanced versions of all of the standard urban drainage modeling visualization techniques, including 
animated hydraulic grade line and energy grade line profiles, plan-view static and animated thematic rendering, powerful 
plotting tools, as well as on-the-fly statistical, calibration and error analysis. 
PCSWMM automatically maintains standard US EPA SWMM5 models from GIS data and synchronizes in both directions, 
thus providing complete data compatibility with any other SWMM5 GUI (including the US EPA GUI). 
Highlighted below are some of the more prominent features of PCSWMM. 

Next generation interface

Open standards based

Complete support for all USEPA SWMM5 engine capabilities
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Snow accumulation, relocation and melting

Pollutant modeling (land-use based build-up and wash-off, including treatment)

Global optimal and/or passive real time control (GO RTC) modeling, including modulated controls and PID 
controllers

No limits on number of entities (e.g. model 100,000 entities or more)

No limits on number of non-visual model objects (i.e. rain gages, pollutants, land uses, real-time control rules, unit 
hydrographs, transects, etc.)

No limits on the size or number of time series, with optimized graphing and analysis of millions of data points

Scalable GIS engine supports fast editing of extremely large data sets - real-world speed comparison tests suggest 
that some of PCSWMM's geospatial operations run 5 - 50 times faster than competitive GIS products

All common projections, units and GIS formats supported, with infinite zoom ability

Up to 50 character entity and object names

Stand alone, fully functional GIS (no third party software/licensing needed)

Direct support for opening/editing/saving ESRI ArcGIS data

Model data can be simultaneously edited and shared by PCSWMM and third party GIS/CAD software (ArcView, 
ArcInfo, ArcGIS, MapInfo, Microstation, AutoCAD, etc) and third party SWMM5 software (USEPA SWMM5 
interface, etc.)

Streamlined GIS operations for efficient urban drainage modeling

Support for most projections, datums, and ellipsoids

Topological operation engine (intersections, unions, joining, splitting, area weighting, buffering, etc.)

Digital Elevation Model (DEM) support

Full SQL querying (incl. query builder) of any layer (model or other layer)

Thematic rendering of any layer (model or other layer), incl. plan view pie and bar charts

Animated thematic plan view rendering of any computed time series

Advanced label placement, overlap avoidance, styles, fonts

Transparency support for all raster and vector layers

Raster (pixel) layer operations, such as histograms equalizations, color coding

Full editing capability provided for a large number of vector layer GIS formats (see feature list below for supported 
formats)

Efficient handling of large raster and vector files (e.g. 2 Gigabyte shape files)

Conversion of existing older SWMM models to SWMM5 format

Flexible entity/attribute importing from all common GIS, CAD, spreadsheet and database data source formats 
(direct support for over 50 formats)

Time series importing/exporting to/from MS Excel and other graphing/analysis utilities.

HEC RAS importing of cross-sections and river reaches

Read/write time series support for HEC-DSS, NCDC 3240/3260, AES, database, spreadsheet, CSV, data-logger, 
NEXRAD products, user-defined formats, etc.

Model merging (combining smaller models to form a larger 'macro' model)

Model splitting (extracting a portion of a model for separate editing/running/analysis)

Model packaging/unpackaging for compressed, single file model sharing (e.g. emailing) and/or archiving

Exporting of model layers (and/or other layers) to most common destination formats (GIS, CAD, SQL, KML, etc.)

Data entry error checking, advanced error detection and consistency checks

Automatic assignment of select entity attributes from GIS topological operations

Automatically create model connectivity (i.e. assign inlet and outlet nodes for links) for imported entities based on 
node proximity and relative node invert elevations  

Model-wide validation and reporting on attributes outside of expected ranges

Frequency distribution analysis and graphing for all input and result attributes

Compute inlet and outlet offsets from conduit invert elevations and connected node invert elevations

Compute max depth attributes from node ground (rim) elevations

Unlimited model sizes and unrestricted modeling

Smart GIS engine

Importing / exporting

Automated model input development and quality assurance/control (QA/QC)
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Compute subcatchment width attributes from user-defined overland flow paths

Design utility to create drainage networks meeting minimum slope requirements

Find orphans (nodes, links and subcatchments not connected to drainage system)

Calculate and fill in missing data (e.g. manhole invert or rim elevations)

Compute area and length attributes from map (any map units supported, incl. degrees)

Identify conduits with negative or low slopes, and more

Identify confidence (or uncertainty) for all applicable numeric input attributes (both for model entities and non-visual 
model objects) and color-render table cells to illustrate the level of data uncertainty

Table editing of all applicable visual entities and non-visual model objects as well as background vector (GIS/CAD) 
layers

All computed results for all model entities included as attribute data in entity tables

Attribute uncertainty (or confidence) displayed/editable in tables - cell colors thematically rendered to show 
uncertainty

Table sorting by attribute, synchronizing map extent with table selection, etc.

Full query support with query builder

Multi-entity attribute editing, incl. mathematical operations (add, subtract, multiply, divide, apportion, etc.)

Plots and animates both the hydraulic grade line (HGL) and quasi-energy grade line (EGL)

Animates HGL for multiple scenarios on a single profile for comparison 

Displays input profile plots (i.e. before model run) and provides full entity selection and attribute editing capabilities 
for model development or 'what if' scenarios

Allows graphical drag-and-drop editing of entities in the profile plot (conduit depths, offsets, node inverts, max. 
depths, etc.)

Displays and animates observed head/depth data along with computed head

Displays cross connections, natural channel overbanks and user-defined labels

Provides full zoom and pan control with intelligent label overlap prevention

Saves profiles for quick recall

All applicable model data (input and computed results) is stored as GIS layer attributes to support GIS operations, 
querying and thematic rendering

Both SWMM5 and background GIS/CAD layers can be restructured (attribute fields defined, edited or deleted)

Support for any number of additional user-defined attributes for SWMM5 layers and other vector layers, with full 
editing, querying, thematic rendering and data analysis support 

Multiple event / design storm analysis

"What-if" scenario analysis and comparison

Compare/animate multiple scenario HGLs on the same profile

Scenario manager for creating, deleting and switching between scenarios

Dynamic hydraulic grade line (HGL) animations of multiple scenario results on the same profile

Scenario comparison graphs for all SWMM5 time series

Statistical comparison of any scenario time series (i.e. compare objective functions, with the same time period and 
event selection tools as before)

Scenario comparison tables for model inputs and computed results

Support for multi-core processors and computational grids (i.e. local network of computers) when running 
scenarios, cutting computational time by approx. 1/n where n = number of cores utilized

Streamline major/minor system modeling with new Dual Drainage Creator

Editor for managing, creating, graphically editing, importing and assigning street cross-sections and other major 
system conveyance channels

Inlet controls modeled with SWMM5 outlet entities, with inflow/head relationship and modulated control

Automatic roughing out of the major system, based on minor system to streamline model development

Solve both systems simultaneously with dynamic interaction of flows between the major and minor systems

Tables

Dynamic Hydraulic Grade Line (HGL) plots

Comprehensive and customizable attribute sets

Scenario management tools

Dual drainage creation wizard
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Automated NEXRAD radar acquisition, archiving and processing (rainfall-reflectivity conversion, bias removal, etc.)

Synthetic individual hyetograph generation for every subcatchment/sewershed from radar cells (area weighted)

Storm dynamics analysis and modeling (speed and direction can affect peak flow by up to 25% depending on 
catchment drainage orientation).

Disaggregation tool for the generation high temporal-resolution continuous rainfall time series from coarse 
historical records (e.g. NCDC 3240, etc.) for model inference studies

SCS, Huff, AES and Chicago design storm generation automated

Regional design storms (e.g. Hurricane Hazel, Timmins, SA SCS) with areal reduction computed

Your local design storms added upon request (free service)

Automated hourly, daily and monthly pattern creation from observed flow

Dry weather event identification for pattern creation

Tools for assigning patterns and apportioning DWF to model nodes, based on topological assigning of meter 
records, and/or observed flows.

Reports generated on pattern derivation and apportioning

Sizing method uses Manning's formula calculated using hydraulic slope under peak computed flow for circular 
pipes

Model extended detention (wet/dry) ponds, constructed wetlands, marshes 

Model Low Impact Development (LID) practices: permeable pavers, bio-retention areas (rain gardens, green 
roofs), vegetative swales and buffer strips, cisterns, infiltration trenches

Model underground tanks, arched pipes, large diameter storage pipes (superpipes)

Compute storage volume required to meet peak flow reduction objectives

Compare pre and post hydrology conditions

Pond infiltration (exfiltration)

Multiple interconnected ponds, treatment trains, with backwater effects

Support for multiple inlets and outlets, complex outflow structures with or without tailwater submergence

Pollutant routing and removal

Surface evaporation

Manipulation / statistics / error analysis 

Parameter uncertainty estimation available for all numeric model input parameters (both entity attributes such as 
subcatchment parameters and non-visual object parameters such as RDII parameters, pollutant build-up and wash
-off parameters, DWF patterns, etc.)

Thematic color rendering of table cells to visually display uncertainty / confidence 

Sensitivity-based radio tuning calibration (SRTC) for any number of SWMM5 parameters

SRTC calibration tool provides fast calibration for any model size or model complexity and calibrates to multiple 
objective or response functions simultaneously

Genetic algorithm calibration tool for any SWMM5 parameter (requires PCSWMM 2006)

GA calibration tool calibrates either to a specified objective function or to entire response function (e.g. hydrograph 
shape - requires PCSWMM 2006) 

Observed vs computed error analysis on objective functions and/or response functions

Support for embedding external resources (e.g. spreadsheets, CCTV, photos, notes) into the modeling 
environment, either as general notes & documents, or as geo-referenced points of interest (POIs) on the map.

Radar-rainfall tools

Rainfall disaggregation

Design storm creation tools

Dry weather flow (DWF) pattern creation and DWF allocation

Automated pipe sizing

Pond, storage and LID design

Graphical time series manager

Parameter uncertainty / confidence tracking

Sensitivity, Calibration and Error Analysis (SCEA)

Project documentation and presentation
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Embedded external resources can include locally stored (on LAN) documents, images, video, as well as Internet 
resources such as images, video, documents, web pages from HTTP sites, secured FTP servers, or from Internet 

storage services like Flickrtm, YouTubetm, etc.)

Full Google Earthtm presentation support for 3D visualization, thematic rendering and even results animation of 
your complete model, including all SWMM5 entities and attributes, as well as background layers

Free and immediate email and direct telephone technical support with our staff of knowledgeable professional 
engineers

Extensive, searchable documentation with comprehensive reference tables for parameter values

Searchable PCSWMM Frequently Asked Questions database

Comprehensive searchable US EPA SWMM5 knowledge base (3400+ topics and growing)

Free SWMM-USERS list server (800+ participants around the world)

Web-based and classroom workshops available at locations across North America and overseas.

Library of peer-reviewed case studies available through our publications

Cost-effective and timely model review services available

Professional consulting engineering services available

Software customization services available

Technical Support

 

 
* multi-format SWMM5 layer coming soon. Current GIS format for SWMM5 layers is the open standard ArcView shape file 
format.

PCSWMM and PCSWMM.NET are trademarks of CHI, Microsoft, Excel and Access are registered trademarks of Microsoft Corporation, ArcGIS and ArcView are registered 
trademarks of ESRI Inc., MapInfo is a registered trademark of Pitney Bowes MapInfo, Microstation is a registered trademark of Bentley Systems Inc., Google Earth and 
YouTube are registered trademarks of Google Inc., Flickr is a registered trademark of Yahoo! Inc, AutoCAD is a registered trademark of AutoDesk Inc. Google Earth 
functionality requires Google Earth application and separate license agreement.
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H2OMAP SWMM is a fully dynamic, GIS-based wastewater and stormwater modeling and management 

software. It can be used to model the entire land phase of the hydrologic cycle as applied to urban stormwater 

and wastewater collection systems. The model can perform single-event or long-term (continuous) rainfall 

runoff simulations that account for climate, soil, land use, and topographic conditions of the watershed. H2OMAP 

SWMM can also predict runoff quality, including buildup and washoff of pollutants from primarily urban 

watersheds. 

H2OMAP SWMM®

For More Information
Phone: 

Visit: 
Email: www.innovyze.com

Americas:
Europe:  
Asia Pacific: 
 
www.innovyze.com
sales@innovyze.com

+1 626 568 6868
+44 (0) 1491 821 400
+61 (0) 2 8923 8800

APPLICATIONS

Rainfall-runoff modeling of urban and rural 

watersheds

Infiltration and inflow assessment

Real-Time Control (RTC) operational studies

Storage pond design

Hydraulic and water quality analysis of storm, 

sanitary, and combined sewer systems

CSO & SSO studies

Master planning of sewer collection systems and 

urban watersheds

Hydrogen sulfide generation and corrosion 

modeling

Best Management Practices (BMPs) and Low 

Impact Development (LID) studies

Total Maximum Daily Load (TMDL) compliance

Modeling of sediment transport and deposition

























Standalone Geospatial urban 
drainage network modeling

Related Products

 InfoSWMM

 InfoSWMM 2D

 InfoSewer

 InfoWorks CS

 InfoWorks SD



H2OMAP SWMM® Key Features

For More Information and to Purchase, visit: www.innovyze.com

 InfoSWMM is a registered trademark of Innovyze.  ArcGIS® is a registered trademark of Esri.  All other marks are the property of their respective owners.

Unequaled Hydrologic Modeling Capabilities

H
2
OMAP SWMM performs dynamic rainfall-runoff simulations 

for single event or long-term simulations accounting for 

climate, soil, land use, and topographic conditions of the 

watershed. The runoff component operates on a collection of 

subcatchment areas onto which rain falls and runoff is 

generated. It can account for various hydrologic processes 

that produce runoff from urban areas including time varying 

rainfall; rainfall interception; infiltration and percolation; 

evaporation; snow melt; flow between groundwater and the 

conveyance system; dry weather sanitary flows; user defined 

flows and reservoir routing of overland flow.

Powerful & Versatile Hydraulic Modeling Features

With the ability to handle networks of unlimited size, H
2
OMAP 

SWMM includes flexible hydraulic modeling features used to 

route runoff and external inflows through a network of pipes, 

channels, pumps, storage and treatment units, and diversion 

structures. Once runoff quantity and quality are simulated, 

and wastewater loads at receiving junctions are determined, 

flows are routed using steady state routing, kinematic wave 

routing or fully dynamic wave routing. Using real-time 

controls, users have complete control of the operational 

management of all hydraulic structures.

Powerful & Versatile Hydraulic Modeling Features

In addition to modeling the generation and transport of 

runoff flows, H
2
OMAP SWMM can also estimate the 

production and fate of pollutant loads associated with this 

runoff. For any number of user-defined water quality 

constituents, a comprehensive number of processes can be 

simulated including dry weather pollutant buildup based on 

land use; pollutant wash-off during storm events; dry weather 

entry of sanitary flows; and reduction in dry weather loads 

due to BMP.

Comprehensive Low Impact Development Functionality

H
2
OMAP SWMM offers complete Low Impact Development (LID) 

Controls functionality. LID Controls are low impact development 

practices designed to capture surface runoff and provide some 

combination of detention, infiltration, and evapotranspiration to it. 

H
2
OMAP SWMM can explicitly model five different generic types of LID 

controls. These are: bio-retention cells, infiltration trenches, continuous 

porous pavement systems, rain barrels (or cisterns), and vegetative 

swales. Bio-retention cells, infiltration trenches, and porous pavement 

systems can contain optional underdrain systems in their gravel storage 

beds to convey captured runoff off of the site rather than letting it all 

infiltrate. They can also have an impermeable floor or liner that prevents 

any infiltration into the native soil from occurring. Infiltration trenches 

and porous pavement systems can also be subjected to a decrease in 

hydraulic conductivity over time due to clogging.

Rich Presentation of Results

Using powerful thematic mapping functionality, H
2
OMAP SWMM makes  

it easy to turn dry database information into stunningly colorful, fully 

dimensional visualizations. Users can generate beautiful, accurate, and 

smooth contours for any variable, including HGL or water quality — 

even overlay multiple contours on a single drawing. Draw on a range of 

other sophisticated graphical presentation tools, including color-coded 

mapping, dynamic annotation and labelling, graphing, profiling, 

customizable tabular reporting, and vivid VCR-style animation to 

produce truly compelling results.



InfoSewer®

For More Information
Phone: 

Visit: 
Email: 

www.nagcs.com www.innovyze.com

Americas:
Europe:  
Asia Pacific: 
 
www.innovyze.com
sales@innovyze.com

+1 626 568 6868
+44 (0) 1491 821 400
+61 (0) 2 8923 8800

InfoSewer® is a fully GIS integrated program for use in the planning, design, analysis, and expansion of sanitary, 

storm and combined sewer collection systems.  It can effectively model both dry-weather and wet-weather flows, to 

determine the most cost-effective and reliable method of wastewater collection.  Built atop ArcGIS™, InfoSewer 

seamlessly integrates advanced hydraulic and hydrologic modeling functionality with the latest generation of 

ArcGIS enabling users to leverage existing GIS investments in one complete and affordable package.

Key Benefits

 Fast, Efficient Master Planning and Design

 Meet Regulatory Modeling Requirements

 Quickly Compare Design Alternatives

 Implement Water Quality Control Measures 

 Leverage Your GIS Investment

Related Products

 H20MAP Sewer

 InfoSWMM

 H20MAP SWMM

 CapPlan Sewer

 InfoNet

Efficiently Predict and Reduce Overflow Events 
InfoSewer provides fast and comprehensive hydraulic modeling 

capabilities including rainfall-runoff modeling for representative peak 

flow and routing of combined sanitary sewage and stormwater.  

Extensive scenario management functionality enables users to develop 

and compare remedial alternatives for eliminating CSO’s and SSO’s and 

restore or increase capacity to meet environmental regulations and 

improve system management. 

Smarter Planning using Automated Design 
InfoSewer allows users to quickly and reliably design new sewer 

collection systems and expansions.  Calculate the optimal pipe size and 

slope, invert elevation of conduits and manholes, soil cover depths at 

both ends of each pipe section, and cost of excavation and reinstate-

ment to meet target design criteria. Then, automatically add the new 

infrastructure to the model database.

Powerful Dynamic Water Quality Modeling
Developing effective water quality monitoring programs will improve 

safety practices and pro-long the life of system infrastructure.  InfoSewer 

exceeds the competition with efficient and comprehensive water quality 

computational capabilities allowing users to simulate hydrogen sulfide 

generation; rates of microbially-induced corrosion; sediment transport 

and deposition; time of concentration; biochemical oxygen demand; and 

pollutant loading and buildup, Sources can be traced to identify 

domestic, commercial and industrial contributions and their impact on 

receiving waters.  

