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ABSTRACT

Design of Wastewater Collection System for Yatta

Town Using Sewer cad software

BY

BASHAR AL ASHHAB MOHAMMAD HALAWANI

Palestine Polytechnic University

There is no wastewater collection system at present inY atta town. The sewage from
residential and public buildings in the area is drained to cesspits. These have become
clogged with time and require frequent emptying. The continued use of cesspits with
the icrease in population will cause environmental and health problem, and may create
contamination of the underground water aguifer. Furthermore, emptying csspools
constitutes an offensive odor nuisance to the population. On the other hand, emptying

the vacuum trunks in the nearly wadi causes negative impacts on the visual landscape.

In reference to above description of the existing situation, there is a clear need of
project in order to improve the sanitary level in Yattatown. Thefirst step is serving the
city with wastewater collection system. So, the main objective of this project is to
design wastewater collection network for Y atta town of the Hebron district.

The present study considered the annua population growth and their water
consumption for the coming 25 years that will be the design period, along with the
commercial and industrial development in the area. The necessary hydraulic
calculation needed for the design of the main trunks was carried out by simple
calculation.



The results of the study show that wastewater disposal in Y atta area causes problems
to the peoples; subsequently there is a big need for immediate steps for construction of
the proposed wastewater collection system. Gravity flow sanitary sewer was proposed
for most of Y atta areas to minimize the cost of construction and excavations with one

pumping stations.

We used SewerCAd softwear in design the network of wastwater. SewerCAD is an
extremely powerful program for the design and analysis of gravity flow and pressure
flow through pipe networks and pumping stations. The program can be run in
AutoCAD mode, giving you all the power of AutoCAD’s capabilities, or in Stand-lone
mode utilizing our own graphical interface. SewerCAD alows you to construct a
graphical representation of a pipe network containing information such as pipe data,
pump data, loading, and infiltration. You have a choice of conveyance elements

including circular pipes, arches, boxes and more.
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CHAPTER ONE INTRODUCTION

CHAPTER ONE
INTRODUCTION

1.1 Background

Currently, there are no public wastewater collection and treatment facilities serving
most of rural areas in the West Bank. And due to the lack of sewage collection and
treatment system, large areas in the West Bank and ground water agquifer are being
contaminated by raw sewage. This contamination will have long-term impact on
agricultural land and creates health hazards when utilized for human consumption. For
the above mentioned reasons, serious and major steps should be taken to collect,

dispose and treat the wastewater before discharging it in open environment.

1.2 Problem Definition

More than 60% of the water used for domestic purposes and industry turn into sewage
requiring purification (treatment) for reuse in irrigation or alternative disposal. Contrarily,
if wastewater not treated and not disposed of, sewage may contaminate sources of

drinking water. In Palestine, water-borne diseases are very commonplace.

In the West Bank, no piped wastewater disposa system is available in most of the rural
areas. Wastewater from individual residence is discharge directly into subsurface pits,
allowing the wastewater to seep into the surrounding soil and percolate into the
underlying aquifer causing ground water pollution. At the same time, the existing
treatment plants are heavily overloaded and poorly operated and maintained.

Y atta town like other townsin West Bank has no sewage facility and the people are using
latrines, cesspits and septic tanks for the disposal of wastewater. These latrines and
cesspits are deteriorating and they are in very bad condition, adding to this the increasing
in water consumption and consequently increasing in wastewater production, resulting in

overflow from the cesspits and excessive recharges of ground water in Y atta area.
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In view of this bad condition, and since there is no sewerage exist, aong with the fast
increase in the environmental and health problems, an evaluation and design of
wastewater collection system study become a pressing necessity so as to solve all the
problems that were mentioned above. This project which includes evaluation and design
will consider the annual growth of the people and their water consumption for the
coming 25 years, which will be the design period, along with the commercial and

industrial development in the area.

1.3 Purpose of Project
The overall purpose of this project is to investigate and evaluate wastewater collection
and treatment processes along with conceptual designs that are suitable for Y atta town.
More specifically the main purposes of this project may be classified as follow:
1. Display the current situation of wastewater disposal in Y atta town.
2. Define the types of sewage facilities and their locations that will need to be
constructed.
3. Propose wastewater collection system for the town and design the main trunks
of the proposed sewerage collection network.
4. Estimate the cost for construction of the collection network.
The project will help in reducing the threat to the environment, water and land resources

and to the health of the people living in Y atta town.

1.4 Scope of the Work

The scope of work of this project is to evaluate and develop preliminary conceptual
design for sewer networks for Y atta town of the Hebron district. The preliminary design
will incorporate a variety of design criteriaincluding: investigation of site, site suitability,

design alternatives, environmental consideration and cost estimate.

1.5 Project Area:

Y atta town is located 12km south of the Hebron city as shown on the project location map
Figure 1.1. The total population within the administrative borders in year 2005 is about
62000. The elevation within the area ranges from 850-750 m with respect to sea level.
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The average annual rainfal is around 300 mm and the minimum average annual
temperature rises to 7.3 °C and the maximum average annual temperature rises to 22.9 °C.
The per capita water consumption for domestic use does not exceed 80 liter per day. The
present total administrative area of the town is about 24552.76 dounm, where building for

population occupies 32 Km?.
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1.6 Stages of the Project

The project consists of six phases, which are proposed to be completed in accordance
with time schedule shown in (Table 1.1). The description of each of the six phases of
the project and tasks involved islisted below:

Table (1.1): Phases of the Project with their Expected Duration

Phase Duration
No. Title 2/07 [3/07 |4/07 |5/07 |6/07 |9/07 |10/07|11/07 |12/07
Collection and Analysis of Data
Surveying Works.
Design of the Sewage Network.

Draw layouts and Profiles.

Preparing Bill of Quantities

| O | Wl N =

Writing the Report.

NN

Phase 1: Collection and Analysis of Data

During this phase, available data and information were collected from different sources.
Moreover, many site visits to the project area were undertaken. First phase included the
following tasks:

1. Collection of aerial and topographical maps of the area.

2. Collection, analysis and augmentation as necessary data on population, land use,

zoning, water consumption and environmental conditions.

Phase 2: Perform the Surveying Works

The tasks which were performed in the second phase are:

1. Determine the coordinates of points using Geographica Information System.
2. Evauate of the contour maps and matching it with actual ground levels.

3. Performing and selecting topographic survey for the sewage network.



CHAPTER ONE INTRODUCTION

Phase 3: Design of the Sewage Networ k

During the third phase, the areas to be served by sewage were defined, the layout was

established, and the necessary hydraulic calculations needed for the design of one of the

main trunks were carried out. The tasks, which were performed in this phase, are:

1. Definethe areato be served by sewerage and establish the boundaries.

2. Establish a system layout which includes the areas that are going to be served,
existing streets and roads, topography ..... €tc.

3. Establish the main catchments areas and routes of the sewer.

4. Prepare a design criterion that meets the sewage contribution and flow for the entire
areathrough the year 2032.

5. Do the necessary hydraulic calculation and find out the sewers diameter.

Phase 4. Preparing Plan Drawings and Profiles
Plan drawings and profiles with appropriate scales for the wastewater collection system
were prepared.

Phase 5: Preparing Bill of Quantitiesand Cost Estimates
After finishing the design calculation of the main trunks, the research team prepared bill

of quantities and estimate the cost of the project.

Phase 6: Writing the Report
Upon the completion of the work, one final report was written and submitted to the

Department of Civil and Architectural Engineering at Palestine Polytechnic University.
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1.7 Organization of the Report

The study report has been prepared in accordance with the objectives and scope of

work. The report consists of five chapters.

The first chapter entitled “Introduction” outlines the problem, purpose of project, scope
of the work and phases of the project.

Chapter two entitled “Design and Planning Criteria” presents information about
population and their densities, the actual water consumption, land use, and design
criteria applicable to the sewerage networks.

Chapter three entitled “Analysis and Design” Design the Wastewater system by using
SewerCAD software and preparing the profiles of sewer lines.

Chapter Four entitled "Bill of Quantity" After finishing the design the team prepared
bill of quantity

Chapter five , which is the last chapter, entitled “Conclusions” summarized the project
into briefly notes.
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CHAPTER TWO
DESIGN AND PLANNING CRITERIA

2.1 Introduction

In the previous chapters, the problem of the study area has been defined and the
objectives of the project have been listed. The characteristics of the project area (Y atta
town) have been described. In this chapter, basis for planning and design will be
discussed including present population, population forecasting, projected water

consumption, town structure plan, and the design and planning criteria of the project.

2.2 Population Forecast

2.2.1 Introduction

The ideal approach for population forecasting is by the study and use of previous census
records, which cover along period. The longer the period, and the more comprehensive
the census data, the more accurate will be the results, which will be obtained. In the
anaysis of these data, demographical, economical and politica factors should be
considered in order to develop a method of forecasting which will predict the expected
growth rate, future population and its distribution in the different zones of the area under

consideration.

In Yatta town, there is great uncertainty in the politicd and economical future.
Additionally, there were no accurate population data since the occupation of the West
Bank in 1967, until 1997 when the Palestinian Central Bureau of Statistic (PCBYS)
conducted comprehensive census covering the West Bank and Gaza Strip. The find
results of this census show that the total population of Y atta town is 50000 inhabitants.

Due to the unstable condition of the area during the last 50 years, it would be very
difficult to develop a dtatistical interpretation to extrapolate future population. Some
reasonable assumptions have, therefore, been made to project the future population of

Y atta town over the next 25 years.
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2.2.2 Population projection

Prediction of the future population of Yatta town is very difficult due to the lack of
reliable historic data, and the political uncertainties, which will greatly influence future
socia and economic development. At the same time, the available data on past popul ation

growth do not constitute a reliable basis for projecting the future population growth in

Y atta town.

The base for the forecast is the 1997 population for Y atta town obtained from PCBS of
50000 inhabitants. The annual growth rates for the next twenty years are aso obtained
from the PCPS and they are presented in Table 2.1.

To calculate the population at the end of the design period (year 2032), a geometric
increase is assumed, represented by the following equation:

P=Py* (1+1)" (2.1)

Where, P is the future population, Py is the present population, r is the annual population

growth rate, and n is the period of projection.

Using the above assumption and equation, Table 2.1 presents the population projection up
to the design horizon of 2032. The data show that the population of Yatta town is
estimated to be 90568 in year 2032.

Table (2.1) : Population Forecast for Yatta Town.

Y ear Annual Growth Rate(%) Population
2000 4.0 56244
2005 35 65841
2010 3.0 73427
2015 25 77983
2020 2.25 83412
2032 2.00 90568
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2.2.3 Population Density

When determining the density of population, it is either related to the total municipal area
(gross density) or to the built—up area only (net density). The gross density related to the
municipa area includes large industrial areas, agricultural areas, un-built areas, public
parks, large water surfaces, forests ...etc. The net density is related to the built up urban
area, but it includes small-scale industries, schools, public and commercia buildings, and

roads.

Sewer design, however, is based on the net densities of population, because the provision
of sewers is limited to the built-up areas. The net density of population varies
considerably from district to district. Population densities are based on the town structure
plan , which serves for issuing building permit There are no studies done concerning the
population densities in Y atta town. The population density in Y atta town is nearly 250

capita/ hectare.

2.3 Future Water Consumption

2.3.1 Introduction

Water consumption is not constant, yearly, monthly, weekly, daily and hourly variations
in water consummations are observed. Certain dry years cause more consumption. In hot
months water is consumed in drinking, bathing, and watering lawns and gardens. On
holidays and weekends the water consumption may be high. Even during day water use
various with high use during morning hours and close to noon and low use at night.
Maximum daily demand or maximum daily consumption usually occurs during summer
months. The ideal approach to assess the existing and future per capita water consumption
is by analyzing and extrapolating the available record on water consumption and demand
in conjunction with the expected social and economical development. This approach can
be adopted in areas having continuous supply systems where reliable information about
population, population distribution and demand are known. There are problems adopting
this approach for Hebron area including Y atta town due to insufficient data and aso the

intermittent water supply.
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Restrictions on the Palestinian use of the annua ground water resources of the West Bank
led to limited quantities availability of water and due to this condition; the average
consumption of water in Y attatown for al purposes does not exceed 25 cubic meters per
capita per year. Given these circumstances, the approach to determine per capita water
consumption depends on the analysis of the existing information. The existing per capita
consumption has already been assessed at (110 liter/capita.day).

2.3.2 Projected water consumption

The present average consumption of water for domestic use in Yatta town does not

represent the present and actual demand of water. So, it is estimated the water consumption

in Yattawill dramatically increase during the next few years, due to several ongoing water

projects, which are:

1. Drilling new production wells;

2. Upgrading the existing water supply system;

3. Rehabilitation of the existing network; and

4. Detecting network |leakage as well as dealing with institutional development of water
sector and tariff structures.

The Yatta municipality has estimated the existing per capita water consumption at about
100 |/c.d for year 2005, and the rate of increase in the annua water consumption per
capitato 1.5 %. It is estimated that the per capita water supply will be 150 I/c.d including
the physical losses in the year 2032. It should be noted that the figure includes commercial
and industrial consumption. The estimated per capita water consumptions for the year
2005, 2010, 2015, 2020 and 2032, is presented in Table 2.2.

Table (2.2): Forecast Water Demand for Yatta Town.

Water Demand (m ®/year) Water
Y ear Population Per Capita Total Demand(l/c.d)
2005 65841 36.5 2,403,197 100
2010 73427 39.3 2,885,681 107.7
2015 77983 42.34 3,301,800 116
2020 83412 45.63 3,806,090 125
2032 90568 54.75 4,958,598 150
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It may be noted from Table 2.2 that the projected water consumption for the design period
(year 2032) is 150 liter per capita per day, in which 80% is returned to sewer (120 |/c.d.).

2.4 Design Parameters

2.4.1 Flow rate projections

The total wastewater flow in sanitary sewers is made up of two main components: (1)

Residential. (2) Infiltration. Sanitary sewers are designed for peak flows from residential

and peak infiltration allowance for the entire service area. The flow rate projections are

necessary to determine the required capacities of sanitary sewers. These projections will
be based on:

1. Population: Future population at the end of design period should be estimated. The
estimated population of Y attatown in the year 2032 is 90568 inhabitants.

2. The present domestic water consumption and future consumption.

3. The percentage of water going to the sewer: In general, the average wastewater flow
may vary from 60 to 90 percent of the water used in the community. A vaue of 80
percent has generally been agreed upon by all the authors of earlier projects in the
West Bank and other locations under similar conditions.

4. The service connection percentage: The percentage of houses that will be served by
sewers will depend on the nature of the habitat in the catchments area considered and
of the design period. It has been assumed that the service connections will increase, to
full coverage for the urban population in year 2032

5. The uncontrolled inflow and infiltration: Infiltration is the entrance to the collection
system of water from outside sources such as groundwater. Inflow is the entrance to
the collection system of runoff during a rainfal event. Infiltration depends mainly on
the state of the network; the depth at which it is buried and the groundwater elevations.
Most of the sewers to be laid will be new and the ground water elevations in the area
are low. Ground water infiltration seems then to be not significant. The network will
be designed to avoid rainwater inflow. However, there will always be cases of
manhol e leaks, loose joints and private individuals who link up their rainwater pipes to

the sewerage network. Given the difficulty of accurately estimating these parameters
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and according to previous studies and data of another area under similar conditions, a
mean discharge increase of liter per second per hectare will be applied when
dimensioning the sewerage system.

6. The peak coefficient : In general, this coefficient increases when the rate of connected
population decrease, for example when the flow rate is weak. In the other hand, when
the connected population is important, the variation around a mean discharge is
weaker. As there are few field investigations conducted in the study area to estimate
this factor; it will be determined from the practice and experience of the designer. The
following relation has been used commonly by the designer and gives satisfactory
results:

Pf=15+25/q 2.1)
Where, q (in I/s) is the dally average flow rate of the network branch under
consideration and Pf is the peak factor.
Using these assumptions, the flow rate projections were evaluated for the study area
(Yattatown).

2.4.2 Hydraulic design

As mentioned earlier and according to usual practice, the sewers will be designed for

gravity flow using Manning’s formula:

V =1/nR?3 sY2 (2.2)
Depending on pipe materials, the typical values of n are:
- Reinforced Concrete (RC) n=0.013
- Polyvinyl Chloride (PVC) n=0.011
- Ductile Iron: n=0.013
- Asbestos Cement: n=0.012

2.4.3 Minimum and maximum velocities

For a circular sewer pipe, the velocity at half-depth is equal to the velocity at full-depth.
To prevent the settlement of solid matter in the sewer, the literature suggested that the
minimum velocity at half or full depth — during the peak flow period — should not be less
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than 0.6 m/s, but point out that the minimum self cleansing velocity of 1.0 m/sis to be
preferred wherever this is practicable. Usually, a maximum sewer velocity are limited to
about 3 m/sin order to limit abrasion and avoids damages which may occur to the sewers

and manholes due to high velocities.

2.4.4 Pipesand sewers

1) Necessary because some large objects such as scrub brush, sometimes gets into sewers.

Experience indicates a minimum diameter of 200 mm (8 in) for sewer pipes. For house

connections, smaller sizes may be used.

ii) Pipe Materials: different pipe materials may be recommended for the sewers.

1. Polyvinyl chloride PVC, vitrified clay VCP or polyethylene PE material for small
size pipes (approximately up to the size 400 mm in diameter).

2. Centrifugal cast reinforced concrete pipes may be used for larger diameter.

2.4.5 Manholes and covers

Manholes should be located at changes in size, slope direction or junction with secondary
sewer. Manholes spacing generally does not exceed 60 m and should never be greater
than 100 m except in sewers which can be walker through gravity. The minimum cover

over sewer linewill be of 1.5 m, for the buried section.

2.4.6 Sewer slope

For a circular sewer pipe, the slope must be between the minimum and maximum slope,
the minimum and maximum slope is determined from minimum and maximum vel ocity.
Generally the natural ground slope is used because it is the technical and economic

solution, the solution is therefore recommended.

24.7 Depth of sewer pipe

As mentioned earlier, the depth of sewers is generaly 1-2 m below the ground surface.

Depth should be enough to receive the sewage by gravity, avoid excessive traffic loads,
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and avoid the freezing of the sewer. It is recommended that the top of sewer should not be

less than 1 m below basement floor.

2.4.8 Design period

Sewers are designed on estimated future flows at the end of a design period. So the design
period is thus the length of time throughout which the capacity of a sewer will be able to
cope with the expected flows and may be assumed at:

1. Drains (concrete): 20 — 30 years.

2. Sanitary sewers: 25 — 30 years.

3. Pumping station: Equipment: 15years.

4. Buildings: 25 — 30 years.
The design period adopted for this project is 25 years.

2.5 Design and Planning Assumptions

The design and planning assumptions used in this project are as follow:

Design period 25 year (from 2007-2032).

Present (2005) population of municipality of Y attatown is 65841capita.
The growth rate will be 2%-4.5%.

The existing per capita water consumption has been assessed 80 |/c.d.
Total administrative area of municipality of Y attatown 24552.76 dounm.
Future 2032 population of Y atta town 90568 capita.

Per capitawater consumption by 2032 will reaches 150 |/c.d.

The wastewater production is about 80% of their water consumption.

© 0o N o o bk~ w DN

Formulato be used in design of sewers :(Manning formula)
V=(Un)* R#3*s12 (2.2)
10. Minimum velocity 0.6 m/sec.
11. Maximum velocity 3.0 m/sec.
12.  h/D =0.5for main trunks.
13. Maximum manhole spacing 60 m for main trunk.

14. Minimum pipe diameter = 8 inch (200 mm)
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15. Infiltration rate 20 % of average domestic wastewater.
16. Peak factor determine by equation

Pr =15+ (2.5/\q)
17. Depth of sewer pipe: Minimum covers not less than 1.5 from the crown.
18.  Maximum slope Smax = 15 %
19. Minimum slope Smin = 0.5%
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CHAPTER THREE
ANALYSISAND DESIGN

3.1 Introduction

In this project, an attempt is made to evaluate and design wastewater collection system
for Yatta town, and develop a future plans for construction of the collection system,
corresponding to population growth and the water consumption and subsequently the
wastewater production from different sources in the future, in order to reduce the problem
causes by the disposal of raw wastewater in the area. In this chapter, the layout of the
system established is presented, and the computation procedures and tables are given
along the drawings of layout and profilesfor all the lines designed.

3.2 Layout of the System

The first step in designing a sewerage system is to establish an overal system layout that
includes a plan of the area to be sewered, showing roads, streets, buildings, other utilities,
topography, soil type, and the cellar or lowest floor elevation or all buildings to be
drained. Where part of the drainage area to be served is undeveloped and proposed
development plans are not yet available , care must be taken to provide adequate terminal
manhol es that can later be connected to the system constructed serving the area .

In establishing the layout of wastewater collection system for Yatta area, the following

basic steps were followed:

1. Obtain atopographic map of the area to be served.

2. Locate the drainage outlet. Thisis usually near the lowest point in the areaand is often
along a stream or drainage way.

3. Sketch in preliminary pipe system to serve all the contributors.

4. Pipes are located so that al the users or future users can readily tap on. They are aso
located so as to provide access for maintenance and thus are ordinarily placed in

streets or other rights-of-way.
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5. Sewers layout is followed natural drainage ways so as to minimize excavation and
pumping requirements. Large trunk sewers are located in low-lying areas closely
paralleling streams or channels.

6. Establish preliminary pipe sizes. Eight inches pipe size (usualy the minimum
allowable) can serve several hundred residences even at minimal grades.

7. Revise the layout so as to optimize flow-carrying capacity at minimum cost. Pipe
lengths and sizes are kept as small as possible, pipe slopes are minimized, and
followed the ground surface slope to minimize the depth of excavation, and the
numbers of appurtenances are kept as small as possible.

8. The pumping is avoided across drainage boundaries. Pumping stations are costly and

add maintenance problems.

The final layout of the wastewater collection system for Yatta town is given in

attached drawings.

3.3 Design Computations
3.3.1 Introduction

The detailed design of sanitary sewers involves the selection of appropriate pipe sizes and
slopes to transport the quantity of wastewater expected from the surroundings and
upstream areas the next pipe in series, subject to the appropriate design constrains. The
design calculations necessary for Yatta sanitary sewers are performed using SewerCAD
Vsb software. This computer program is develop by the Haestad Methods, Inc. More
detailed about this program is given below.

3.3.2 What is SewerCAD?

SewerCAD is an extremely powerful program for the design and analysis of gravity flow
and pressure flow through pipe networks and pumping stations. The program can be run
in AutoCAD mode, giving you all the power of AutoCAD’s capabilities, or in Stand-lone

mode utilizing our own graphical interface. SewerCAD alows you to construct a
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graphical representation of a pipe network containing information such as pipe data,
pump data, loading, and infiltration. Y ou have a choice of conveyance elements including
circular pipes, arches, boxes and more.

The gravity network is calculated using the built-in numerical model, which utilizes both
the direct step and standard step gradually varied flow methods. Flow calculations are
valid for both surcharged and varied flow situations, including hydraulic jumps,
backwater, and drawdown curves. You also have the flexibility to mix gravity and
pressure components freely, building your systems in parallel or in series as they exist in
the field. Pressure elements can be controlled based on system hydraulics, turning pumps

on and off due to changes in flows and pressures.

SewerCAD’s flexible reporting feature allows you to customize and print the model

results in both areport format and as agraphical plot.

3.3.3 When to Use SewerCAD?

SewerCAD is so flexible you can use it for all phases of your project, from the feasibility
report to the final design drawings and analysis of existing networks. During the
feasibility phase, you can use SewerCAD to create several different system layouts with
an AutoCAD or Micro Station drawing as the background, or within AutoCAD itself. For
the fina design, you can complete detailed drawings with notes that can be used to
develop the construction plans. In summary, you can use SewerCAD to:

Design multiple sanitary sewer systems.

Analyze various design scenarios for sanitary sewer systems.

Import and export AutoCAD and Micro Station .DXF files.

Generate professional-looking reports for clients.

Generate plan and profile plots of anetwork.

The computation tables for the design of the proposed wastewater collection system

aregiven in attached report.
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3.4 TheProposed Wastewater Collection System

In the proposed study for the wastewater collection system for Yatta town, the tria is
made to design the main trunks of the collection system for year 2032. There are nine
main trunks. This section deals with the results of the suggested wastewater collection

network for year 2032.

The appropriate pipe diameters, lengths, land slopes, and location of the manholes are
found by doing the calculations given in the previous section. During and once the sewer
design computations have been completed, aternative alignments have be examined, and
the most cost—and energy—effective alignment has been selected. The fina results for the
appropriate diameters for the proposed wastewater collection system, slopes and lengths
of the pipes are given in attached tables aong with all relevant data. The calculated

velocities, flow rates, and depth of flow in pipes are given in the same tables..

It is observed form the tables and figures that the collection network covers most of the
area of Y atta, the slope of the pipes follow in most cases the slope of the ground.

3.5 Profilesof Sewer

The profiles of sewer area assist in the design and are used as the basis of construction
drawings. The profiles are usually prepared for each sewer line at a horizontal and vertical
scale. The profile shows the ground or street surface, tentative manhole locations, elevation
of important subsurface strata such as rock, locations of borings, all underground
structures, basement elevations, and cross streets. A plan of the line and relevant other

structures are usually shown on the same street (McGhee, 1991).

After al the calculation is completed and all the maps of the proposed collection system
are prepared, detailed profiles for each sewer is drawn. The profiles of sewer lines are
shown in attached figures. These profiles had shown the ground elevation, the proposed
sewer lines, manholes (manholes number and the spacing between the manholes), depth of

excavations, the diameters and slopes of the pipes, and the type of soil.
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CHAPTER FIVE

BILL OF QUANTITY
FOR THE PROPOSED WASTEWATER
COLLECTION SYSTEM

1 — Excavations and backfilling

Item

Item Description

Unit

Quantity

Unit Price€

Total amount
€

11

Excavations and backfilling nominal pipe diameter
1050 mm

111

Excavation of pipe trenchin all kinds of soil, rock, etc,
the price shall include cost of backfilling with selected
suitable material approved by the engineer, and shall
include leveling and compaction to a depth not
exceeding 2 m and disposing surplus material outside
the site according to drawings. And specifications.

L.m

648.5

112

Ditto, but for excavations between 2.00-2.50m

L.m

138

113

Ditto, but for excavations between 2.50-4m

L.m

2067

1.2

Excavations and backfilling nominal pipe diameter
900 mm

121

Excavation of pipetrench in all kinds of soil, rock, etc,
the price shall include cost of backfilling with selected
suitable material approved by the engineer, and shall
include leveling and compaction to a depth not
exceeding 2 m and disposing surplus material outside
the site according to drawings. And specifications.

L.m

1431

122

Ditto, but for excavations between 2.00-2.50m

L.m

408.5

1.23

Ditto, but for excavations between 2.50-4.00m

161

13

Excavations and backfilling nominal pipe diameter
750 mm

131

Excavation of pipetrenchin all kinds of sail, rock, etc,
the price shall include cost of backfilling with selected
suitable material approved by the engineer, and shall
include leveling and compaction to a depth not
exceeding 2 m and disposing surplus materia outside
the site according to drawings. And specifications.

L.m

1465

13.2

Ditto, but for excavations between 2.00-2.50m

L.m

347

133

Ditto, but for excavations between 2.50-4.00m

L.m

305

14

Excavations and backfilling nominal pipe diameter
600 mm

141

Excavation of pipetrenchin all kinds of sail, rock, etc,
the price shall include cost of backfilling with selected
suitable material approved by the engineer, and shall
include leveling and compaction to a depth not
exceeding 1.5m and disposing surplus material outside
the site according to drawings. And specifications.

L.m

1540

14.2

Ditto, but for excavations between 2.00-2.50m

L.m

545.5

143

Ditto, but for excavations between 2.50-4 m

1075

25




Item

Item Description

Unit

Quantity

Unit Price€

Total amount
€

15

Excavations and backfilling nominal pipe diameter
450 mm

151

Excavation of pipetrenchin all kinds of sail, rock, etc,
the price shall include cost of backfilling with selected
suitable material approved by the engineer, and shall
include leveling and compaction to a depth not
exceeding 2 m and disposing surplus materia outside
the site according to drawings. And specifications.

1791

15.2

Ditto, but for excavations between 2.00-2.50m

1.53

Ditto, but for excavations between 2.50-4.00m

1.6

Excavations and backfilling nominal pipe diameter
375 mm

16.1

Excavation of pipetrench in all kinds of soil, rock, etc,
the price shall include cost of backfilling with selected
suitable material approved by the engineer, and shall
include leveling and compaction to a depth not
exceeding 2 m and disposing surplus material outside
the site according to drawings. And specifications.

L.m

2065

1.6.2

Ditto, but for excavations between 2.00-2.50m

L.m

255

1.6.3

Ditto, but for excavations between 2.50-4.00m

L.m

32.5

17

Excavations and backfilling nominal pipe diameter
300 mm

171

Excavation of pipe trench in all kinds of soil, rock, etc,
the price shall include cost of backfilling with selected
suitable material approved by the engineer, and shall
include leveling and compaction to a depth not
exceeding 2 m and disposing surplus materia outside
the site according to drawings. And specifications.

1810

1.7.2

Ditto, but for excavations between 2.00-2.50m

28

1.7.3

Ditto, but for excavations between 2.50-4.00m

18

Excavations and backfilling nominal pipe diameter
250 mm

181

Excavation of pipetrenchin all kinds of sail, rock, etc,
the price shall include cost of backfilling with selected
suitable material approved by the engineer, and shall
include leveling and compaction to a depth not
exceeding 2 m and disposing surplus material outside
the site according to drawings. And specifications.

L.m

1857

1.8.2

Ditto, but for excavations between 2.00-2.50m

L.m

1.8.3

Ditto, but for excavations between 2.50-4.00m

1.9

Excavations and backfilling nominal pipe diameter
200 mm

Excavation of pipetrench in all kinds of soil, rock, etc,
the price shall include cost of backfilling with selected
suitable material approved by the engineer, and shall
include leveling and compaction to a depth not
exceeding 2 m and disposing surplus material outside
the site according to drawings. And specifications.

Lm

6730

19.1

Ditto, but for excavations between 2.00-2.50m

Lm

198.5

19.2

Ditto, but for excavations between 2.50-4.00m

251.5
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2- Pipes

Item Description Unit Quantity Unit Price€ Total amount
Item €
Pipes
Supply, store and installation of pipes diameter
21 1050(uPV C)with the Techen stamp or equivelant, along Lm 2851
' with the fittings, according to drawings, and '
specifications.
2.2 | Ditto, but for pipes diameter 900mm(u PV C) L.m 2001
2.3 | Ditto, but for pipes diameter 750mm(u PV C) L.m 2171
2.4 | Ditto, but for pipes diameter 600mm(u PV C) L.m 3150
2.5 | Ditto, but for pipes diameter 450mm(u PV C) L.m 1791
2.6 | Ditto, but for pipes diameter 375mm(u PV C) L.m 2504
2.7 | Ditto, but for pipes diameter 300mm(u PV C) L.m 1867
2.8 | Ditto, but for pipes diameter 250mm(u PV C) L.m 1884
2.9 | Ditto, but for pipes diameter 200mm(u PV C) L.m 6772
3 — Concrete manholes
Item Description Unit | Quantity Unit Price€ Total amount
Item €
3 Concrete manholes
Precast manholes
Supplying and installation of manhole, coated with coal Nr. 107
tar epoxy, including excavationsin all kinds of soil, rock,
etc, shall include cost of backfilling with selected suitable
31 material approved by the engineer, and steps and
‘ benching, heavy duty cover 25 tons for streets, and 8 tons
for cross country fields and backfilling not exceeding 2m
.Diameter 1200mm according to drawings and
specifications.
3.2 | Ditto, but depth between 2.00-2.50m Nr. 393
3.3 | Ditto, but depth between 2.50-4.00m Nr. 262
4 — Pipe bedding
Item Description Unit Quantity Unit Price€ Total amount
Item €
4 Pipe bedding
Supplying, installation and compaction of (Absolet) fine | L.m 2851
a1 granular material, under, above and around pipe
' Diameter (according to depth at items 1.1) 1050mm
according to the drawings and specifications.
4.2 | Ditto, but for pipes diameter 900mm L.m 2001
4.3 | Ditto, but for pipes diameter 750mm L.m 2171
4.5 | Ditto, but for pipes diameter 600mm L.m 3150
4.6 | Ditto, but for pipes diameter 450mm L.m 1791
4.7 | Ditto, but for pipes diameter 375mm L.m 2504
4.8 | Ditto, but for pipes diameter 300mm L.m 1867
4.9 | Ditto, but for pipes diameter 250mm L.m 1884
4.10 | Ditto, but for pipes diameter 200mm L.m 6772
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5- concreteworks

Item Item Description Unit Quantity Unit Price€ | Total amount €
5 Concreteworks
51 Supply and cast encasement plain concrete (B-200) m° 100
surround for sewer, according to drawings and
specifications.
6 — Air leakage test
Item | Item Description Unit Quantity Unit Price€ | Total amount €
6 Air leakage test
Air leakage test for sewer pipelines according to
6.1 S . -
specifications, including for all temporary works
6.1.1 | Nominal bore 1050mm L.m 2851
6.1.2 | Nominal bore 900mm L.m 2001
6.1.3 | Nominal bore 750mm L.m 2171
6.1.4 | Nominal bore 600mm L.m 3150
6.1.5 | Nominal bore 450mm L.m 1791
6.1.6 | Nominal bore 375mm L.m 2504
6.1.7 | Nominal bore 300mm L.m 1867
6.1.8 | Nominal bore 250mm L.m 1884
6.1.9 | Nominal bore 200mm L.m 6772
Water leakage test for all manholes, according to
6.2 T . .
specifications, including for all temporary works.
3.2 | Ditto, but depth between 2.00-2.50m Nr. 169
3.3 | Ditto, but depth between 2.50-3.00m Nr. 8
7 — Road reinstatement
Item Item Description Unit Quantity Unit Price€ Amount €
Provide and place 250 mm, base coarse For Sewer Lm 8635
Pipes @ 1050,900,750,600,450,375,300,250 &
200along with 50 mm asphalt over it, after
compaction, al thework includes compaction,
7.1 | bitumen layer (1.01t./m 2) between the base coarse
layer.
Summary Table (for the project)
1 Excavations and backfilling 24991
2 | Pipes 24991
3 Concrete manholes 762
4 | Pipebedding 24991
5 | Concreteworks 100
6 | Air leakagetest 8635+177=8812
7 | Road reinstatement 24991

Construction of Yatta sewage network Total

Discount as percentage of the total amount= -------------------------

TOTAL CONTRACT AMOUNT AFTER DISCOUNT = =---cnmemeemmcmmcamnenee
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CHAPTER FIVE
CONCLUSIONS

Thetria is made to evaluate and design wastewater collection system for Y atta town

considering the annual growth of the people and their water consumption for the

coming 25 years. The result brought out many important conclusions. The main

conclusions drawn from the present study are summarized below:

1.

2.

Y atta town has no sewage facilities. The people are using latrines, cesspits and
septic tanks. The wastewater has been seeping into the ground through the over
flow of the deteriorated cesspits and latrines, causing series environmental and
health problems.

The present population of Yatta town is around 60000 person. Prediction of the
future population of Yatta town is very difficult due the political uncertainties.
The rate of population growth is taken as 2.5-3.0%.

Restrictions on the Palestinian use of the annual ground water resources of the
West Bank led to limited quantities of water supplied to Y atta town and due to
this condition the average consumption of water in the camp in genera islow (60
I/c.d.) and does not represent the present actual demand of water. As a result of
the long period of occupation, the town lacks well studies and prepared master
plan for land uses, town planning, and the design of utilities. The future water
consumption is estimated to be 150 I/c.d.

The flow in the proposed wastewater collection system is going by gravity

(gravity flow sanitary sewer system).
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5. The maximum depth of flow in the sewer taken as 50% of the sewer diameter to
be capable to receive any unexpected infiltration from the storm water or miss use
of the sewer by the people by throughing solid waste.

6. The proposed wastewater collection system for Yatta town covers most of the
areas of the town.

7. In some sewers the velocity is less than 0.6 m/s especialy in the beginning of the
trunk. So, flushing of the trunk is needed in the first years of usage.

8. The diameter of some pipes are not available in the market. The study

recommended to use another pipes, with greater diameter.
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CHAPTER FIVE

BILL OF QUANTITY
FOR THE PROPOSED WASTEWATER
COLLECTION SYSTEM

1 — Excavations and backfilling

Item

Item Description

Unit

Quantity

Unit Price€

Total amount
€

11

Excavations and backfilling nominal pipe diameter
1050 mm

111

Excavation of pipe trenchin all kinds of soil, rock, etc,
the price shall include cost of backfilling with selected
suitable material approved by the engineer, and shall
include leveling and compaction to a depth not
exceeding 2 m and disposing surplus material outside
the site according to drawings. And specifications.

L.m

648.5

112

Ditto, but for excavations between 2.00-2.50m

L.m

138

113

Ditto, but for excavations between 2.50-4m

L.m

2067

1.2

Excavations and backfilling nominal pipe diameter
900 mm

121

Excavation of pipetrench in all kinds of soil, rock, etc,
the price shall include cost of backfilling with selected
suitable material approved by the engineer, and shall
include leveling and compaction to a depth not
exceeding 2 m and disposing surplus material outside
the site according to drawings. And specifications.

L.m

1431

122

Ditto, but for excavations between 2.00-2.50m

L.m

408.5

1.23

Ditto, but for excavations between 2.50-4.00m

161

13

Excavations and backfilling nominal pipe diameter
750 mm

131

Excavation of pipetrenchin all kinds of sail, rock, etc,
the price shall include cost of backfilling with selected
suitable material approved by the engineer, and shall
include leveling and compaction to a depth not
exceeding 2 m and disposing surplus materia outside
the site according to drawings. And specifications.

L.m

1465

13.2

Ditto, but for excavations between 2.00-2.50m

L.m

347

133

Ditto, but for excavations between 2.50-4.00m

L.m

305

14

Excavations and backfilling nominal pipe diameter
600 mm

141

Excavation of pipetrenchin all kinds of sail, rock, etc,
the price shall include cost of backfilling with selected
suitable material approved by the engineer, and shall
include leveling and compaction to a depth not
exceeding 1.5m and disposing surplus material outside
the site according to drawings. And specifications.

L.m

1540

14.2

Ditto, but for excavations between 2.00-2.50m

L.m

545.5

143

Ditto, but for excavations between 2.50-4 m

1075

25




Item

Item Description

Unit

Quantity

Unit Price€

Total amount
€

15

Excavations and backfilling nominal pipe diameter
450 mm

151

Excavation of pipetrenchin all kinds of sail, rock, etc,
the price shall include cost of backfilling with selected
suitable material approved by the engineer, and shall
include leveling and compaction to a depth not
exceeding 2 m and disposing surplus materia outside
the site according to drawings. And specifications.

1791

15.2

Ditto, but for excavations between 2.00-2.50m

1.53

Ditto, but for excavations between 2.50-4.00m

1.6

Excavations and backfilling nominal pipe diameter
375 mm

16.1

Excavation of pipetrench in all kinds of soil, rock, etc,
the price shall include cost of backfilling with selected
suitable material approved by the engineer, and shall
include leveling and compaction to a depth not
exceeding 2 m and disposing surplus material outside
the site according to drawings. And specifications.

L.m

2065

1.6.2

Ditto, but for excavations between 2.00-2.50m

L.m

255

1.6.3

Ditto, but for excavations between 2.50-4.00m

L.m

32.5

17

Excavations and backfilling nominal pipe diameter
300 mm

171

Excavation of pipe trench in all kinds of soil, rock, etc,
the price shall include cost of backfilling with selected
suitable material approved by the engineer, and shall
include leveling and compaction to a depth not
exceeding 2 m and disposing surplus materia outside
the site according to drawings. And specifications.

1810

1.7.2

Ditto, but for excavations between 2.00-2.50m

28

1.7.3

Ditto, but for excavations between 2.50-4.00m

18

Excavations and backfilling nominal pipe diameter
250 mm

181

Excavation of pipetrenchin all kinds of sail, rock, etc,
the price shall include cost of backfilling with selected
suitable material approved by the engineer, and shall
include leveling and compaction to a depth not
exceeding 2 m and disposing surplus material outside
the site according to drawings. And specifications.

L.m

1857

1.8.2

Ditto, but for excavations between 2.00-2.50m

L.m

1.8.3

Ditto, but for excavations between 2.50-4.00m

1.9

Excavations and backfilling nominal pipe diameter
200 mm

Excavation of pipetrench in all kinds of soil, rock, etc,
the price shall include cost of backfilling with selected
suitable material approved by the engineer, and shall
include leveling and compaction to a depth not
exceeding 2 m and disposing surplus material outside
the site according to drawings. And specifications.

Lm

6730

19.1

Ditto, but for excavations between 2.00-2.50m

Lm

198.5

19.2

Ditto, but for excavations between 2.50-4.00m

251.5
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2- Pipes

Item Description Unit Quantity Unit Price€ Total amount
Item €
Pipes
Supply, store and installation of pipes diameter
21 1050(uPV C)with the Techen stamp or equivelant, along Lm 2851
' with the fittings, according to drawings, and '
specifications.
2.2 | Ditto, but for pipes diameter 900mm(u PV C) L.m 2001
2.3 | Ditto, but for pipes diameter 750mm(u PV C) L.m 2171
2.4 | Ditto, but for pipes diameter 600mm(u PV C) L.m 3150
2.5 | Ditto, but for pipes diameter 450mm(u PV C) L.m 1791
2.6 | Ditto, but for pipes diameter 375mm(u PV C) L.m 2504
2.7 | Ditto, but for pipes diameter 300mm(u PV C) L.m 1867
2.8 | Ditto, but for pipes diameter 250mm(u PV C) L.m 1884
2.9 | Ditto, but for pipes diameter 200mm(u PV C) L.m 6772
3 — Concrete manholes
Item Description Unit | Quantity Unit Price€ Total amount
Item €
3 Concrete manholes
Precast manholes
Supplying and installation of manhole, coated with coal Nr. 107
tar epoxy, including excavationsin all kinds of soil, rock,
etc, shall include cost of backfilling with selected suitable
31 material approved by the engineer, and steps and
‘ benching, heavy duty cover 25 tons for streets, and 8 tons
for cross country fields and backfilling not exceeding 2m
.Diameter 1200mm according to drawings and
specifications.
3.2 | Ditto, but depth between 2.00-2.50m Nr. 393
3.3 | Ditto, but depth between 2.50-4.00m Nr. 262
4 — Pipe bedding
Item Description Unit Quantity Unit Price€ Total amount
Item €
4 Pipe bedding
Supplying, installation and compaction of (Absolet) fine | L.m 2851
a1 granular material, under, above and around pipe
' Diameter (according to depth at items 1.1) 1050mm
according to the drawings and specifications.
4.2 | Ditto, but for pipes diameter 900mm L.m 2001
4.3 | Ditto, but for pipes diameter 750mm L.m 2171
4.5 | Ditto, but for pipes diameter 600mm L.m 3150
4.6 | Ditto, but for pipes diameter 450mm L.m 1791
4.7 | Ditto, but for pipes diameter 375mm L.m 2504
4.8 | Ditto, but for pipes diameter 300mm L.m 1867
4.9 | Ditto, but for pipes diameter 250mm L.m 1884
4.10 | Ditto, but for pipes diameter 200mm L.m 6772
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5- concreteworks

Item Item Description Unit Quantity Unit Price€ | Total amount €
5 Concreteworks
51 Supply and cast encasement plain concrete (B-200) m° 100
surround for sewer, according to drawings and
specifications.
6 — Air leakage test
Item | Item Description Unit Quantity Unit Price€ | Total amount €
6 Air leakage test
Air leakage test for sewer pipelines according to
6.1 S . -
specifications, including for all temporary works
6.1.1 | Nominal bore 1050mm L.m 2851
6.1.2 | Nominal bore 900mm L.m 2001
6.1.3 | Nominal bore 750mm L.m 2171
6.1.4 | Nominal bore 600mm L.m 3150
6.1.5 | Nominal bore 450mm L.m 1791
6.1.6 | Nominal bore 375mm L.m 2504
6.1.7 | Nominal bore 300mm L.m 1867
6.1.8 | Nominal bore 250mm L.m 1884
6.1.9 | Nominal bore 200mm L.m 6772
Water leakage test for all manholes, according to
6.2 T . .
specifications, including for all temporary works.
3.2 | Ditto, but depth between 2.00-2.50m Nr. 169
3.3 | Ditto, but depth between 2.50-3.00m Nr. 8
7 — Road reinstatement
Item Item Description Unit Quantity Unit Price€ Amount €
Provide and place 250 mm, base coarse For Sewer Lm 8635
Pipes @ 1050,900,750,600,450,375,300,250 &
200along with 50 mm asphalt over it, after
compaction, al thework includes compaction,
7.1 | bitumen layer (1.01t./m 2) between the base coarse
layer.
Summary Table (for the project)
1 Excavations and backfilling 24991
2 | Pipes 24991
3 Concrete manholes 762
4 | Pipebedding 24991
5 | Concreteworks 100
6 | Air leakagetest 8635+177=8812
7 | Road reinstatement 24991

Construction of Yatta sewage network Total

Discount as percentage of the total amount= -------------------------

TOTAL CONTRACT AMOUNT AFTER DISCOUNT = =---cnmemeemmcmmcamnenee
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Preface

Welcome to SewerCAD

Thank you for purchasing SewerCAD. At Haestad Methods, we pride ourselvesin providing the very best
engineering software available. Our goal isto make software that is easy to install and use, yet so powerful
and intuitive that it anticipates your needs without getting in your way.

SewerCAD is afeature-rich program with extensive on-line documentation that is able to provide alevel of
instruction appropriate to your needs. Do not be fooled by the existence of this user’sguide. You do not
need to read anything to get started!

When you first use the program, SewerCAD’ s intuitive interface and interactive dialogs will guide you. If
you need more information, go to our on-line help by simply pressing the F1 key anywhere in the program.
Help text regarding the area of the program in which you are working will be displayed.

We are betting that you will be able to use our product right out of the package. If you know how to run
Setup within Windows, then go ahead and get right to work - install SewerCAD, and enjoy!
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Chapter 1

Orientation

1.1 What is SewerCAD?

SewerCAD is an extremely powerful program for the design and analysis of gravity flow and pressure flow
through pipe networks and pumping stations. The program can be run in AutoCAD mode, giving you all
the power of AutoCAD’s capabilities, or in Stand-Alone mode utilizing our own graphical interface.
SewerCAD alows you to construct a graphical representation of a pipe network containing information
such as pipe data, pump data, loading, and infiltration. 'Y ou have a choice of conveyance elements
including circular pipes, arches, boxes and more.

The gravity network is calculated using the built-in numerical model, which utilizes both the direct step and
standard step gradually varied flow methods. Flow calculations are valid for both surcharged and varied
flow situations, including hydraulic jumps, backwater, and drawdown curves. Y ou aso have the flexibility
to mix gravity and pressure components freely, building your systemsin parallel or in series asthey exist in
thefield. Pressure elements can be controlled based on system hydraulics, turning pumps on and off due to
changes in flows and pressures.

SewerCAD'’ s flexible reporting feature allows you to customize and print the model results in both a report
format and as a graphical plot.

1.2 When to Use SewerCAD?

SewerCAD is so flexible you can use it for al phases of your project, from the feasibility report to the final
design drawings and analysis of existing networks. During the feasibility phase, you can use SewerCAD to
create several different system layouts with an AutoCAD or MicroStation drawing as the background, or
within AutoCAD itself. For the final design, you can complete detailed drawings with notes that can be
used to develop the construction plans. In summary, you can use SewerCAD to:

Design multiple sanitary sewer systems.

Analyze various design scenarios for sanitary sewer systems.
Import and export AutoCAD and MicroStation .DXF files.
Generate professional -looking reports for clients.

Generate plan and profile plots of a network.
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1.3 What's New in SewerCAD?

What's New in SewerCAD 5.0

Extended Period Simulations - Run time-based simulations routing hydrographs, fixed and pattern
loads through complex sanitary networks containing both gravity and pressure elements.

Element Graphing and Tables - Generate graphs and tables comparing information for different
hydraulic elements as well as different scenarios over time.

Diurnal Loading Patterns - Apply diurnal patterns to fixed loads or to unit sanitary loads.

L oading Data Import - Import multiple unit sanitary loads, wet weather loads, hydrographs and
diurnal patterns from aformatted ASCI| text file.

Panning - Scroll easily through a SewerCAD drawing using your mouse with new panning support.

Profile Customization - Create profiles with custom annotations, layer properties, and direction in
order to mimic all design drawing and master plan requirements.

Persistent Profiles - Store unlimited different customized profile views using the Pr ofiles M anager
within the same network model.

Profile Templates - Create templates that can be applied to new profiles. The templates will then
establish the annotations and text properties for the new profile, instead of having to reestablish all the
information.

Editable Quick View — Edit data efficiently through the Quick View window without having to open
an element’ s dialog.

Wet Well Alarm Levels - Trigger awarning message or a change in color coding when the water
surface elevation in awet well during an analysis goes above a user-specified alarm level.

Improved Results Reporting - View calculation results in an intuitive directory structure. Warning
and error messages are organized in asingle printable table.

Animated Displays - Animate the plan and profile views separately or at the same time to serve as an
ideal tool for presentations and output analysis.