Leverage Existing GIS Investments
InfoSewer capitalizes on the intelligence and versatility of the geodata-

base architecture to deliver world-class performance, scalability, 

reliability, functionality and flexibility - all within the powerful ArcGIS 

environment.
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ArcGIS Compatibility

Runs as an ArcGIS extension

Build/run network model in ArcGIS

Construct/update models directly from geodatabase and geometric 

network or any external data source

Create/edit multiple scenarios in the same geodatabase

Generate contours, graphs, and tables or results directly in ArcGIS

Use relational database and geodatabase to store model data

Fully automate GIS data exchange with Esri data sources

Pick any GIS attribute automatically without mapping any fields

Automatically publish simulation results to enterprise geodatabases

Predict and Reduce Overflow Events

Perform flow capacity evaluations

Analyze steady state and extended period simulations

Identify system deficiencies

Manage sewer overflows 

Plan for CMOM and other regulatory programs 

Comply with discharge permits and local regulations

Calculate pipe replacement/improvement costs

Build simulations using dynamic solution of St. Venant equations

Analyze sanitary, storm and combined sewers

Model infiltration and Inflow 

Automated Design and Data Management Tools

Design new systems and improve or expand existing systems with user 

specified performance criteria

Consider standard design criteria such as flow depth-to-pipe diameter 

ratios, velocity, slope, soil cover depth, and pipe crown drop

Compare design alternatives using comprehensive scenario manager 

with active topology for clear illustrations of how system will react to 

varying conditions

Calculate sanitary sewer network replacement/improvement costs

Use additional tools for wet-well design, outlet configuration and facility 

sizing.

Automatically evaluates invert data at manholes to locate out-of-

tolerance drops

Provides automated calculation of pipe invert elevations from pipe 

slope data

•
•
•

•
•
•
•
•
•

•
•
•
•
•
•
•
•
•
•

•

•

•

•
•

•

•

Dynamic Water Quality Modeling

Detect Hydrogen Sulfide problem areas and implement the most 

effective control system

Determine corrosion potential and specify corrosion resistant materials 

or linings to prolong infrastructure life

Determine time of concentration to assess the age of sewage flow in a 

collection system and determine risk of odor or corrosion problems

Trace the source of sewage in the system to predict impact of industrial 

and commercial waste

Pollutant transport tracking to determine the impact of contaminants 

on receiving waters

Simulate the transport and settling of sediments to prevent blockages 

and overflows

Model rate of BOD oxidation

Scenario and Model Management Tools

Use intuitive tree-type scenario manager

Supports full inheritance of alternatives

Organize and group elements using queries, domains, or selection sets

Run many scenarios in one batch

Model unlimited number of pipes quickly

Use model tracker to keep track of all changes made

Comprehensive Presentation Tools

Utilize ArcGIS thematic mapping functionality

Generate contours for any variable including hydraulic grade line, 

elevation or water quality on the map

View fully animated EPS results using VCR-style controls

Overlay multiple contours on a single drawing

Present variable symbol sizes and color-coded maps

Label elements and results using dynamic annotations

Show input data and results using all common graph and profile types

Present results using customizable tabular reporting

Create simulation movies with vivid VCR-style animation

•

•

•

•

•

•

•

•
•
•
•
•
•

•
•

•
•
•
•
•
•
•



InfoSWMM® is a fully ArcGIS integrated, highly advanced, and comprehensive hydrologic, hydraulic, and 
water quality simulation model for the management of urban stormwater drainage and wastewater collection 
systems. It is a fully dynamic, geospatial software application that can be used to model the entire land phase of 
the hydrologic cycle. Built atop ArcGIS™ using the latest Esri ArcObjects component technologies, InfoSWMM 
seamlessly integrates advanced hydrologic and sewer collection system modeling and optimization 
functionality with the latest generation of ArcGIS enabling users to leverage existing GIS investments in one 
complete and affordable package.

InfoSWMM®

For More Information
Phone: 

Visit: 
Email: 

www.nagcs.com www.innovyze.com

Americas:
Europe:  
Asia Pacific: 
 
www.innovyze.com
sales@innovyze.com

+1 626 568 6868
+44 (0) 1491 821 400
+61 (0) 2 8923 8800

Key Benefits

 Perform Evaluations for USEPA Regulations

 Reduce CSO’s cost effectively

 Improve Water Quality

 Leverage Existing Data Investments

 Simulate Analysis Using FEMA certified 

       methods

Related Products

 InfoSWMM 2D

 H20MAP SWMM

 InfoSewer

 InfoWorks CS

 InfoWorks SD

Unequalled Geospatial Hydrologic Modeling Capabilities
InfoSWMM performs dynamic rainfall-runoff simulations for single event 

or long-term simulations accounting for climate, soil, land use, and 

topographic conditions of the watershed. The runoff component

operates on a collection of subcatchment areas on which rain falls and 

runoff is generated. It can account for various hydrologic processes that 

produce runoff from urban areas including time varying rainfall; rainfall 

interception; infiltration and percolation; evaporation; snow melt; flow 

between groundwater and the conveyance system; dry weather sanitary 

flows; user defined flows and reservoir routing of overland flow.

Powerful & Versatile Hydraulic Modeling Features
With the ability to handle networks of unlimited size, InfoSWMM

includes flexible hydraulic modeling features used to route runoff and 

external inflows through a network of pipes, channels, pumps,

storage/treatment units, and diversion structures. Once runoff quantity 

and quality is simulated, and wastewater loads at receiving junctions are 

determined, flows are routed using steady state routing, kinematic wave 

routing or fully dynamic wave routing. Using real time controls, users 

have complete control of the operational management of all hydraulic 

structures.

Comprehensive Water Quality Capabilities
In addition to modeling the generation and transport of runoff flows,

InfoSWMM can also estimate the production and fate of pollutant loads 

associated with this runoff. For any number of user defined water quality 

constituents, a comprehensive number of processes can be simulated 

including dry weather pollutant buildup based on land use; pollutant 

wash-off during storm events; dry weather entry of sanitary flows; and 

reduction in dry-weather loads due to BMPs.
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ArcGIS Compatibility

Runs as an ArcGIS extension

Build/run network model in ArcGIS

Construct/update models directly from geodatabase and geometric

network or any external data source

Create/edit multiple scenarios in the same geodatabase

Generate contours, graphs, and tables or results directly in ArcGIS

Use relational database and geodatabase to store model data

Fully automate GIS data exchange with EsrI data sources

Pick any GIS attributes automatically without mapping any fields

Automatically publish simulation results to enterprise geodatabases

Hydrologic Modeling Capabilities

Models time-varying rainfall

Efficiently models continuous simulations of any length

Simulates rainfall interception in depression storage

Models infiltration of rainfall into upper soil layers

Simulations percolation of infiltrated water into groundwater

Models interflow between groundwater and conveyance system

Utilizes nonlinear reservoir routing of overland flow

Performs rainfall-runoff simulations of urban and rural watersheds

Considers antecedent moisture conditions

Manages SSOs and CSOs

Perform system evaluations for CMOM, NPDES and TMDL programs

Models river hydraulics and associated flooding problems

Use SCS methods for generating runoff

Models snow accumulation and snowmelt

Supports multiple dry-weather base flows with multiple patterns

Utilizes a variety of unit hydrograph methods including NRCS, Clark,

Snyder, Santa Barbara, Delmarva, Espy, Tri-trangular, etc.

Derives rainfall data from raster data

Imports weather time series in NCDC TD-3200 format

Allows irregular interval rainfall time series

Comprehensive Presentation Tools

Utilize ArcGIS thematic mapping functionality

Generate contours for any variable including HGL or water quality

View fully animated EPS results using video controls

Overlay multiple contours on a single drawing

Present variable symbol sizes and color-coded maps

Label elements and results using dynamic annotations

Show input data and results using all common graphs and profiles

Present results using customizable tabular reporting

Create simulation movies with vivid animation

Hydraulic Modeling Capabilities

Models networks of unlimited size

Models standard closed and open conduit shapes, natural channels and 

irregular pipes

Models storage treatment units, flow dividers, pumps, weirs, orifices, etc.

Supports the application of external flows and water quality inputs from 

surface runoff, groundwater interflow, infiltration/inflow, dry weather 

sanitary flow and user defined inflows

Utilizes uniform flow, kinematic wave or full dynamic routing methods

Models various flow regimes including backwater, surcharge, reverse 

flow, ponding and pressurized flow

Models complex bypasses, outflows and adverse pipes

Supports comprehensive dynamic control (RTC) for pump status, orifice 

opening and weir levels via user-defined control rules

Models any type of weir including transverse, side flow, v-notch,

Simulates constant and variable speed pumps, and manifold pump 

systems

Simulates the filling and draining of storage facilities

Models changes in flow conditions from supercritical to subcritical

Identifies cause of flooding as backwater or capacity

Utilizes variable time step simulations to optimize accuracy and speed

Water Quality Modeling Capabilities

Models a variety of processes for any number of user-defined 

constituents

Models conservative and reactive substances, and total suspended 

solids

Models hydrogen sulfide buildup and corrosion potential

Simulates dry-weather pollutant buildup over multiple land uses

Calculates pollutant wash-off from each land use during storm events

Simulates the direct contribution of rainfall deposition

Models the reduction in wash-off loading due to BMPs, LIDs, SUDs

Routes water quality constituents and pollutants through network

Supports pollutant loading from watershed, groundwater, atmosphere 

or I&I

Models the reduction in constituent concentration at nodes or storage

Simulates the transport and settling of sediments over time

Traces sources to determine the source of sewage at any pipe or 

manhole

Predicts the impact of waste discharge on performance of treatment 

plants

Determines contaminant levels for compliance with discharge permits

Assists in determining the impact of pollutants on systems and habitats

Simulates treatment at nodes or storage as continuous flow stirred tank 

reactors

Simulates structural controls such as wetlands/bioretention, infiltration 

trenches, porous pavement, etc.

•
•

•
•

•
•

•
•

•
•

•
•
•
•

•

•

•
•
•
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InfoWorks CS/RS/SD/WS v14.0.0 (Build 26107) is now available for user download 

InfoWorks CS InfoWorks CS 14.0.0.26107 Setup (x86 only) 

 

System Requirements 

Compatible 32-bit OS: 
Windows XP Pro SP3, Windows Server 2003 SP2, Windows Vista SP2, Windows Server 

2008 R2, Windows 7 Pro SP1, Windows 8 Pro or above 

Compatible 64-bit OS: Windows Server 2008 R2, Windows 7 Pro SP1, Windows 8 Pro, Windows Server 2012 

Prerequisites: Microsoft .Net Framework 4.0 (full install, not client profile)   

Hardware Requirements: 

CPU Speed: 2.2 GHz minimum or higher; Hyper-threading (HHT) or Multi-core 
recommended. 
Processor: Intel Core2Duo, Core i3, i5, i7 or Xeon Processors; SSE2 (or greater). 

Memory/RAM: 4 GB or higher. 
Screen Resolution: 1440 x 900 or higher at Normal size (96dpi). 
Disk Space: 500 MB of free space to accommodate a full setup installation and additional 
disk space for database and/or temporary working files. Virtual memory system needs 

additional free disk space when working on large datasets. 
Video/Graphics Adapter: 256 MB RAM or higher recommended. NVIDIA, ATI and INTEL 

chipsets supported. 
Networking Hardware: Simple TCP/IP, Network Card or Microsoft Loopback Adapter is 
required for the License Manager. 

 

Optional Components 

Compatible GIS: 
ESRI ArcGIS 9.3, 10.0 or 10.1 (Check your PC ability to run ArcGIS) or MapInfo 
Professional 10.5 or above 

Compatible Database: Microsoft SQL Server 2005, 2008 or 2012; Oracle RDBMS v9i, v10g or v11g 

 

 



InfoWorks CS provides fast, accurate and robust hydraulic modeling of complete collection system networks. 

This extends to full modeling of backwater effects and reverse flow, open channels, trunk sewers, complex pipe 

connections and ancillary structures. Urban flooding and receiving stream impact prediction, water quality, 

sediment transport and real time control simulation tools all come as standard with InfoWorks CS. A range of 

graphical or geographic views and animated presentations provide access to the underlying model data in user 

friendly formats for ease of analysis and presentation. Users can simulate models of up to 100,000 nodes with 

confidence that the results will be as accurate as those for far smaller models.

Works CS
TM

For More Information
Phone: 

Visit: 
Email: www.innovyze.com

Americas:
Europe:  
Asia Pacific: 
 
www.innovyze.com
sales@innovyze.com

+1 626 568 6868
+44 (0) 1491 821 400
+61 (0) 2 8923 8800

APPLICATIONS

Applications include urban flooding and pollution prediction 

and the modeling of water quality and sediment transport 

throughout the network:

Undertake drainage and sewerage master planning or 

studies

Assess the impact of climate change on urban drainage 

systems

Effectively implement sustainable urban drainage systems 

(SUDS)

Undertake hydraulic analysis of wastewater treatment works

Identify solutions to intermittent discharges from sewerage 

systems (UID´s, CSO´s or SSO´s)

Flooding and pollution prediction

Modeling of sediment transport and associated water quality

Secondary drainage and urban stormwater system 

assessment and management

Wastewater system assessment and management

Infiltration and inflow assessments

Urban drainage storm runoff control and retention design 

and assessment

Urban storm water quality assessments and pollution control

Combined / wastewater interceptor system design and 

analysis 

InfoWorks CS allows engineers
and planners to accurately
simulate the movement of
wastewater through a 
collection system network.



























Works CS
TM
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InfoWorks CS incorporates advanced 
modules to support fast and accurate 
network modeling.

InfoWorks 2D Module (Optional)

2D functionality is available as a fully integrated module within 

InfoWorks CS . This facilitates fast, accurate and detailed surface 

flood modeling, which is better for modeling flows through 

complex geometries such as urban streets and buildings, road 

intersections and other transport infrastructure. InfoWorks 2D 

features the most modern of 2D engines using a finite volume 

approach and a triangular irregular mesh. All of this powerful 2D 

functionality is fully and seamlessly integrated with the baseline 

1D engine so only a single simulation is required to analyze the 

interaction of above- and below-ground flows in the urban 

environment.

Water Quality Module (Standard)

The InfoWorks CS Water Quality Module is designed to help 

engineers develop cost effective solutions for pollution and 

sedimentation problems. The Water Quality Module can model 

physical processes such as sediment built up behind closed 

gates and penstocks.

Real Time Control Module (Standard)

Real Time Control (RTC) is the remote manipulation of control 

structures within a drainage system, based on conditions at any 

point in the system, in order to optimise storage and operation. 

RTC can be applied to individual, isolated, ancillary structures to 

provide local control of flows. It can also make global 

management of flows possible throughout an entire network.

Advanced Data Integration and Validation (Standard)

Use the highly customizable Import/Export Centre to interact 

with data from virtually any third party database, GIS or 

modeling platform.  Use the automated validation tools to 

immediately find data errors and correct them or infer new 

values.  InfoWorks CS also includes full data flagging and a 

detailed audit trail to ensure full accountability during the 

model building process.

Infiltration Module (Standard)

Unlike direct runoff, which responds to a rainfall event in 

minutes, infiltration inflows have a much slower response. The 

Infiltration Module allows users to represent this late response 

within the network. 

Works CS Modules
TM
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One City – One Model – One Software  
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MIKE URBAN Technical Overview 

MIKE URBAN combines DHI’s 30 years of 

excellence and innovation in water modelling with 
ESRI’s world leading GIS technology. The result 
is a complete urban water modelling and GIS 
system that has set a new industry standard for 
GIS integration, productivity, ease-of-use and 
reliability. MIKE URBAN includes: 

 feature-rich GIS functionality powered by 
ESRI's ArcObjectsTM components, 

 the most popular and widely-accepted 
computational engines for urban drainage, 
stormwater collection systems, and sanitary 
collections systems (EPA’s SWMM5 and 

DHI’s MOUSE), 
 the defacto standard computational engine for 

water distribution network modelling 
(EPANET), and 

 a comprehensive selection of productivity 
tools for importing, processing, analyzing and 
visualizing your model 

One City – One Model – One Software 
The concept behind MIKE URBAN is to have one 
software package for all urban water modelling 
activities.  

 

 

 

 

 

 

This allows you to maximize your productivity 
and fully leverage your investment in GIS and 
water modelling software tools.  

Regardless of which engine you choose or which 
model you build, all of your data is stored in one 
geodatabase. MIKE URBAN uses an ArcGISTM 
GeoDatabase for storage of all network and 
catchment data, allowing you to view and edit 
your data with ArcMapTM or any other third party 
application capable of reading a standard 
geodatabase format. This also ensures an effortless 
exchange of data between the models. 

In addition to the productivity enhancements you 
get from using MIKE URBAN, you also get the 
benefit of reducing your overall expenses and 
administrative burdens since you only have one 
product to purchase, one tool to learn, and one 
company to deal with. 

Customizable Configurations 
MIKE URBAN is fully configurable to suit your 
needs in terms of model size and simulation 
process requirements (see figure below). It has a 
base module, called the Model Manager, 
containing the core GIS and data management 
functionality required for all modelling activities. 
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Furthermore there is a selection of add-on 
modules for enhancing the simulation capabilities 
of the package. Each of these modules is briefly 
described below, while a more detailed description 
of each is provided in the following sections. 

The Model Manager is a full-featured GIS-based 
data management and urban water modelling 
system including: 

 Network data management for the stormwater 
collection systems, wastewater collection 
systems, and water distribution systems 

 Standard GIS functionality, effective time-
series data management features, 
comprehensive data processing and 
manipulation tools, and powerful data 
visualization capabilities for all data entities 

 SWMM5, the US EPA's fully dynamic 
stormwater and wastewater network modelling 
package 

 EPANET, the US EPA's standard model for 
simulating hydraulics and water quality in 
distribution networks 

For more advanced Water Distribution (WD) 
modelling activities you may also add the 
following module: 

 WD Tools - includes automatic calibration of 
water distribution network models, advanced 
fire-flow analysis, and advanced rule-based 
control simulation options. 

MIKE URBAN also provides the following 
modules for more reliable and advanced modelling 
of wastewater collection systems and/or 
stormwater collection systems: 

 CS Pipeflow - Models a wider range of 
hydraulic structures than any other package, 
including rising pressure mains, user-defined 
hydraulic structures, complex operational 
rules, long-term simulations, automated pipe 
design, and more. 