Quick Attribute Selector - Select attributes for annotations, color coding, tables, and database/ GIS
connections from logically organized categories.

Mouse Wheel Support - Pan and zoom using the mouse wheel.

Microsoft Office XP Support - Take advantage of the capabilities of Microsoft Excel XP and Access
XP for cut-copy-and-paste, as well as database integration.

Windows XP Support - Load the current version of SewerCAD on Windows 95, Windows 98, NT
4.0, Me, Windows 2000, and Windows XP.
What's New in SewerCAD 4.1.1

Diversions and Overflows - Model CSO and SSO's, flow splits, basement flooding, or any other
situation where a portion of flow needs to be removed from a gravity system.

Sticky Pipe Inverts - Attach gravity pipe inverts to the sump of the adjacent element or specify the
pipe inverts independently. If you select the "sticky pipe invert" mode, pipe inverts will move asyou
adjust the element sump elevation.

Minimum Structure Headloss - Specify a global minimum structure headloss as required by many
regulatory agencies.
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Generic Headloss Method - Provides the flexibility needed to accommodate any headloss
methodol ogy that relies on both upstream and downstream velocity heads.

What's New in SewerCAD 4.1

Network Licensing - Purchase a multi-seat license. With the purchase of the AutoCAD version of
SewerCAD, your engineers and technicians can individually use SewerCAD in either Stand-Alone
mode or AutoCAD mode and share project files.

Performance Optimization - Experience a 150% performance increase in Calculation Engine, 200%
increase in Model Validation, 100% increase in Graphical Editor, and 200% performance increasein
opening and saving files.

Persistent Sortsand Filters - Maintain user-defined sorts and filters each time atable is opened.

Appearance of Drawing Environment - Enjoy total control over background and foreground colors
in the graphical editor.

Aerial View - Access this separate window to facilitate zooming, panning, and locating a small
viewing areain the main window.

Cost Estimating - Perform detailed cost estimates using an integrated cost analysis modeling
subsystem.

Extensive Documentation - Access our extensive | nternet-based support database, called the
KnowledgeBased , through our ClientCared Program.

Technical Support - Subscribe to one of our ClientCared packages and access technical support
seven days aweek.

Installation, Upgrades and Updates

Minimum System Requirements

Below are the minimum and recommended system requirements for running SewerCAD with acceptable
performance. Some of the requirements for AutoCAD Mode, such as RAM, are fairly high due to
AutoCAD and operating system demands, not SewerCAD itself.

Stand-Alone Mode:

Processor: Pentium-166

RAM: 32 Megabytes

Hard Disk: 25 Megabytes of free storage space, plus room for data files
Display: 800 x 600 resolution, 256 colors

AutoCAD Mode:

Processor: Pentium-166
RAM: 64 Megabytes
Hard Disk: 25 Megabytes of free storage space, plus room for data files

Display: 800 x 600 resolution, 256 colors
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Recommended:

While Haestad Methods' software will perform adequately given the minimum system requirements,
performance will only improve with afaster system. Our products are designed to perform at optimal
levels with afast CPU and ample amounts of RAM and free disk space. We highly recommend running
our software on the best system possible to maximize its potential. We understand that an engineer's time
is a valuable commodity, and we have designed our software to help make the most of that time.

Installing Haestad Methods' Products

For Windows 95, Windows 98, Windows NT 4.0, Windows 2000, Windows Me, and Windows XP follow
these six easy steps, for installing a single user license copy of the program:

1. If you have not done so, turn on your computer.

2. Placethe diskette labeled Disk 1 in the floppy disk drive (commonly the a or b: drive).
3. Placethe CD inyour CD-ROM drive (commonly the d: or e: drive).
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If the Autorun feature of the operating system is enabled, setup will begin automatically. Proceed
to step six.

5. If Autorun is disabled, click the Start button on the task bar, select Run from the menu, and type
d:\setup (use the actual drive letter of the CD-ROM driveif it is not the d: drive), and then click
OK.

6. Follow theinstructions of the Setup Wizard.

If you own a network license version of the softwar e, pleaserefer to the Network Licensing
section. If you still have questions, consult the KnowledgeBase on our web site www.haestad.com
or contact Haestad M ethods technical support.

Uninstalling Haestad Methods' Products

Haestad Methods' products come with an uninstall option. After asingle user license copy of a Haestad
Methods' product isinstalled onto a computer, it must be uninstalled before a new installation can occur.
To uninstall the program:

On the Windows Start Bar, click Start / Programs/ Haestad M ethods/ Product Name / Uninstall
Product Name. The original floppy disk labeled Disk 1 that came with the product must be in the floppy
drive at the time you uninstall.

Troubleshooting Setup or Uninstall

Because of the multi-tasking capabilities of Windows 95, 98, NT, 2000, Me, and XP you may have
applications running in the background that make it difficult for the setup routines to determine the
configuration of your current system. If you have difficulties during the install (setup) or uninstall process,
please try these steps before contacting our technical support staff:

Restart your machine.

2. Veify that there are no other programs running. Y ou can see applications currently in use by
pressing Ctrl-Alt-Del in Windows 95, 98, Me, XP, or 2000, or Ctrl-Shift-Esc in Windows NT.
Exit any applications that are running.
3. Run setup or uninstall again without running any other program first.
If these steps fail to successfully install or uninstall the product, contact our support staff immediately.
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Software Registration

During the installation of the program, adialog will appear asking you to register the software. Please note
the label with your registration information is on the inside back cover of the manual.

Although this software is not copy protected, registration is required to unlock the software capabilities for
the hydraulic features that you have licensed. All registration information must be entered into the
Registration dialog exactly asit appears on the |abel.

Company
City
State/Country
Product 1D

Registration Number

After you have registered the software, you can check your current registration status by opening the
registration dialog in the software itself.

To open the Registration dialog:

1. Select Help / About from the pull-down menus.

2. Click the Registration button in the About dialog.
The current registration status (number of licenses, expiration date, feature level, etc) will be displayed.

Use the Print button to print a copy of the information shown in the Registration Form dialog.

Use the Copy button to place the registration information in the Windows Clipboard so that you can paste
it into another Windows application.

If you own a network license version of the softwar e, pleaserefer to the Network Licensing
section. If you still have questions, consult the KnowledgeBase on our web site www.haestad.com
or contact Haestad M ethods technical support.

Upgrades

When you click the Registration button on the Help / About Product Name ... dialog, the current
registration status (number of licenses, expiration date, feature level, etc) is displayed. To upgrade to more
pipes or inlets, higher feature levels, or additional licenses, contact our sales team today and request
information on our ClientCare Program. We will provide the information you need to get up and running
in no timel

Globe Button

Haestad Methods makes it easy to stay up-to-date with the latest advancesin our software. Software
maintenance rel eases can be downloaded from the Haestad Methods web site quickly and easily if you are a
subscriber to our ClientCare Program. Just click the Globe icon on the tool palette to launch your preferred
web browser and open the Haestad Methods' Program Update web site. The web site will automatically
check to seeif your installed version is the latest available. If it isnot, it will provide you with the
opportunity to download the correct upgrade to bring it up-to-date.

The ClientCare Program also gives you access to our extensive KnowledgeBase for answers to Frequently
Asked Questions (FAQ). Contact our sales team for more information on our ClientCare Program.
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Use the Globe button to keep your investment current.

©

Network Licensing

Network versions of this product are available. If you purchased a network version, your program will run
at any workstation located on your network if afloating license key is available for use. Floating licenses
allow one or more concurrent users of a particular application to access and use the full capabilities of the
software if the number of concurrent licenses does not exceed the number allowed under the terms of the
license sale. Once the number of concurrent users exceeds the licensed number, new application sessions
will run in alimited demo mode.

Network licensing isimplemented using Rainbow Industries Sentinel LM license manager.
Administrators should refer to the Sentinel LM System Administrators Guide for details on implementing
network licensing at your location.

Registering Network Programs
During the installation of the network deployment folder, a dialog will appear asking you to register the
software. The label with your registration information is on the inside back cover of the manual. This
registration datais required to enable the software capabilities for the hydraulic network size and features
that you have licensed. All registration information must be entered into the Registration dialog exactly as
it appears on the label.

Company

City

State/Country

Product 1D

Registration Number

After you have registered the software, you can view the current registration and floating license usage
status at any of the workstations that has the product software installed on it.

To open the Registration dialog:

1. Select Help / About... from the pull-down menus.

2. Click the Registration button.
The current registration status (number of floating licenses, expiration date, feature level, etc) will be
displayed. If al available floating licenses are in current use, the software will run in demo mode.

Network administrators may activate network licenses and upgrade the features served by their floating
licenses by invoking the Request License option, which is activated using the Registration button on this
dialog.

Use the Print button to print a copy of the information shown.

Use the Copy button to export the registration information to the Windows Clipboard so that you can paste
it into other Windows applications.
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Requesting Permanent Network License

System administrators who are responsible for managing network license versions of Haestad Methods
software must activate their organization’s floating licenses by obtaining a permanent license file from
Haestad Methods. This may be done using the Request L icense button on the Registration dialog. This
button will only be available for users who have purchased the network-licensing feature.

Haestad M ethods uses SentinelLM License Manager softwar e from Rainbow Technologiesto
manage network licensing for this application. For moreinformation concerning the
administration of the Haestad M ethods floating network licensing, pleaserefer to the Sentinel
Softwar e System Administrator’s Guide online documentation installed with your network
license server software.

To acquire a network license file, the administrator must first generate the network locking codes for the
computer that will be acting as the network license server. To get you license server locking code, use the
SentinelLM echoid utility. Thisisinstalled with the license server software onto the computer acting as the
network license host for this application.

The echoid utility must be run from the same computer that will act as the license server host for
this particular Haestad M ethods application.

Write down the values for the locking codes that are posted in the echoid utility’ s message box. Be certain
to record these values accurately, as they will be used by Haestad Methods to generate a custom license file
keyed to the specific license server’ s hardware signature. Once issued, a license key-code may not be
installed on another machine. Y ou will not be able to transport the license server to another network
machine without obtaining new lock codes.

With echoid values in hand, start the Haestad Methods product application on any workstation located on
the network served by the license manager. Y ou can even install and run the Haestad M ethods application
from the same computer that will be acting as the license server host computer.

Select Help / About... from the pull-down menus to open the Registration dialog. Open the Request
License Key dialog using the Request License button. Fill out the form, then either email or fax the
completed form to Haestad Methods using the Submit Request button.

Installation Guide for Network License Versions
To set up aHaestad Methods' software product for operation as a network licensed version:

Place the diskette labeled Disk 1 in the floppy disk drive (commonly the a: or b: drive).
2. Placethe CD in your CD-ROM drive (commonly the d: or e: drive).

If the Autorun feature of the operating system is enabled, setup will begin automatically. Proceed
to step 5.

4. If Autorunisdisabled, click the Start button on the task bar, select Run from the menu, and type
d:\setup (use the actual drive letter of the CD-ROM driveif it isnot the d: drive). Click OK.

5. To perform the following steps, you must have full administrator privileges for the target
network-based installation folders. Follow the instructions of the Setup Wizard, which will
guide you through the installation of two components:

- Network deployment folder - A directory installed on a network node that is available from
all client workstations on which the license product will beinstalled. Users of the floating
licenses will invoke the network-based installation utility setup.exe, which will install and
configure the application to each client workstation.
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- Network License Manager and Utilities - The license manager service executable file that
will automatically monitor availability and distribute network floating licenses to client
applications as they are started up across the license hosting LAN. The license manager may
be installed on any shared node in the network, but is generally located on a network server
machine.

6. Start the license server using the appropriate procedure for the host machine' s operating system:

- Windows NT/2000 - Use the loadls utility viathe Service L oader menu option to install the
license server. The license manager runs as a service and can be manually controlled viathe
Windows NT / 2000 Control Panel / Services group.

- Windows 95/98/M E - To enable automatic license server startup, use Windows Explorer to
add the license server program, LservIx.exe, to the Windows 95/98 system StartUp folder.
Manually start the license server by running the IservOx viathe License Server menu option.

7. Announce the availability of the product viaemail. Instruct interested usersto install the product
the using the Start / Run... menu command and browsing to the network deployment folder
installed in step 5 to run setup.exe. The license server ships with special 30-day licenses that
will alow users to begin using the application immediately.

8. Obtain a permanent license file for the application. A permanent license file must be obtained
from Haestad Methods within 30 days of receipt of the product package. Request a permanent
license file by following these steps:

- At the host computer on which the license server will run, use the echoid utility viathe
L ocking Codes menu option to determine the locking codes that will be used to generate
license keys for your network. The license key file will be configured specifically for the
license server machine installation. Write these locking codes down.

- Start the Haestad Methods' product application at any workstation where the product has been
installed. The product can even be installed directly on the computer acting as the license
server.

- Select Help / About ... from the pull-down menus and click the Registration button. Use the
Request License button at the bottom of the Registration dialog and fill out the License Key
Request form with the system administrator contact and host server locking code information.
Be certain to accurately record the locking codes obtained during the previous step since
inaccurate information will result in the generation of unusable license files.

- Click the Submit Request... button. Following the instructionsin the form, e-mail or fax the
form to Haestad Methods. The activation request will be processed, and a license file will be
generated and e-mailed to the system administrator making the request.

9. Usetheldlic utility located in the AdminT ools directory to modify the permanent license file
managed by the network license server. After the license key file requested above is received via
e-mail from Haestad Methods, save the file attachment to a computer folder on any computer
resident on the network serviced by the running license server. For future convenience, safety,
and ease-of-support, it is recommended that the license file be saved in the license manager tools
directory, AdminTools. This utility must be run from the operating system prompt. Enter
Islic -F <filenane>, where<fil ename> isthename of the license file attachment
emailed by Haestad Methods and saved to the hard-drive. This step will install the new license
key into the license file, Iservrc, located on the same computer and in the same directory that the
license server resides.

Once these steps are completed, floating licenses will be available to concurrent users via the network.
Should the number of users exceed the number of license keys available, the unlicensed client sessions will
continue to run in demo mode.
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Network Deployment Folder

Interested users may install the complete product viathe network deployment folder using the Windows
Start / Run command. Browse to the deployment directory, and run setup.exe to install the program to a
client workstation.

1.5 Learning SewerCAD

1.5.1

1.5.2

1.5.3

SewerCAD Documentation

SewerCAD’ s on-line documentation delivers extensive detail and convenient assistance. Simply click the
Help button, press the F1 key, or right-click anywhere in the program to access context-sensitive help.

The SewerCAD User’s Guide is provided to you as a means to read and learn about SewerCAD while you
are away from your computer. The topics you find in the User’s Guide will also be found in the on-line
help.

SewerCAD aso contains on-line tutorials, lessons, and sample files to get you familiar with the features
and capabilities of SewerCAD. Thetutorials can be accessed by clicking Help / Tutorials from the pull-
down menus. The lessons can be found in the printed documentation, as well asin the on-line Help. The
samplefiles are located in your Haestad\SWRC\Sampl e directory.

How to Use Help

All of our products feature extensive context-sensitive help. There are several waysto obtain help on
topics:

Select Help from the pull-down menu.

To get help for the window in which you are working, press the F1 key or click the Help button.

To get help for a specific item, right-click the desired item and select Help from the pop-up menu.
To navigate within Help:

When you click text that is underlined, Help “jumps’ to the related topic or definition. If thetext is
dashed underlined, the text will appear in a pop-up window.

To return to the previous topic, click the Back button at the top of the Help window.
To print aHelp topic, click the Print button at the top of the Help window.

To makethe Help window stay on top of other windows, select Options/ Keep On Top / On Top
from the pull-down menu in the main Help window.

How Do I?

How Do | isan easily referenced topic in SewerCAD’s on-line documentation. It isalisting of commonly
asked questions about SewerCAD. Just follow these steps to find your way to How Do |

1. Click Help / How Do | from the pull-down menu

2. Thelisting of How Do | topicswill appear. Just click the topic of your choice for a detailed
explanation.

3. Toreturntothelisting of How Do | questions, click the Back button.
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Help
Provides context sensitive help for the current window.

9]

Glossary
The glossary contains many terms used throughout the application and the on-line Help.

To use the Glossary:

1. Click Help / Contents to open the main Help window.

2. Click the Contentstab, and then double-click the Glossary book.

3. Click the Glossary page, and the Glossary topic will appear.

4. Click thefirst letter of the word for which you are looking for more information.

5. Click the desired term, and a pop-up box will appear with a definition of the selected word.
Tutorials

Tutorials provide a quick introduction to various features of the program. To access tutorias, click Help /
Tutorials from the pull-down menus. Run atutoria by selecting one of the entries in the list and clicking
the OK button.

End atutorial at any time by either pressing the Esc key (in Stand-Alone mode), or by clicking the Close
button in the upper right-hand corner of any tutorial dialog. If you need further information, access our on-
line help by pressing the F1 key.

Sample Projects
To explore one of the sample projects provided to demonstrate this software’ s capabilities:

1. Select File/ Open from the pull-down menus to access the Open Project File dialog.

2. Choose Sample.swr (or Sample.dwg, if using AutoCAD mode) from the Sample directory, and
click Open.

These are working network models, so you can explore the system and see how different elements are
modeled. First, calculate the system by using the GO button on the main toolbar. Then use Quick View,
Graphs, Profiles, Tabular views, Detailed Reports, and Color Coding to see how the system behaves. To
get the best introduction to a new feature, try running some of the tutorials.

Haestad Methods Workshops and Certification

Haestad Methods offers a variety of workshops dealing with topics ranging from urban stormwater
management to water distribution modeling, alternating theory, modeling insights and hands-on practice
with the software. These workshops are held at various locations throughout the world, and include
discounted pricing when purchasing Haestad Methods software.

For more information on our workshops (such as instructors, schedules, pricing, and locations), please
contact our sales department, or visit our web site at www.haestad.com for current workshop schedules and
locations. We will be glad to answer any questions you may have regarding the workshops and our other
products and services.
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1.6 Contacting Haestad Methods

1.6.1

1.6.2

Sales

Haestad Methods' professional staff is ready to answer your questions. Please contact your sales
representative for any questions regarding Haestad Methods' latest products and prices.

Phone: +1-203-755-1666
Fax: +1-203-597-1488
e-mail: Saes@haestad.com

Technical Support

We hope that everything runs smoothly and you never have a need for our technical support staff.
However, if you do need support our highly skilled staff offers their services seven days a week, and may
be contacted by phone, fax, and the Internet. For information on the various levels of support that we offer,
contact our sales team today and request information on our ClientCare Program.

When calling for support, in order to assist our techniciansin troubleshooting your problem, please
bein front of your computer and have the following infor mation available:

Operating system your computer is running (Windows 95, Windows 98, Windows NT, Windows Me,
Windows 2000, or Windows XP)

Name and version number of the Haestad M ethods software you are calling about
Version of AutoCAD you are running (if applicable)
Any error messages or other information that was generated

A note of exactly what you were doing when you encountered the problem

When e-mailing or faxing for support, please provide the following additional detailsto enable usto
provide a timely and accur ate response;

Company name, address, and phone number
A detailed explanation of your concerns

The Haestad.log and Error.log files located in the product directory (e.g. Haestad\SewerCAD).
Hours:

Monday - Friday: 9:00 AM to 8:00 PM EST
Saturday and Sunday: 9:00 AM to 5:00 PM EST
You can contact our technical support team at:
Phone:  +1-203-755-1666

Fax: +1-203-597-1488

e-mail: Support@haestad.com
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1.6.3 Your Suggestions Count

At Haestad Methods, we strive to continually provide you with sophisticated software and documentation.
We are very interested in hearing your suggestions for improving our products, our on-line Help system,
and our printed manuals. Y our feedback will guide usin developing products that will make you more
productive.

Please |et us hear from youl!

1.6.4 How to Contact Us
Phone. +1-203-755-1666

Fax:  +1-203-597-1488
e-mail: Support@haestad.com
Info@haestad.com
Sales@haestad.com
Internet: http://www.haestad.com
Mail:  Haestad Methods
37 Brookside Road
Waterbury, CT 06708-1499
USA
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Chapter 2

SewerCAD Main Window

Overview

If you are aready familiar with standard Windows interfaces, you will find SewerCAD to be intuitive and
comfortable. Even if you are not accustomed to Windows standards, just a few minutes of exploring
SewerCAD should be enough to acquaint you with the flexibility and power that this program offers.

In this chapter, we will examine the program's main window, menus, and toolbars. Additional tools for
layout, annotating and editing are described in the chapter "Layout and Editing Tools." After reading this
chapter, you should be able to interact with SewerCAD in a quick and efficient manner.

2.2 Main Window Components

2.2.1

2.2.2

Stand-Alone Mode, AutoCAD Mode

Both the Stand-Alone graphical editor and the AutoCAD interface perform modeling activity through the
SewerCAD model server.

This use of acommon central model enables both modes to perform the same functions with the same
behaviors, so things like graphical layout and model management are virtually identical between the two
modes.

One advantage of Stand-Alone mode is that your interaction is more streamlined and dynamic by virtue of
the fact that the editing environment is a dedicated network editor. Also, since AutoCAD is not needed to
run in Stand-Alone mode, |ess system resources and memory are used.

A significant advantage of the AutoCAD mode is that you can create and model your network directly
within your primary drafting environment. This gives you accessto all of AutoCAD’s powerful drafting
and presentation tools, while still enabling you to perform SewerCAD modeling tasks like editing, solving,
and data management. This relationship between SewerCAD and AutoCAD enables extremely detailed and
accurate mapping of model features, and provides the full array of output and presentation features
availablein AutoCAD. Thisfacility provides the most flexibility and the highest degree of compatibility
with other CAD-based applications and drawing data maintained at your organization.

AutoCAD modeis an available featurelevel. Contact usto upgrade your Sewer CAD Stand-
Alone version to include the AutoCAD mode feature level.

SewerCAD Main Windows

Both the SewerCAD Stand-Alone interface and the AutoCAD interface have many components common to
Windows based programs. The following figures illustrate some of the important areas that make up the
SewerCAD Stand-Alone, AutoCAD R14 and AutoCAD 2000 windows, respectively.
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SewerCAD Stand-Alone Interface
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SewerCAD AutoCAD 2000 Interface
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Notice that many of the window components, such as menus and toolbars, are very similar for the Stand-
Alone editor and AutoCAD. Other features, such as the command line, are only available in AutoCAD.

For more information regarding the various functions and behaviors of AutoCAD, please refer to your
AutoCAD documentation.

Drawing Pane

The drawing pane is the center of SewerCAD’ s graphical activity, where the sanitary sewer network
elements are displayed. It isthe main interactive areafor creating elements, editing data, and even
displaying resullts.

In Stand-Alone mode, the drawing pane can aso display a single .DXF background image. This
background can be helpful for aligning and positioning elements, as well as adding additional drafting
elements for plotting plan views.

In AutoCAD, the drawing pane is where all graphical elements, not just SewerCAD entities, are displayed
and manipulated. Lines, arcs, text, and many other drafting elements can be created and modified within
the drawing pane.

Status Pane

The status pane is located along the bottom of the main application window and provides useful
information about application settings, the current user activity, file save status, etc.

When you position the mouse pointer over atoolbar button or menu item, the status pane will
display a descriptive message. L eavethe mouse over a section of the status pane to display an
infor mative popup tip.
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Menus, Toolbars, and Shortcut Keys

Anyone who has ever watched someone el se use a computer should realize that not all people use
computers in the same way. Some prefer to primarily use the mouse, some the keyboard, and others use a
mixture of both.

For this reason, Haestad Methods' programs provide access to the most common features through several
means, including:

Pull-Down Menus

Toolbars

Shortcut Keys

Command Line (AutoCAD Only)

Pull-down Menus

Aswith any Windows-based program, the menu system provides easy access to many features. Items can
be accessed by clicking the desired menu text, or by pressing the Alt key to activate the menus and then
pressing the key for the underlined letter of the menu item you wish to access.

For example, to open an existing file you can use the mouse to select File / Open, or you can press the Alt
and F keys (Alt + F), then O on the keyboard.

Mew. .. Ctrl+M
Open... Ctrl+0

Toolbars
Toolbar buttons offer one-click access to some of the most commonly used features, giving you a quicker
way to perform the most frequent operations.

For example, to open an existing file (the equivalent of selecting File/ Open from the pull-down menu),
simply click the File Open tool.

=

Shortcut Keys

Shortcut keys are the keyboard equivalent of toolbars. Key combinations - usually a simultaneous
application of the Ctrl (Control) key and aletter key - can provide instant access to common features. If a
shortcut is available for amenu item, it will be indicated in the menu itself.

For example, to open an existing file (the equivalent of selecting File/ Open from the pull-down menus)
you can press the Ctrl and O keys (Ctrl + O) at the same time.

Command Line
The command lineis aspecia areathat isnot available in Stand-Alone mode. In AutoCAD mode, this area
enables you to type commands directly, rather than using the menus, toolbars, or shortcut keys.

For example, to open an existing AutoCAD file (the equivalent of selecting File/ Open from the pull-down
menus) you can simply type the command OPEN at the AutoCAD command line.
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Many of AutoCAD’s commands are easy to enter at the command line, including accessing drafting tools
(like LINE and CIRCLE) and editing tools (like MOVE and ERASE). Modeling elements can aso be
manipulated through the AutoCAD command line, just as they can be manipulated via the menus or
toolbars.

For more information on the AutoCAD command line, please see the AutoCAD documentation.

2.3 SewerCAD Menus

2.3.1

2.3.2

Pull-down Menus

Although the toolbars and shortcut keys provide quick and easy access to commonly used features, the pull-
down menu system provides much more comprehensive access to SewerCAD’ s properties and behaviors.
Since toolbar buttons and shortcut keys do not exist for al of these features, the menus are alogical choice
for exploring all areas of SewerCAD. This section will introduce you to many of SewerCAD’s features
and show you how you can access these features, including any toolbar buttons and shortcut keys that are
available.

Commands are grouped under several menus, which consist of the following selections:
File
Edit
Analysis
View
Tools
Report
Draw (in AutoCAD maode only)
Help

File Menu

The File menu contains many of the items dealing with project management. It provides features to create,
read, write, and print project files, aswell as features for sharing data with databases and geographical
information systems.

New - Create a new project. When you choose thisitem, adialog will appear so that you can enter a
drive, directory, and filename for your new project file. The Project Setup Wizard will then help you
set up your new project.

Toolbar Button: QI
Shortcut Key: Ctrl + N

Open - Load an existing project file from disk. When you select thisitem, a dialog will appear so you
can choose the name and |ocation of the project you want to open.

u
Toolbar Button: QI

Shortcut Key: Ctrl + O
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Save - Save the current project file to disk. While saving the project file, the status pane will display a
message to show you the progress of the save command.

Toolbar Button: EI

Shortcut Key: Ctrl+S

Save As - Save the current project to disk under a different filename. When you use this command, a
dialog will appear prompting you to enter the drive, directory, and a new file name for your project.

Project Summary - Access the Project Summary information, such as the project title and the project
engineer.

Import / Database - Import data from a Microsoft Access database (.mdb) using one of the default
database import connections included with the product.

Import / Shapefile - Build network elements from ESRI Shapefiles. This command will start the
Shapefile Wizard, which will help you bring the GIS elements and their associated data into your
project.

Import / Polyline to Pipe (Stand-Alone Mode Only) - Build network elements from a .DXF file. This
command will start the Polylineto Pipe Wizard, which will help you convert polyline data
representing geographical data into your project as pipes and nodes. A similar command called
‘Change Entitiesto Pipes’ is available in the AutoCAD version.

Import / Land Development Desktop - Build SewerCAD network elements from Land Development
Desktop Pipes data. This command will start the L and Development Desktop Import Wizard,
which will help you bring the data contained in the Pipes module into your SewerCAD project.

Import / Loading Data - Import hydrograph and temporal pattern datafrom an ASCI| text file.

Import / DXF Background (Stand-Alone Mode Only) - Bring in asingle .DXF drawing file into your
project as a background map. This command will open adialog that prompts you to select the name
and location of the desired .DXF file.

Import / Sewer CAD (AutoCAD Mode Only) - Import a SewerCAD (.swr) file into SewerCAD in
AutoCAD mode.

Export / Database - Export data to a new Microsoft Access database (.mdb) using one of the default
database export connections included with the product.

Export / Shapefile - Export your project to ESRI Shapefiles for use with GIS applications. This
command will start the Shapefile Wizard, which will help you create Shapefiles with the desired
project elements and their associated data.

Export / Land Development Desktop - Export SewerCAD network elementsinto aLand
Development Desktop project. This command will start the Land Development Desktop Export
Wizard, which will help you bring the data contained in your SewerCAD project into the Land
Development Desktop through the Pipes module.

Export / DXF File - Export the entire network drawing to a .DXF file, which can be read by all
popular CAD programs. This command will open a dialog prompting you to enter the name and
location of the .DXF file you would like to create.

Synchronize/ Database Connections - Access the Database Connection Manager, which allows
you to share SewerCAD data with external databases, spreadsheets, and other ODBC compliant
sources. Details of this comprehensive feature are explained in the chapter entitled "GIS and Database
Connections."
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Synchronize/ Shapefile Connections - Access the Shapefile Connection Manager, which allows
you to share SewerCAD data with external GIS projects. Details of this feature are explained in the
chapter entitled "GI S and Database Connections."

Print - Print the current view of the project drawing to a printer. Profiles and tabular reports are
printed from their respective windows. The print command invokes the standard Print dialog, which
allows you to select things such as the printer to be used, printer properties, and the print range.

Shortcut Key: Ctrl+P

Print Preview - Open the Print Preview dialog for the current view of the project drawing. This
feature allows you to see the drawing as it will be printed before sending it to the printer.

Toolbar Button: %l

Print Setup - Select the default printer for SewerCAD to use. You can aso use this command to
change options related to the printer driver, such as resolution and portrait or landscape orientation.

Exit Sewer CAD - Close the current project and exit SewerCAD. |If you made any changes to the
current project, you will be asked if you want to save the project before you exit SewerCAD.
Shortcut Key: Alt + F4

1, 2, etc. - The most recently opened project files appear at the bottom of the File menu. Using thisfile
list, you can quickly select and open arecently used file without navigating to its drive and directory.

2.3.3 Edit Menu

The Edit menu provides access to basic commands for controlling SewerCAD elements, such as element
navigation, selection, deletion, and undo and redo.

Undo [Last Action Performed] - Reverse the last reversible action performed. Reversibleinclude
element creation, element deletion, element editing, and moves. The effects of some model actions
cannot be reversed, such as calculation, database synchronization, scenario creation and tabular edits.
Additionally, to ensure that the model is maintained in a consistent state, the undo/redo history is
flushed whenever an irreversible menu or button command isissued.

Shortcut Key: Ctrl + Z (not available in AutoCAD Mode)

Redo [Last Action Undone] - Reverse the effects of the last undo action. Any action that can be
undone can be redone.

Shortcut Key: Ctrl +Y (not availablein AutoCAD Mode)

Cut (AutoCAD Mode Only) - Delete the selected entities and place them on the Windows clipboard.
These items can be pasted into other Window programs or back into AutoCAD.

Shortcut Key: Ctrl+X

Copy (AutoCAD Mode Only) - Place a copy of the selected entities from the current AutoCAD
drawing to the Windows clipboard.

Shortcut Key: Ctrl+C

Paste (AutoCAD Mode Only) - Place the items on the Windows clipboard into AutoCAD.
Shortcut Key: Ctrl+Vv

Paste Special (AutoCAD Mode Only) - Place special items on the Windows clipboard, such as Excel
Spreadsheets and Word documents, into AutoCAD.
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Delete (Stand-Alone Mode Only) - Erase selected elements. Deleting an element removes it from al
aspects of the project, including all scenarios.

Shortcut Key: Delete

Select / All - Select all of the elementsin the current project.
Shortcut Key: Ctrl + A (not availablein AutoCAD Mode)

Select / By Element / All [Element Type] - Select all elements of a certain type, such as all pipes or
all junctions.

Select / By Selection Set - Select the elements contained in a predefined selection set.
Select / Clear Selection - Reset (empty) the current selection set.

Edit Element (AutoCAD Mode Only) - Open the element’sdialog. Select thisitem from the pull-
down menu, and click the element you wish to edit.

Edit Elements (AutoCAD Maode Only) - Edit agroup of elements. Select thisitem from the pull-
down menu, then select a group of elements using the crosshairs or by windowing an area. After the
elements have been selected, the Table Manager dialog will appear.

Moadify Elements/ Change Pipe Width (AutoCAD Mode Only) - Modify the width of the AutoCAD
objects representing pipes in the current selection set.

Modify Elements/ Scale Elements (AutoCAD Mode Only) - Scale the symbols representing the
elementsin the current selection set.

Modify Elements/ Rotate Elements (AutoCAD Mode Only) - Rotate the labels of the elementsin the
current selection set.

Modify Pipes/ Insert Bend (AutoCAD Mode Only) - Insert abend along a selected Pressure Pipe
Element.

Modify Pipes/ Remove Bend (AutoCAD Mode Only) - Delete a bend along a selected Pressure Pipe
Element.

Modify Pipes/ Remove All Bends (AutoCAD Mode Only) - Delete al the bends along a selected
Pressure Pipe Element.

Modify Pipes/ Change Widths (AutoCAD Mode Only) - Change the Width of the lines representing
pressure pipes.

Change Entitiesto Pipes (AutoCAD Made Only) - Build network elements from AutoCAD entities.
This command will start the Polyline to Pipe Wizard, which will help you convert the desired
polyline data representing geographical datainto pipes. A similar command called ‘Import Polyline to
Pipe’ isavailable in the Stand-Alone version under the File pull-down menu.

Find Element - Open the Find Element dialog, which allows you to locate an element and bring it to
the center of the drawing pane. This element search is based on the element label, and is not case
sensitive.

Shortcut Key: Ctrl + F (not availablein AutoCAD Mode)

Review Drawing - Open the Drawing Review window, which alows you to isolate elements that may

need to be scrutinized for potential problems, such as orphaned nodes, elements with messages, or
nodes in close proximity to each other.
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2.3.4 Analysis Menu
The Analysis menu holds items regarding calculations. These include such items as scenario access and
calculation command.

Scenarios - Opens the Scenario Manager, where you can create, compare, and otherwise manipulate
scenarios.

Scenarnio: | E kisting System =
Toolbar Button: ! — _IAI

Alternatives - Provides access to the Alter native M anager, where you can add, delete, and otherwise
manipulate aternatives.

Patter ns - Opens the Pattern Manager where you can create and edit diurnal loading patterns for use
with extended period simulations.

Extreme Flows - Opens the Extreme Flows M anager where you can create a list of extreme flow
setups. Flow setups can then be associated with a scenario to control the peaking of the base sanitary
loads.

Pattern Setups - Opensthe Pattern Setup Manager where you can associate diurnal patterns with
the appropriate unit sanitary loads for a given scenario.

Default Design Constraints - Specify constraints for pipes, nodes, and inlets to be used during an
automatic design and while checking constraints for an analysis calculation.

Compute Costs - Opens the Cost M anager to view, edit, or perform Cost Estimating calculations.
Toolbar Button: g@l

Compute - Opensthe Calculation Dialog. Thisdialog gives you access to items such as referenced
alternatives and calculation options.

Toolbar Button: @I

2.3.5 View Menu

In both AutoCAD and Stand-Alone mode, the View menu provides access to tools dealing with the
drawing pane, toolbar visibility, and so forth.

In Stand-Alone mode, you are provided with the following fools:

Pan - Upon selection hold down the left mouse button to move the drawing

Toolbar Button: ﬂl

Shortcut Key: Hold down the mouse wheel.

Zoom In - Enlarge the current view of the drawing.

Toolbar Button: gl

Shortcut Key: + (Keypad)
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Zoom Out - Reduce the current view of the drawing.

Toolbar Button: il

Shortcut Key: - (Keypad)

Zoom Window - Activate the user-defined zoom tool. Thistool enables you to select the corners of
the area within the drawing pane that you wish to enlarge.
+

Toolbar Button: Ig+

Zoom Extents - Reset the drawing zoom factor such that all elements are displayed in the drawing
pane.

Toolbar Button:

Zoom Previous - Return the drawing pane to the most recent view.

Toolbar Button: gl

Zoom Center - Open the Zoom Center dialog, which enables you to specify the central coordinates
and zoom factor to change the view in the drawing pane.

Aerial View - Enable or disable the Aerial View window. Thiswindow allows you to display a
second view of the drawing at alarger scale.

Quick View - Enable or disable the Quick View window, which allows you to quickly view input and
output data for any element.

Toolbar Button:

Toolbars/ Standard - Toggle the display of the Standard toolbar at the top of the window, which
provides shortcuts to the most commonly used commands.

Toolbars/ Analysis Toolbar - Toggle the display of the Analysis toolbar, which includes the scenario
selection list, aswell asthe time step selection list if applicable.

Status Pane - Toggle the display of information at the bottom of the window regarding your current
project.

Background - Toggle the visibility of the project’s .DXF background. If there isno .DXF background
specified for the current project, this menu item will be disabled.

Ny

@ In AutoCAD mode, refer to the AutoCAD on-line help.

2.3.6 Tools Menu

The Tools menu allows you access to many useful features for viewing results, as well as selecting the
tools used to generate network elements and graphical annotations within the drawing pane.

Selection Sets - Opens the Selection Set Manager, which allows you to predefine a group of network
elements that you want to manipulate together.
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Color Coding - Opensthe Color Coding dialog. Color coding can be used to control the geographical
display of elements based on value ranges such as pipe diameter and hydraulic grade.

Toolbar Button: gl

Element Annotation - Provides access to the Element Annotation dialog, which allows you to
display additional element attribute labeling such as pipe diameter and outlet total flow.

Toolbar Button: il

Profiling - Opens the Pr ofiles dialog where you can create new profiles or view previously created
ones.

Toolbar Button:

Diversion Network - Displays aview of the Diversion Network, which isimplicitly defined from the
diversion targets.

W
Toolbar Button: il

Relabel Elements - Open the Relabel Elements dialog, which enables you to renumber some or all of
your project elements.

Element Labeling - Set the format for the labels applied to elements as they are added to the drawing.
Prototypes - Specify the default values for new network elements.
Engineering Libraries - Declare the paths to and edit the libraries used in this project.

User Data Extension - Open the User Data Extension dialog, where you can add and define custom
datafields. For instance, you can add new fields such as the pipe installation date.

FlexUnits - Open the FlexUnits dialog, where you can control units and display precision for any
parameter. Y ou can aso change the unit and display precision of variables from several other areas
within the program.

Layout / Select - Activates the Selection tool, which is used to select elements within the drawing
pane. Once elements are selected, they can be edited, moved, and otherwise manipulated.

Toolbar Button: M

Layout / Pipe - Activates the Pipe L ayout tool, which enables you to connect nodes (new or existing)
with anew pipe element.

Toolbar Button: El

Layout / Manhole - Activates the Manhole tool, which is used to add manhole elements to the
project.

Toolbar Button: gl

Layout / Junction Chamber - Activates the Junction Chamber tool, which is used to add junction
chamber elements to the project.

Toolbar Button: il
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Layout / Wet Well - Activates the Wet Well tool, which is used to add wet wells to the project.

Toolbar Button: =

Layout / Pump - Activates the Pump tool, which is used to add pumps to the project.

O

Toolbar Button: _

Layout / Pressure Junction - Activates the Pressure Junction tool, which is used to add pressure
junctions to the project.

Toolbar Button: L

Layout / Outlet - Activates the Outlet tool, which is used to add outlet elements to the project.

<

Toolbar Button: =

Layout / Graphic Annotation - Activates various annotation tools, which enable you to add lines, text
elements, and other non-hydraulic elements to the project drawing.

»
Toolbar Button: ll

Layout / Legend - Activates tools that enable you to add legends to the project drawing, such as a pipe
or node color-coding legend.

=,
Toolbar Button:

Options - Activates the Options dialog, where you can customize the Global, Project, and Drawing
Options for your projects.

Element Properties (AutoCAD Mode only) - Opens adiaog that allows you to establish the layers
and style of SewerCAD hydraulic elements and text.

Preferences (AutoCAD Mode only) - Opens the AutoCAD Preferences dialog. See the AutoCAD on-
line help for more information.

2.3.7 Report Menu

The Report menu provides access to a collection of preformatted textual and graphical reports.
Furthermore, it provides access to FlexTables, which enable you to create your own custom reports.

Element Details - Opens the Detailed Reports dialog, which enables you to print detailed reports for
any set of elements.

Element Results - Opens the Analysis Results Report dialog, which enables you to print reports of
the results for any set of elements.

Element Hydr ographs - Opens the Graph Setup dialog from which you can generate hydrographs
for multiple elements within the hydraulic network over multiple scenarios.

Element Graphs/ Gravity Pipes - Opensthe Graph Setup dialog from which you can graph various
attributes associated with gravity pipes over time.

Element Graphs/ Pressure Pipes - Opens the Graph Setup dialog from which you can graph
various attributes associated with pressure pipes over time.

Element Graphs/ Manholes - Opens the Graph Setup dialog from which you can graph various
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attributes associated with manholes over time.

Element Graphs/ Junction Chambers - Opens the Graph Setup dialog from which you can graph
various attributes associated with junction chambers over time.

Element Graphs/ Wet Wells - Opensthe Graph Setup dialog from which you can graph various
attributes associated with wet wells over time.

Element Graphs/ Pumps - Opens the Graph Setup dialog from which you can graph various
attributes associated with pumps over time.

Element Graphs/ Pressure Junctions - Opens the Graph Setup dialog from which you can graph
various attributes associated with pressure junctions over time.

Element Graphs/ Outlets - Opens the Graph Setup dialog from which you can graph various
attributes associated with outlets over time.

Tables - Provides access to the Table M anager, which enables you to open predefined tables or
generate custom tables.

Toolbar Button: El

Scenario Summary - Generates areport for the current scenario, including things such as referenced
alternatives and calculation options.

Project Inventory - Generates a report summarizing the project elements, including the number and
breakdown of pipes and the number of manholes.

Plan View - Generates plan view printable reports of the network, for either the current drawing
display (Current View) or the entire drawing extents (Full View).

Draw Menu (in AutoCAD Mode Only)

The Draw menu is actually an AutoCAD menu that is accessible in the current program.

You can add additional AutoCAD menusto your Haestad Methods' application menus using
AutoCAD's 'menuload’ command. Seethe AutoCAD documentation for more infor mation.

Help Menu

The Help menu contains items that relate to on-line documentation for SewerCAD. Help includes the
information contained in the printed documentation, as well as updated information and interactive
tutorials.

Help menu items can also be accessed from the Help button:

2

Contents - Opens the table of contents for the on-line help.
How to Use Help - Provides access to instructions for using the help system.

Release Notes - Provides the latest information on the current version of SewerCAD. Thistopic,
which takes the place of a ReadMe file, may include information about new features, tips, performance
tuning, and other general information.

Services/ Contents - Connects you to the Haestad Methods Services page, where you can access
information on our products and Continuing Education.
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Services/ Multimedia CD - Opens a comprehensive demonstration of related Haestad Methods
software products.

Services/ Haestad.com - If you are connected to the Internet, this will take you to Haestad M ethods’
website for product updates and other services.

Services/ CivilProjects.com - If you are connected to the Internet, this will take you to our Civil
Projects website, which was created as a special service for our friends and clientsin the Civil
Engineering community. This site contains RFPs and RFQs to help you find the work you are looking
for.

Welcome Dialog - Opens the Welcome Dialog, which is normally shown at program startup.

Tutorials - Provides access to the interactive tutorials, which guide you through many of the
program’s features. Tutorials are agreat way to become familiar with new features.

Using Sewer CAD - Opens a help topic with an introduction to SewerCAD and related elementary
information.

How Do | - Provides instructions for common tasks you can perform within the program.

About Sewer CAD - Opens a dialog displaying product and registration information.

2.4 SewerCAD Toolbars

2.4.1

2.4.2

Toolbar Button Summaries

The toolbars are grouped based on functionality, so element creation tools are located together on the tool
palette, results tools are on the tool pane, and so forth.

In AutoCAD mode, some tools are provided by AutoCAD itself, so they are not included on the
Sewer CAD toolbars.

Tool Pane Summary
The tool pane contains buttons for project management, data management, and presentation of results.

File Tools (Stand-Alone Only)
New - Create a new project.

Open - Open an existing project.
Save - Save the current project.

Print Preview - The print preview of the current view.

and Pan Tools (Stand-Alone Only)
Pan - Pan or move around in the drawing

o
T
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Zoom Extents- Zoom to the full extents of the drawing.

Zoom In

L |2 B

Zoom Out

Zoom Window - Zoom to a selected area.

B

+

Zoom Previous - Zoom to the previous view.

IS

Calculation Tools

GO0 GO - Open the Calculation dialog for the current scenario.

Data Management and Reporting Tools
Tabular Reports - Open the Table M anager.

Annotation - Annotate elements with input or output data.
Profile - Open the Profile dialog to create new profiles or view previously created
ones.

Diversion Network - Open a plan view of the diversion network.

Quick View - Open the Quick View window for easy data viewing.

s |2 [ |0

Updates and Help Tools

Globe - If you are connected to the Internet, this will take you to Haestad Methods'
website for product updates and other services.

Help - Access the on-line help system.

= @

-
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SewerCAD Tool Palette

The tool palette contains a Select tool, Networ k Element tools, and Annotation tools.

The Select tool allows you to select elements for group editing, detailed reporting,
deleting, or moving elements.

The Network Element tools allow you to add elements to your network. These tools can
also be used to split pipes and morph nodes.

The Annotation tools can be used to add polylines, borders, and text to your drawing.
Y ou can aso add alink or node color-coding legend using the L egend tool.

Q|H| e |@|ES s

Click atool to select it asthe activetool. In Stand-Alone mode, when atool is selected
it will be highlighted, and the cursor appearance will change to reflect the active tool.

w

A

In Stand-Alone mode, right-click thetool palette to accessthe Prototype Manager for
setting the default data for each type of network element.

Analysis Toolbar

The Analysis toolbar displays the active scenario, provides a means for changing the active scenario, and
provides access to the Scenario Manager. It also allows you to scroll through and animate time steps
using the VCR based controls. All input and output information displayed in the tables, profiles, element
dialogs, and annotation will be for the active scenario and time step shown in the Analysis toolbar.

LM i{_i iIII.IIIEI bir 'I Liﬂ| Increment:h.ﬂﬂ hir 'I SCEﬂafiDZIEHiSting Supstern LIQI @!

Y ou can change the current scenario from the list box, and you can access the Scenario Manager by
clicking the folder button.

Y ou can access the Cost M anager by clicking the folder with the dollar sign.

SewerCAD VCR Controls

At various locations throughout SewerCAD, such as the Analysis Toolbar, you can scroll and animate
through time steps. Y ou can do so by using the following VCR style contrals:

bW lu_nnhr | w|w| Incement[100n ¥

v |.| m| | Play/Stop - Thesebuttonswill stop and play an animation at the increment selected in
''''''''' the increment pull-down menu.

“ | w|  Start Time/ Stop Time - These buttons will proceed to the first and final time step
respectively.

44 | W | Decrement / I ncrement - These buttons will proceed to the previous or next time step
7 based on theincrement selected in the increment pull down menu.

Time Selector - This pull-down menu allows you view a particular time step.

Increment Selector - This pull-down menu allows you to select the increment by which
to scan through animations, and individual time steps.
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By clicking the down arrow next to the Play button you can access the following Animation Options:

Animation Delay - Opens adialog that allows you to set the delay between animated frames.

Animate All Windows - If this option is selected, then every window capable of being animated will
animate when the play button is clicked. If the option is not selected then only the current window will
animate.

Other Toolbar Buttons

Some of the following toolbar buttons appear on secondary windows, such as the Print Preview window
and the Profile window, available throughout the program:

File
Print
Print Preview
Copy to Clipboard
Undo
Redo
Options
Page Up/Down
Close
Help
Print Preview
Open aPrint Preview on the contents of the current window.

Print.
Presview

Page Up/Down
Navigate between pages of a multi-page report.

4 F‘gLIpl B Facn

File
Export the datain the current window to afile format that can be used by other applications (such as .DXF
and ASCI| text files).

E F"Evl

Copy to Clipboard

Copy datato the clipboard, where it can be pasted into most Windows-based spreadsheet, database, and
word processor applications.
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Print
Print the contents of the current window.

Print

Undo
Undo the previous action.

£l

Redo

]

Redo the previously undone action.

Options

Options vary depending on the context. They may include things such as printer setup, or graph options for
the current window.

® Cptions |

Close
Close the current window.

B

2.5 The Status Bar

2.5.1

2.5.2

2.5.3

General Status Information

General status information includes messages that relate to the user’s current activities. These messages
consist of information such as pull-down menu command descriptions, and indications regarding the
progress of an executing command.

DXF Background Status

This area of the status bar simply indicates whether a.DXF background is currently visible for the active
project.

Cursor Location

The status bar displays the current X and Y (or Northing and Easting) coordinates for the cursor’s position
within the drawing pane.
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Calculation Results Status

In Stand-Alone mode, if the current cal culation results are out-of-date or otherwise invalid, an indicator
will appear in the status bar that signifies that the results no longer match the state of your input data. If the
results are currently valid, no such indicator will appear.

File Status

If changes have been made since the last time the project file was saved, an image of a diskette appearsin
the status pane. If thefileiscurrently in a saved state, no such image will appear.