 CS Rainfall Runoff - provides a wide range 
of rainfall-runoff modules for simulation of 
rainfall dependant inflow and infiltration 
(RDII). 

 CS Control - features advanced Real-Time 
Control (RTC) simulation capabilities for 
urban drainage and sewer systems.  

 CS 2D Overland Flow – dynamic integration 
between the MOUSE hydraulic engine and 
DHI’s MIKE 21 model for 2D overland flow 

 CS - Pollutant Transport - simulates the 
transport, dispersion and concentration of 
dissolved substances and suspended fine 
sediments in pipe flow.  

 CS - Biological Processes - works in 
conjunction with the Pollution Transport 
module, thereby providing many options for 
describing the reaction processes of multi-
compound systems. 

 
The modular structure of MIKE URBAN 
 

Model Manager 

The Model Manager is the basic module of MIKE 
URBAN and includes all GIS data management, 
data processing, and data visualization features 
common to all of the computational engines 
supported in MIKE URBAN. It includes: 

 Network and catchment data management for 
the stormwater collection systems, wastewater 
collection systems, and water distribution 
systems 

 Standard GIS functionality, effective time-
series data management features, 
comprehensive data processing and 
manipulation tools, and powerful data 
visualization capabilities for all data entities 

 SWMM5, the US EPA's fully dynamic 
stormwater and wastewater network modelling 
package 

 EPANET, the US EPA's standard model for 
simulating hydraulics and water quality in 
distribution networks 
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The following sections provide an overview of the 
features and analysis capabilities included with the 
Model Manager. 

Network Data Management 

Data Storage 

MIKE URBAN works with either a Personal or 
Enterprise ArcGISTM geodatabase and stores all 
data in a designated and well-documented data 
structure. As a result, you can load, view and edit 
a MIKE URBAN geodatabase in ArcMapTM, or 
any other third party software package capable of 
reading from and writing to a geodatabase. 

The MIKE URBAN Project geodatabase includes 
the data models for both water distribution and 
collection system networks. Moreover, inside the 
realm of these two distinct systems, there is the 
possibility to study the respective networks 
independently in several instances, each 
representing a fully-featured, independent 
network.  

On the Water Distribution (WD) side, MIKE 
URBAN includes the ASSET network and the 
MODEL network. For Collection System (CS), 
the three available networks include ASSET 
network, MOUSE model network and SWMM5 
model network. This makes a total of five 
networks data set supported in MIKE URBAN.  

Asset Management 

MIKE URBAN has a set of ‘Asset Layers’ to 

support storage and manipulation of asset (non-
model related) information. These asset layers 
may be utilized for storing of ‘raw data’ or 

reference data to assist in data management and 
modelling. 

MIKE URBAN includes built-in tools to automate 
the exchange of data between the model storage 
units and the asset storage units, and it includes 
very flexible and powerful tools for exchanging 
data with more comprehensive and specialized 
external asset management and data storage 
systems. 

Importing Data 

Throughout the lifecycle of a modelling project, 
the data for the model will inevitably be provided 
in a number of different formats from a number of 
different sources, and it will likely be updated 
throughout the life of the model. Since there is no 

widely accepted standard data storage format for 
wastewater, stormwater and water distribution 
infrastructure systems, it is important that the 
modelling system you are using gives you the 
flexibility and tools necessary to easily and 
effectively manage the exchange of data between 
a wide variety of data sources. 

With MIKE URBAN you can import or export 
data using a number of pre-defined import and 
export formats, or you can design your own data 
bridges to link with virtually any ODBC 
compliant data source. MIKE URBAN provides 
you with all the flexibility and data processing 
tools you need to get your data into the model 
from virtually any electronic data storage format. 

 
 
Some of the highlights of the data import 
capabilities include: 

 Supports popular data formats: Data 
bridges are defined for a wide variety of 
sources including ESRI Geodatabase, ESRI 
SDE, ESRI Shape, ESRI Txt, ESRI CAD, MS 
Access, MS Excel, MapInfo, and any ODBC 
data source 

 Support existing model formats: Import 
model data sets from MOUSE, SWMM5 and 
EPANET 

 Automatic unit conversions: Automatically 
convert source values to the units used in the 
model 

 On-the-fly data processing: Manipulate the 
incoming parameter values on-the-fly using a 
selection of processes ranging from simple 
scalar expressions to query-based value 
substitutions 
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 Topology processing: The start and end 
points of pipes are automatically ‘snapped’ to 

the nearest node within a specified buffer 
distance 

 Import preview: Preview imported data 
before it is imported to check for obvious 
errors or omissions  

 Save import jobs: Save the configuration 
(field mapping and processing assignments) 
for easy recall 

 Replace, Append, or Update: Replace all 
existing model features, Append data to 
existing model features, or Update existing 
model features with new data 

With MIKE URBAN you have all of the features 
and flexibility you need to handle practically any 
type of electronic data storage formats you are 
going to encounter. 

Data Editing and Processing 

MIKE URBAN provides a comprehensive 
selection of productivity tools for validating, 
querying, isolating and manipulating the data, and 
tracking the changes on an attribute level. Editing 
tools are available for editing network model 
components (e.g. junction nodes, pipes, sewer 
manholes, storage tanks, pumps, valves), network 
asset components (e.g. service pipes, hydrants, 
section valves), demand points (consumption 
points), or catchments. Manipulations can be 
performed on numeric attributes of a single model 
entity, on a group of selected entities, or on all 
entities. You can perform a simple change of the 
attribute value, or you can perform scalar 
manipulations using mathematical expressions 
involving other existing attributes (e.g. Invert 
Elevation = Ground Surface – 4.0).  

The following sections provide a description of 
some of the main productivity tools available in 
MIKE URBAN. 
Gap Filling (Interpolation) 

In spite of the best efforts to improve the 
collection and management of infrastructure 
information, most asset management systems are 
not specifically designed to accommodate the data 
requirements of a system model. As a result, most 
of the data sets provided for building a model are 
at best, incomplete. As a result, Gap Filling is very 
important aspect of developing most models. 
MIKE URBAN meets this challenge by providing 

a comprehensive selection of methods for 
obtaining missing information from a variety of 
sources: 

 Importing from raster grid cells 
 Assigning from nearest feature 
 Assign from network neighbours 
 IDW interpolation between features 
 Linear interpolation along network path 

 
 
For example, missing pipe inverts can be easily 
filled in from neighbouring manhole inverts, 
missing manhole inverts can be linearly 
interpolated from existing manhole inverts, or 
missing ground surface elevations can be 
interpolated from a raster grid file (e.g. DEM). 
These data manipulations are handled with the 
Interpolation and Assignment Wizard to easily 
guide you through each step. Upon completion 
you also have the opportunity to flag each 
modified attribute to indicate how/why/when it 
was changed. 
Data Validation Checking 

During the assembly of a model you are often 
importing in data from many different sources, 
processing it internally, and manipulating it to suit 
the model. During all of these activities, it is pretty 
common that all of the data may not meet the 
model validity criteria. In order to help to identify 
potentially invalid or problematic data points, 
MIKE URBAN provides an Error Checking tool 
to automatically identify and report potential 
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problems that could prevent the simulation from 
running, or cause it to become unstable. 

 
 
Customizable Units 

MIKE URBAN is fully flexible concerning the 
applied units for numeric attributes, number of 
decimals and default values for any attribute in the 
database. The system allows for a selection 
between twelve pre-defined sets of units, and 
provides a possibility for creating your own unit 
settings for virtually any numeric parameter.  

In addition to maintaining the data in the geo-
database and presenting the computational results 
in the desired units, the system ensures proper unit 
conversions during import of the existing projects 
(MOUSE, SWMM5, MIKE NET), and it 
automatically converts the data to the expected 
units when it is submitted to the respective 
computational engines. 

Scenario Management 

The water distribution and wastewater collection 
data models are commonly used for the system 
performance analysis and in the planning process. 
The complexity of the systems, the various 
uncertainties about the future conditions, and large 
costs associated with maintenance, rehabilitation 
and development necessitate a thorough 
investigation of alternative system configurations 
in a search for the technically feasible, 
environmentally sound, and economically efficient 
solution. These alternative configurations - 
scenarios - may differ by the system's physical 
layout, loading conditions, operational strategies, 
etc.  

Various projects, such as development of a 
Sewerage or Water Supply Master Plan, 
Wastewater Transportation Strategy, an Overflow 
Abatement Strategy, etc. would typically result in 
a large number of scenarios, either representing 
alternative system configurations at a given time 

and/or representing the system at various 
development stages. Testing of each scenario 
against the prescribed legislation or the standards 
of service that the authorities provide requires a 
numerical model capable of efficiently managing 
these scenarios and the associate data and 
simulation results.  

 
 
MIKE URBAN provides a state-of-the-art 
Scenario Manager tool capable or managing an 
unlimited number of scenarios within the same 
project geodatabase. The MIKE URBAN Scenario 
Manager is a user interface for a set of MIKE 
URBAN features, enabling the definition, 
organization management and reporting of 
alternative scenarios, such as:  

 Augmentation of existing trunk sewer mains 
 Increased wastewater loading from increased 

population 
 Increased water demands from increased 

population 
 Alternative design loads, e.g. rainfall-runoff of 

different return period 
 Alternative alignment of sewer and storm 

mains 
 Building of a new sewer trunk and water 

supply mains 

These scenarios are always related to each other 
through the common origin ('Base') and the 
differences typically epitomize a smaller part of 
the total data. Moreover, scenarios representing a 
development of the system through time are 
subject to the dependencies propagating along 
with the timeline.  
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Network Simplification (Skeletonization) 

‘Simplification’ is the term associated with the 
process of removing disconnected and 
unnecessary network elements, removal of 
network parts outside an area of interest and 
eliminating internal nodes which appear as 
redundant and insignificant for the hydraulic 
computations. Simplification reduces the 
complexity of the network, which improves the 
efficiency of the hydraulic computations without 
compromising the integrity and accuracy of the 
model. 

 
The simplification procedure is built into a 
Simplification Wizard that guides you through the 
process and can be described by the following 
steps 

 Selection of model network (MOUSE, 
SWMM or EPANET)  

 Selection of simplification method (Scrubbing, 
Trimming, or Merging)  

 Selection of model area of interest for which 
simplification is valid (entire network, 
network inside a polygon, or a defined of 
pipes)  

 Specification of criteria for elements to be 
selected (slope,  

 Specification of merge methods (only valid 
only for Merging)  

 Specification of reconnection of connected 
elements (e.g. catchments)  

 User interaction (changing the selection of 
elements to be simplified)  

The Simplification Wizard is a powerful tool, 
particularly when it is used in combination with 
the Scenario Manager, to find ways to speed up 
the computational time by removing sections of 

the model that do not significantly impact the 
results or compromise the objectives/purpose of 
the model.  

Data Auditing/Flagging 

With so many different sources of data 
contributing to the development and updating of a 
model it is often important to keep track of where 
the data originated, both on the level of the model 
features, and on the level of the feature attributes. 
MIKE URBAN allows you to develop a 
customizable list of alphanumeric ‘Status Codes’ 

which can be associated with either the model 
feature (e.g. manhole, pipe, catchment), or to the 
primary physical attributes of a feature (e.g. 
diameter, length, invert, etc). These Status Codes 
can be used in a query to find and isolate specific 
features or attributes with a desired Status Code 
value, or you can create thematic maps showing 
the locations of features with selected Status Code 
values.  

Custom Language Support 

MIKE URBAN is available in nine different 
languages, including English, French, Spanish, 
German, Japanese, Russian, Chinese, Korean and 
Polish. 

GIS and Visualization Functionality 

 
 
MIKE URBAN fully leverages the ArcObjectsTM 
development tools to give you a comprehensive 
set of standard GIS functionality, including: 

 data storage and access via a Geodatabase 
 graphical selection and tracing tools 
 network analysis options 
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 thematic maps (symbology and labelling) of 
virtually any asset or model attribute 

 coordinate transformations and projections 
 raster and vector image processing and display 
 retrieve and display component attributes  
 customizable and dockable toolbars 
 add/remove/order layers 

MIKE URBAN also includes many non-standard 
GIS visualization features specifically tailored to 
address the needs of urban water modellers, 
including: 

 profile views along the pipe network 
 time-series graphs of multiple attributes 
 forward and backward tracking flow paths 
 simultaneous display of multiple views 
 synchronous animation of all open views 
 comparison of results from multiple scenarios 
 export data to ArcSceneTM format 

 
In addition, MIKE URBAN also comes with the 
highly acclaimed MIKE VIEW program for 
visualization and interpretation of modelling 
results from MOUSE, MIKE NET, MIKE SWMM 
and MIKE 11.  

Water Distribution Modelling with 
EPANET 

Hydrodynamics 

MIKE URBAN applies the widely used and 
universally accepted ‘numerical engine’ developed 
by US EPA - EPANET 2.0 - for the computation 
of steady state and quasi steady state flow, 
pressure conditions and water quality in pipe 
networks. The method used by EPANET to solve 
the system of node and link equations is known as 
the ‘gradient algorithm’ and has several attractive 

features. First, the system of linear equations to be 
solved at each iteration of the algorithm is sparse, 
symmetric, and positive-definite. This allows 
highly efficient sparse matrix techniques to be 
used for their solution. Second, the method 
maintains flow continuity at all nodes after its first 
iteration. And third, it can readily handle pumps 
and valves without having to change the structure 
of the equation matrix when the status of these 
components changes.  

The most important Pipe Flow features are:  

 Steady state analysis 
 Extended period analysis 
 Rule based control 

Water Quality 

Water quality analysis is used to compute the age 
of water, perform source tracking, calculate the 
fate of a dissolved substance, or determine the 
growth or decay of a substance. The water quality 
solver is based on the efficient Lagrangian Time 
Driven method. Water quality sources are defined 
in terms of mass inflow rate in addition to 
concentration level. Bulk flow reactions can be 
modelled with nth order kinetics, pipe wall 
reactions can be modelled with either zero- or 
first-order kinetics, a water quality constituent's 
growth or decay can be modelled up to a limiting 
potential, and pipe wall reaction coefficients can 
be correlated to pipe roughness coefficients.  

The most important Water Quality features are:  

 Water age analysis 
 Chlorine concentrations analysis 
 Path and concentrations of pollutants analysis 

Collection Systems Modelling with 
SWMM5 
The EPA’s Storm Water Management Model 

(SWMM) is a dynamic rainfall-runoff simulation 
model used for single event or long-term 
(continuous) simulation of runoff quantity and 
quality from primarily urban areas. The runoff 
component of SWMM operates on a collection of 
subcatchment areas that receive precipitation and 
generate runoff and pollutant loads. The routing 
portion of SWMM transports this runoff through a 
system of pipes, channels, storage/treatment 
devices, pumps, and regulators. SWMM tracks the 
quantity and quality of runoff generated within 
each subcatchment, and the flow rate, flow depth, 
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and quality of water in each pipe and channel 
during a simulation period comprised of multiple 
time steps. 

SWMM accounts for various hydrologic processes 
that produce runoff from urban areas. These 
include: 

 time-varying rainfall 
 evaporation of standing surface water 
 snow accumulation and melting  
 rainfall interception from depression storage  
 infiltration of rainfall into unsaturated soil 

layers 
 percolation of infiltrated water into 

groundwater layers 
 interflow between groundwater and the 

drainage system 
 nonlinear reservoir routing of overland flow  

Spatial variability in all of these processes is 
achieved by dividing a study area into a collection 
of smaller, homogeneous subcatchment areas, 
each containing its own fraction of pervious and 
impervious sub-areas. Overland flow can be 
routed between sub-areas, between subcatchments, 
or between entry points of a drainage system. 

SWMM also contains a flexible set of hydraulic 
modelling capabilities used to route runoff and 
external inflows through the drainage system 
network of pipes, channels, storage/treatment units 
and diversion structures. These include the ability 
to: 

 handle drainage networks of unlimited size 
 use a wide variety of standard closed and open 

conduit shapes as well as natural channels 
 model special elements such as 

storage/treatment units, flow dividers, pumps, 
weirs, and orifices 

 apply external flows and water quality inputs 
from surface runoff, groundwater interflow, 
rainfall-dependent infiltration/inflow, dry 
weather sanitary flow, and user-defined 
inflows 

 utilize either kinematic wave or full dynamic 
wave flow routing methods 

 model various flow regimes, such as 
backwater, surcharging, reverse flow, and 
surface ponding  

 apply user-defined dynamic control rules to 
simulate the operation of pumps, orifice 
openings, and weir crest levels  

In addition to modelling the generation and 
transport of runoff flows, SWMM can also 
estimate the production of pollutant loads 
associated with this runoff. The following 
processes can be modelled for any number of user-
defined water quality constituents: 

 dry-weather pollutant buildup over different 
land uses 

 pollutant wash-off from specific land uses 
during storm events 

 direct contribution of rainfall deposition 
 reduction in dry-weather buildup due to street 

cleaning 
 reduction in washoff load due to BMPs 
 entry of dry weather sanitary flows and user-

specified external inflows at any point in the 
drainage system 

 routing of water quality constituents through 
the drainage system 

 reduction in constituent concentration through 
treatment in storage units or by natural 
processes in pipes and channels 
 

Water Distribution Modules 

WD Tools 
With MIKE URBAN Water Distribution Tools 
you get the following capabilities: 

Fire Flow Analysis 

Calculating water availability for fire protection 
requirements is one of the most frequent 
modelling tasks of water utility. The Fire Flow 
Analysis module allows you to calculate the 
available flow for the design pressure or to 
calculate the residual pressure for the design flow.  

There are two basic ways to model a fire flow: 

 Specify a design fire flow rate and compute 
the available fire flow pressure 

 Specify a design fire flow pressure and 
compute the available fire flow rate 

Pipe Roughness Calibration 

The Pipe Roughness Calibration module 
automatically adjusts pipe roughness coefficients 
to best match field pressure observations and best 
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reflect what is actually occurring in your system. 
Both English and Metric units are fully supported 
in the Pipe Roughness Calibration. Pipe roughness 
coefficients can be calculated for the Hazen-
Williams, Darcy-Weisbach (Colebrook-White), or 
Manning friction loss equations. 

PID Control  

The PID (Proportional-Integral-Differential) 
Control module provides advanced Real-Time 
Control simulation capabilities for water supply 
and water distribution systems. It permits 
description of various controllable devices and 
makes the definition of complex operational logic 
for interdependent regulators fully transparent and 
time efficient.  