{8
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Chapter 3

Quick Start Lessons

3.1 Overview

The purpose of Chapter 3 isto provide step-by-step lessons to get you familiar with some of the features
and capabilities of SewerCAD. The lessons serve as a means to get you started exploring and using the
software. We have included sample files located in your Haestad\SWRC\L esson directory for you to
explore and experiment with. Don't forget to run our online tutorials, and, if you need help, press F1 (or
right click) to access our context sensitive on-line help.

T In order to follow these tutorials, you can either do them in sequence, since each tutorial usesthe
results of the previous ones, or start lesson 2, 3, 4, and 5 with the fileslocated in
Haestad\SWRC\L esson.

3.2 Lesson 1 - Creating a Schematic Network

SewerCAD is an extremely efficient tool for laying out a sanitary sewer model. It is easy to prepare a
schematic model and let SewerCAD take care of the link-node connectivity.

Y ou do not need to be concerned with assigning labels to pipes and nodes, because SewerCAD will handle
thisinternally. When creating a scaled drawing, pipe lengths are automatically calculated from the position
of the pipes’ start and stop nodes on the drawing pane. Since this exampleis a schematic (not scaled)
layout, you will need to enter the pipe lengths.

In this lesson we will layout and analyze the following schematic network.

W H -1
P-1
-1 near - 1 FHP-1 J-1 -1
Pe— » £
P-2 Fhd- Frd-2 Fhi-3
F-2
hi H -2
= If, at any time during thislesson, the program asks" Do you wish to reset all calculated resultsto

N/A?" click NO.
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Part 1 - Creating a New Schematic Project File

& "
A AutoCAD specific

Start SewerCAD Stand-Alone. If the Welcome to Sewer CAD dialog appears, click the
Create New Project button. If it does not appear, choose New from the File pull-down
menu. Enter afile name such as ‘Lesson.swr’ for your project and click Save.

Stand-Alone specific

In Stand-Alone mode, the Welcome dialog can be obtained by selecting Tools/ Options from the
pull-down menus and choosing the Global tab. Set the Welcome Dialog field to Show Welcome
Dialog on startup.

Thelessons are based on a model with 6 pipes. Thiswasdonein order toillustrate the different
element types and different conceptsin the network layout within Sewer CAD. If you have a
smaller version of the product you can delete one of the manholes before calculating. To do so
simply select the manhole and pressthe " Delete" key. The conceptswill be the same.

new file. Click No when prompted to save the current drawing. Inthe Create New
Drawing dialog, click the Use a Template button. In AutoCAD r14 select the
SWRC14.dwt. In AutoCAD 2000 select the SWRC15.dwt file.

% Start SewerCAD for AutoCAD and choose New on the File pull-down menu to create a
ol

If you arein AutoCAD 2000 and you get prompted at the command line for atemplate
instead of getting the Create New Drawing dialog, click on the Escape button. Type
options at the command prompt and on the System tab, set the Show Startup dialog toggle
to ON. When asked if you would like to setup the project, click Yes. If youarein
AutoCAD 2000i and the AutoCAD Today window comes up, select the Create Drawings
Tab and select the SWRC15.dwt template.

The remaining commands are the same in Stand-Alone and AutoCAD mode.

Enter information about the project (optional). Click the Next button.

Choose your desired settings. For this lesson, use the program default values. Click on the Next
button.

Select the Schematic radio button located under the Drawing Scale option. Click the Next button to
accept the rest of the default values.

The element prototype buttons allow you to set default values for each element type. We will use the
default prototype valuesin thislesson. Click the Finished button.

Part 2 - Laying Out the Network

In this example we will use Metric units. Before laying out any element, select Tools/ Options from the
pull-down menu and choose the Global tab. Set the global unit system to System International, and click
OK.

To draw the skeletonized sewer network shown previously, select the Pipe L ayout tool El from the
toolbar. Then move the cursor onto the drawing space and click once to place a manhole to represent the
manhole labeled MH-1. Right-click and select wet well from the pop-up menu. Move the cursor to the
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approximate location of the wet well, WW-1, and click once to placeit. Now, place the pump, pressure
junction, and the outlet by right clicking, selecting the appropriate element from the pop-up menu, and then
clicking once to place each element.

Wet wells represent the transition point between the gravity system and the pressure system. Similarly,
manholes and junction chambers can represent the transition from a pressure system to the gravity system.
SewerCAD automatically creates either gravity pipes (depicted by parallel lines) or pressure pipes
(depicted by a single line) depending on the pipe's upstream and downstream nodes.

Place manhole, MH-2, using the Pipe Layout tool. Right-click and select Junction Chamber from the
pop-up menu. SewerCAD allows you to split any pipeintwo. To insert the junction chamber, click the
middle of pipe P-1. A dialog will pop up asking whether you wish to split the pipe and insert a junction
chamber. Click Yes. Right-click and select Done from the pop-up menu to terminate the pipe layout
command. Click JC-1 and drag it down so your network matches the layout shown above.

Part 3 - Entering Data
There are five ways to enter and modify element datain SewerCAD:

Dialogs - You may use the Selection tool and double-click an element (single click in AutoCAD) to
bring up its editor. In AutoCAD, click the element once with the Selection tool to open the element’s
editor.

Quick View Window - Click the Quick View Window button in the main toolbar. Y ou can then
select an element and modify any of the white fields under the I nput tab.

FlexTables - You may click on the Tabular Reports button to activate dynamic tables that allow you
to edit and display the model datain atabular format. You can edit data as you would in a
spreadshest.

Database Connections - The database connection feature allows you to import and export element
data directly from external sources such as Excel spreadsheets, GIS, Jet Databases like Microsoft
Access, and many others. Thisis further explained in the chapter on database connections.

Alternative Editors - Alternatives are used for entering data for different "What If?" situations for use
in Scenario Management. Thisis covered extensively in the Scenario Management chapter and Lesson
3.

Part 4 - Entering Data through Dialogs

To access an element’ s dialog in Stand-Alone mode and AutoCAD 2000i, simply double-click the element
with the cursor. In AutoCAD 2000 and R14, first click on the Selection tool on the toolbar, then click the
element whose attributes you wish to modify.

Open the editor of the outlet, O-1, and select the General tab. Simply enter the data including ground
elevation, rim elevation, and sump elevation as outlined in the following Outlet Datatable. If the Set Rim
to Ground Elevation box is checked, SewerCAD will automatically set the rim elevation to the ground
elevation. Finally, select Free Outfall from the Tailwater Conditions choice list.
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Click OK. All other elements can be modified the same way.

Now enter the data for the manholes and the junction chamber as outlined in the Manhole data and Junction
Chamber data tables below. Keep in mind that the headl osses are accessed by clicking the Headlosses tab
at the top of the dialog. Select Standard from the list of available headloss methods in the Headloss
Method field. Then enter the headloss coefficient for each structure.

Manhole Data

General Tab Headlosses Tab
Manholes Ground Rim Sump
Elevation Elevation Elevation Diameter Headloss Headloss
(m) (m) (m) (m) Method Coefficient
MH-1 11.1 11 9 1 Standard 0.25
MH-2 11.1 11.1 9 1 Standard 0.25
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Junction Chamber Data

General Tab Headlosses Tab
Junction Ground Top Bottom | Structure | Headloss | Headloss
Chambers Elevation Elevation | Elevation | Diameter | Method | Coefficient
(m) (m) (m) (m)
JC-1 12 11 9.2 1 Standard 0.5

Open the element editor for the wet well, WW-1. Under the General tab, enter the station and ground
elevation for the wet well given in the Wet Well Datatable below. Click the Section tab to enter in the wet
well’s geometric characteristics, which are given in the Wet Well Data table below. Use the default values

for the other parameters. Click OK to exit the dialog.

Wet Well Data

General Tab Section Tab
Ground Max Initial Min Base

Wet Wells | Station | Elevation Section Elevation|Elevation| Elevation|Elevation| Diameter
(m) (m) (m) (m) (m) (m) (m)
WW-1 0+00 10.5 Constant Area 10 8 6 6 3

Open the element editor for the pump, PMP-1. Select Standard (3 Point) from the Pump Type choice
list. Enter the pump elevation and the discharge curve as given in the Pump Data table below. Also, notice
the pump has an upstream pipe and a downstream pipe to define the direction. If the pump isever goingin
the wrong direction, simply click the Rever se button to switch it. In this example, the upstream pipe
should be FM-1 and the downstream pipe should be FM-2. Click OK to exit the dialog.

Pump Data
General Tab
Head |Discharge
General Tab (m) (m3/min)
Elevation Pump Shutoff: 22.67 0
Pump (m) Type Design: 17 24
PMP-1 7.8 Standard 3 Point Max. Operating 0 48

Open the element editor for the pressure junction, J-1. Enter the value for elevation as given in the Pressure
Junction Datatable below. Click OK to exit the dialog.

Pressure Junction Data

General Tab
Pressure Elevation
Junction (m)
J-1 14.2

Part 5 - Steady State Loading
In SewerCAD, loading is categorized as either a sanitary load or a wet weather load. Sanitary (dry
weather) loads occur independent of the weather, such as wastewater from a subdivision. Wet weather
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loads such as pipeinfiltration and inflow at nodes are directly related to the rainfall in the area. This part of
the lesson deal s with sanitary loads.

L oads can be applied to manholes, wet wells, and pressure junctions. The program has been designed so
that all loads are designated at a node using the same procedure. To access an element’ s |oading data, open
the editor for the node of interest and click the L oading tab at the top of the dialog.

SewerCAD definesloads by Unit Sanitary (Dry Weather) Load and the L oading Unit Count. The Unit
L oad represents the amount of load per a given unit. For example, in average income housing, each
resident contributes 280 1/d to the sanitary sewer. The Loading Unit Count would be the number of units.
Say 40 residents live in a subdivision of average income housing. The total load would be the Unit Load
multiplied by the Loading Unit Count. Thus, the total load is 40 residents * 280 (l/d)/resident which equals
11,200 |/d.

Open the editor for MH-1 and click the L oading tab at the top of the dialog.

Manhole: MH-1 x|

General | Headh:sse'sl Diversion | Loading | Desighl Eost-l U;serData‘I @ Meszages gi

— Sanitary [Diyweather] Flow
bod. | ‘

— Base Load
Uit S anitany (D Weather] Load:l.&partment _:iJ
Loading Uit I:Duht:-|2,DDD.DD
~Anflow—— S anitary Urit Load Units: fresident
Urit Load: | 260.00 I#d
Base Load: | 520.000.00 I/d

0K | Concel | Hep

|

— Known Flow
Knewan Flave:|0.00 Iid

ok I Cancel | Riepoit -f| Help | Lo | T (el =LEL

Click the Add button next to the Sanitary (Dry-Weather) Flow pane. In the Edit dialog, select Unit
Load - Unit Type & Count asthe L oad Definition. Notice you can also enter in a hydrograph as a
sanitary load. We shall explore time based loading further in lesson 5 on running EPS simulations. Click
OK. IntheBaseLoad dialog that appears, select Apartment from the Unit Sanitary (Dry Weather)
Load pull-down menu. Then enter aL oading Unit Count of 2000. Click OK to return to the L oading tab
on the Manhole editor.
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Loading Data

Loading Tab
Node Unit Dry Loading Unit | Loading Unit
Weather Load Count
MH-1 Apartment 2000 resident
Home(Average) 3000 resident
Home(Better) 2000 resident
MH-2 Resort 2000 guest
Hotel (Residential) 1000 guest
WW-1 Theater 200 customer
Shopping Center per Employee 60 employee
J-1 School (Medium) 500 student

Fill in therest of the loads for MH-1 as outlined in the Loading Data table above, entering them into

successive rows as they are created on thetable. Click OK to exit the dialog.

After you have completed supplying the loading for MH-1, apply loads to MH-2, WW-1, and J-1 exactly
the sameway. All the loading datais outlined in the Loading Data table above.

Part 6 - Extreme Flow Factors

After al loads have been applied you can specify how those average loads relate to the peak load. Thisis
done through the Extreme Flow Setup M anager, which is accessed by selecting Analysis/ Extreme

Flows from the pull-down menus. In the Extreme Flow Setup Manager double-click the Base Extreme

Flow Setup. Inthe Extreme Flow Setup dialog you specify which Extreme Flow method is applied and

any associated constants and adjustment multipliers.

Extreme Flow Setup

Ized Loads I Inuzed Loads |

— Extreme Flow Setup Table
(— Estrerme Flow Setup Table
Unit Load Loading Extreme Flow Caonstant [ Adjustment ﬂ
Lrit Type Method P ultiplier
1 | Apaitment Popudation | Babhit M 1.00
2 | Home {diverage] FPopulation | Babbit M 1.00
3 | Home [Better] | Papulation | Eabbit NG 1.00
4 | Hatel [Residential) Populatior | Babbitt M 1.00
5 | Resart | Papuilstion | Babbit L 1.00
B |School Medumi | Population | Babhit - NA 100
ITI Cancel Repart Help

Under the Used L oads tab the Unit Loads currently used in the model are presented. If you wanted to

apply Extreme Flow Methods to unit |oads that have not been used yet, you would click the Unused L oads

tab.
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To apply an extreme flow method to a unit load, simply click the field under the Extreme Flow M ethod
column and select the method you wish to use from the choice list. For this example, apply the Babbitt
equation to al the used unit loads. Y ou may speed this up by right clicking anywhere in that column,
selecting Global Edit... from the pop-up menu, selecting Babbitt from the Extreme Flow Method drop-
down box, and clicking OK. In this case, we wish to use the peaking factor calculated by the Babbitt
method without any adjustment. Therefore, do not alter the default adjustment multiplier of 1.

Click OK to exit the Extreme Flow Setup dialog. Click OK to exit the Extreme Flow Setup Manager.

Part 7 - Entering Data through the FlexTables

Often it is more convenient to enter data for similar elements into a tabular form rather than to individually
click every element, enter the datainto the dialog, and then click the next element. To access the tabular

report, click the Tabular Reports button QI on the toolbar.

Click the Gravity Pipe Report and click OK. Enter data as you would into a spreadsheet. The yellow
fields are not editable and the white fields are. For each of the three gravity pipes enter the upstream and
downstream inverts, the section size, the section type, and the pipe material as outlined in the Gravity Pipe
Datatable below. Leave other datato default values. The gravity pipes may not be in alphanumeric order
inthetable. To sort the table by pipe label, right-click the Label column heading. Select Sort / Ascending
from the pop-up menu that appears. Y ou may want to maximize the window to be able to view it better.

The pipe lengths and bend angles are either calculated from the pipe orientation and position on the
drawing space or they are user-defined. To make the values user-defined; check the boxesin the User -
Defined Length and User-Defined Bend Angle columns of the FlexTable. This makes the bend angle and
length fields editable. Now enter the length and bend angles for the gravity pipe given in the Gravity Pipe
Data table below.

Gravity Pipe Data

Bend Upstream [Downstream
) Length Section | Material | Section Invert Invert
Gravity Angle . . .
. (m) . Shape Size Elevation | Elevation

Pipe (radians)

(m) (m)

P-1 100 0 Circular | Concrete | 200 mm 10 9.5

P-2 70 0 Circular | Concrete | 200 mm 9.5 9.1

P-3 100 0.8 Circular | Concrete | 200 mm 10 9.5

The default roughness factor is based on the material chosen. If you want to add a column in order to see
or change the roughness factor being used, you can easily add this field to the FlexTable. First, click the
Options button at the top of the table and select Table Manager from the pull-down menu. Highlight
Gravity Pipe Report, click the Table Management button, and select Edit. Find the Mannings n column
in the Available Columns ist and double-click it. Manning’sn will show up at the end of the Selected
Columnslist. Click OK to exit the Table Setup dialog. Click OK onthe Table Manager diaog to return
to the Gravity Pipetable. The Mannings n values are displayed in the very last column of the report.

L eave the other parameters set to the current values.
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To go to the Pressur e Pipe table to enter the data for pressure pipes, first click the Options button at the
top of the Gravity Pipe table and select Table Manager from the pull-down menu. Select Pressure Pipe
Report from the list of available tablesand click OK. Now fill in the data as outlined in the Pressure Pipe
Datatable below.

Pressure Pipe Data

General Tab
Upstream | Downstream
Pressure | Material | Diameter Invert Invert Length
Pipe (mm) (m) (m) (m)
FM-1 |Ductile Iron 200 6 7.8 1
FM-2 |Ductile Iron 200 7.8 13 200
FM-3 [Ductile Iron 200 13 14 100

There are two things to keep in mind when entering information about pressure pipes. First, invert
elevations are calculated based on the elevations of upstream and downstream nodes, so they are already
pre-entered. Invert elevations are only editable if the upstream or downstream node is a wet well or a
gravity node. Secondly, all pressure pipesin SewerCAD are circular, so only adiameter is entered. Once
all the datais entered click the Close button at the top of the dialog.

Asyou can see, all element input data can be entered through the FlexTables.

Part 8 - Entering Infiltration Data Info Gravity Pipes

To account for infiltration into gravity pipe P-1, open the pipe's editor and click the Infiltration tab. Select
Pipe Length from the choice list labeled I nfiltration Load Type. The Pipe Length section will appear.

In this section, select an Infiltration L oading Unit of "m." Then type an Infiltration Rate per L oading
Unit of 0.251/d. Click OK to exit. Now, enter the infiltration data for the other two pipes as outlined in
the Infiltration Data table below.
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Infiltration Data

Infiltration Tab

Infiltration
Gravity Infiltration | Infiltration Rate per
Pipe Type Unit Loading Unit(l/d)
P-1 Pipe Length m 0.25
P-2 Pipe Length m 0.05
P-3 Pipe Length m 0.03

Part 9 - Analyzing the System
Click the GO button to bring up the Calculation dialog. Make sure that the Calculation Typeis marked
as Steady State.

8 Scenario: Base HE=l E
Ailternatives I Ealculation | @ Resultz | Hotes I
— Caleulation Type G[I |
" Esterded Penod Options... i
— Steady State Check Qatal
[ Diesign?
Extreme Flow Setup:| B aze Extreme Flow Setup _j_!

— Estended Period

Duratior: | 24.00 bir
Hudraulic Time Step: I 1.00 hr
Hydrologic Time Step: | 0.08 bir
Pattern Setup'.! Baze Patten Setup ;l_l
Cloze I Help |

Click the GO button on the dialog to analyze the model. When calculations are completed, a Results
report is displayed.

The Results tab displays a summary of model results. Scroll through the summary to get an idea of the
results that are given.

Notice the light displayed on the Resultstab of the dialog. You can quickly tell if there were warnings or
failures with aglance at the light. A green light indicates no warnings or failures; ayellow light indicates
warnings, while ared light indicates problems. The coloring scheme is used with the folders in the results
hierarchy. So if aparticular folder isyellow for a calculation step, there are warnings associated with that
step. Simply double click one of the folders to view the results.
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Click the Element M essages button to display all the messages generated for individual elements during
the run in a more convenient tabular format. Y ou can exit the Element Calculation M essage Browser by
clicking the Close button.

Click Close when you are done to exit back to the drawing pane. After amodel run all the calculated fields
in dialogs and tabular reports will display results. See L esson 4 for an overview of the output options
available.

Asyou can see from looking at the results, the performance of the gravity portion of this sewer is
unacceptable for implementation because of flooding and high pressures at the junction chamber.
SewerCAD’ s automatic design capabilities, which are outlined in Lesson 2, can quickly find an optimal
solution.

Before proceeding to the next lesson, save this project. For example, save it as lessons.swr in Stand-Alone
mode, or lessons.dwg in AutoCAD mode.

3.3 Lesson 2 - Automatic Design

Thislesson will illustrate how SewerCAD can automatically design all or parts of the gravity portion of a
sanitary sewer system within the design constraints set by the user. After specifying parameters such as
lengths, ground €elevations, and boundary conditions, SewerCAD will work to find a satisfactory design.

In this lesson, we will use this feature to develop a new design to replace the undersized sanitary sewer
system created in Lesson 1.

If, at any time during thislesson, the program asks, " Do you wish to reset all calculated resultsto
N/A?" click NO.

Thislesson is based on the project created in Lesson 1. If you have not completed Lesson 1, open the
project lesson2.swr (lesson2.dwg in the AutoCAD version) from the SWRC / Lesson directory.
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Part 1: Designating Design Constraints
SewerCAD requires parameters by which to measure the validity of a possible design. These parameters,
or design constraints, can either be set locally for each individual element or they can be entered as default
design constraints.

Default Design Constraints
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To enter the default design constraints, select Analysis/ Default Design Constraints from the pull-down
menu. On the Gravity Pipe tab, enter the minimum and maximum flow velocities, slopes, and covers that
the newly designed pipe' s characteristics should fall between. These values are listed in the Design
Constraint Data table below.

Design Constraint Data

Gravity Pipe Tab

Minimum |[Maximum
Velocity 0.60 4.00 m/s
Cover 0.70 4.00 m
Slope 0.005 0.10 m/m

Y ou could further hone the design with the Extended Design features on the right side of the dialog. Check
the box next to one of three extended design criteria and enter a constraining value to have SewerCAD
utilize the feature.

Click the Gravity Structuretab to set constraints for gravity structures. Set the Pipe Matching constraint
to Inverts and the M atchline Offset to 0.0 m. From this, SewerCAD knows to set the inverts of the
incoming pipe at the same elevation as the invert of the outgoing pipe for the same structure. Click Close
to exit the dialog.

Consider that the downstream invert of Gravity Pipe, P-2, entering into the wet well, WW-1, is at aknown
elevation and should not be adjusted by SewerCAD’ s automatic design process. In this situation, you can
locally specify that SewerCAD not design the downstream invert of P-2. Enter the Gravity Pipe Editor
for P-2 by either double-clicking the pipe (Stand-Alone mode) or by first choosing the Selection tool and
clicking the pipe once (AutoCAD mode). Click the Design tab. In the upper left corner of the dialog,
uncheck the box next to Design Downstream Invert.

If the Specify L ocal Constraints box is checked, you could then fill in design constraints specific to the
element whose dialog you are currently in. This featureislocated under the Design tab for every gravity
element in SewerCAD. Click OK to exit the Gravity Pipe Editor. Click OK to exit the dialog.

Part 2: Design

To run the Automatic Design analysis, click the GO button on the toolbar. Click the Design check box in
the Steady State section of the dialog. Then click the GO button to run the design. Y ou will be asked
whether you would like to create anew Physical Alternative. Alternatives are groups of data that describe
a specific part of your model such as physical data, loading data, and infiltration data. Alternatives will be
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discussed further in Lesson 3. By clicking Y es, the model remembers theinitial design as well as the new
design for the sake of comparison. In this case click No and allow the model to overwrite the current
physical aternative.

After the model runs, the green light on the Results tab indicates that there are no warnings for the design
formulated by SewerCAD. SewerCAD was able to find a sewer configuration that did not cause any
warning conditions and that did not violate any design constraints. Sometimes, however, it isimpossible to
find a solution that does not violate one of the design constraints, in which case there will be a warning to
that effect presented under the Resultstab. For more detailed information on how the program uses design
constraints see Appendix B of the help. Click the Close button.
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Save this project before proceeding to Lesson 3.

This lesson introduced one possible application of the automatic design feature. Thisis a powerful tool that
will save you time and effort. Spend some time to learn more about this feature by experimenting with the
software, and if you have any questions press the F1 key to access our context sensitive on-line help. See
Lesson 3 for more information on SewerCAD’ s scenario management feature.

3.4 Lesson 3 - Scenario Management

One of SewerCAD’s many powerful and versatile project tools is Scenario Management. Scenarios allow
you to calculate multiple "What 1f?" situationsin asingle project file. You may wish to try several designs
and compare the results, or analyze an existing system using severa different loading possibilities and
compare the resulting profiles. A scenario consists of a group of alternatives, which are groups of actual
model data. Both scenarios and alternatives are based on a parent/child relationship where child scenarios
and alternatives inherit data from the parent scenarios and alternatives.

In this lesson we will use Scenario Management to set up the scenarios needed to test four "What 12"
situations for the purpose of analyzing a new sanitary sewer system design. At the end of the lesson, we
will compare all of the results using the Scenario Comparison tool.

T If, at any time during this lesson the program asks, " Do you wish to reset all calculated resultsto
N/A?" click NO.
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Part 1 - Opening the Project File

For this lesson we will use the system designed in Lesson 2. Click the Open Existing File button in the
Welcome dialog, or select File / Open from the pull-down menus to bring up the Open Project File
dialog. Open the project you saved from Lesson 2, or find lesson3.swr (lesson3.dwg in the AutoCAD
version) in the SWRC / Lesson directory.

In Lesson 2 we designed the gravity portion of this system using the automatic design tool. In this lesson,
we will use scenario management to model different force main designs.