Both pumps and control valves may be used as 
control devices. The control valves can be either 
pressure reducing, pressure sustaining, pressure 
breaker, throttle control or flow control. 

Variable Speed Drive 

A variable speed pump can vary its speed setting 
and/or change its status to open or closed during a 
simulation. VSD pump extension allows 
modelling of a pump where the rotational speed of 
a pump is automatically adjusted by the program 
in order to maintain the control node pressure at 
the required level. VSD pump using can also be 
modelled using the PID control module. 

Extended Rule-Based Controls 

Rule-Based Controls allow link status and settings 
to be based on a combination of conditions that 
might exist in the network over an extended period 
simulation. In order to allow for modelling of 
chains of pumps or valves chains in an efficient 
way, the EPANET Rule-based control syntax was 
extended by adding LIKE keyword, for example. 

 

Collection System Modules 

The Model Manager module includes the US 
EPA’s SWMM5 engine for wastewater and 

stormwater collection system modelling. 
However, for large, complex collection systems 
models it is often preferred to use a more reliable 
computational engine such as DHI’s MOUSE 
model. The MIKE URBAN Collection System 
(CS) modules all pertain to the various 
applications of the MOUSE model, including: 

 CS Pipeflow – pipeflow hydraulics modelling 
 CS Rainfall-Runoff – catchment hydrology 

modelling  
 CS Control – real-time control of operational 

structures 
 CS 2D Overland Flow – integrated 1D and 2D 

urban flood modelling  
 CS Pollution Transport – advective-dispersive 

solute and sediment transport modelling 
 CS Biological Processes – water quality and 

H2S modelling 

CS Pipeflow 
The MIKE URBAN CS Pipeflow module includes 
DHI’s own MOUSE numerical engine for solving: 

 Hydrodynamic simulation of networks  
 Automated pipe design and optimization 
 Long term simulation and statistics 

Hydrodynamic Simulation 

The Hydrodynamic Pipe Flow Model solves the 
complete St. Venant (dynamic flow) equations 
throughout the drainage network (looped and 
dendritic), which allows for modelling of 
backwater effects, flow reversal, surcharging in 
manholes, free-surface and pressure flow, tidal 
outfalls and storage basins. The MOUSE 
hydrodynamic engine has been designed to handle 
any type of pipe network system with alternating 
free surface and pressurized flows as well as open 
channel network and pipes of any shape. Virtually 
any construction can be described including 
pumps, weirs, orifices, inverted siphons etc. 

The computational scheme uses an implicit, finite-
difference numerical solution of the St. Venant 
flow equations. The numerical algorithm uses a 
self-adapting time-step, which provides efficient 
and accurate solutions in multiple connected 
branched and looped pipe networks. This 
computational scheme is applicable to unsteady 
flow conditions that occur in pipes ranging from 
small-profile collectors for detailed urban 
drainage, to low-lying, often pressurized, sewer 
mains affected by varying outlet water levels. 
Both sub-critical and supercritical flows are 
treated by means of the same computational 
scheme that adapts to the local flow conditions. In 
addition, flow phenomena, such as backwater 
effects and surcharges, are precisely simulated. 
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Pipe Design 

Pipe Design is a tool, which makes it fast and easy 
to design pipe diameters for new systems as well 
as for pipes in existing systems. The basis for the 
design can be a rough input of a new system with 
geometric information about where the pipes 
should be and initial values for diameter and 
roughness (material) or it can be an existing 
MOUSE model for a complex system where some 
pipes should be re-designed. 

In both cases the Pipe Design module can be 
effectively employed to help speed up the process 
of system design by finding commercial pipe sizes 
needed to fulfil the design criteria defined by 
either maximum water levels at selected nodes or 
maximum pipe filling for selected links. 

Long Term Simulations and Statistics 

The Long-Term Statistics module allows you to 
set up a model with intermittent hydrological 
inputs covering a continuous historical period, 
possibly over several years, such that the pipe 
flow hydraulics will only be calculated when 
specified inflow thresholds are met. This 
effectively minimizes the simulation run times and 
storage space required for continuous simulations, 
while maintaining the accuracy and reliability of 
the modelling results during the extreme events 
that require closer examination. The results are 
presented both in the form of time series and a 
range of statistical parameters for selected 
variables, as well as event and annual statistical 
plots. Additionally, extreme values as function of 
return period may be plotted. By running 
simulations with the current system configuration 
and the planned upgrade, impacts of the planned 
investments (e.g. new sewers, retention tanks, 
RTC schemes) on the system performance can be 
tested. This allows the user to develop the optimal 
rehabilitation / upgrade strategy, e.g. for achieving 
the consent with the environmental regulators' 
requirements. 

CS Rainfall-Runoff 
MIKE URBAN CS-Rainfall-Runoff includes the 
MOUSE engine for rainfall-runoff. With MIKE 
URBAN CS-Rainfall-Runoff you get access to 
several types of surface runoff models, plus DHI’s 

own rainfall dependent inflow and infiltration 
(RDII) method. 

Surface Runoff 

Surface Runoff includes several types of surface 
runoff computation for the description of the 
urban catchment surfaces: 

 Model A - Time/area Method: The runoff 
amount is controlled by the initial loss, size of 
the contributing area and by a continuous 
hydrological loss. The shape of the runoff 
hydrograph is controlled by the concentration 
time and by the time-area (T-A) curve. These 
two parameters represent a conceptual 
description of the catchment reaction speed 
and the catchment shape. 

 Model B - Non-linear Reservoir (kinematic 
wave) Method: The surface runoff is 
computed as flow in an open channel, taking 
the gravitational and friction forces only. The 
runoff amount is controlled by the various 
hydrological losses and the size of the actually 
contributing area. The shape of the runoff 
hydrograph is controlled by the catchment 
parameters length, slope and roughness of the 
catchment surface. These parameters form a 
base for the kinematic wave computation 
(Manning equation).  

 UHM - Unit Hydrograph Model: The unit 
hydrograph model calculates the excess 
rainfall precipitation) assuming that the losses 
to infiltration can be described as a fixed 
initial and constant loss, a proportional loss 
(the rational method) or by the U.S. Soil 
Conservation Service (SCS) curve number 
method or finally by the generalized SCS 
method. The excess rainfall is routed by the 
unit hydrograph method. The module applies 
the SCS-dimensionless hydrographs or the 
Snyder Unit Hydrograph, and can be 
configured to represent the Rational Method if 
needed.  

 RDI – Rainfall Derived Inflow and 
Infiltration: Provides detailed, continuous 
modelling of the complete land phase of the 
hydrologic cycle, providing support for urban, 
rural and mixed catchments analyses. 
Precipitation is routed through four different 
types of storage: snow, surface, root zone and 
ground water, resulting in more accurate 
hydrographs accounting for a full range of 
hydrologic processes.  
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Surface runoff computations in MOUSE can be 
based on any of the four concepts, provided that 
the necessary data have been specified for each 
catchment specified in the set-up. However, in one 
simulation run it is not possible to combine 
different runoff computation concepts for various 
model areas. 

Runoff computed by any of the surface runoff 
models except UHM can be complemented by a 
continuous runoff component, i.e. rainfall induced 
infiltration can be added to the computed surface 
runoff hydrographs as the catchments ‘base flow’ 
(see description below). 

This means that the surface runoff computations 
can be adjusted according to the amount of 
available information. The models run with well 
proven default hydrological parameters, which can 
be adjusted for better accuracy. The computed 
hydrographs are used as input to the Pipe Flow 
model. 

CS Control 
The CS-Control module facilitates advanced real-
time control devices to be included in the urban 
drainage sewer network model. The 
implementation in MIKE URBAN is 
representative of the various components of an 
actual real-time control system, including: 

 Sensors: A sensor is a physical device 
positioned somewhere in the system, which 
provides information of the actual value of a 
monitored variable (e.g. water level, 
discharge, runoff, valve opening, weir/gate 
position, pump on/off, concentration).  

 Controlled Devices: A controlled device (e.g. 
pump, weir, gate, or valve) whereby the 
control is specified as a set of rules, linking 
the logical conditions and the control actions.  

 Control Actions: A control action is a 
functional relation between input from one or 
two sensors and the set-point or the setting for 
the controlled device. The system allows the 
application of settings or set point (PID 
controller) based control functions, selected on 
the basis of logical evaluation of the actual 
system states (reactive control) or after the 
specified time series.  

 Control Conditions: A logical condition 
stands as a frame which demarcates the 

boundaries of a certain operational situation in 
the controlled system. This frame consists of 
an arbitrary number of independent logical 
tests on the various operational variables, 
where the relation of the actual value (or state) 
of the variable (provided by a sensor) is tested 
against the specified threshold (limit) value (or 
state).  

CS 2D Overland Flow 
The 2D Overland Flow module provides the 
ability to evaluate detailed 2D modelling of urban 
flooding using a dynamic coupling between the 
one dimensional CS Pipeflow hydraulics model 
(MOUSE) and the two-dimensional overland flow 
model (MIKE 21). The 1D and 2D models are 
linked via specified 2-way connections with 
manholes, outlets, weirs and gates, and a 1-way 
connection with pumps. During surcharge 
conditions the 1D pipe model will ‘spill’ onto the 

2D surface model via manhole surcharges, weir 
overflows, or outlet discharge, and the ‘spilled’ 

water will flow according to the 2D topography of 
the land surface. Once the surcharge conditions 
subside, the water on the 2D surface can re-enter 
the 1D collection. This 2D representation of 
overland flow provides a much more realistic and 
reliable representation of the extents, timing, 
pooling, and impacts of surface flooding than a 1D 
dual drainage model because the flow direction is 
governed only by the topography and is not 
prescribed by a 1D network.  

 
 
MIKE URBAN provides the facilities required to 
develop the 2D model grid, generate the 1D-2D 
model links and link settings, run the coupled 
simulation, and view the results with animated 2D 
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flood maps, profiles plots, time-series plots, and 
tabulated summaries.  

CS Modelling Water Quality 
Under the common names CS-Pollution Transport 
and CS-Biological Processes, the MOUSE engine 
provides several modules for the simulation of 
sediment transport and water quality for both 
urban catchments surfaces and sewer systems. 
Since pollutants are carried by sediment, sediment 
transport processes and water quality in sewer 
systems are closely interconnected. This is 
important for understanding phenomena like the 
first flush effect, which can only be simulated with 
a description of the temporal and spatial 
distribution of sediment deposits on the catchment 
surface and in the sewer system. The MOUSE 
engine can model these complex mechanisms 
using its Surface Runoff Quality (SRQ), Pipe 
Sediment Transport (ST), Pipe Advection-
Dispersion (AD), and Pipe Water Quality (WQ) 
Modules. Output from these modules, such as 
pollutant graphs from combined sewer overflows, 
can then be applied directly to DHI's receiving 
waters models MIKE 11 and MIKE 21. Using 
MIKE 11 or MIKE 21 in conjunction with 
MOUSE allows assessment of water quality for 
the water bodies receiving these sewer overflows, 
such as rivers, streams, lakes and coastal waters. 

CS Pollution Transport 
In MIKE URBAN CS-Pollution transport the 
following can be modelled: 

 Surface Runoff Quality (SRQ) 
 Sediment Transport (ST) 
 Advection-Dispersion (AD) 

Surface Runoff Quality 

The primary role of the Surface Runoff Quality 
(SRQ) process is to provide a physically-based 
description of the relevant processes associated 
with sediments and pollutants due to surface 
runoff, and then provide surface runoff sediment 
and pollutant data for the other pipe sewer 
network sediment transport and water quality 
modules. The following processes can be 
accounted for:  

 Build-up and wash-off of sediment particles 
on the catchment.  

 Surface transport of pollutants attached to the 
sediment particles.  

 Build-up and washout of dissolved pollutants 
in potholes and stilling basins. 

Sediment Transport 

Sediment deposits can greatly reduce the hydraulic 
capacity of sewer pipes by restricting their flow 
area and increasing the bed friction resistance. The 
Pipe Sediment Transport (ST) process can account 
for these problems, by simulating pipe sewer 
network sediment transport-including deposition 
and erosion from non-uniform (graded) sediments. 
Contributions from rainstorm wash-off and dry-
weather wastewater flow can be included. The ST 
module runs in conjunction with the dynamic flow 
routing, thereby simulating dynamic deposition of 
sediment and providing feedback due to the 
change in pipe area and resistance caused by 
sediment deposition. The following issues can be 
addressed:  

 Prediction of sediment deposit locations and 
associated pollutants and metals in the sewer 
system.  

 Prediction of reduction in hydraulic capacity 
due to observed and simulated sediment 
deposits.  

 Analysis of the sewer system due to modified 
regulation strategies. 

Pipe Advection-Dispersion (AD)  

The Pipe Advection-Dispersion (AD) process 
simulates the transport of dissolved substances and 
suspended fine sediments in pipe flow. 
Conservative materials as well as those that are 
subject to a linear decay can be simulated. The 
computed pipe flow discharges, water levels, and 
cross-sectional flow areas are used in the AD 
Module computation. The solution of the 
advection-dispersion equation is obtained using an 
implicit, finite-difference scheme which has 
negligible numerical dispersion. Concentration 
profiles with very steep fronts can be accurately 
modelled. The computed results can be displayed 
as longitudinal concentration profiles and 
pollutant graphs, which could be used at the 
inflow to a sewage treatment plant or an overflow 
structure. The AD module can be linked to the 
Long Term Statistics module to provide long-term 
simulations of pollutant transport. 

H2S Modelling 

Sulphide production in sewers is of interest due to 
the problems which may occur if the sulphide 
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concentrations become high, including noxious 
odours with associated human health risk, 
corrosion of concrete and metal constructions and 
inhibition of sewer treatment processes. Also, 
excessive content of sulphide may be toxic for fish 
in streams affected by overflow events. The 
sulphide build-up model available in MIKE 
URBAN has been designed to analyze variations 
and build-up of sulphide in sewer networks during 
diurnal equilibrium. 

MIKE URBAN simulates sulphide accumulation 
The WATS model is based on the integrated 
aerobic-anaerobic concept for microbial 
transformation. The model is based on the model 
concept ‘Wastewater Aerobic/anaerobic 
Transformations in Sewers (WATS)’ which was 
developed by Hvitved-Jacobsen et al. (1997) and 
Tanaka et al. (2000). The advantage of this model 
concept is the capability to simulate aerobic as 
well as anaerobic processes including the 
transition between these two states seamlessly. 

CS Biological Processes 
The MIKE URBAN CS-Biological Processes 
module works in conjunction with the Advection-
Dispersion part of MIKE URBAN CS-Pollution 
Transport, thereby providing many options for 
describing the reaction processes of multi-
compound systems, including degradation of 
organic matter, bacterial fate, exchange of oxygen 
with the atmosphere and oxygen demand from 
eroded sewer sediments. This allows realistic 
analysis of complex phenomena related to water 
quality in sewer systems.  

The module includes diurnal variation of foul flow 
discharges and user-specified concentrations of 
foul flow components. The sediment types 
included in the interaction with the CS-Biological 
Processes are foul flow organic sediments, and 
fine and course mineral in-pipe sediments 
originating from catchment runoff, potholes and 
stilling basins. The following can be accounted for 
with the module:  

 Decay of BOD/COD in bio-film and water 
phase 

 Hydrolysis of suspended matter 
 Growth of suspended biomass  
 Oxygen consumption from decay of 

BOD/COD, bio-film and erosion of sediment 
 Re-aeration  

 Bacterial fate 
 Interaction with sediments for nutrients and 

metals 
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Graphical User interface 
MIKE URBAN is operated through a fully 
Windows integrated Graphical User Interface and 
is compiled as a true 32-bit application. Support is 
provided at each stage by an Online Help System. 

Hardware and Operating System 
Requirements 
The module supports Microsoft Windows XP 
Professional and Microsoft Windows Vista 
Business. Microsoft Internet Explorer 7.0 (or 
higher) is required for network license 
management as well as for accessing the Online 
Help.  

The recommended minimum hardware 
requirements for executing MIKE URBAN are 
listed below: 

Processor: 2 GHz PC (or higher) 

Memory (RAM): 2 GB (or higher) 

Hard disk: 40 GB (or higher) 

Monitor: SVGA, resolution 1024x768 

Graphic card: 32 MB RAM (or higher), 
 24 bit true colour 

Media: CD-ROM/DVD drive, 20 x 
speed (or higher) 

File system: NTFS 
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Support 
News about new features, applications, papers, 
updates, patches, etc. are available here: 
http://www.dhigroup.com/Software/Download/DocumentsAndTools.aspx  

For further information on the MIKE URBAN 
software, please contact your local DHI agent:
 
DHI Water & Environment
150 Main Street - Unit 150
Cambridge, ON N1R 6P9
Toll Free: 1-888-344-9233
info@dhigroup.com 
 
 

 

 

Graphical User Interface of MIKE URBAN, 
 including an example of the Online Help system 

http://www.dhigroup.com/Software/Download/DocumentsAndTools.aspx
http://dhigroup.com/Software.aspx
mailto:software@dhigroup.com
pad
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 www.xpsolutions.com 
 
  
 

xpswmm is a comprehensive software package for modeling storm water, sanitary and river systems, and 
is used to develop link-node (1D) and spatially distributed hydraulic models (2D). It simulates natural 
rainfall-runoff processes and the performance of engineered systems that manage our water resources.  

xpswmm models are used for the analysis, design and operation of storm and wastewater systems. It also 
simulates flow and pollutant transport in engineered and natural systems including ponds, rivers, lakes, 
floodplains and the interaction with groundwater.  

WHY USE XPSWMM? 
Versatility of results. xpswmm offers unparalleled visual and tabular of model results that you can offer 
to your clients or stakeholders: 

• Emergency Evacuation Planning.  Find time to inundation in flood situations and first cutoff 
time to user-defined depths. 

• Plan View with 2D depths and flooding animation. View your entire network, terrain contours, 
flooding extents and color-coded water depths in one view. Watch water fill channels, streets and 
floodplains in real-time animations with velocity and depth. 

• Hydromodification. Flow duration results help you make the best management decisions to 
protect natural environments. Run continuous simulation models to compare scenarios for existing 
watersheds, their natural conditions and planned mitigation techniques. 

• xpviewer Encryptor and Free Reader. This is a tool for model reviewing engineers and agencies 
who wish to view models without making the investment in the software. Users of xpswmm can 
add the ability to encrypt their models so that their clients can review the models with the free 
Reader. 

• View all model data and results in a comprehensive text file. 

• xptables. This user-defined tabular report allows manipulation of data (copy and paste from 
external tables) and multiple display options (change the font, text direction and overall look of the 
table). 

http://www.xpsolutions.com/
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• Profile/Cross Section views with animation. At any time-step in your model run, view a cross 
section and profile of your model (in conjunction with the tabular view) along with water levels, 
maximum HGL and flooding areas. You can also watch an animation of flow as time progresses.       

• 1D Flood Maps – Display and animate 1D Flood Maps based on DTM data and water levels from 
1D results. 

Accuracy. The following are features in xpswmm that work together to provide accurate modeling 
results: 

• Dynamic Analysis. xpswmm solves the full St. Venant Dynamic equations, which allows the effects 
of storage and backwater in conduits and floodplains and the timing of the hydrographs to yield a 
true representation of the HGL at any point in space and time. 

• Holistic Modeling Approach. xpswmm allows you to model an entire system– including natural 
channels, closed underground systems, ponds, bridges, pumps, culverts and more – in a single 
model. 

• xp2D for modeling Overland Flow. xpswmm combines 1D analysis with a 2D overland flow 
engine to more accurately model water interaction between surface water and underground systems 
and natural channels. The optional Multiple Domain module allows for several domains of 
varying cell sizes for more efficient analysis.   

• EPA Tested, FEMA Approved for both 1D and 2D modeling. xpswmm is approved by US Federal 
Emergency Management Authority (FEMA) under multiple categories and results are now 
accepted for 1D or 2D, steady state, unsteady state, hydraulic or hydrological applications.  

Efficiency. xpswmm provides you with tools that help make the best use of your valuable modeling 
time.  Spend time doing analysis, not in building the model. 

• GIS Integration. With xpswmm's import/export wizard, you can link to almost any GIS system 
to import data, build your model, and update your database with missing information or model 
results. Since xpswmm is an independent, standalone system, you have the versatility to work with 
data in any ODBC or OLE compliant database. 

• Scenario Manager. Examine “what if” scenarios without the need of adding redundant data. A 
specialized scenario management tool exists also for simulating multiple storms in a single run. 

• Digital Terrain Model (DTM). Use survey data or import information to create a digital terrain in 
your xpswmm model. With a click and drag of your mouse, you can create cross sections of open 
channels and find node elevations.     
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Localization.  Does your region require local hydrologic or hydraulic methods be used in collection system 
models? 

• 22 hydrologic methods.  Choose SWMM Runoff, SCS, Clark, Laurenson, Santa Barbara Urban 
Hydrograph, Rational Method, Sacramento methods, Los Angeles County Hydrology, Colorado 
Urban Hydrograph, Variable PR, Wallingford Procedure, Revitalized FSR/FEH (ReFH), Flood 
Estimation Handbook (FEH) and Flood Studies Report (FSR) and others, or import your own 
hydrograph. 

• EPA SWMM5.  Choose this engine as a solution option.  Import and Export to SWMM5 format. 
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xpswmm is used for: 

Stormwater Management 
Stormwater master planning 
Collection system design & analysis 
Detention facility optimization 
Stormwater treatment analysis 
Hydromodification simulations 

 
Sanitary Sewers 

Sewer master plans 
Infiltration and inflow studies 
Wet weather flows scenarios 
Pumping and pressure sewers 
Prediction of overflows 

 
Floodplain Management 

Flood and hazard mapping 
Emergency evacuation plans 
Capital improvement plans 
Flood risk identification 
Mitigation strategies 
Disaster recovery plans 
River Restoration Modeling 

Analysis performed by xpswmm 

Hydrology 
Actual and design precipitation events 
Single event and continuous simulation 
Deterministic and unit hydrograph runoff 
Groundwater infiltration and discharge 
Temporary surface storage 

 
Hydraulics 

Full Dynamic wave 
Pressure flow and Pumping 
Dual drainage and looped networks 
Conduit and Detention system optimization 
Reverse flow and adverse grades 
Integrated 1D/2D Overland flow  

 
Water Quality 

Pollutant buildup and washoff 
Street sweeping 
Pollutant transport 
Treatment analysis and optimization  
Sediment transport 
BMP and LID analysis 
 

Technical Description 

xpswmm is a comprehensive software package for planning, modeling and managing sustainable drainage systems.  It simulates storm 
water and sanitary sewer flows including treatment in typical LID (WSUD) systems.  Hydraulically, flows are simulated in 1D channels 
and pipes and coupled to a powerful 2D engine for comprehensive flood modeling and mapping.  The software is used by scientists, 
engineers as well as resource and asset managers to simulate natural rainfall-runoff processes and the performance of engineered 
systems that manage our water resources. 

xpswmm is used to develop link-node and spatially distributed models that are used for the analysis, design and simulation of storm 
and wastewater systems.  xpswmm also models flow in natural systems including rivers, lakes, floodplains with groundwater interaction 
and with the Water Quality module also routes pollutants and treatment through these systems.   

xpswmm 
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Overview 

GIS Integration - connect to OBDC compliant databases, import/export & display ESRI shape files and MapInfo 
files.  Directly input GIS data with the graphical interface.  Display and color code attributes of any object. 
 
CAD Integration - import .dxf and .dwg files and manage the display of layers.  Convert the layers to model 
nodes, links and catchments.  LandXML files of networks and terrain can be imported/exported. 
 
Scenario Manager - compare graphically and in tabular format model results for various scenarios.  All model 
data including 2D layers are available to the Scenario Manager. 
 
xpviewer - distribute your model to stakeholders in a read-only format.  Model simulations, including all 
scenarios may be viewed with downloadable free software. 
 
2 Dimensional Hydrodynamic Modeling - model overland flows, street flooding and floodplains using either a 
1D/2D integrated model or as a comprehensive 2D only model.   
 
Animations - review and present model results through customizable animations including dynamic long 
section, color coded dynamic plan view and the synchronized long and cross section view with hydrographs.  2D 
plan animation includes vectors for flow and velocity and color coding of cells for many map types such as 
depth, elevation and hazard.  These animations offer an unparalleled visualization of model results and can be 
directly saved to an AVI file. 
 
Real Time Control Simulation - xpswmm‘s Real Time Control (RTC) module expands the control capabilities for 
gates valves, flow regulators, moveable weirs and telemetry-controlled pumps.  It extends RTC to a 
comprehensive management and design tool.  RTC sensors can be any combination of velocity, flow and water 
level at nodes, conduits, pumps, weirs or orifices in the network. 
 
Global Storms - simulate and compare model runs using a series of storms such as design storms with varying 
return period or storm durations from the Global Database.  The Global Database dramatically reduces data 
redundancy and the associated problems of updating multiple locations when changes are made.  Examples of 
global data include rainfall, infiltration, pollutant description, cross sections, dry weather flows and pump curves. 
 
Dual Drainage - simulate flow in conduits and in streets and situations where flow is limited by inlet capacity.  
 
EPA SWMM 5.0 Compatibility - xpswmm can import from or export to SWMM5 model formats. 
 
FEMA Approval - approved by US Federal Emergency Management Authority (FEMA) as meeting the minimum 
requirements for using a computer model in floodplain mapping for the National Flood Insurance Program.  
Approval is for Hydrology and 1 and 2 dimensional Hydraulics . 

Hydromodification - xpswmm produces flow duration and exceedence curves for continuous simulations.  
Coupled with the scenario manager and the monthly and annual changes to parameters you can evaluate the 
impacts of development and mitigation scenarios.  
 
CMOM - xpswmm has a suite of integrated tools that will assist utilities in compiling with the US EPA’s Capacity, 
Management Operations and Maintenance regulations. 
 
NPDES - xpswmm models the sewer collection network which can be used to assist National Pollutant Discharge 
Elimination System permittees to obtain permits and comply with the conditions. 
 
LID -  Low Impact Development, also known as Water Sensitive Urban Design (WSUD) or Sustainable Drainage 
Systems (SuDS) is a philosophy that focuses on specific sustainable water conservation goals.  Its aim is to 
minimize adverse impacts to the hydrologic cycle and water quality principles of low impact development 
require that projects not increase peak flows. 
 
Integrated Modeling - xpswmm models interactions between urban drainage and watercourses (or main rivers) 
using an integrated approach.  All components can be modeled in a single software package 
including direct rainfall on the 2D grid in addition to the hydraulics in 1D and 2D domains. 

Special 
Applications 

Key 
Features  

xpswmm 
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xpswmm simulates the complete hydrologic cycle in rural and urban watersheds.  Beginning with single or multiple rainfall events and 
dry weather flows, it models flows through collection, conveyance and treatment systems to the final outfalls.  All hydrologic process-
es including snowmelt, evaporation infiltration, surface ponding and ground-surface water exchanges are included in the model.  
Local hydrology can be further described by redirecting flows from impervious areas to pervious surfaces to allow infiltration. 

Rainfall Users may select either design storms or actual recorded rainfall events.  Rainfall hyetographs may be linked to a 
model using off line files or assigned from a global list to catchments.  Continuous simulation can be used to 
evaluate Hydromodification and model catchment response to long term rainfall records while including 
multiple rainfall stations.  
 
Design storms for any duration and return period may be created from a library of rainfall patterns that includes:  
 

 SCS Types:  I, IA, II, Florida Modified, III, B 

 Huff Distributions 

 Chicago Storm 

 AR&R temporal patterns 

 UK Summer and Winter Storm Patterns 

 Storms from localized templates 

 User defined distributions 
 

Each subcatchment can reference a separate hyetograph 
enabling the modeling of radar rainfall data, localized storm 
events or the timing of the hyetographs can be adjusted to 
simulate movement of a storm across a watershed. 
 
xpswmm also models snowmelt using the Degree-Day method developed by the US National Weather Service. 

Runoff There are numerous methods available for computing storm 
runoff hydrographs for event or continuous simulations. These 
are: 
 

 Non-linear Runoff Routing (US EPA Runoff Method) 

 Laurenson’s Non Linear Runoff Routing (RAFTS) 

 SCS Unit Hydrographs using a Curve Number with 
curvilinear or triangular unit hydrographs. 

 Kinematic Wave 

 Clark Unit Hydrograph 

 Snyder Unit Hydrograph 

 Alameda County Snyder and Rational methods 

 Nash Unit Hydrograph 

 Santa Barbara Urban Hydrograph 

 Time Area 

 Rational Method 

 LA County Modified Rational Method 

 Sacramento County Nolte and Hydrograph Methods 

 Colorado Urban Hydrograph Procedure (CUHP) 

 EPA RTK Unit Hydrograph for RDII 

 5 UK Methods: Variable PR, Wallingford, ReFH, FEH, and FSR 

 Direct Rainfall on 2D Grid with IC or Green-Ampt infiltration 

Hydrology xpswmm 
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Non-Linear 
Runoff 
Routing 

The primary runoff hydrograph generation method is the EPA 
SWMM non-linear runoff method.  Overland flow hydrographs are 
generated by a routing procedure using Manning’s equation and a 
lumped continuity equation. Surface roughness and depression 
storage for pervious and impervious area parameters further 
describe the catchment.  The subcatchment width parameter is 
related to the collection length of overland flow and is easily 
calculated based on watershed characteristics. Urban, suburban, 
and rural areas of any size may be simulated using non-linear 
reservoir routing. 
 
The unit hydrograph methods such as SCS, SBUH, LA County Modified Rational, etc. are primarily used for single 
event simulations.  The SWMM runoff method is a deterministic hydrologic method suitable for comprehensive 
analysis and design including the simulation of LID (WSUD) using catchment surface redirection capabilities.   
 
Additional seasonal and annual adjustments can also be made the hydrologic parameters to capture the effects 
of a changing watershed over time.  For example, frozen ground during winter months can be simulated by 
adjusting infiltration with monthly factors and development can be modeled by increased impervious 
percentage over several years. 

Groundwater 
Interactions 

Subcatchment infiltration can be coupled to groundwater and is computed using a selection of these methods: 

If groundwater is simulated then the unsaturated zone interacts with the infiltration from the watershed surface. 
Decreased infiltration increases surface runoff.  For example, the water table can rise to the ground level from 
excessive infiltration and cutoff the infiltration. 
 
The recovery of depression storage between storms is achieved by means of evaporation as well as recovery of 
infiltration capacity.  Sub-surface flow is routed through saturated and unsaturated zones using the method of 
lumped storages.  Sub-surface outflow is computed using a power equation.  Seasonal variation in groundwater 
levels can drive base flows in streams and infiltration in sewers. 

 Horton (including cumulative depth cutoff) 
 Green-Ampt 
 SCS method with optional sub-surface routing 

 Initial and Continuing loss 
 Proportional loss 
 Initial and Proportional 

Hydrology xpswmm 
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The versatility of xpswmm allows modelers to load and simulate hydraulics in both separate sanitary and combined sewers. Temporal 
variation of both sanitary flow and groundwater infiltration are fully accommodated. 

Dry 
Weather 
Flows 

Sanitary flows may be loaded globally using the EPA SWMM Method. 
 
Sanitary flows may also be locally loaded using hourly and daily variation factors and peaking factors to produce 
unique loads to each node using these methods: 
 

 Direct flow  
 Unit flow rate 
 Census based 

 
In all cases base flows may be multiplied by hourly  
and daily temporal variation factors to produce  
sanitary loads to each node. 

Wet Weather Wet weather flows in sanitary and combined sewers, sometimes referred to as rainfall derived inflow and 
infiltration (RDII), can be incorporated  into an xpswmm model with a variety of techniques: 
 

 Infiltration based on the EPA SWMM Transport infiltration algorithm 

 Specifying infiltration as constant flows or user defined hydrographs to manholes 

 Regression based RDII input as user defined hydrographs 

 Simulating  groundwater mounding to generate RDII  

 RDII hydrographs based on simulated rainfall and unit hydrograph methods for sewershed data 

 RTK Unit Hydrograph Method 

Sanitary Flows xpswmm 
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xpswmm solves the complete St. Venant (Dynamic Flow) equations for gradually varied, one dimensional, unsteady flow throughout 
the drainage network.  The calculation accurately models backwater effects, flow reversal, surcharging, pressure flow, tidal outfalls 
and interconnected ponds.  The model allows for looped networks, multiple outfalls and accounts for storage in conduits.  Flow can 
also be routed using kinematic or diffusive wave methods.  Additionally, models can be solved using the SWMM5 engine. 

Inlet Capacity 
and 
Dual Drainage  
 

xpswmm determines the captured flow for a range of inlet types including slot, grate and curb inlets.  Options for 
calculating the inlet capacity are: 
 

 Maximum capacity   

 Rated by approach depth or flow  
 
Flow not captured by the inlet is stored on the surface or lost from the system or diverted automatically to 
overland flow conduits.  Additionally, with the included xp2D module, surface flows can be routed on a 2D grid. 

Conduit 
Shapes 

There are more than 30 different pre-defined hydraulic elements available for hydraulic routing and user-
defined open and closed conduits making the number of available shapes virtually limitless:   

 Circular 

 Rectangular 

 Horseshoe 

 Trapezoidal Channel 

 Rectangular Triangular Bottom 

 Baskethandle 

 Modified Baskethandle 

 Egg-shaped 

 Power Function Channel 

 Semi-Elliptic 

 Catenary 

 Gothic 

 Semi-Circular 

 Rectangular Round Bottom 

 Arch 

 Vertical and Horizontal Ellipse 

 User-Defined (HEC-2) Open Channel 

 Rating Curve 

 Regulator 

 Reaction Link 

 User-Defined Closed Section 

xpswmm can also accommodate channels and conduits having roughness changes as a function of depth and 
can simulate sediment deposition and transport in all conduit shapes. 

Hydraulics 

Node  Data  
Dialogs 

Data is easily entered and reviewed in graphically enhanced 
dialogs.  Check boxes indicate which options are invoked.  Radio 
buttons  are used  for selecting a single option from a group.   
 
Copy and paste tools are used to replicate data between 
multiple objects.  Tooltips are available indicating field name, 
parameter description and units when the cursor hovers over a 
field. 

 HEC 22 methods 

 Local and Global 2D Inflow Capture equations 

xpswmm 
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Pumps Pumping of stormwater or wastewater is easily modeled in xpswmm .  A pump station may be represented as 
either an in-line lift station, or an off-line node representing a wet-well, from which the contents are pumped to 
another node or outfall.  Using a multilink up to seven pumps may be assigned to a single pump station 
representing seven individually controlled pumps or seven settings for a variable speed pump.   
 
Pumps may be one of six types: 

 Rated by Well Volume  An in-line or off-line pump station with a wet well; the rate of pumping depends 
upon the volume (level) of water in the wet well. 

 Rated by Depth in Node  An in-line or off-line lift station that pumps according to the level of the water 
surface at the junction being pumped. 

 Rated By Dynamic Head  An in-line or off-line pump that pumps according to the depth (head) 
difference over the pump using a multi point pump curve and starting and stopping elevations. 

 Rated By Static Head  An in-line or off-line pump that pumps according to the head at the upstream 
node using a multi point pump curve and starting and stopping elevations. 

 Special Dynamic Head These pumps use a rule curve to modify the flow of the dynamic head pump 
based on the depth at either an adjacent or non-adjacent node. 

 Variable Speed These pumps are defined by pump curves that are based on wet well depth or other user 
defined parameters. 

Control 
Structures 
and  
Diversions 

In gravity conveyance systems, a variety of structures are used to measure, control and divert flows.  In xpswmm 
all diversions occur from nodes and the complex hydraulics of flow regulation devices are modeled in links. User 
defined diversion rules that can direct flow to the appropriate node as Control devices in xpswmm include: 

Weirs: 

 Transverse 

 Side flow 

 Inflatable 

 Bendable 

 User defined geometry 

Orifices: 

 Circular bottom 

 Circular side 

 Rectangular bottom 

 Rectangular side 
 
Orifices may have time dependent area and discharge 
coefficients. 

Hydraulics xpswmm 
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Real Time  
Control 

xpswmm ’s Real Time Control (RTC) add-on module expands existing depth based control capabilities for gates, 
valves, flow regulators, moveable weirs and telemetry-controlled pumps.  It extends RTC to a comprehensive 
simulation tool.  The sensors can be any combination of time and date variables, conduit velocity and flow, node  
depth and elevation, and flows in pumps, weirs or orifices.  The comprehensive real time control option provides 
the ability to control any conduit, pump, weir, orifice or rating curve from an unlimited number of sensors. 
 