Part 2 - Creating Alternatives

First, we need to set up the required data sets (alternatives). An aternative is a group of datadescribing a
specific part of the model. There are eleven aternatives. Physical Properties, Sanitary (Dry Weather)
Loading, Infiltration and Inflow Loading, Known Flow Loading, Structure Headl osses, Boundary
Conditions, Design Constraints, Initial Settings, Operational, Cost, and User Data. In this example, we
need to set up a different physical alternative for each design trial we want to evaluate. Each physical
alternative will contain different pressure pipe data.

Select Analysis/ Scenarios from the pull-down menu to load the Scenario Manager. Click the
Alter natives button on the |eft side of the Scenario Manager, and select the Physical Properties tab.

In SewerCAD, we create families of alternatives. There are parent alternatives (base alternatives) and there
are child aternatives. A child alternative inherits data from its parent. Y ou can, however, override data
inherited from the parent, making it local to the child.

Currently, there isonly one Physical Alternative listed. The Base-Physical aternative contains the
properties for the current undersized force mains. We would like to add a child of the Base-Physical
alternative so we can inherit most of the data but change only the properties that we want to modify.

Click the Add Child button and enter a descriptive name such as "Larger Pressure Pipes' for the new
alternative and click OK.

The Physical Properties Alternative Editor for the new alternative will appear, and contains the data that
was inherited from the parent alternative. Select the Pressur e Pipestab at the top of the dialog. Notice the
legend at the bottom describing the check boxes. It indicates, all of our dataisinherited. If you change any
piece of data, the check box will automatically become checked because that record is now local to this
alternative and not inherited from the parent.

Physical Properties Alternative: Larger Pressure Pipes
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Set up thisdesign trial by making the changes shown in the Pipe Alternative Data table below. Click Close
to exit the Physical Properties Alternative Editor and return to the Alter natives Manager .

Pipe Alternative Data

Change From: To:

Diameter (mm)|Diameter (mm)
FM-1 200 300
FM-2 200 300
FM-3 200 300

Next, we will add another physical aternative for another design trial. Highlight the Base-Physical
alternative and click the Add Child button. Enter a descriptive name for the new alternative, such as
"Smaller Pump." Click OK to enter the Physical Properties Alternative Editor.

Select the Pump tab. For thistrial, we will leave the existing system the same but with a different size
pump. To change the pump curve, click the cell in the Pump Type column, and set it to Standard (3 point).
Click the ellipsis (...) button to edit the pump curve. Change this design alternative by adding the data
shown in the Pump Alternative Data table below and click OK. Click Close to exit the Physical
Properties Alternative Editor and return to the Alter natives Manager .

Pump Alternative Data

Change From: To:
Head Discharge Head |Discharge
(m) (m3/min) (m) (m3/min)
Shutoff 22.67 0 20 0
Design 17 24 15 19
Max Operating 0 48 0 38

Last, we will add a Physical alternative that combines the first two design trials in the same alternative for a
third design trial. Highlight the "Larger Pressure Pipes' aternative and click the Add Child button. Enter
aname for the new alternative, such as"Larger FM-3." Click OK to enter the Physical Properties
Alternative Editor.

Select the Pressure Pipe tab. This alternative has inherited the new pressure pipe data that we entered in
the "Larger Pressure Pipes' alternative. Change the diameter of FM-3 from 300 mm to 400 mm. Click
Close to exit the Physical Properties Alternative editor and return to the Alter natives M anager .
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Y ou now have four Physical Properties aternatives. The base alternative contains the existing system’s
data, while the other three contain several changes for different design trials. However, the rest of the data
isthe same.

Click Close to exit the Alter natives Manager and return to the Scenario Manager. We must now create
the scenarios that will contain the Physical Properties alternatives we just created.

Part 3 - Editing Base Scenarios

You are now in the Scenario Manager. Thereisaways adefault Base scenario that is comprised of the
eleven base alternatives, currently listed in the right pane. The |eft pane of the Scenario Manager contains
alist of the scenarios. Only the Base is availableinitialy, because we have not created any new scenarios.

Alternatives are the building blocks of a scenario. A scenario isagroup of the eleven alternatives and all of
the calculation information needed to solve a model.

For our example, if we wish to analyze the three different design trials for the force main portion of our
system, we must create a new scenario for each of the Physical Properties alternatives we created.

Thefirst step in this process is to rename the Base scenario to a more appropriate name and set the correct
calculation options. Select Base Scenario, click the Scenario M anagement button, and select Rename
from the pull-down menu. The scenario hame in the left pane will become editable. Type a descriptive
name for the scenario, such as "Existing System" and press Enter. Next, click the Scenario M anagement
button and select Edit from the pull-down menu. Select the Calculation tab. Uncheck the Design check
box in the Steady State section of the dialog. Click Close.

Part 4 - Creating Child Scenarios

Thelast step in setting up our scenariosisto create child scenarios. The new child scenarios will contain
the Physical Properties alternatives created earlier. Highlight the base scenario entitled "Existing System"
and click the Scenario M anagement button. Select Add / Child Scenario from the pull-down menu.

Y ou will be prompted for a scenario name. Again, the name should be descriptive, such as"Design Tria
#1." Click OK.

Scenarios work in families just like alternatives, except scenarios do not inherit data directly. A scenariois
agroup of alternatives, so a child scenario will inherit the parent’s aternatives. To change the new
scenario you need to change one or more of the alternatives.
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Our new child scenario initially consists of the same alternatives asits parent scenario. We want to set the
Physical Properties alternative to the first alternative we created, "Larger Pressure Pipes." Click the check
box next to Physical Properties to make that alternative local to this scenario. Then, from the list box,
select Larger Pressure Pipes. Click Close.

Next, make sure the base scenario entitled "Existing System" is selected and click Scenario Management /
Add / Child Scenario. Enter "Design Tria #2" into the field and click OK.

Again click the check box next to Physical Properties and select Smaller Pump from the list box. Click
Close when you are done.

To make athird child scenario, highlight the base scenario again and click Scenario Management /
Add/Child Scenario. Enter the scenario name "Design Trial #3" into the field and click OK.

Change the Physical Propertieslist box to Larger FM-3. Click Close.
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Now we have four scenarios. The base scenario is our existing system. Each child scenario contains a
different physical alternative. Thefirst design trial resizes the pressure pipes, the second design trial

resizes the pump, and the third design trial considers a different combination of pipe sizes. Now we need to
caculate them.

Part 5 - Calculate and Compare

We are going to calculate all of the scenarios at the same time using the Batch Run tool. Click the Batch
Run button on the |eft side of the Scenario Manager. Click Select / All, or select the check box next to
each scenario, and click the Batch button. Click Yes at the prompt to run the batch for four scenarios.
When it has finished computing, click OK.

Y ou can see the results for each scenario by selecting it in the scenario list. Click the Resultstab to see the
selected scenario’ sresults. We can see that each scenario is different, but what exactly is different about
them? We will use the Scenario Comparison tool to find out.

Click the Scenario Comparison button to start the Annotation Comparison Wizard. Select the Existing
System scenario in the first list box and the Design Trial #1 scenario in the second list box, then click
Next.

We will compare the results for pressure junctions and pressure pipes, so click the check box next to the
Pressure Junction and Pressure Pipe and click Next.



50 Chapter 3—Quick Start L essons

Annotation Comparizon Wizard E3

Se}ectthe tipes of elements that bow would fike to annotate. YWhen vou are - ready. press [Nest] o *ap.ecjfy
thres attnbutﬁs for each $E|B¢tﬁlﬂ elemnent thpe,

— Select the lypes of elements pau would like to anhotate
[ Gravity Pipe _.J

[ Junction Charnber

[~ Manhale

[~ Outlet

¥ Pressure Junction

W Freszure Pipe

[Twiet el

=

Cancel Help < Back I Mext > I tErEled I

Select Pressure from the first list box under the Attributes column for pressure junction annotation. You
can edit the actual label in the Mask column. Click Next. Select Velocity from thefirst list box under the

Attributes column for pressure pipe annotations and click Next. Verify that the annotation is correct and
click Finished.

A plan view of the system with annotation displaying the difference between the two scenarios will appear.
The difference between the two is found by subtracting Scenario 1 from Scenario 2. For example, say
Scenario 1 has atotal sanitary load of 4,000,000 I/d at awet well, and Scenario 2, which represents a future
scenario, has atotal sanitary load of 4,500,000 I/d at the same wet well. Comparing total sanitary loads for
Scenario 1 and Scenario 2 would result in annotation stating a difference of 500,000 I/d.

Y ou can select different combinations of the four scenarios from the two list boxes and click the Update
button to view the differences between the two. Or, click the Auto Update check box and the differences
will automatically update every time you change the combination of scenariosin the list boxes. If you

would like to learn more about the various results presentation methods available in SewerCAD, see
Lesson 4.

Close the dialogs and save this project before proceeding to Lesson 4.

3.5 Lesson 4 - Presentation of Results

An important feature in all modeling software is the ability to present results clearly. Thislesson outlines
several of SewerCAD’s reporting features, including:

Reports - Displays and prints values for any or al elementsin the system.
Element Annotation - Dynamically presents the values of user-selected variables on the drawing.

Profiles - Graphically shows how HGL and elevation vary throughout the gravity portions of the
sanitary sewer.

Color Coding - Assigns colorsto values for a variable and applies them to the appropriate locations on
the plan view for a quick diagnostic on how the system is working.
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If, at any time during thislesson, the program asks, " Do you wish to reset all calculated resultsto
N/A?" click NO.

Part 1 - Reports

For this lesson, we will use the system designed in Lesson 3. If you did not complete Lesson 3, you may
also use the file lessond.swr, or lesson4.dwg in AutoCAD. Thisfileislocated in the SWRC / Lesson
directory. After opening thefile, select the "Design Trial #2" scenario from the Scenario toolbar. Click
the GO button and run aregular analysis

When the Results dialog appears, notice that the Results report can be saved to afile or printed by using
the buttons in the top left corner. This report displays key properties of each element on aformatted page.
Click Close. Theresultsfor the last run can be accessed at any time by clicking the GO button in the
toolbar and clicking the Results tab.

Open the Manhole Editor for MH-1. Click the Report button at the bottom of the dialog and select
Detailed Report from the pull-down menu to view a formatted summary report of manhole MH-1's
properties.

Every element has a report with the same general format, which includes the name of the calculated
scenario and a series of tables describing the element’s properties and resultsin detail. Y ou can print this
report or copy it to the clipboard using the buttons at the top of the dialog. The report will print or paste
into aword processor in the exact format seen on the screen.

Click the Close button on the report and click OK to exit the Manhole Editor.

To print the detailed reports for several elements at one time, select Report / Element Details from the
pull-down menus. Inthe AutoCAD version, the crosshair changesinto a pickbox. Using the pickbox,
select elements from the drawing space that you want SewerCAD to report on and right-click to bring up
thelist of Detailed Reports. In the Stand-Alone version, the list of elements will appear immediately.

From this dialog you can select multiple elements and print them to a printer. If you wish to select multiple
elements based on some criteria, click the Select... button to go to the Selection Set dialog. Click Cancel
to return to the Detailed Reportsdialog. Y ou can click the Print button to print all of the reports for the
selected elements. Click Cancel to exit the dialog.

Select Report / Element Results from the pull-down menu. In the AutoCAD version use the pickbox to
select the elements for which you want areport. Then right click once to bring up the list of Results
Reports. In the Stand-Alone version, the list of Results Reports will appear immediately. From thisdialog
you can print or copy/paste the Results Report for any element. The Results Report contains all of the
results calculated for the selected element. Again, if you wish to select a group of elements based on some
criteria, click the Select... button. Click Cancel when you are done.

Select Scenario Summary from the Reports pull-down menus. This report summarizes the alternatives
and options selected in the current scenario. Click Close.

Now select Report / Project I nventory from the pull-down menus. This report will tell you the total
number of each type of element and the total length of pipein the system. Click Close.

Part 2 - Tabular Reports

Tabular Reports are extremely powerful toolsin SewerCAD. These reports are not only good presentation
tools; they are also very helpful in data entry and analysis. When data must be entered for alarge number
of elements, clicking each element and entering the data can be very tedious and time consuming. Using
the tabular reports, elements can be changed using the global edit toal, or filtered to display only the
desired elements. Valuesthat are entered into the table will be automatically updated in the model. The
tables can aso be customized. Columns can be added or removed, or you can display duplicates of the
same column with different units. The tabular reports can save you an enormous amount of time and effort.
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To open atabular report, select the Report / Tables from the pull-down menus or click the Tabular

Report El button on the toolbar. Select the Gravity Pipe Report from thelist and click OK.

Tabular reports are dynamic tables of input values and calculated results. White columns are input values
and yellow columns are non-editable calculated values. When datais entered into atable directly, the value
in the model will be automatically updated. These tables can be printed or copied into a spreadsheet
program.

Two very powerful features in these tables are Global Edits and Filtering. Suppose we find that the
downstream inverts of al 250 mm pipes needs to be 10 cm higher. It would be tedious to go through and
re-enter every pipe invert elevation, particularly when dealing with alarge system. Instead, we will use the
filter tool in this example to filter out the 250 mm pipes, and the global edit tool to add 10 cm of elevation
to just those pipes.

Right-click the Section Size column and choose Filter / Quick Filter from the pop-up menu. We want to
filter to display only the 250 mm pipes. To do so, set the Column field to Section Size, set the Operator
to =, and set the Value field to 250 mm. Click OK.

Now we will use the Global Edit tool to modify all of the rowsin thetable. Right click the Downstream
Invert Elevation column and select Global Edit. Select Add from the Operation list and enter 0.1 minto
the Global Edit text box. Click OK.

To deactivate the filter, right click anywhere in the dialog and select Filter / Reset from the pop-up menu.
Click Yesto reset thefilter.

Y ou may also wish to edit atable to add or remove different columns. This can be done using the Table
Manager. Click the Options button and select Table Manager. Select the Gravity Pipe Report from the
list and click the Table Management button. In the pull-down menu there is also a New option that would
allow you to create your own table. Any tables you add will be saved for use with other projects. For now,
click the Edit option.

Usethe[ <] and [ >] buttons to add or remove columns from your table. For this example, select Average
Velocity from the left and click the [ > ] button to add it to the list of selected columns. Y ou can adjust the
order of the columns by using the arrows, or by simply dragging and dropping items.
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Y ou may also wish to have two columns with the same attribute but with different units. To do this, check
the Allow Duplicate Columnsbox. Then you can create the same column twice and just change the units.
Click OK when you are done, then click OK in the Table Manager. The new table will have the added
columns.
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If you have made multiple columns and wish to apply separate units to the two columns, click the Options
button and select Use L ocal Units. This option allows the tabular report to have units independent of the
project and local to the table. Without this option switched on, changing the units of pressure from kPato
psi in the table would change the unit for pressure throughout the project. The Use Local Unitsoptionis
ideal for displaying the same variable with multiple units within the same tabular report. Click Yesin the
warning box that appears indicating that you wish to switch to local units. Then change the units on any of
the numeric columns by right-clicking the column and selecting the Properties option. Change the unitsin
the list box and click OK.

Click Close.

Part 3 - Element Annotation
Click the GO button and rerun the analysis to update the results to reflect the changesin invert elevations.

Select Tools/ Element Annotation from the pull-down menu, or click the Annotation il button on the
toolbar.

Thiswill activate the Annotation Wizard. Select the elements you wish to annotate. In this example, we
will add annotation to the manholes and pressure pipes. Select these elements from the list. Click Next.

This dialog allows you to choose the attributes you wish to annotate for the specified element type. The
Attributes column is used for selecting the attribute you would like to annotate. The Mask is atemplate of
how the annotation will appear on the screen. The %v and %u options are added to display and control the
value and units associated with the attribute. For this example, we will add annotation for the hydraulic
grade line entering and exiting the manhole. In thefirst row of the attribute column select Ground
Elevation from thelist. Inthe second row of the attribute column select the Sump Elevation option.

Click Next.

Add Pressure Flow and Pressure Pipe Headloss annotations for pressure pipes in the same manner
described above. Click Next.

Thisisthe last dialog of the Annotation Wizard. Check your annotations in the summary. If there are
any errors, click the Back button to go backwards in the wizard and make any necessary changes. Click
Finished.

The drawing will now display al of the annotations. Y ou can try changing the properties of an element and
recalculating. The annotations will update automatically to reflect any changes in the system. Y ou can
also click and drag the annotation to move it. Inthe AutoCAD version, click the annotation and then click
the grip to move it, or use an AutoCAD command such as Move or Stretch.

Part 4 - Create a Plan and Profile

To create a plan view of the sewer system, select Report / Plan View / Full View from the pull-down
menu. Thiswill create a plan of the entire system regardless of what the screen shows, while the Current
View option will create a plan of exactly what is displayed in the window at that moment.

The Plan View will be put into a separate window that can then be printed or copied to the clipboard. If
you click the Copy button, you can then paste the plan view into aword processor. Click Close.

Another method that can be used to create a plan view in the Stand-Alone version that can be opened in
AutoCAD isto select File/ Export / DXF File from the pull-down menu. Thiswill create a .DXF file of
your network that you can import into AutoCAD. In AutoCAD, use plan views as a quick way to develop
simple scaled views of your primary network.

To create aprofile view, select Tools/ Profiling from the pull-down menu, or click the Pr ofile button
on the toolbar. Thiswill open the Profilesdialog. From this dialog you can create multiple profile

views for anetwork. For example, we can create two profiles, one from MH-2 to WW-1 and another from
MH-1to WW-1. Once the views are created you can go back to the Profiles to access and modify them.
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Before creating a profile you can setup a profile template, which allows you to adjust many of the profile
properties such as scale, label orientations, and profile annotations. By doing so, you can you reuse the
same set of standards every time you create a profile, hence eliminating having to redo the same work.

Click the Templates button on the dialog. Thiswill bring up the list of al available profile templates.
Click the Add button and enter "L essons Template" and click OK.

For the sake of the lesson, we are going to make two simple changes to illustrate the concept, but as you
can see by scrolling through the tabs the range of customization is extensive. Click the Layout tab. Inthe
Node section click the Leader check box to create aleader line from the node annotations to the nodes that
they are describing.
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Click the Drawing tab and change the Axis L abeling to Both. When this option istoggled the elevations
on the Y-axiswill be displayed on both sides of the profile. Feel free to play around with the other options,
or adjust the annotations. Click OK to exit the Template dialog. Click OK asecond time to return to the
Profiles dialog.

Click the Profile Management button and select Add. Inthe Label field enter "MH-2 to WW-1," and
click OK to open the Profile Wizar d.

In Step-1 you select the elements to be included in the profile. Click the Select From Drawing button.
Thiswill open aplan view of the drawing. Note, that you can still use the zoom tools from the main
toolbar. Inthiscaseclick P-3 and P-2, so they are both selected. You can tell thiswhen the lines
delineating the pipes become dashed. In the following image the annotations were turned off for the sake
of clarity.
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When you have selected the elements right-click the mouse and select done or click the ESC key. You
should see the elements you selected listed in the Elements section. When you are finished click the Next
button.

In Step-2 you can select the template to be applied to the profile. Select, L essons Template from the pull-
down menu and click Next.

Thisdialog allows you to set the scale for the axes, as well as the direction of the profile. These same
options are accessible through the Options/ Profile Options selection in the Profile Window. For this
example, use the default values and click Finished.

The Profile Window will open. You can quickly move the labels to different locations by simply clicking
and dragging them. Use the zoom buttons at the top to zoom in to any portion of the profile. The HGL
depicts all of the flow profiles within the pipe.

Y ou can customize annotations for the elements in the profile. To do so, click the Options button and
select Annotation... Establishing the annotations is exactly the same as setting up annotations for the plan
view. Inthiscase lets add an annotation displaying the ground elevation at the wet well.

Click the Next button until you get to the Wet Well Annotation section. Select Ground Elevation as an
attribute in the blank row, and click finished.
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Once the profile is made, it can be exported as a .DXF file, printed, or copied to the clipboard. To export
the profile as a .DXFfile, click the File button and select Export to DXF. In AutoCAD, you can export
profiles to the drawing by selecting File/ Export to AutoCAD. These exported profiles do not
automatically update as the model information changes.

Click Close when you are finished.
Part 5 - Color Coding

Select Tools/ Color Coding from the pull-down menus, or click the Color Coding button gl on the
toolbar.

The Color Coding diaog alows you to set the color coding for links, nodes, or both. We will color code
links only in this example. From the Color Coding choice list, select the L ength attribute. Y ou can enter
any range of values for length into the table. Click the Calculate Range button to get the minimum and
maximum values for the variable displayed at the top of the dialog. Or you can click the I nitialize button
and the model will update the color coding automatically. Click OK.

==
We can add alegend to the drawing by clicking the Insert L egend button and then choosing the
Link Legend option. Click anywhere on the drawing space to place the legend. In AutoCAD, accept the
defaults when prompted about scale and legend.

3.6 Lesson 5 - Running an Extended Period Simulation

SewerCAD has the ability to analyze time-based or extended period simulations (EPS). Thislesson
illustrates different aspects of setting-up and running an EPS including:

Developing loading patterns and hydrographs
Calculating the model
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Viewing time-based output

For this lesson, we will use the system designed in Lesson 4. If you did not complete Lesson 4, you may
also use the file lesson5.swr, or lesson5.dwg in AutoCAD. Thisfileislocated in the SWRC / Lessons
directory. After opening thefile, select the "Design Trial #2" scenario from the Scenario toolbar.

If, at any time during thislesson, the program asks, " Do you wish to reset all calculated resultsto
N/A?" click NO.

Part 1 - Entering and Applying Loading Pafterns

Loading patterns are a series of time-based multipliers that are applied to average loads, which describe
how the load varies over time. In thislesson, we are going to create aloading pattern and apply it to the
unit sanitary loads established with the model in an earlier lesson, and to a new Pattern Load.

To create anew loading pattern select Analysis/ Patter ns from the pull-down menus. Click the Add
button to bring up a new Pattern dialog.

Enter "Lesson 5 Pattern" in the Label field. Then enter 0 as Start Time, and Starting Multiplier of 0.4.
Then fill in the pattern table on the right-hand side of the dialog starting at hour 3.

Loading Pattern Data

Time .

(hours) Multiplier
0 04
3 0.8
6 1.2
9 1.7
12 1.4
15 1.2
18 1.3
21 0.6
24 0.4

Notice that the starting and final multipliers at hour 0 and 24 are equal. The program requires this so in the
case you run the simulation longer than 24 hours then the pattern can repeat itself.

Make sure that the format of the pattern is set to Continuous. Y ou can see a graph of the loading pattern
by clicking the Report button and selecting Graph.

To apply this pattern to the various used unit dry weather labels, select Analysis/ Pattern Setups from the
pull-down menus. The Pattern Setup Manager worksin asimilar manner to the Extreme Flow Setup
Manger, asdescribed in Lesson 1. In this case different patterns are applied to unit sanitary loads as
opposed to extreme flow methods. Aswith extreme flow setups, you can create different pattern setups and
associate them with different scenarios.

Click the Add button to create a new pattern setup. Inthe Label field enter in "Lesson 5."

In this lesson, for the sake of simplicity, we will apply the same pattern to all the unit loads. To do so, right
click on the Diurnal Pattern column heading and select Global Edit. Select L esson 5 Pattern from the
drop-down menu and click OK.
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Click OK to exit back to the Pattern Setup Manager. Click OK to exit back to the drawing.

Y ou can also apply loading patterns to base loads set at individual hydraulic elements. To do so, enter the
editor for MH-1, and click the L oading tab. Click the Add button next to the Sanitary (Dry-Weather)
Flow pane. Inthe Load Definition pull-down menu select Pattern L oad - Base Flow & Pattern, and
click OK.

Enter in aBase L oad of 2000 I/d, and select Fixed from the Pattern pull-down menu. Click OK to go
back to the manhole editor, and then click OK in the editor dialog.

Part 2 - Entering Hydrographs

SewerCAD aso allows you to enter in hydrographs as a sanitary load (at manholes, wet wells, and pressure
junctions), or asinflows and infiltration (at manholes, pressure junctions, wet wells and gravity pipes).

To explain the concept, we will enter in a single hydrograph as a wet-weather load at manhole MH-2.
Enter the manhole editor for manhole MH-2, and click the L oading tab. Click the Add button next to the
I nflow pane.

Select Hydrograph - Flow vs. Time from the L oad Definition pull-down menu, and click OK. Enter
"MH-2 Hydrograph" in the Label field. Then fill in the hydrograph with the data in the following table.
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Hydrograph Data

Time |Discharge
(hours) (I/d)

0 0

3 2500
6 4800
9 7300
12 19500
15 7300
18 4900
21 2400
24 0

Click OK to close the Hydr ograph dialog, and click OK again to go back to the drawing pane.

Part 3 - Running the Analysis

To run the EPS, click the GO button. In the Scenario dialog change the Calculation Type from Steady
Stateto Extended Period. Leavethe Duration, Hydraulic Time Step, Hydrologic Time Step set to 24,
1.00, and 0.1 respectively. Change the Pattern Setup from the Base Pattern Setup to L esson 5.