The types of elements subject to RTC and the Parameters capable of being controlled are:  

Other control parameters include a variety of time and date options, ramp times and target values.  Operators 
can be concatenated with Boolean operators and parameters can be compared with other sensors or with 
absolute values.  Real time control can be activated only during a certain time period (schedule) and the control 
can ramp on and/or off over a user-defined time period. 

Detention 
Storage 

In addition to conduits, channels and other flow elements, flow may also be routed through a variety of different 
storage shapes.  The shape of the storage may be defined as:   
 

 Constant surface area (tank) 
 A power function 

 

Also, a stepwise linear relationship may be defined as: 
 Stage vs. surface area 
 Elevation vs. surface area  
 Stage vs. volume 
 Elevation vs. volume 

 

The routing of flows through detention storage units is performed by: 
 Modified Puls method in the kinematic wave of the Sanitary layer 
 Dynamic flow equations (St Venant) in the Hydraulics layer 
 

 

Interconnected ponds and detention basins can be modeled in either parallel or series.  Storage can be assigned 
from the invert of a node to represent typical detention ponds or from the ground surface to represent surface 
storage such as trap-lows, sag inlets or flooded inlets and intersections. 

Element Parameter 

Conduit Flow, Roughness, Diameter (or Depth)  

Node Depth, Elevation  

Pump On Elevation, Off Elevation, Speed Factor, Pump Flow Rate, Well Volume  

Weir Flow, Crest Elevation, Surface Elevation, Length,  Discharge Coefficient 

Orifice Area, Discharge Coefficient  

Rating Curve Flow 

Hydraulics xpswmm 
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2D  
Hydrodynamic 
Model 
 
 

1D - 2D  
Integrated 
Model 
 

Fully two-dimensional (2D) models have been widely used for modeling river and coastal hydraulics and recently 
have become a viable practical option for modeling urban floods.  As a stormwater management tool 2D models 
are more accurate and produce results that are far more readily accepted and understood by managers, decision 
makers and other stakeholders. 
 
The xp2D modeling package is based on the TUFLOW program developed by WBM Oceanics Australia and the 
University of Queensland.  xp2D has incorporated the TUFLOW engine into a user-friendly graphical interface 
which walks the user through preprocessing of input data and the calculation of the model.  All of xpswmm ’s 
familiar tools for generating tables, graphs, and animations are available for reviewing, analyzing and presenting 
model results.  New 2D animation and 2D Scenario Management tools make it easy to present results to 
managers and decision makers.  Multiple sets of 2D results can be loaded, animated and compared. 

A powerful feature of xp2D is its ability to dynamically link to any 1D (quasi-2D) model in an integrated fashion.   
The user sets up a combination of 1D network domains linked to 2D domains in a single model.  An add-on 
module allows multiple 2D domains that can have 
different grid sizes and orientation.  Multiple 2D 
domains can be linked with 2D/2D Interface lines. 

2 Dimensional Flow 

Stormwater flows overland until it enters the 
underground network.  Surcharges may exit the 
network and resume overland flow after being 
subjected to inlet or 2D inflow capture rules.  

1D elements may be integrated into a 2D flow 
area to accurately model 1D flow.  Cells 
underlying natural channels that are modeled in 
1D are made inactive to avoid double calculation 
of conveyance and volume. 

The 2D active area is divided into cells with user defined dimensions and 
orientation.  Multiple non-contiguous active areas may be defined. 
 
At each time step,  depths are calculated at the cell center and corners  
and velocities are calculated on each edge. This 9-point calculation 
produces highly accurate model results. 

Polygons can be imported or digitized within the program to simulate varying initial water surface elevations for 
ponds, lakes and other storage facilities.  Sets of polygons and polylines called Elevation Shapes can be used to 
alter the grid derived from the DTM such as building finished floor, road crowns, flood walls and other features 
that would alter the overland flow.  Dynamic Elevation Shapes can be used with triggers to simulate levee 
breach, dam failure, collapsing fences and other real time phenomena.  

2D Model 
Advanced 
Features 

xpswmm 

Polygons assigning rainfall directly to cells allow distributed 
hydrology in 2D.  The cells can be further described by 2D Landuse 
with associated 2D Soil Types.  The infiltration can be assigned to the 
cells with user defined parameters or USDA Soil Type using Green-
Ampt or Initial and Continuing loss models.  In the 2D rain on grid 
models no catchment delineation is necessary. 

2D Rain on 
Grid and 
2D 
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2 Dimensional Flow 

Running 
2D Models 

The job control settings are used to define a variety of runtime parameters in order to customize or optimize the 
model calculations.  Once a simulation is completed a comprehensive 2D Summary is produced for model 
review and QA/QC. 

Polylines represent 2D Head or Flow Boundaries 
and the 1D/2D Interface Boundary.  Raised areas 
in the flood plain such as buildings can be 
represented as Inactive 2D Area polygons. The 
2D Area Extent polygon bounds the 2D 
rectangular grid. 

The flood plain is represented as an Active 2D 
Area polygon.  It borders the 1D open channel 
which is represented as a 2D Inactive Area.  The 
1D underground drainage network is added to 
the model. 

Graphic Tools 
for 1D-2D  
model building 
 

1D-2D models are constructed from intelligent modeling objects. These objects are represented as points, 
polylines and polygons.  xp2D has a set of tools that allow the user to quickly lay out the model and manage the 
properties of  the objects. 

xpswmm 
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2 Dimensional Flow 

Time series outputs of water depth and velocity at user defined points or flows across user defined polylines are 
easily  generated.  These plots may be displayed, printed or exported as graphic files. 

Viewing 
Model  
Results 
 

2D model results can be animated in plan view.  Color coded maps display time series such as water depth and 
elevation, stream power and bed shear or hazard.  Scaled vectors can display flow or velocity.  The vector scaling 
and color coding are user-defined.  DVR-like buttons are used to play animations which may be recorded as AVI 
files. 

All 2D maps can be exported to GIS or to CSV data 
files.  The export to GIS includes grid and shape 
files. 

xpswmm 



 

Technical Description 12 

2 Dimensional Flow Applications 

Evacuation 
Planning 
 

Our FEMA-approved software contains tools to assist emergency management personnel in identifying 
important evacuation routes.  Users layout routes in plan view and then specify criteria for depth cutoffs.  For 
example depths above 0.4m (1.5ft) in roadways may prevent vehicle traffic. 

xpswmm 

Evacuation criteria includes user defined labels to 
values of depth, velocity or hazard.  The Evacuation 
criteria is unique to each route and the route can 
follow the terrain or have higher elevations such as 
when following the road crown. 

Several map types exist related to time.  Duration and time of inundation to user specified depths can be 
mapped.  For example, duration of flooding may help assess crop damage due to a low tolerance for extended 
periods of flooding.  The map below shows the time to 0.3m of inundation downstream of a dam failure. 

Time to   
Inundation 
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xpswmm provides a full suite of tools for modeling processes impacting water quality in watersheds.  The software simulates the 
buildup and washoff of contaminants (non-point sources) in catchments, the direct entry of pollutants into network (point sources), 
transport through collection and conveyance systems and the treatment of stormwater and wastewater by natural processes and 
engineered devices. 

Sediment in 
Pipes 

Residual bottom sediment in the pipes may be scoured and deposited again due to the flushing action of the 
conduit velocity.  Scour and deposition is simulated in all conduits in the system.  

Buildup 
and 
Washoff 

xpswmm provides a variety of tools for modeling 
the buildup of any pollutant in a subcatchment. 
The buildup may be modeled using the US EPA 
time dependent Dust and Dirt model.  Buildup 
parameters may be assigned for each pollutant 
and landuse combination in the watershed. 
 
 
 
 
 
 
 
Washoff during rainfall events may be modeled 
using: 
 Event Mean Concentration (EMC) 
 Exponential: dependent on flow and        

availability  
 Rating curve: relates concentration to flow 
 

Erosion 
The erosion load can be modeled using the 
Modified Universal Soil Loss Equation (MUSLE).  
These results are then presented with the total 
wash off rate for constituents such as TSS. 

Water Quality Modeling 

The methodology uses a particle size distribution and specific 
gravity for each desired pollutant and maintains a time history for 
each conduit of the maximum particle diameter in suspension and 
the minimum particle size in the bed.  Particles in motion are rout-
ed downstream in each conduit by complete mixing.  Mass-
weighted values of the maximum particle diameter in suspension 
are routed downstream for entry to subsequent conduits. 
 
A static depth of sediment may also be entered as a conduit factor 
in the Hydraulics mode to alter the conveyance capacity of the 
conduit.  For example, a culvert may be purposefully buried for fish 
passage. 

xpswmm 
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BMP Analysis Best Management Practices (BMP's) or Low Impact Development (LID) strategies may be simulated using the 
above procedures in xpswmm.  The model will quantify the effect of the treatment technology in terms of 
reduced flow (peak or total volume) and contaminant load. 
 
Typical BMP and LID strategies simulated by xpswmm include: 
 
 rain gardens  dry detention basins 
 green roofs  wet ponds 
 rain barrels  swales 
 street sweeping  porous pavement 
 infiltration trenches filter strips 
 
In addressing sewer overflow problems, the software can identify the volume of spillage, flooding and the 
concentration of any pollutants or sediment build-up.  The modeler may evaluate solutions such as storage, 
treatment and real-time control adjustments to prevent system failure. 

Quality routing is performed as plug flow or complete mixing in storage units.  Storage and treatment devices 
are simulated as a series and/or parallel network of units each with optional flow-storage routing using the 
modified Puls method. 
 
The treatment simulation uses either user-defined removal equations (for example, removal as exponential 
function of hydraulic residence time) or sedimentation theory coupled with particle size-specific gravity 
distribution for constituents.  The user may enter any valid equation to describe the treatment of the various 
constituents and xpswmm will parse this equation and apply it to the simulation.  This treatment train can be 
simulated in all the modes allowing it to represent typical LID (WSUD, SuDS) structures and practices. 

Water Quality 
Modeling in 
Storage Units 

Water  
Quality  
Routing In 
Conduits 

Quality routing is performed by advection and complete mixing in conduits.  Each constituent may be subjected 
to first order decay during the routing process.  The decay of one constituent has no effect on other constituents 
present. 
 
 
 
 
 
 
Routing of quality parameters is performed by using the integrated form of the completely mixed conduit 
volume.  The routing becomes closer to pure advection (plug flow) as the number of conduits is increased. 

Dissolved 
Oxygen 
Cycle 

The behavior of dissolved oxygen (DO) and the constituents that drive the DO cycle including carbonaceous 
BOD, nitrogenous BOD as well as nitrate can be simulated in xpswmm.  User defined inputs allow for temperature 
and salinity correction, sediment oxygen demand and parameters used in the O’Conner or Covar reaeration 
equations. 

Water Quality Modeling xpswmm 
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xpswmm’s graphical environment allows the modeler to create and modify the network interactively on the screen using a mouse and 
graphic tools.  Convenient graphical wizards guide the user through a range of required tasks such as importing data.  The internal 
knowledge-base “intelligently” reviews the input to prevent incorrect or inconsistent network structures or data from being created. 
 
xpswmm also contains a variety of tools to jump-start model building by using data from other previous projects (using templates), 
other models (“Merge” command) and importing data from external sources such as CAD and GIS files. 

Network 
Creation 

xpswmm has tools for quickly laying out, navigating and annotating networks.  Model objects can be constructed 
on a scaled background with GIS , CAD and aerial photo layers or on a blank screen.  The color and size of labels 
can be adjusted for optimum readability.   Single objects or groups of nodes or links can be selected for editing. 

Dialog boxes xpswmm has numerous dialog boxes that 
assist data entry.  Schematic diagrams 
indicate the definition of various parameters.  
Pop-up screen tool tips provide additional 
information such as units and field definitions 
to assist the users. 
 
This dialog box displays the Solve feature 
which calculates and enters the selected 
dependent variable. For example, knowing 
the upstream and downstream inverts and 
the conduit length, the slope is calculated. 

XP Tables 
Import 

XP Tables offers an excellent complement to the dialog-based interface.  XP Tables provides views of data and 
results that can be quickly sorted, edited and copied to or from other applications such as Excel spreadsheets.   
Filters can also be applied to the table so that only the objects meeting specified criteria are displayed.   
 
Predefined tables can be loaded into any model that organize the data based on object type.  Tabs in the lower 
left hand corner allow quick navigation to a specific table.  Model building is enhanced in this spreadsheet style 
interface allowing quick copy, paste and data entry.   Data is checked against reasonable and absolute ranges at 
this level as if entered in dialogs. 

Building Your Model xpswmm 
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Layer  
Control 
Panel 

The movable Layer Control panel allows the user to manage the graphical 
display of the model.  The display of layers (model links and nodes, text, 
topography, DTMs, and background images) may be switched off/on with 
check boxes.  Model layers may also be locked (from editing) or have their 
selectable attribute switched off/on. 
 
The layer control panel may be moved, resized, hidden or docked. 
 
The layers are organized into a tree structure with expandable/collapsible 
groups. 
 
Right-clicking on the name of any layer launches a popup menu for 
importing, editing and changing the display properties to that layer. 
 
The count of objects [selected/total] is displayed within each layer as well 
as an indication of the layers selected by changing the font to bold.  
 
 

Quick 
Data 
View 

The Quick Data View tool displays a user-defined set of input data and 
results for any link or node in the model.  It can also display the 
attributes for selected objects from a GIS layer.  It is effectively a 
custom dialog that dynamically displays current values of the defined 
set of parameters. 
 
The view may be docked or moved anywhere on the viewing pane and 
resized.  The display is updated when a new link or node or GIS object 
is selected.  It is an excellent tool for reviewing the model data and 
results. 

Global Data Global data allows for the management of data that may be referenced from multiple nodes and links.  This 
reduces data redundancy dramatically and the associated problems of updating many locations when changes 
are made.   Examples of global data include rainfall, infiltration, pollutant description, cross sections, dry weather 
flows and pump curves.  A series of dialog boxes are used to assist editing and assigning global data to the 
model. 
 
 
 
 
The global database can be efficiently loaded by importing or 
merging models together and by using several supplied 
template files. 

Building Your Model xpswmm 
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GIS 
Integration 

xpswmm is streamlined to utilize GIS and CAD data for modeling.  
It has the ability to display raster and vector files as background 
images from commercial drawing and GIS applications without 
the purchase of additional software or runtime licenses.   
 
With its integrated GIS link xpswmm enables you to exchange 
data with other external databases such as ArcGIS, MapInfo, 
Asset Management Software, Access and Excel or any other 
ODBC compliant database.   
 
xpswmm’s layer control panel allows the management of 
geospatial data sets including visualization  and direct import  of 
geometric objects such as polygons, polylines and points to the 
appropriate layer.  The export of links and nodes with object 
data can be exported to ESRI shape or MapInfo files. 
 
Specialized polygon processing that intersects catchment 
polygons with GIS polygons allows catchment parameters to be 
derived. 

Background  
Layers 

xpswmm allows the user to layout the network over a CAD 
(.DXF or .DWG) drawing or a GIS layer (.SHP or .MIF).  The 
ability to include a background image also includes 
digital pictures such as .ECW, .BMP, .JPG, .TIF files. 
 
Alternatively, schematic network layouts can be created 
without the objects being georeferenced. 

Building Your Model 

A right-click launches a pop-up dialog for directly 
importing/exporting nodes, links, catchments and 
2D objects from a GIS file.  Attributes in the source 
file may be mapped to xpswmm fields. 

 
ESRI shapes files and MapInfo .MIF files may be 
added to a model as layers.  The Quick Data View 
tool may be used to display the attribute values 
for selected GIS objects. 

xpswmm 
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Exchanging 
data with 
EPA SWMM 

Existing information may be imported into xpswmm from Version 4 through Version 5 EPA SWMM data files.  The 
model can also be solved using the SWMM5 engine and exported to or imported from an EPA SWMM 5 input file.  
Users can also select XP Solution’s new SWMM5 based engine that includes most xpswmm enhancements and 
capabilities. 

Text Files Data may also be imported from an ASCII text file in our proprietary XPX file format.  XPX files are  free format 
and use a simple script to allow import of all required data.  Comma Separated Values (CSV) files can be included 
in XPX files to allow import of multiple input variables to a range of objects.  This allows the user to create new 
data and objects as well as update and add to existing xpswmm networks. Large data sets exceeding 10,000 
conduits can be managed easily using XPX files. 

Network  
Navigation 

The Network Navigation tool bar contains numerous zoom and pan tools allowing the user to quickly navigate 
the model.  Other icons in the tool strip aid in selecting objects and adding/removing objects from the current 
mode.  The Fit to Window and Regenerate View tools are used to quickly refresh the screen.  Very large networks 
will redraw quickly and look much cleaner without the clutter of object  labels.   A popup tool tip describes the 
function of each tool. 

GIS 
Integration 

Building Your Model 

Attributes of GIS files used as background images  
may be color coded to enhance viewing. 

The Network Overview panel assists in navigation of large  networks. 

CAD 
Connect 

Both .dxf and .dwg CAD files may be added to any model and used as a spatial reference or for importing points, 
lines and polygons as xpswmm model objects.  The display of any layer in the CAD file can be toggled on/off.  
Completed models can be exported as .dxf files.  LandXML import/export can also be selected to create DTM and 
pipe networks from/to many CAD and GIS programs supporting this data standard. 

xpswmm 
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Digital Terrain Models 

Whether you are modeling in 1 or 2 dimensions, integrating elevation data is an essential step in constructing your model.  xpswmm 
incorporates Digital Terrain Models (DTMs) as Triangular Irregular Networks (TINs) into any 1D or 2D model.   Our software offers a 
fast triangulation engine and a comprehensive set of tools that are used to create, import, display elevation data layers, and to derive 
properties of network elements from the  DTM. 

The DTM builder constructs a TIN from an x, y, z text file.  
The “S” column is used to designate break lines.  
Multiple DTMs can be tiled together. 
 
Additional options include creating a DTM from: 

 Existing node ground elevations 

 MapInfo files  

 ESRI Shape and ASCII Grid files 

 LandXML files 
 
The dialog  allows for direct editing of points and block 
copy and paste operations. 

DTM Builder 

Manage DTM  
Layers 

 DTM  Tools 

The color scale, transparency and contour line format of the TIN 
can be adjusted or toggled on/off with the display properties 
dialog in the Layer Control Panel.   Major contour labels can also 
be displayed with a user defined interval. 
 
The elevation of the mouse location is displayed in the status bar. 