Click the GO button in the dialog. The program will then calculate output, and when the results appear

click the Close button.

Part 4 - Time Based Graphs and Tables

In SewerCAD you have the capability of creating time based graphs and tables for the comparison of
hydrographs at multiple elements within the system.
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Say we would like to compare the hydrographs generated at manholes, MH-1 and MH-2, and see the
combination of the two routed hydrographs as they exits JC-1. To do so, select Report / Hydrograph
Reports.

Under the Scenarios tab make sure "Design Trial #2" is checked. If multiple scenarios are checked you
will see the hydrograph generated for each of the scenarios for the same element. In this case, only check
the one scenario.

Click the Elementstab. If any elements are selected in the drawing pane they will already selected. Make
sure that the three selected elements are: MH-1, MH-2 and JC-1.

When those elements are selected click the OK button to see the plot.
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Y ou can also see thisinformation in atabular format by clicking the Data tab. Thiswill bring up the table.
By clicking the Copy button the information will be copied to the clipboard you will be able to paste it into
other Windows Applications such Microsoft Word or Excel.

Click Close to exit the plot back to the drawing pane.

Y ou can also create other comparison graphs of attributes over time other than flow by selecting Report /
Element Graph from the pull-down menus and then selecting the element type for which to generate a
plot. Asan example, select Manhole.

Under the Graph Setup tab select Hydraulic Grade Line Out asthe Dependent Variable. Then select
MH-1 and MH-2 under the Elementstab. Make surethat "Design Trial #2" is selected under the
Scenariostab. Click OK to view the graph. Asyou can see, the format and functionality is same as has
the hydrograph plot viewed earlier. Click Close to return to the drawing pane.

Part 5 - Animations
SewerCAD’ s animation tool is adramatic, effective way of presenting and analyzing output data.

In this example, we will animate the color-coding on the main drawing pane, and the hydraulic grade line
on the profile plot.
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Before we animate the drawing pane, we need to color code by attribute that varies with time. In this case
color code the links based on Total Flow attribute. Use the same procedure described in Lesson 4.

To animate the drawing pane simply click the VCR-style play button in the Analysis Toolbar. To stop the
animation click the stop button which appeared upon clicking play.

If you wish to change the frame rate - click the down arrow next to the play button, and select Animation
Delay. Increase or decrease the value depending on your preferences. Click OK to exit the dialog.

Profiles can also be animated in the same manner as the drawing pane. Reopen the profile created in
Lesson 4, from MH-2 to the WW-1. Select Tools/ Profiling from the pull-down menus. Select the MH-2
to WW-1 profile and click Open. Simply click the play button in the profile window to start the animation
and click it again to stop it.

From these five lessons, you have had a brief introduction to the capabilities of SewerCAD. Feel freeto
continue to play with the program. Use this model to explore and become familiar with all of the features.
If you do not know what a button does, just try it.
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Chapter 4

Starting a SewerCAD Project

Overview

This chapter describes how to start a new project and the files that SewerCAD creates to save your
project’sdata. At the beginning of a project, you also need to set some global settings (accessed from the
Tools/ Options pull-down menu).

4.2 File Management

4.2.1

SewerCAD uses the .SWR extension to store all model input data, including element inputs and alternatives
and scenarios, both for Stand-Alone and AutoCAD modes.

When SewerCAD runs within AutoCAD, two important files are used. The .SWR fileis used to hold all
model data, and a .DWG file contains all of the AutoCAD entities. This means that even a complete
AutoCAD drawing corruption (or loss) will not endanger your hydraulic model data. In fact, you can even
regenerate the AutoCAD modeling elements from the .SWR file!

SewerCAD Backup Files

When a .SWR file is overwritten by a save action, a backup file is created with a.SWK extension.
AutoCAD also generates a backup drawing file with a .BAK extension.

SewerCAD Results

SewerCAD calculation results are stored in fileswith .OUT extensions for the pressure system results, and
.RST extensions for the gravity system results. Since recal culating the scenarios can regenerate these
results, these files do not necessarily need to be included when backing up your important files.

Multiple Sessions

SewerCAD does not support multiple sessions. SewerCAD uses a single document model, and support for
multiple views has not been implemented. Therefore, do not try to open more than one session of
SewerCAD at the same time, as data loss and data corruption may occur.

4.3 Project Management

4.3.1

Project Setup Wizard

The Project Setup Wizard can only be accessed at the start of a new project. All of the options that are
edited from the Wizard, however, can be changed individually from other pull-down menus.
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The Project Setup Wizard assists you in the creation of anew project by stepping you through many of
the project-wide options, allowing you to set up most of your notes and defaults before you even create the
first pipe. The areas covered by this Wizard include:

Project Summary - Includes information about the project, such as the project title, the project
engineer, and general comments.

Project Options - Include information regarding global options, such as the desired friction method
and coordinate system.

Drawing Options - Include information regarding the drawing pane, such as the drawing scale,
annotation multipliers, and background drawing data (for Stand-Alone mode only).

Prototypes - Enable you to set default values for elements, which are used to initialize values for any
new elements that are added to the project.

4.3.2 Project Summary

The Summary dialog provides away to enter a Project Title, the name of the Project Engineer, and any
significant comments (for example, the project revision history). The Date field defaults to the current day.
To change any portion of the date, click the item to be changed (i.e: month field), then use the up and down
arrows on the keyboard to set the date.

The Project Title and Project Engineer will print in the footer of reports.

To access the Project Summary dialog, select File/ Project Summary from the pull-down menus.

4.4 Options

4.4.1 Global Options
The Global Options dialog allows you to customize the following options for this application:
Welcome diaog (Stand-Alone mode only)
Unit System
Enter Key Behavior
Background/Foreground Color (Stand-Alone mode only)
Sticky Tool Palette (Stand-Alone mode only)
Auto Prompting

Right-Click Context Menu (This toggle exists only in AutoCAD R14; the option is automatically Onin
AutoCAD 2000)

To access the Global Options tab, select Tools/ Options from the pull-down menus.

Welcome Dialog

The Welcome dialog appears when the program is started, and provides easy access to common tasks you
may want to perform when you first start using the program. The following options are available:

Tutorials
Exit Program
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Unit System

Although individual units can be controlled throughout the program, you may find it useful to change your
entire unit system at once, to either the System International (metric) unit system or the US Customary
(English) system.

When you switch to a different unit system, you will be asked to confirm this action. If you choose Y es, all
datawill be displayed in the default units for the selected system.

If thefilethat you are editing in Stand-Alone mode s alr eady associated with an AutoCAD
drawing, be car eful not to change the unit systemsor the .DWG and the .SWR files may become
irreversibly out of sync.

Enter Key Behavior
Enter Key Behavior controls which standard the Enter key follows during editing:

CUA Enter Key - With this setting, the Enter key acts as it normally does for Windows applications.
It is conforming to Common User Access (CUA) standards. This means that when you press the
Enter key, it is as though you pressed the default button on the dialog. CUA Enter Key isthe
recommended setting.

Tabbing Enter Key - With this setting, the Enter key behaves the same asthe Tab key for editable
fields (not buttons). This means that when you press the Enter key, the cursor will move to the next
field in the dialog.

Window Color

Y ou can specify the background and foreground colors of the main graphical window in Stand-Alone
mode. The foreground color isthe default color that is applied to all elements symbols, pipes, labels, and
annotations when no color coding is defined. These color settings also apply to the Scenario Comparison
window, but do not apply to the Profile or Graph Plot windows.

Sticky Tools

Sticky Tools are available in Stand-Alone mode. With Sticky T ools disabled, the drawing pane cursor will
return to the Select tool after creating a node or finishing a pipe run. With Sticky Tools enabled, the tool
does not reset to the Select tool, allowing you to continue dropping new elements into the drawing without
reselecting the tool.

The Sticky Tool Palette can be turned on or off to meet your needs and preferences.

Auto Prompting

Auto Prompting allows you to immediately enter data as elements are added to the drawing, without
interrupting the layout process.

When Auto Prompting is active, the Auto Prompting dialog will immediately appear when you add an
element to the drawing. From the Auto Prompting dialog, you can modify the element's default label and
access the remaining input data by clicking the associated Edit button. Auto Prompting can also be toggled
off in this dialog.

Right-Click Context Menu Option (AutoCAD Only)

If the Right-Click Context Menu option is enabled, aright mouse click on a SewerCAD entity in
AutoCAD R14 will activate a pop-up menu for editing or modifying the element. This functionality
emulates the ability that is available in SewerCAD Stand-Alone mode. Right-clicking any other entity in
the drawing will invoke standard AutoCAD right-click behavior.
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In AutoCAD 2000/2000i, this option is always available. Simply select the element in the
AutoCAD drawing and right-click to obtain a pop-up menu, from which you can select Edit.

Project Options
The Project Options dialog allows you to set the following essential information about your project:

Friction Method
Input Modes

Pipe Length Rounding
To access the Project Optionstab, select Tools/ Options from the pull-down menus.

Friction Method Theory
The Friction M ethod option enables you to select the methodology for determining flow resistance and
friction losses during calculations.

Available methodologies include:

Darcy-Weishach
Hazen -Williams Formula
Kutter's Equation

Manning's Formula

If you change the friction method after pipes have been entered into the network, the program will ask if
you want to update the roughness values of those pipes. If you select Y es, the program will assign all pipes
anew roughness that corresponds to the default roughness of the pipe material.

Input Modes

This program supports several input modes to adjust data entry to your style or the needs of a particular
project.

Coordinates - Coordinates can be displayed either as X and Y coordinates, or as Northing and Easting.
Whichever coordinate input mode is chosen, this method will be active everywhere within the
program.

Hydraulic Settings - This choice list lets you set whether values on control conditions will be input in
terms of hydraulic grade or pressure. Regardless of the mode you choose for input, the program will
always display valuesin both hydraulic grade and pressure.

Wet Well Levels - This choicelist lets you set whether wet well operating ranges will be input in
terms of elevations (height above a datum elevation of 0) or levels (height above the wet well's base
elevation).

Navigation

To access the Input M ode options, select Tools/ Options from the pull-down menus, and select the
Project Optionstab.

Pipe Length Rounding

Pipe length rounding is used to determine the level of precision desired for scaled pipe lengths. Pipe
lengths will automatically be rounded according to the pipe length rounding value.
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For example, consider a pipe with an actual scaled length of 35.8 meters. If the pipe length rounding value
is 1.0 meters, the program will assume the pipe length to be 36.0 meters.

Thisonly affectsthe value asit appearsin elemental editors, FlexTables, and so on. The actual
length of the pipefigurein the drawing paneisnot physically adjusted to force the pipeto a
rounded length.

A changeto the pipe rounding length is not retroactive. Therefore, it will not affect existing pipes
unlessthe User Defined L ength istoggled off and then on again in the appropriate element
editor.

Drawing Options
The Drawing Options dialog allows you to specify information regarding the graphical display of
elementsin the drawing pane, including:
Drawing Scale
Annotation Multipliers
Pipe Text
Background Drawing
Symbol Visibility
To access the Drawing Options tab, select Tools/ Options from the pull-down menus.

Drawing Scale

Y ou can set the scale that you want to use as the finished drawing scale for the plan view output. Drawing
scale is determined based upon engineering judgment and the destination sheet sizesto be used in the final
presentation.

Y ou may choose either schematic or scaled mode to define the horizontal and vertical distance scales.

Schematic - Pipe lengths are not automatically initialized from their lengths in the drawing pane, but
must be manually entered for each pipe.
Scaled - Pipe lengths are determined from the lengths of the pipe elementsin the drawing pane.

- HOR - Horizontal scale controls the scale of the plan view.

- VER - Vertical scale controls the default elevation scale (for use in profiles, for example).

Scaled or schematic mode can be set on a pipe-by-pipe basis. Thisis useful when scaled mode is preferred,
but an exaggerated scale is needed for layout of detailed piping arrangements.

Whether the drawing is set in scaled or schematic mode automatically reflects the setting of the pipe
prototype. While in schematic mode, Gravity Pipe Prototypes and Pressure Pipe Prototypes can be
assigned a default length. When the drawing mode is scaled, pipe lengths do not need to be initialized from
the prototype. Switching between scaled and schematic in either the Project Options or Pipe Prototype
diaogs has no effect on existing pipes.

Annotation Multipliers

Annotation multipliers allow you to change the size of symbols, labels and annotation text relative to the
drawing scale. Thereis not a single annotation size that is going to work well with all projects and scales,
so these values should be adjusted based on your judgment and the desired look of the finished drawings.

Symbol Size - The number entered in this field will either increase or decrease the size of your
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symbols by the factor indicated. For example, a multiplier of 2 would result in the symbol size being
doubled. The program selects a default symbol height that correspondsto 4.0 ft (approximately 1.2 m)
in actual-world units, regardless of scale.

Text Height - The text height multiplier increases or decreases the default size of the text associated
with element labeling by the factor indicated. The program automatically selects a default text height
that displays at approximately 2.5 mm (0.1 in) high at the user-defined drawing scale. A scale of 1.0
mm = 0.5 m, for example, resultsin atext height of approximately 1.25 m. Likewise, alin =40 ft
scale equatesto atext height of around 4.0 ft.

Annotation Height - The annotation height multiplier increases or decreases the default size of the
element annotation by the multiplier indicated. The program automatically selects a default text height
that displays at approximately 2.5 mm (0.1 in) high at the user defined drawing scale. A scaleof 1.0
mm = 0.5 m, for example, resultsin atext height (to scale) of approximately 1.25m. Likewise, alin
= 40 ft scale equates to atext height of around 4.0 ft.

Pipe Text - Selecting the Align Text with Pipe box aligns the text with pipes. For more information,
see the Element Annotation topic.

In AutoCAD mode if you change the Symboal Size, Text Height, or Annotation Height you will be
prompted with the Text Positioning dialog, which allows you to select one of the following options when
applying the scaling operation.

Maintain current text positions - The current position of all the annotation will be maintained after
the scale is changed.

Reset text to default positions - The annotation will be repositioned to the default position cal culated
by the program.
On the Text Positioning dialog there is a check box that is labeled Don't show this dialog again. If you
check this box you will not be prompted with this dialog until you turn it back on using one of the
following commands at the AutoCAD command line.

WTRCScaleChangeOptions - if you arein WaterCAD
STM CScaleChangeOptions - if you are using StormCAD
SWRCScaleChangeOptions - if you are using SewerCAD

Background Drawing (Stand-Alone mode only)
In Stand-Alone mode, a.DXF file may be used as a background image for the drawing pane.

DXF Background Filename - Thisfield enables you to specify a .DXF file to be used as the
background for your project. Enter the drive, directory, and file name, or click the Browse button to
select afileinteractively.

Show Background - If the background .DXF file is turned off, it will not be read from adisk or
displayed in the drawing pane. If the background is not turned off, it will be read from a disk and

displayed.

DXF Unit - The .DXF drawing unit conversion is used when importing .DXF background files, and
also when exporting a .DXF file from the project. Note that the value in this field governs the import
behavior for .DXF files saved in scientific, decimal, or fractional units, but not for .DXF files saved in
architectural or engineering units.

.DXF file import behavior is governed by specific factors within the .DXFfile. If afile does not import as
you expect, check the options used to generate it carefully. For example, try importing the .DXF back into
the original program or into another program that supports the .DXF format, such as AutoCAD or
MicroStation. If the file does not import into other applications, there may be an invalid or missing header,
invalid elements, or other errors.
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Symbol Visibility

Symbol visibility allows you to customize the drawing by turning specific layers on or off. Each drawing
layer holds a particular type of graphical element, such as labels and annotation. To remove the graphical
elements of a particular layer from the drawing view, simply uncheck the appropriate boxes, which are as
follows:

Show L abels - The label layer holds the labels for all network elements.

Show Graphic Annotations - Graphic annotation includes lines, borders and text (in Stand-Alone
mode only).

Show Element Annotation - Element annotation includes any dynamic annotation that is added to the
project, such as through the Annotation Wizard.

Show Control Symbols- A symbol may be displayed next to pump and valve elements with one or
more controls, as defined in the Controls tab of the element editors.

Show Flow Arrows - Arrows indicating the flow direction may be displayed after calculations have

been run.
4.5 FlexUnits
4.5.1 FlexUnits Overview
FlexUnits (the ability to control units, display precision, etc) are available from almost anywhere within
Haestad Methods' software, including element dialogs, FlexTables, and the FlexUnits Manager.
4.5.2 Field Options

Most dialogs provide access to FlexUnits to set options such as unit, rounding, and scientific notation for
any field in the dialog.

To set the display options for a unitized attribute:

1. Right-click thefield, and select Properties from the pop-up menu. The Set Field Options dialog
will appear.

2. Set the options you want for your units.

3. Click OK to set the options for the field, or Cancel to leave without making changes.

Y ou will be able to change the following characteristics:

Units
Display Precision
Scientific Notation

Minimum and Maximum Allowable Values

Some attributes do not have theoretical minimum or maximum values, and others may have an acceptable
range governed by calculation restrictions or physical impossibilities. For these attributes, minimum and
maximum allowable values may not be applicable.

You can seetheresults of your changesin the preview at the top of the dialog.
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4.5.3 Units
Units are the method of measurement displayed for the attribute. To change units, click the choice list, then
click the desired unit. Thelist isnot limited to either S| or US customary units, so you can mix unit
systems within the same project.
FlexUnits are intelligent - the units actually have meaning. When you change units, the displayed valueis
converted to the new unit, so the underlying magnitude of the attribute remains the same.
For example, alength of 100.0 feet is not converted to alength of 100.0 m or 100.0 in. It is correctly
converted to 30.49 m or 1200.0 in.
To access set units, right-click the attribute’ s field and select Properties from the pop-up menu, or select
FlexUnitsfrom the T ools pull-down menu.
4.5.4 Display Precision
The precision setting can be used to control the number of digits displayed after the decimal point, or the
rounding of numbers.
Number of Digits Displayed After Decimal Point
Enter 0 or a positive number to specify the number of digits after the decimal point.
For example, if the display precision is set to 3, avalue of 123.456789 displays as 123.457. Thisworks
the same regardless of whether scientific notation is active.
Rounding
Enter a negative number to specify rounding to the nearest power of 10. (-1) rounds to the nearest 10, (-
2) rounds to the nearest 100, and so on.
For example, if the display precision is set to (-3), avalue of 1,234,567.89 displays as 1,235,000.
:& . - . . . . . .
Display precision isfor numeric formatting only and will not affect calculation accuracy.
To access display precision, right-click the attribute’ s field and select Properties from the pop-up menu, or
select FlexUnits from the Tools pull-down menu.
4.5.5 Scientific Notation
Scientific notation displays the number as areal number beginning with an integer or real value, followed
by the letter "€" and an integer (possibly preceded by asign). Click thefield to turn scientific notation on
or off. A check will appear in the box to indicate that this setting is turned on.
—F -
Scientific Notation isfor numeric formatting only and will not affect calculation accuracy.
To access scientific notation, right-click the attribute’ s field and select Properties from the pop-up menu,
or select FlexUnits from the Tools pull-down menu.
4.5.6 Minimum and Maximum Allowed Value

Minimum and maximum values are used to control the allowable range for an attribute, and are used for
validation of user input. For example, some coefficient values might typically range between 0.09 and
0.20. A frequent user input error isto misplace the decimal point when entering avalue. If you enter a
number that is less than the minimum allowed value, a warning message will be displayed. This helps
reduce the number of input errors.
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Y ou may change this number in cases where you find the default limits too restrictive.

i These allowable minimums and maximums ar e only available for certain parameters.

To access unit minimum and maximum, right-click the attributes field and select Properties from the pop-
up menu, or select FlexUnits from the Tools pull-down menu.

4.5.7 FlexUnits Manager

The FlexUnits Manager allows you to set the parameters for al the units used. The dialog consists of the
following columns:

Attribute Type - Parameter measured by the unit.

Unit - Type of measurement displayed. To change the unit of an attribute type, click the choice list and
click the unit you want. This option also allows you to use both US Customary and Sl unitsin the
same worksheet.

System - Set the system of units. Click the system column for the desired unit, and a button will
appear. Click the button, and set the unit systemto USor Sl.

Display Precision - Rounding of numbers and number of digits displayed after the decimal point.
Enter a negative number for rounding to the nearest power of 10: (-1) roundsto 10, (-2) rounds to 100,
(-3) rounds to 1000, and so on. Enter a number from O to 8 to indicate the number of digits after the
decimal point. This feature works the same whether scientific notation is on or off.

Scientific Notation - Display numbers in scientific notation. Click the field to turn scientific notation
on or off. If itisturned on, a checkmark appearsin the box.

i Thedisplay units can also be changed from several other areasin the program, and any changes
are project-wide. For example, if length is changed from units of feet to meters, all dialogs will
display length in meters. If you changethe unitsin the dialog from metersto yards, the
FlexUnits M anager will indicate that length isin yards.

To access the FlexUnits Manager, select Tools/ FlexUnits from the pull-down menus.

4.6 Quick Attribute Selector

Whenever attributes are selected such as when setting up annotations or database connections, you can
select them from organized categories using the Quick Attribute Selector tool.
Simply click the .".1 in the attribute field to bring up the pull-down menu.

From this menu you can either select attributes from the list of available categories, or you can select from
alist of the most frequently used attributes.

If you select Frequently Used / Edit from the pull-down menu, the Select Field Links dialog will appear.
Y ou can then choose all the attributes you would like to appear in the Frequently Used list.
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Chapter 5

Layout and Editing Tools

Graphical Editor Overview

This chapter describes the various tools that are available to simplify the process of graphically or manually
entering network data. Thesetools allow you to select elements to perform various graphical or editing
operations, locate particular elements, review the network for potential problems, label or relabel elements,
review your data, or define any new type of data.

5.2 Graphical Editor

5.2.1

5.2.2

Using the Graphical Editor

One of the most powerful features of the graphical editor, both in Stand-Alone and AutoCAD modes, is the
ability to create, move, edit, and delete network elements graphically. With these capabilities, modeling
becomes asimple point and click exercise. The on-line tutorials have step-by-step instructions for
performing common tasks in the graphical editor, and Lesson 1 also offers assistance.

Working with Network Elements Within the Graphical Editor

Most network editing tasks can be performed using only your mouse. The pull-down menus and AutoCAD
command line also offer the ability to perform many of these tasks, but by simply pointing and clicking
with the mouse you will be able to:

Create New Elements
Select Elements

Edit Elements

Move Elements
Delete Elements
Annotate the Drawing

Asyou place your mouse over each element, a tool-tip is diplayed informing you of the element’s
label and annotations.




5.2.3

5.2.4

5.2.5

74 Chapter 5—Layout and Editing Tools

Creating New Elements

Thetool palette contains all of the tools for adding network elements to the drawing. These element tools
include:

5@ | Pipe Layout Tool - Pipes connect the other elements to form the sewer network. The pipes are
the conveyance elements that carry flow through the network to its eventual discharge point at an
outlet. The pipetool creates either gravity pipes (represented by two parallel lines) or pressure
pipes (represented by a single line) depending on the pipe’ s location within the sewer network.

Manhole Tool - Manholes are locations where |oads enter the gravity portion of the sewer
network.

Junction Chamber Tool - Junction chambers are |ocations where upstream flows in a gravity
system combine. No loads enter the sewer at these points.

Wet Well Tool - Wet wells represent boundary conditions between pressure and gravity portions
of aSewerCAD network. They serve as collection points for gravity systems, and asaHGL
boundary node for the pressure system. Dry loads can also enter the sewer network at these
locations.

B

Pump Tool - Pumps are used to add energy to the system to overcome elevation differences and
headl osses.

[

Pressure Junction Tool - Pressure junctions are connections between two or more pressure
pipes of varying characteristics. Loads may enter a pressure portion of a network through a
pressure junction.

{:] Outlet Tool - Outlets represent ultimate termination points in a sanitary sewer network.

Although the elements can all be inserted individualy, the most rapid method of network creation is
through the Pipe Layout tool. The Pipe Layout tool enables you to connect existing nodes with new
pipes, and also allows you to create new nodes as you lay out the pipes.

For example, when the Pipe Layout tool is active, clicking within the drawing pane will insert a node.
Clicking again at another location will insert another node and connect a pipe between them. Use the on-
line tutorials to experience it interactively.

Changing the Pipe Layout Tool to Insert a Different Type of Node

While laying out a network, you may need to change the type of node that the Pipe L ayout tool inserts.
This can be done very easily by following the steps outlined below:

With the Pipe Layout tool active, right-click in the drawing pane.

1. A pop-up menu will appear with alist of available element types.

2. Select an element type from the pop-up menu.

The cursor appearance will changeto reflect the type of node to be inserted.

Morphing Elements

Occasionally, you may find that you need to replace a node with a different type of node. Y ou can make
this change through a process called morphing.