After the DTM has been incorporated into the model a variety of tools  are available to perform such tasks as: 

 Generating node ground elevations from the DTM 

 Creating cross section shape files along open channels 

 Creating cross section  profiles along any user defined polyline 

 Generating node and link inverts 

xpswmm 
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Running xpswmm is more than clicking on the calculate button.  When using xpswmm, the modeler can monitor the calculating engine 
performance and make adjustments and rerun the calculations.  After the simulation a variety of tools assist in calibrating, adjusting 
designs and producing final report output. 

Scenarios The Scenario Manager allows you to create up to 50 scenarios.  A scenario can have different model 
configurations, storms, control strategies or boundary conditions.  The modeler can easily analyze the networks 
performance under different storm events and future development conditions in graphical and tabular formats. 

Running Your Model 

Design 
Tools 

Several dialogs contain tools for conduit sizing and grading based on design 
criteria.  During a hydraulic simulation the model can be set to automatically 
upsize conduits based on minimum freeboard or a percentage of full depth.  
Using a constraint of minimum cover the selected conduits will be upsized 
and parallel pipes can also be added if necessary to satisfy the desired design 
criteria.  This design routine can be applied globally to all conduits or to 
selected conduits in a retrofit solution. 

Dual Drainage 
Conversion 

The simulation of parallel major and minor drainage systems (dual drainage) 
is easily facilitated and visualized in xpswmm.  The Dual Drainage Batch 
Conversion Tool automates the conversion of single subsurface conduits to 
parallel multilinks containing the existing subsurface closed conduit and 
placing a second open channel at the existing ground.  The automation 
includes making appropriate adjustments to model nodes (manholes) to 
match the depth of the channel representing street cross sections. 
 
Page 22 displays a dual drainage case in the Dynamic Long Section view.  

xpswmm 

WSPG (Water Surface Profile Gradient) is a hydraulic analysis that computes uniform and non-uniform steady 
flow water surface profiles and pressure gradients in a network of open channels and closed conduits.  This tool, 
originally developed by Los Angeles County, has been upgraded by XP Solutions and is available as an add-on 
module to xpswmm or as a separate standalone product called xpwspg.   
 
Applications include:   engineered channel design  urban drainage analysis  minor hydraulic loss analysis 
 
After designing the model using the steady state WSPG solution the model can be switched to a full dynamic 
analysis in xpswmm.  This combination of solutions allows the modeler to have confidence that the proposed 
design maintains the hydraulic grade line to acceptable levels and that storage facilities are sized correctly for 
major events. 

WSPG 
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Proprietary  
Dynamic Wave 
Routing  

xpswmm uses a proprietary dynamic wave routing procedure.  The coupled 1D/2D analysis engine is available in 
both 32 bit and 64 bit.  The solution method is inherently stable and has a fast run time by using a self modifying 
time step.  Throughout the simulation, the time step is adjusted to insure stability and flow balance.  There are 
several techniques available to improve the performance of the calculation engine.  Additional simulation 
parameters allow optimization of the solution.  They include: 
 

 Global settings for minor losses, flow multipliers, 
roughness factors 

 Courant time step factors 

 User defined fixed and relative tolerances  

 Minimum time step and conduit length adjustments 

 Automatic modification of short conduits 
 
For compatibility with older EPA SWMM models the three 
Version 4 solutions are also available in xpswmm.  The 
SWMM5 engine may be selected from the Mode 
Properties dialog as an alternative calculation engine.   
 
Routing of the flows may also be accomplished using the kinematic and diffusive wave solutions. 

Model 
Calibration 

xpswmm offers a variety of tools to assist in model calibration.  Calculated values of flow, velocity or HGL may be 
plotted over measured values.  XP Tables may be used to make global adjustments to model parameters. 
Scenarios can be used to show both graphically and in tables the differences resulting from the calibration runs. 

A comprehensive output file is also created similar to the output in EPA SWMM.  This output file is the *.out file 
and contains all the information on data input and output.  The file is organized with a table of contents 
indicating the most important tables that summarize key model input and output.  During scenario runs or 
when simulating multiple rainfall events with global storms, multiple output files are generated. 

Model 
Summary 

Running Your Model 

Basin 
Optimization 

Your xpswmm model can be calculated using the EPA SWMM5 engine or a proprietary based engine based on 
SWMM5.  The latter engine includes most of XP Solutions enhancements to SWMM including numerous 
hydrologic methods and dual drainage simulation capabilities.  The input file (.inp) and output file (.rpt) are 
generated when these options are invoked.  After solving xpswmm’s time series graphic result tools are used to 
display those computed model results. 

SWMM 5 
Engine 

xpswmm 

Storage nodes representing detention and retention facilities can be optimized for both discharge rates and 
maximum water elevation. 
 
 
Four optimizations include: 

 Resize pipes for maximum water elevation 

 Limit discharge in downstream pipes 

 Resize the basin for maximum water elevation 

 Resize pipes and basin to optimize for storage 
 and limits of downstream discharge control 
 
 
 
 
After designing the model using the optimization the solution can be switched to a continuous simulation anal-
ysis in xpswmm.  This continuous simulation can yield statistics for Hydromodification to ensure that predevelop-
ment flow statistics are not exceeded with the new development.  The model time series can be converted to 
Cumulative Probability, Percent Exceeding and Flow Duration graphs. 

Hydro-
modification 
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When a model is calculated, tens of thousands (sometimes millions) of data points are created in the resulting time series.  xpswmm 
has tools to organize and present results in a manner that allows the modeler to understand the processes that have been simulated.  
Utilities accessed from the menus break up rainfall and pollutant time series into events and rank those events.  In addition, xpswmm 
has numerous tools for producing professional quality graphics and exporting text and graphics to other software packages. 

XP Tables The XP Tables tool will generate customized tables of both input data and results organized in a workbook.  
Multiple tables are displayed as separate worksheets and a tab in the lower left hand corner allows easy 
navigation.  Tables may be easily formatted by font, color, alignment and numeric format.  Data can be sorted, 
filtered or displayed in alternative units.  User defined variables can be generated using mathematical operators, 
constants and existing columns in the table.  Tables may be easily exported as text files or to publishing 
software as well. 
 
Tables can be used in the model building process by copy and pasting common data from within the tables or 
other databases.  In a model review process objects can be selected in the table then highlighted in the network 
window with a simple click on an icon.  The results from global storms and scenarios can be compared in the 
tables. 

Graphs Graphs of model results may be displayed for any single or multiple objects in the network with anywhere from 
1 to 16 graphs displayed on a single page.  The scales, series symbols, grids and fonts of these graphs can be 
easily adjusted to meet publication requirements.  Parameters that may be graphed include: 

 Flow, Velocity 

 Infiltration, Evaporation 

 Rainfall excess 

 Snowmelt 

 Groundwater stage, Flow 

 Soil moisture 

 HGL and EGL 

 Cumulative Overflow 

 Measured Flows, Levels 

 System Storage 

 Cumulative Probability 

 Percent Exceeding 

 Duration Curves 

 Pollutant load, Concentration 

Viewing and Reporting Results xpswmm 
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Dynamic Plan 
Plotting 

The results may also be replayed on the plan view with the size and color of the nodes and links changing to 
reflect changes in the Flow, Velocity and Depth during the simulation period.  Instantaneous direction of flow is 
also indicated and flooded nodes turn red and display water mark symbols for the duration of flooding. 
 
Scaled plan drawings, including the base map of information, may be generated and output to DXF files, printers 
and plotters. 

Dynamic 
Section 
Views 

Animations Model results for the entire simulation period may be viewed in any profile, plan or section view.  The display of 
the animation is controlled by a set of DVR like buttons located at the bottom left of the GUI.  At any time step 
the animation may be printed or exported as a graphic file.   In the case of 2D animations the user can create .AVI 
videos of the network plan view to share with other stakeholders. 

The results may also be replayed on a multi-panel view presenting a profile, cross sections and hydrographs. 
Dynamic Sections can be constructed for a single link or contiguous segment of the network. 
 
The panels in this view can be maximized, formatted, printed and exported for report generation. 
 
 

Viewing and Reporting Results xpswmm 
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1D Flood 
Maps 

Dynamic 
Long  
Section 

Viewing and Reporting Results xpswmm 

A long section or profile for any contiguous segment of the network may be selected for animation of the HGL. 
The profile displays pipe, manhole geometry, maximum water levels and HGL over the course of the simulation. 
XP Tables can also be shown in conjunction with this view allowing data editing and results query.  Multiple 
conduits can be shown when dual drainage is being modeled. 

Using the node water elevations and interpolating along the link the software will create a 1D flood map.  This 
map is created by intersecting the interpolated water elevations with the digital terrain model.  The resulting 
differences in elevation are1D Flood depths and they are shown in plan view as color shading and with depth 
contours.  
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Stakeholder 
Model  
Sharing 

The xpviewer program allows data files to be opened and viewed but not modified.  The xpviewer software and 
your model may be freely distributed to anyone associated with your project.  Recipients will have the ability to 
view and generate all model output including animations of your encrypted xpswmm models without the ability 
to change the model integrity or rerunning the simulation. 
 
This is an excellent add-on tool for those customers who need to share their data with other stakeholders and 
reviewers who do not own a license of the software, but wish to view the model data and results.  xpviewer is 
available from XP Solutions at no cost and the encryption ability within an existing xpswmm license as available 
as an add-on module.  XP Solutions also offers fee based model encryption services. 

Viewing and Reporting Results 

Spatial 
Reports 

Spatial reports of model data and simulation results can be shown onscreen in the GUI.  A box, bracket or drop 
shadow attached to the link or node will show items such as the peak flow and conduit diameter (selected from 
several hundred available fields).  Model results may also be shown in conjunction with thematic plotting or 
graphical encoding in which the color and size of the links and nodes is dependent on the model data or results. 

Graphical 
Encoding 

Also called thematic viewing or plotting, this tool allows variables (or themes) to be displayed using graphical 
entities of objects.  Currently six entities are supported, three for both links and nodes.  These are; Color, Size or 
Width, and Text Label Size.  The variables (or themes) include input data and calculated results. 

xpswmm 
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 Minimum Recommended 

Processor Pentium Multi Core (i5, i7) 

RAM 512 MB 8 –16 GB 

Operating System Windows XP, 7 or 8 - 32 or 64 bit Windows 7 or 8 - 32 or 64 bit 

Hard disk  50 GB 100+ GB Solid State Hard Drive 

Display 1024 x 768  24 bit color 1920 x 1200  32 bit color 

   

Video Card 

64 MB ram 
Vertex shader version 1.0 or greater 
Pixel shader version 1.4 or greater 
DirectX 9.0 

1 GB ram 
Vertex shader version 1.0 or greater 
Pixel shader version 2.0 or greater 
DirectX 9.0 

XP Solutions offers the ability to run xpswmm programs over a Local Area Network. This enhanced functionality 
provides you with a network hardware lock which enables any user on your network to run the program from 
their workstation without the tedium of sharing a hardware key for the program.  Alternatively, using the stand-
alone hardware lock that is provided with your license the software can be installed on multiple workstations.  
Your users will be able to access the program according to who has possession of the hardware lock.  Wide area 
network licensing options are also available to organizations meeting minimum license criteria. 

Network 
Capabilities 

xpswmm is designed to work on your desktop PC.  Requirements for  computer power are dependent on the size and complexity of 
your model, length of simulation, time  and other control settings.  The following table should be used as a guide. 

XP Solutions North America 
5415 SW Westgate Dr. Suite 150 
Portland, Oregon, 97221, USA 
Tel: +1-888-554-5022  
Fax: +1-888-554-5122 
Email: sales@xpsolutions.com 
 

XP Solutions Asia Pacific 
PO Box  3064 Belconnen 
ACT 2616 Australia 
Tel: +61-(02)-6253-1844 
Fax: +61-(02)-6253-1847 
Email: sales@xpsolutions.com 
 

System Requirements 

2013.0 

Support  & 
Training 

xpertcare  for 12 months is included in the purchase price.  xpertcare includes the following: unlimited technical 
support,  regular updates, annual upgrades and a 1-hour online model consultation. 
 
Each installation is shipped with a copy of our Getting Started Manual and electronic reference manual.  Our 
workshop notes which are a more comprehensive set of step by step instructions is also available for purchase. 
 
XP Solutions presents an on-going training program of workshops (at locations around the world, on-site, and 
on-line training).   Training can be customized for any user.   
 
XP Solutions also presents a series of public educational webinars related to water resources modeling.  
Scheduled and recorded events are made available at www.xpsolutions.com/service/xplive/. 

xpswmm 

XP Solutions EMEA 
Jacobs Well, West Street 
Newbury, Berkshire, RG14 1BD, UK 
Tel: +44 (0) 1635 582 555 
Fax: +44 (0) 1635 582 131 
Email: sales@xpsolutions.com 

www.xpsolutions.com 



CITY-WIDE SANITARY SERVICING MASTER PLAN UPDATE: FINAL TECHNICAL 
MEMORANDUM 3 

Appendix C  
November 1, 2013 

rmc w:\active\161111191_waterloo_sanitary_mp\preliminary\report\tm3\rpt_tm3_final_131101.docx C.1 

  Appendix C

  



CITY-WIDE SANITARY SERVICING MASTER PLAN UPDATE: FINAL TECHNICAL 
MEMORANDUM 3 

Appendix C  
November 1, 2013 

rmc w:\active\161111191_waterloo_sanitary_mp\preliminary\report\tm3\rpt_tm3_final_131101.docx C.2 

C.1 SOFTWARE EVALUATION 



1611-11191: Waterloo Sanitary Master Plan (2013) Possible Answers

Table 1a: Hydraulic Software Model Evaluation Criteria Weighting Factors Much more important 5

Pair Wise Comparison Somewhat more important 4

Equal Importance 3

Somewhat less important 2

Much less important 1

Column1 Question Response Score

1 Is Hardware Requirements more important than Graphics Capabilities? Somewhat less important 2

2 Is Hardware Requirements more important than Data Review/Validation? Somewhat less important 2

3 Is Hardware Requirements more important than Model Support? Somewhat less important 2

4 Is Hardware Requirements more important than Simulation Time/Stability? Somewhat less important 2

5 Is Hardware Requirements more important than Hydrology/Flow Generation? Somewhat less important 2

6 Is Hardware Requirements more important than Calibration Capabilities? Somewhat less important 2

7 Is Hardware Requirements more important than Scenario Management? Somewhat less important 2

8 Is Hardware Requirements more important than GIS Data Exchange? Somewhat less important 2

9 Is Hardware Requirements more important than Database Management? Somewhat less important 2

10 Is Hardware Requirements more important than Ease of Use / Training Need? Somewhat less important 2

11 Is Hardware Requirements more important than Capital Costs? Equal Importance 3

12 Is Hardware Requirements more important than Maintenance Costs? Equal Importance 3

13 Is Hardware Requirements more important than Training Costs? Much more important 5

14 Is Graphics Capabilities more important than Data Review/Validation? Somewhat less important 2

15 Is Graphics Capabilities more important than Model Support? Equal Importance 3

16 Is Graphics Capabilities more important than Simulation Time/Stability? Equal Importance 3

17 Is Graphics Capabilities more important than Hydrology/Flow Generation? Somewhat more important 4

18 Is Graphics Capabilities more important than Calibration Capabilities? Equal Importance 3

19 Is Graphics Capabilities more important than Scenario Management? Equal Importance 3

20 Is Graphics Capabilities more important than GIS Data Exchange? Somewhat less important 2

21 Is Graphics Capabilities more important than Database Management? Equal Importance 3

22 Is Graphics Capabilities more important than Ease of Use / Training Need? Equal Importance 3

23 Is Graphics Capabilities more important than Capital Costs? Somewhat less important 2

24 Is Graphics Capabilities more important than Maintenance Costs? Equal Importance 3

25 Is Graphics Capabilities more important than Training Costs? Much more important 5

26 Is Data Review/Validation more important than Model Support? Equal Importance 3

27 Is Data Review/Validation more important than Simulation Time/Stability? Somewhat less important 2

28 Is Data Review/Validation more important than Hydrology/Flow Generation? Equal Importance 3

29 Is Data Review/Validation more important than Calibration Capabilities? Equal Importance 3

30 Is Data Review/Validation more important than Scenario Management? Equal Importance 3

31 Is Data Review/Validation more important than GIS Data Exchange? Equal Importance 3

32 Is Data Review/Validation more important than Database Management? Equal Importance 3

33 Is Data Review/Validation more important than Ease of Use / Training Need? Equal Importance 3

34 Is Data Review/Validation more important than Capital Costs? Equal Importance 3

35 Is Data Review/Validation more important than Maintenance Costs? Somewhat more important 4

36 Is Data Review/Validation more important than Training Costs? Much more important 5

37 Is the Model Support more important than the Simulation Time/Stability? Equal Importance 3

38 Is the Model Support more important than the Hydrology/Flow Generation? Much more important 5

39 Is the Model Support more important than the Calibration Capabilities? Equal Importance 3

40 Is the Model Support more important than the Scenario Management? Equal Importance 3

41 Is the Model Support more important than the GIS Data Exchange? Equal Importance 3

42 Is the Model Support more important than the Database Management? Equal Importance 3

43 Is the Model Support more important than the Ease of Use / Training Need? Equal Importance 3

44 Is the Model Support more important than the Capital Costs? Somewhat more important 4

45 Is the Model Support more important than the Maintenance Costs? Equal Importance 3

46 Is the Model Support more important than the Training Costs? Much more important 5

47 Is the Simulation Time/Stability more important than the Hydrology/Flow Generation? Somewhat more important 4

48 Is the Simulation Time/Stability more important than the Calibration Capabilities? Equal Importance 3

49 Is the Simulation Time/Stability more important than the Scenario Management? Equal Importance 3

50 Is the Simulation Time/Stability more important than the GIS Data Exchange? Equal Importance 3

51 Is the Simulation Time/Stability more important than the Database Management? Equal Importance 3

52 Is the Simulation Time/Stability more important than the Ease of Use / Training Need? Equal Importance 3

53 Is the Simulation Time/Stability more important than the Capital Costs? Equal Importance 3

54 Is the Simulation Time/Stability more important than the Maintenance Costs? Equal Importance 3

55 Is the Simulation Time/Stability more important than the Training Costs? Much more important 5

56 Is the Hydrology/Flow Generation more important than the Calibration Capabilities? Equal Importance 3

57 Is the Hydrology/Flow Generation more important than the Scenario Management? Somewhat less important 2

58 Is the Hydrology/Flow Generation more important than the GIS Data Exchange? Equal Importance 3

59 Is the Hydrology/Flow Generation more important than the Database Management? Equal Importance 3

60 Is the Hydrology/Flow Generation more important than the Ease of Use / Training Need? Somewhat less important 2

61 Is the Hydrology/Flow Generation more important than the Capital Costs? Somewhat less important 2

62 Is the Hydrology/Flow Generation more important than the Maintenance Costs? Equal Importance 3

63 Is the Hydrology/Flow Generation more important than the Training Costs? Somewhat more important 4

64 Is the Calibration Capabilities more important than the Scenario Management? Equal Importance 3

65 Is the Calibration Capabilities more important than the GIS Data Exchange? Somewhat more important 4

66 Is the Calibration Capabilities more important than the Database Management? Equal Importance 3

67 Is the Calibration Capabilities more important than the Ease of Use / Training Need? Somewhat more important 4

68 Is the Calibration Capabilities more important than the Capital Costs? Equal Importance 3

69 Is the Calibration Capabilities more important than the Maintenance Costs? Much more important 5

70 Is the Calibration Capabilities more important than the Training Costs? Much more important 5

71 Is the Scenario Management more important than the GIS Data Exchange? Equal Importance 3

72 Is the Scenario Management more important than the Database Management? Somewhat less important 2

73 Is the Scenario Management more important than the Ease of Use / Training Need? Somewhat more important 4

74 Is the Scenario Management more important than the Capital Costs? Equal Importance 3

75 Is the Scenario Management more important than the Maintenance Costs? Somewhat more important 4

76 Is the Scenario Management more important than the Training Costs? Much more important 5

77 Is the GIS Data Exchange more important than the Database Management? Somewhat less important 2

78 Is the GIS Data Exchange more important than the Ease of Use / Training Need? Equal Importance 3

79 Is the GIS Data Exchange more important than the Capital Costs? Much less important 1

80 Is the GIS Data Exchange more important than the Maintenance Costs? Equal Importance 3

81 Is the GIS Data Exchange more important than the Training Costs? Much more important 5

82 Is the Database Management more important than the Ease of Use / Training Need? Equal Importance 3

83 Is the Database Management more important than the Capital Costs? Somewhat more important 4

84 Is the Database Management more important than the Maintenance Costs? Somewhat more important 4

85 Is the Database Management more important than the Training Costs? Much more important 5

86 Is the Ease of Use / Training Need more important than the Capital Costs? Somewhat more important 4

87 Is the Ease of Use / Training Need more important than the Maintenance Costs? Somewhat more important 4

88 Is the Ease of Use / Training Need more important than the Training Costs? Much more important 5

89 Is the Capital Costs more important than the Maintenance Costs? Equal Importance 3

90 Is the Capital Costs more important than the Training Costs? Much more important 5

91 Is the Maintenance Costs more important than the Training Costs? Much more important 5
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Table 1b: Hydraulic Software Model Evaluation Criteria Weighting Factors

Pair Wise Comparison

Hardware Requirements 2 2 2 2 2 2 2 2 2 2 3 3 5 31.0 5.7% 13

Graphics Capabilities 4 2 3 3 4 3 3 2 3 3 2 3 5 40.0 7.3% 9

Data Review/Validation 4 4 3 2 3 3 3 3 3 3 3 4 5 43.0 7.9% 6

Model Support 4 3 3 3 5 3 3 3 3 3 4 3 5 45.0 8.2% 3

Simulation Time/Stability 4 3 4 3 4 3 3 3 3 3 3 3 5 44.0 8.1% 4

Hydrology/Flow Generation 4 2 3 1 2 3 2 3 3 2 2 3 4 34.0 6.2% 12

Calibration Capabilities 4 3 3 3 3 3 3 4 3 4 3 5 5 46.0 8.4% 1

Scenario Management 4 3 3 3 3 4 3 3 2 4 3 4 5 44.0 8.1% 4

GIS Data Exchange 4 4 3 3 3 3 2 3 2 3 1 3 5 39.0 7.1% 10

Database Management 4 3 3 3 3 3 3 4 4 3 4 4 5 46.0 8.4% 1

Ease of Use / Training Need 4 3 3 3 3 4 2 2 3 3 4 4 5 43.0 7.9% 6

Capital Costs 3 4 3 2 3 4 3 3 5 2 2 3 5 42.0 7.7% 8

Maintenance Costs 3 3 2 3 3 3 1 2 3 2 2 3 5 35.0 6.4% 11

Training Costs 1 1 1 1 1 2 1 1 1 1 1 1 1 14.0 2.6% 14
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In order to establish the relative importance of each criterion, and assign weights to each, the pair-wise comparison analysis of the criteria is conducted.  The pair-wise 
comparison is based on successively comparing each pair of criteria and assessing their relative importance against one another on the basis of a total score of 6 where 
the following scores are assigned: 

• 5 vs. 1 if one criterion is deemed to be much more important than the other;
• 4 vs. 2 if one criterion is deemed to be somewhat more important than the other; and;
• 3 and 3 if both criteria are deemed to be equally important.

Summing the scores for each criterion provides a measure of the relative importance of the criteria and provides the basis for establishing the relative weights to be 
applied for each criterion in the evaluation alternatives.
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Table 2: Rating for Each Criterion

Higher Score is More Favourable

Hardware 

Requirements
High Degree Moderate Degree Low Degree

5.7% 1 2 3

Graphics Capabilities Limited Average Excellent

7.3% 1 2 3

Data 

Review/Validation
Few Tools Average Tools Many Tools and Graphics

7.9% 1 2 3

Model Support
US Supplier; Slow to Implement 

User Feedback

US Supplier; Implements User 

Feedback

Local Supplier; Implements User 

Feedback

8.2% 1 2 3

Simulation 

Time/Stability
Slow - Unstable Average - More Stable Fast - Robust

8.1% 1 2 3

Hydrology/Flow 

Generation
Average Tools Advanced Tools as Extra Option Advanced Tools Included

6.2% 1 2 3

Calibration 

Capabilities

Cumbersome Interface - Manual 

Tools
Good Interface - Manual Tools Good Interface - Automated Tools

8.4% 1 2 3

Scenario 

Management
None Hierarchal Structure for Data Only

Hierarchal Structure for Data and 

Scenarios

8.1% 1 2 3

GIS Data Exchange
Basic Data Exchange; Average 

Analytical Tools

Good Data Exchange; Average 

Analytical Tools

Good Data Exchange; Good 

Analytical Tools

7.1% 1 2 3

Database 

Management

Individual Model Files - No File 

Tracking

Individual Model Files - Some File 

Tracking

Database Structure - Built-in 

Tracking

8.4% 1 2 3

Ease of Use / 

Training Need

Difficult to Use - High Need for 

Training

Easy to Use - High Need for 

Training

Easy to Use - Moderate Need for 

Training

7.9% 1 2 3

Capital Costs Most Expensive Moderate Expense Least Expensive

7.7% 1 2 3

Maintenance Costs Most Expensive Moderate Expense Least Expensive

6.4% 1 2 3

Training Costs Most Expensive Moderate Expense Least Expensive

2.6% 1 2 3
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Table 3: Hydraulic Model Software Evaluation

Software

Rating Criteria InfoWorks CS InfoSWMM PCSWMM

Hardware Requirements Moderate Degree Moderate Degree Low Degree

Score 5.7% 2 2 3

Graphics Capabilities Excellent Average Average
Score 7.3% 3 2 2

Data Review/Validation Many Tools and Graphics Average Tools Average Tools
Score 7.9% 3 2 2

Model Support
US Supplier; Implements 

User Feedback

US Supplier; Slow to 

Implement User Feedback

Local Supplier; Implements 

User Feedback

Score 8.2% 2 1 3

Simulation Time/Stability Fast - Robust Slow - Unstable Average - More Stable

Score 8.1% 3 1 2

Hydrology/Flow 

Generation
Average Tools

Advanced Tools as Extra 

Option
Advanced Tools Included

Score 6.2% 1 2 3

Calibration Capabilities
Good Interface - Manual 

Tools

Cumbersome Interface - 

Manual Tools

Good Interface - Automated 

Tools
Score 8.4% 2 1 3

Scenario Management
Hierarchal Structure for 

Data Only

Hierarchal Structure for 

Data and Scenarios

Hierarchal Structure for 

Data and Scenarios
Score 8.1% 2 3 3

GIS Data Exchange
Good Data Exchange; 

Average Analytical Tools

Basic Data Exchange; 

Average Analytical Tools

Good Data Exchange; 

Good Analytical Tools
Score 7.1% 2 1 3

Database Management
Database Structure - Built-

in Tracking

Individual Model Files - No 

File Tracking

Individual Model Files - 

Some File Tracking
Score 8.4% 3 1 2

Ease of Use / Training 

Need

Difficult to Use - High Need 

for Training

Easy to Use - High Need 

for Training

Easy to Use - High Need 

for Training
Score 7.9% 1 2 2

Capital Costs Most Expensive Moderate Expense Least Expensive
Score 7.7% 1 2 3

Maintenance Costs Most Expensive Moderate Expense Least Expensive
Score 6.4% 1 2 3

Training Costs Most Expensive Most Expensive Least Expensive
Score 2.6% 1 1 3

 Total 2.01 1.65 2.60

 RANK 2 3 1

Comments

How this Works: For each measure and for each rating criteria in Table 2 above, select the relevant rating in each box 
as defined below.   Note that the process is automated using dropdown boxes that provides the list of ratings identified in 
Table 3.  The scores corresponding to the ratings are also described in Table 3 below. The weightings for each criterion 
are established through the pairwise comparison exercise in Table 1. At the end of each row in Table 2, the total 
weighted scoring (sum of weight*score for each criterion) is then used to qualify the level of risk (A, B or C) as defined in
Table 4.

Software_Evaluation_draft_jh.xlsx
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Table 4: Hydraulic Software Model Shortlist

InfoWorks CS InfoSWMM H2OMAP SWMM InfoSewer H2OMAP Sewer PCSWMM

License size 8,000 nodes 8,000 pipes 8,000 pipes 8,000 pipes 8,000 pipes Unlimited; Single Seat

License cost (USD) $36,000 $14,000 $14,000 $11,000 $11,000 $0

Annual maintenance fees (USD) $5,400 $2,000 $2,000 $1,000 $1,000 $1,500

Additional add-on modules InfoWorks 2D InfoSWMM 2D, InfoSWMM Suite, InfoSWMM Executive 

Suite

H2OMAP Suite, H2OMAP Executive Suite InfoSewer Pro, InfoSewer Suite H2OMAP Sewer Pro, H2OMAP Sewer Suite PCSWMM 2D

Network licensing cost 25% of purchase price, no increase in annual 

maintenance fees

$4,000 Base (annually) + $480 per user (annually)

On-site training costs $3,500 + travel + HST

Available technical support Included in Annual Maintenance Fee;

Hardware requirements CPU Speed: 2.2 GHz minimum or higher; Hyper-

threading (HHT) or Multi-core recommended

Processor: Intel Pentium 4, Intel Core Duo, or Xeon 

Processors; SSE2 (or greater)

Memory/RAM: 2 GB or higher

Screen Resolution: 1024 x 768 recommended or higher 

at Normal size (96dpi)

Disk Space: 500 MB of free space to accommodate a full 

setup installation and additional disk space - keep as 

much free disk space available as possible. Its virtual 

memory system needs additional free disk space when 

working on large projects

Video/Graphics Adapter: 64 MB RAM minimum, 256 

MB RAM or higher recommended. NVIDIA, ATI and 

INTEL chipsets supported

Networking Hardware: Simple TCP/IP, Network Card or 

Microsoft Loopback Adapter is required for the License 

Manager

CPU Speed: 2.2 GHz minimum or higher; Hyper-

threading (HHT) or Multi-core recommended

Processor: Intel Pentium 4, Intel Core Duo, or Xeon 

Processors; SSE2 (or greater)

Memory/RAM: 2 GB or higher

Screen Resolution: 1024 x 768 recommended or higher 

at Normal size (96dpi)

Disk Space: 500 MB of free space to accommodate a full 

setup installation and additional disk space - keep as 

much free disk space available as possible. Its virtual 

memory system needs additional free disk space when 

working on large projects

Video/Graphics Adapter: 64 MB RAM minimum, 256 

MB RAM or higher recommended. NVIDIA, ATI and 

INTEL chipsets supported

Networking Hardware: Simple TCP/IP, Network Card or 

Microsoft Loopback Adapter is required for the License 

Manager

Requires the Microsoft 7, Vista, XP (SP2), or 2000 

operating system, with the Microsoft .NET 4.0 

framework installed. In addition, it requires a minimum 

screen resolution of 1600x768 pixels (XGA), a minimum 

of 2GB of physical memory and 100MB of disk space

Additional 

system/platform 

operating requirements

Requires a license of ArcGIS Desktop, v10.x Requires a license of ArcGIS Desktop, v10.x

Graphics capabilities Robust graphical rendering of input and output data, 

including the creation of tables, graphs, annotations, 

custom symbology, and contour maps. External GIS 

layers displayed and toggled with ease. Native 3D 

rendering of networks. Custom workspaces 

(dashboards) assist with data visualization.

Full ArcGIS Integration allows for use of ArcGIS 

symbology definitions. Robust graphical rendering of 

input and output data, including the creation of tables, 

graphs, annotations, custom symbology, and contour 

maps. External GIS layers displayed and toggled with 

ease.

Robust graphical rendering of input and output data, 

including the creation of tables, graphs, annotations, 

custom symbology, and contour maps. External GIS 

layers displayed and toggled with ease.

Full ArcGIS Integration allows for use of ArcGIS 

symbology definitions. Robust graphical rendering of 

input and output data, including the creation of tables, 

graphs, annotations, custom symbology, and contour 

maps. External GIS layers displayed and toggled with 

ease.

Robust graphical rendering of input and output data, 

including the creation of tables, graphs, annotations, 

custom symbology, and contour maps. External GIS 

layers displayed and toggled with ease.

Robust graphical rendering of input and output data, 

including the creation of tables, graphs, annotations, 

custom symbology, and contour maps. External GIS 

layers displayed and toggled with ease.

Data review and 

validation

User-defined flags for data review, connectivity review 

and fix tools, engineering (data) validation tools.

Comprehensive GIS-based data and network review 

toolset, engineering (data) validation tools.

Computational engine Fully dynamic proprietary engine Modified SWMM 5 engine with full dynamic capabilities

Hydrology/flow 

generation

Supports dry weather and wet weather inflows. Many 

different routines for sanitary and wet weather loading

Calibration capabilities Flow Survey (calibration) toolset allows for calibration 

of model to field observations

Hydraulic routing 

capabilities (i.e. complex 

flow structures, RTC, 

water quality, etc.)

Complex ancillary structures modelled directly. 

Comprehensive RTC module including PID control. Full 

water quality modelling

Simulation time and 

stability

Mature and stable engine with exceptionally fast run 

times (for a dynamic engine)

Widely-used stable SWMM 5 engine

Scenario management Physical / attribute differences stored in individual 

networks. Parameter differences stored in groups. Drag 

and drop functionality allows for the quick and easy 

creation of any combination of networks and 

parameters. Simulations can be run individually or in 

batch, and results can be compared across multiple 

Comprehensive scenario manager allows for changes in 

the physical network, feature attributes, or simulation 

options. Scenarios can be run individually or in batch 

mode. Results can be reported on multiple scenarios 

simultaneously.

GIS 

integration/capabilities

GIS-based stand-alone modelling interface. Supports 

import and display of many common GIS data formats. 

Map Control functionality allows user to leverage 

existing GIS software (ArcGIS, MapInfo) for displaying 

Fully-integrated into ArcGIS (sits as ArcGIS extension). 

Read/write capabilities from/to any popular GIS data 

source. Comprehensive GIS-centric modelling tool-set

GIS-based stand-alone modelling interface. Supports 

import and display of many common GIS data formats.

Fully-integrated into ArcGIS (sits as ArcGIS extension). 

Read/write capabilities from/to any popular GIS data 

source. Comprehensive GIS-centric modelling tool-set

GIS-based stand-alone modelling interface. Supports 

import and display of many common GIS data formats.

GIS-based stand-alone modelling interface. Supports 

import and display of many common GIS data formats.

Database management Proprietary relational database. Comprehesive tools for 

data review, editing, and querying.

Network schematic stored as Geodatabase. Attribute 

information stored in DBF files. Comprehesive tools for 

data review, editing, and querying.

Attribute information stored in DBF files. Comprehesive 

tools for data review, editing, and querying.

Network schematic stored as Geodatabase. Attribute 

information stored in DBF files. Comprehesive tools for 

data review, editing, and querying.

Attribute information stored in DBF files. Comprehesive 

tools for data review, editing, and querying.

Comprehensive scenario manager allows for changes in the physical network, feature attributes, or simulation options. Scenarios can be run individually or in batch mode. Results can be reported on multiple scenarios simultaneously.

SWMM-based ancillaries (orifices, weirs, dividers) modelled directly. Rule-based control allows for comprehensive if-

then-else logic. Water quality modelling for many key parameters.

No complex ancillary structures. Simple controls only. Modelling of H2S and corrosion potential supported.

$7,250 CAD + HST for up to 8 people including all manuals, licenses, and instructor expenses. These costs can be share with other local clients.

Included in annual maintenance fees. Phone support available from 8 AM EST to 5 PM PST. E-mail support available outside these hours as we have support staff around the world. 

Modified SWMM 5 engine with full dynamic capabilities Non-dynamic proprietary engine that uses the Muskingum-Cunge routing scheme

Widely-used stable SWMM 5 engine, with advanced simulation options to decrease run times Stable engine with insignificant run times (non-dynamic engine)

Fixed fee of $2,000 and an increase in annual maintenance fees of 50%

Calibrator, which uses genetic algorithms for network calibration is available as part of the Suite package. Real-time 

data connection allows for easy comparison of modelling results and field observations

No explicit calibration routine. Real-time data connection allows for easy comparison of modelling results and field 

observations

Supports dry weather and wet weather inflows. Many different routines for sanitary and wet weather loading. 

Optional DWF Allocator allows for easy geospatial assignment of sanitary loads.

Sanitary loads assigned to nodes. Optional Load Allocator allows for easy geospatial assignment of loads. Pro version 

allows for limited rainfall-runoff modelling as well as I&I modelling.

Comprehensive GIS-based data and network review toolset, engineering (data) validation tools. Comprehensive GIS-based data and network review toolset.