Morphing enables you to change an existing network node type, without having to delete and re-create the
node and all of its connecting links. Information types that are common between the existing and new
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elements will be copied into the new element. To morph an existing element into a different type of
element:

1. Select the new element type from the Tool Palette.
2. Inthe drawing pane, place the cursor over the old element and click.

3. You will be prompted to verify that you want to morph. Answer yes to perform the morph, or
answer no and a new element will be added at the specified location. If you accidentally morph
an element, this action can be undone by selecting Edit / Undo from the pull-down menus.

Splitting Pipes

Y ou may encounter a situation in which you need to add a new node in the middle of an existing pipe. For
example, you may want to insert anew inlet to capture excessive surface flow in StormCAD, anew
junction to represent additional demand in WaterCAD, or a new manhole to maintain maximum access
hole spacing in SewerCAD.

Y ou can split existing pipes simply by inserting a node along the pipe as follows:
From the Tool Palette, select the node type.

1. Inthedrawing pane, place the cursor over the pipe and click

2. You will be prompted to confirm that you wish to split the pipe. If you choose to split the pipe,
the node will be inserted and two new pipes will be created with the same characteristics as the
original pipe (lengths are split proportionally).

3. If you choose not to split the pipe, the new element will be placed on top of the pipe without
connecting to anything.

If you accidentally split a pipe, this action can be undone by selecting Edit / Undo from the pull-down
menus.

Selecting Elements

Y ou can select one element or a group of elements from drawing pane on which to perform various
operations such as moving, deleting, and editing.

Selecting Elements (Stand-Alone Mode)

1. InStand-Alone model activate the Select tool M

2. Tosdect asingle element, simply click the desired element. To select a group of elements, click
the drawing pane and drag the mouse to form a selection box around the elements you want to
select, then click again to choose the other corner of the selection box. All elementsthat are fully
enclosed within the selection box will be selected.

To toggle the selected status of one or more elements, you can follow the same instructions as above while
holding down the Shift key. There are also additional ways to select elements through the Edit menu.

When an element is selected in the Stand-Alone drawing pane, it will be displayed with at least one grip. A
grip isablack box, as shown below, that indicates the figure' sinsertion point. The label of a selected item,
or the number of selected items, will be displayed in the status bar.

©
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Selecting Elements (AutoCAD Mode)

Within AutoCAD, the Select tool does not need to be active when making a selection. Simply use the
standard AutoCAD selection techniques.

AutoCAD also offers avariety of other selection methods that are outlined in the AutoCAD documentation.

When an element is selected in AutoCAD, it may be displayed in a dashed linetype, and the grips may
become visible, as shown below. The exact display depends on how the element was selected and the
vaue of the AutoCAD variable GRIPS.

|'. b
i n
/

Selecting Upstream / Downstream Elements

Y ou can select all the elements upstream or downstream of a selected gravity node by right clicking on the
node and selecting Select / Elements Upstream / Downstream from ... from the pop-up menu. If in
AutoCAD, make sure that Right Click Context Menu is checked in the Global Options diaog.

Editing Elements

There are several methods for editing network element data, including Database Connections, FlexTables,
and the Alter native Manager .

Perhaps the most common method of changing element data, however, is from an individual element’s
editor dialog. To edit asingle element, use the Select tool in Stand-Alone mode or in AutoCAD mode.

In Stand-Alone mode and in AutoCAD 2000i, editing a single element is very easy. Simply double-click
the element, and the Editor dialog will open. Alternatively, you can right-click the element and select
Edit... from the pop-up menu.

Editd-2...

Delete

Create Selection Set...
Compute..;
Options...

In AutoCAD 2000 and AutoCAD R14, the processis dightly different. First, click the Select tool, then
click the element you wish to edit. If you are using AutoCAD 2000, or you are using AutoCAD R14 and
you have Right Click Context M enu checked in the Global Options diaog, you can also right-click to
activate the pop-up context menu.

Right-click context menus can provide easy access to common functions and actions.

In AutoCAD 2000i, likein Stand-Alone, you can aso double-click the element to bring up its editor.

Moving Elements
Y ou can change the location of elements easily, whether you are in Stand-Alone or AutoCAD mode.

Thefirst step isto select the element(s) to be moved. Next, click to drag the element, and release to drop it
at its new location. In AutoCAD mode, you can accomplish this by dragging the grips. When anode is
moved to a new location, al connected pipes will remain attached, and pipe lengths will automatically
update (unless the pipe has a user-defined length or you are working in schematic mode).
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In AutoCAD, this command isthe equivalent of the STRETCH command, not the MOVE
command. Thereare also several other methods of moving itemswithin AutoCAD. For more
infor mation regar ding moving elementswithin AutoCAD, pleaserefer to your Autodesk
documentation.

In the same fashion, you can graphically change the location of element |abels and annotation relative to
the element.

A node element can also be moved by editing its coordinates in the element’ s editor, in FlexTables, or
through database connections.

Deleting Elements

Deleting elementsis quite easy. Simply select the element(s) to be deleted, and press the Delete key on the
keyboard. Note that the integrity of the network is automatically maintained when deletions are performed.
This means that when a node is deleted, any connecting pipes are also deleted to prevent "dangling” pipes
that would cause the network to be invalid.

There are also severa other methods of deleting elements, including selecting Edit / Delete from the pull-
down menus, or typing ERASE at AutoCAD’s command line.

Other Tools

Although this product is primarily a modeling application, some additional drafting tools can be helpful for
intermediate calcul ations and drawing annotation. AutoCAD, of course, provides atremendous number of
drafting tools.

N >| In Stand-Alone mode, drafting and annotation tools alow you to add polylines
(multi-segmented lines), rectangles, and text to the drawing pane.

Line-Enclosed Area
In Stand-Alone mode, you can calcul ate the enclosed area of any closed polyline. This feature can be
especially helpful for determining the size of storm catchments or land-use areas.

Simply right-click the closed polyline, and select Enclosed Area from the pop-up menu. The Area dialog
will open, displaying the calculated area of the polyline enclosure.

Thistool isonly available for closed polylines. To close an open-ended polyline, right-click it and
select Close from the pop-up menu.

Although this feature is not provided in AutoCAD mode, you can determine the area of any AutoCAD
polyline by performing aL | ST command.

5.3 Selection Sets

Selection sets are user-defined groups of network elements. They allow you to predefine a group of
network elements that you want to manipulate together. Selection sets are defined through the Selection
Set Manager by selecting Tools/ Selection Sets from the pull-down menus.
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5.3.1 Selection Set Manager
Add - Add anew selection set.
Edit - Edit an existing selection set.
Duplicate - Copy an existing selection set.
Delete - Delete an existing selection set.
Rename - Rename an existing selection set.

Notes - Add a note regarding the selection set.

5.3.2 New Selection Set

After clicking Add in the Selection Set Manager, adialog appears. Simply enter the name of your new
selection set inthedialog. Click OK to name the selection set, or Cancel to exit the dialog without
creating a selection set.

5.3.3 Selection Set Dialog

In this dialog, you will notice two panes. A listing of all the elements in the network is displayed in the
Available Items pane. To add itemsto the Selected Items pane, select the desired elementsin the
availablelist and click the [>] button under Add. To add all the elementsto your selection set, click the
[>>] button.

Additionally, you can use the Select button to highlight itemsin the Available | tems pane using a variety
of powerful selection techniques, or by graphically selecting elements from the drawing. It will also allow
you to invert the selection set, thereby unselecting the ones already selected and selecting the ones not
already selected. Y ou can also clear the selected items using the Select button.

The features mentioned above are also available to remove items from the Selected I1tems pane.

5.3.4 Duplicate Selection Set
Click Duplicate make a copy of the highlighted selection set.

5.3.5 Delete Selection Set
Click Delete to delete the highlighted selection set.

5.3.6 Rename Selection Set
Click Rename to open a dialog that allows you to change the name of the highlighted selection set.

5.3.7 Selection Set Notes
Click Notesto input free form paragraph text that will be associated with the highlighted selection set.

5.4 Find Element

Thisis apowerful feature that allows you to quickly locate any element in the drawing by its label. It
performs a case insensitive search. The Find Element feature is available from the Edit menu on the main
window.
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To find an element:

Choose Edit / Find Element from the pull-down menus.

1. Typethelabel of the element you wish to find, or click the list box to choose from a sorted list of
elementsin the system.

2. You may wish to choose a Zoom Factor from the list provided. 100% is the default Zoom Factor.
If you wish to magnify the view of the drawing, then choose a Zoom Factor greater than 100%.
To decrease the view of the drawing, choose a Zoom Factor less than 100%.

3. Click OK.

5.5 Zooming

5.5.1

Zooming controls how large or small a drawing appears on the screen. Zooming is helpful when you want
to enlarge the display to see the drawing’s details, or to reduce the display to see an entire drawing.
Zooming does not change the actual size of the drawing, only the size of the current view.

Y ou can zoom by doing one of the following:

From the View pull-down menu or the toolbars you can perform the following zoom operations:

ZoomIn Q Enlarge the view of the drawing.
Zoom Out e',& Decrease the view of the drawing.
Zoom Window t Choose the portion of the drawing to fit in

2

+

the window by drawing a selection box
around it.

Zoom Extents Bring al elementsin the drawing into view.

Return to the most recent view of the
drawing.

Zoom Previous

& &

Zoom Center Center the location of specific coordinates
within the drawing pane.

You can usethe Pluskey (+) and the Minus key (-) on the numeric keyboard as a shortcut for
zooming in and out respectively (Stand-Alone mode only).

You can also zoom in and out by holding down the ctrl key and using the mouse wheel.

Zoom Center

The Zoom Center dialog provides you with a quick way to zoom to any area of your drawing. This feature
isuseful if you want to start laying out a network around certain coordinates, or if you know the
coordinates of an existing element that you would like to locate.

To use Zoom Center:

1. Select View/ Zoom Center from the pull-down menus.
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2. Inthe Zoom Center dialog, enter the coordinates to which you would like to zoom.
3. Select azoom factor if you would like to increase or decrease the magnification.
4. Click OK, and the specified coordinates will be located at the center of the drawing.

5.5.2 Aerial View

The Aerial View isasmall navigation window that provides a graphical overview of your entire drawing.
You can toggle the Aerial View window on or off by selecting View / Aerial View from the pull-down
menu.

A Navigation Rectangle is displayed in the Aerial View window. This Navigation Rectangle provides a
"you are here" indicator showing you current zoom location with respect to the overall drawing. Asyou
pan and zoom around the drawing, the Navigation Rectangle will automatically update to reflect your
current location.

You can also use the Aerial View window to navigate around your drawing. To pan, simply click the
Navigation Rectangle to drag it to a new location. To zoom, click anywhere in the window to specify the
first corner of the Navigation Rectangle, and click again to specify the second corner.

In AutoCAD mode:
Refer to the AutoCAD on-line Help for a detailed explanation.

In Stand-Alone mode:

With Aerial View window enabled (by selecting the View / Aerial View from the pull-down menu), click
and drag to draw arectangular view box in the aerial view. The areainside this view box is displayed in
the main drawing window. Alternately, any zooming or panning action performed directly in the main
window updates the size and location of the view box in the Aerial View window.

The Aerial View window contains the following buttons:

Zoom Extents - Display the entire drawing in the Aerial View window.
Zoom In - Decrease the area displayed in the Aerial View window.

Zoom Out - Increase the area displayed in the Aerial View window.

To resize the view box directly from the Aerial View window, simply draw a new rectangular view box.
To change the location of the view box directly in the Aerial View window, you can either drag the view
box frame or create a new one.

5.6 Drawing Review

The Drawing Review window allows you to quickly navigate to and review any group of elements. This
tool is particularly useful for finding potential problemsin a network. These problems may result from
data entry errors or data discrepancies in the source (database, Shapefile, or CAD drawing) from which a
model was imported.

By default, when the Drawing Review window opens, all elements will appear in thelist. Y ou can work
with any subset of elements by choosing one of the following items:

Select / Custom - Allows you to choose any set of elements to review using the Selection Set dialog.
Select / All Elements - Automatically selects all available elements.

Select / Nodesin Close Proximity - Allows you to select all nodes that are within a user-defined
tolerance of another node. Thetoleranceis defined in the Nodesin Close Proximity dialog, which
opens when this option is selected. Thistool is useful for finding and correcting connectivity problems.
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For example, if two nodes are close too each other the may actually be the same node, and one of them
needs to be deleted.

Select / Pipe-Split Candidates - Allows you to find nodes that are closer to a pipe than a user-defined
tolerance, but are not connected to the system. Thetolerance is defined in the Pipe-Split Candidates
dialog, which opens when this option is selected. This option is useful for finding and correcting
connectivity problems.

Select / Orphaned Nodes - Allows you to select al orphaned nodes in your network. A nodeisan
orphan when it is not connected to any pipe.

Select / Elementswith M essages - Allows you to select all the elements that have warnings or error
messages, appearing in the M essages tab of an Element Editor dialog. Thisis useful for correcting
data entry errors.

Select / Clear Drawing Review M essages - Allows you to reset Drawing Review messages for all
elementsinthelist. Drawing Review messages are automatically added during various Import
operations such as Polyline to Pipe Import and Land Development Desktop Import (SewerCAD or
StormCAD only). After you review and fix these problems, you may want to clear the review
messages. If you want to retain some of the drawing review messages, simply remove those elements
from the list prior to performing this operation.

The elements you select will appear in the primary list located along the left side of the Drawing Review
window.

Go To - To navigate to an element, select the desired element in the list and press the Go To button.
Next / Prev - To navigate to the elements sequentially, use the Next or Prev buttons.

Zoom - Y ou can control the degree to which the drawing review zooms into the selected element by
choosing a zoom factor from the field labeled Zoom, located in the lower right corner of the dialog.

You can double-click an element in thelist to quickly navigate to that element.

If you know the name of the element to which you wish to navigate, typethelabel in thefield
located above the element list and click the Go To button.

All menus and toolbarswill remain available even when the Drawing Review window is open.
Thisallows you to navigate to and fix any problemsthat you find.

Use the Drawing Review window in conjunction with the QuickView window to review the data for the
selected elements.

To access the Drawing Review dialog, select Edit / Review Drawing from the pull-down menus.

Selection Tolerance

Some select operations require you to specify atolerance for defining which nodes will be selected for the
Drawing Review window.

Elementsin Close proximity - If the distance between the elements in the drawing is within the
specified tolerance, those elements will be selected for display in the Drawing Review window.

Pipe Split Candidates - If the distance between a node and a pipe is within the specified tolerance, it
will be selected for display in the Drawing Review window.
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5.7 Relabel Elements

5.7.1

Element relabeling allows you to modify the labels of a selected set of elements. Thisfeatureis especially
useful with amodel built from a database that uses numeric IDs to identify elements, making it difficult to
distinguish between the different types of elementsin the system. With element relabeling, you can
quickly append a prefix such as ‘' P-" to al pipesin your system so that it is obvious which labels belong to
elements representing pipes.

The Relabel Elements dialog contains two sections:

Relabel Operations - Allows you to select and define the operations you want to perform.

Elements Selected - Allows you to select which elementsin your project you want to relabel.
To access the Relabel Elementsdialog, select Tools/Relabel Elements from the pull-down menu.

Relabel Operations

The element relabeling tool allows you to perform three types of operations on a set of element labels:
Replace, Renumber, and Append. The active relabel operation is chosen from the list box in the Relabel
Operations section of the Relabel Elements dialog. The entry fields for entering the information
appropriate for the active relabel operation appear below the Relabel Oper ations section. The following
list presents a description of the available element relabel operations.

Replace - This operation allows you to replace al instances of a character or series of charactersin the
selected element labels with another piece of text. For instance, if you selected elements with |abels P-
1, P-2, P-12, and J-5, you could replace all the P's with the word Pipe by entering ‘P in the Find field,
‘Pipe’ in the Replace With field, and clicking the Apply button. The resulting labels are Pipe-1, Pipe-
2, Pipe-12, and J-5. Y ou can also use this operation to delete portions of alabel. Suppose you now
want to go back to the original labels. You can enter ‘ipe’ in the Find field and |eave the Replace
With field blank to reproduce the labels P-1, P-2, P-12, and J-5. Thereis also the option to match the
case of the characters when searching for the charactersto replace. This option can be activated by
checking the box next to the Match Case field.

Renumber - This operation allows you to generate a new label, including suffix, prefix, and ID
number for each selected element. For example, if you had the labels P-1, P-4, P-10, and Pipe-12, you
could use this feature to renumber the elements in increments of five, starting at five, with aminimum
number of two digits for the ID number field. Y ou could specify a prefix ‘P-" and a suffix ‘-Z1' in the
Prefix and Suffix fields, respectively. The prefix and suffix are appended to the front and back of the
automatically generated ID number. The value of the new ID for the first element to berelabeled, 5, is
entered in the Next field. The value by which the numeric base of each consecutive element is
incremented, 5, is entered in the Increment field. The minimum number of digitsin the ID number, 2,
isentered in the Digitsfield. If the number of digitsin the ID number isless then thisvalue, zeros are
placed in front of it. Click the Apply button to produce the following labels: P-05-Z1, P-10-Z1, P-15-
Z1, and P-20-Z1.

Append - This operation allows you to append a prefix, suffix, or both to the selected element labels.
Suppose that you have selected the labels 5, 10, 15, and 20, and you wish to signify that these elements
are actually pipesin Zone 1 of your system. Y ou can use the append operation to add an appropriate
prefix and suffix, such as‘P-" and *-Z1’, by specifying these values in the Prefix and Suffix fields and
clicking the Apply button. Performing this operation yields the labels P-5-71, P-10-71, P-15-7Z1 and
P-20-Z1. You can append only a prefix or suffix by leaving the other entry field empty. However, for
the operation to be valid, one of the entry fields must be filled in.

The selection set of elements on which the relabel operation is to be performed can be selected in the
Elements section of the Relabel Elements dialog.

To access the Relabel Elementsdialog, select Tools/ Relabel Elements from the pull-down menus.
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5.7.2 Elements Selected

The Elements section contains a pane that lists the elements to be relabeled. Y ou can select the set of
elements that appears in this pane by clicking the Select button. This accesses the Selection Set dialog,
where you can pick a set of elements from all the elements currently in the project.

For the Append and Replace operations, the order that the elements appear in the text pane does not affect
the results of the operation. However, for the Renumber operation, the order in which the elements appear
in the text pane determines the order in which they will be renumbered. The default order in which the
elements appear in the text paneis in the alphanumeric order of the element labels, called Ascending order.
If you wish to change this order, click the Sort button, and select Network Order to put the elementsin
the order they appear in the network, Descending Order to put them in reverse alphanumeric order, or
Ascending Order to put them back in aphanumeric order.

5.8 Element Labeling

The Element Labeling dialog is used to specify the automatic numbering format of new elements as they
are added to the network. The following options are available:

Element - View the type of element to which the label applies.

Next - Enter the integer you want to use as the starting value for the ID number portion of the [abel.
The program will generate labels beginning with this number, and will choose the first available
unique label.

Increment - Enter the integer that will be added to the ID number after each element is created to yield
the number for the next element.

Prefix - Enter the |etters or numbers that will appear in front of the ID number for the elementsin your
network.

Digits - Enter the minimum number of digits that the ID number will have. For instance, 1, 10, and
100 with a digit setting of two would be 01, 10, and 100.

Suffix - Enter the letters or numbers that will appear after the ID number for the elementsin your
network.

Preview - View an example of what the label will look like based on the information you have entered
in the previousfields.
Changes to the element labeling specifications will only affect the numbering of new elements. Existing
elements will not be affected. In order to adjust the numbering of existing elements, utilize the Relabel
Elements option accessible from the T ools menu.

Pipelabeling can be aligned with the pipes or be displayed horizontally, depending on the Pipe
Text setting specified in the Drawing Options dialog.

Y ou can control the angle at which the text flips from one side of the pipe to the other to read in the
opposite direction, when the pipe direction on aplot is nearly vertical. By default, the text flips direction
when the pipe direction is 1.5 degrees, measured counter-clockwise from the vertical. Y ou may modify
this value by inserting a TextFlipAngle variable in the Haestad.ini file that is located in the program file of
your Haestad directory, and specifying the angle at which the text should flip. The angleis measured in
degrees, counter-clockwise from the vertical. For instance, if you want the text to flip when the pipe
direction is vertical, you should add the following line to the Haestad.ini file:
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TextFlipAngle=0.0
Reasonable values typically fall in the range 15.0 deg to -15.0 deg.
To access the Element Labeling dialog, select Tools/ Element Labeling from the pull-down menus.

5.9 Quick View

The Quick View window provides you with afast way to edit or view the data associated with any element
in the network without having to open the element dialog. It isafloating window that includes input and
output information for any element that you have selected. It also includes a convenient color-coding
legend. Three tabs are provided on the window:

Input - Contains input data for the selected element.
Output - Contains output data for the selected element.

L egend - Displays ranges of the active color-coding.

When the Quick View window is open, the data for an entity will immediately be displayed when you
select it within the graphical editor. Once an element has been selected, click on any editable field on the
Input tab to edit the associated value. Edits will be committed when you leave the Quick View window.
Changes made through the Quick View window can be undone/redone by accessing the Edit menu.

You can change the size of the Label, Value, and Unit columns on the I nput/Output tabs by using
the resizing bar at the top of the Quick View window.

You can highlight an Input or Output attribute (e.g. Demand), by clicking the label of that
attributein the Quick View window. This highlighting providesfor better visual feedback, for
example, when monitoring the pressures at several nodes.

The Quick View window can be accessed by clicking the Quick View window button on the
toolbar. You can aso select View / Quick View from the pull-down menus.
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Chapter 6

Hydraulic Element Editors

6.1 Overview

The primary component of a SewerCAD project is the collection system model. A collection system model
may contain multiple independent (not connected) networksin asingle project file. Each network may
contain gravity elements, and pressure elements, in which the flow is under pressure due to the presence of
a pumping station upstream. The element types that are used to form a network are:

Manholes - These are node elements used to model access hole structures. At a manhole, you can
enter alocal load and also model the headloss associated with the structure.

Junction Chambers - These are node elements used to model underground structures. Unlike a
manhole, no local |oad can be entered at ajunction chamber; however, junction headloss associated
with this structure can be modeled.

Wet Wells - These are storage nodes typically used in conjunction with one or more pumps to model a
pumping station. Wet wells can be defined with either a constant section area or variable section area.
A local loading may also be added at awet well.

Pumps - Pumps are elements that add head to the system as water passes through them. A pump is
typically defined by a pump curve and control elevations, at which the pump turns off or on.

Pressure Junctions - These are node elements used to model a junction under pressure at the
downstream end of one or several pressure pipes.

Outlets - These are node elements that define the "root," or most downstream element of a SewerCAD
network. They specify the starting hydraulic grade line for the backwater analysis. Gravity networks
contain only one outlet element. However, a pump may pump into more than one forcemain, thus
allowing split flow and possibly more than one outlet in pressure networks.

Gravity Pipes - These are link elements of constant shape, material, size, and slope that are used to
transport the discharges from node to node.

Pressure Pipes - These are link elements of circular shape and of constant material and size used to
transport the discharges under pressure from node to node.

This chapter presents a detailed ook at the input and output data used in a SewerCAD project, and the way
it isorganized in the graphical user interface. First, a description of the elements used to model the sewer
collection system is provided. Second, the various means of entering loading data are described. Then,
prototypes are discussed as away to initialize new model elements with default values. Finally, the user’s
ability to augment SewerCAD' s existing attribute set with User-Data extensions are discussed.

i A collection system model will not be considered valid for calculation if the number of pipes
exceedsthelicensed size. To determine how many pipesyou are licensed for, select the Help /
About Sewer CAD from the pull-down menu. Click the Registration button. A single Sewer CAD
project file can contain any number of valid networks, but if the total number of pipes exceeds
the licensed size, the project will not calculate.
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6.2 Element Editors

6.2.1

Using Element Editors

The Element Editorsallow you to edit al input data and view all output data defining a single network
element.

Element data may also be viewed/edited mor e efficiently through FlexTables, which display all
the data in customizable tabular format, allowing you to perform functions such as sorting,
filtering, and global editing. The data may also be quickly reviewed through the Quick View
window.

Y ou can move to connecting elements from the selected element’ s editor by using the following buttons.

=l Click this button to move to the default upstream element of the selected gravity element or to the
~Zi= default-connected element of the selected pressure element.

Click the side-triangle button to open a pop-up menu to select one of the available connecting elements.

To access an Element Editor:

Sand-Alone: Double-click the element you wish to edit, or right-click the element and select
Edit from the drop-down menu.

AutoCAD R14: Pick the Select tool and click the element you wish to edit. If the Right-Click
Context Menu option is enabled, you can also right-click the element and select
Edit from the drop-down menu.

AutoCAD 2000:  Pick the Select tool and click the element you wish to edit, or select the element
and choose Edit from the drop-down menu.

AutoCAD 2000i: Double-click the element you wish to edit, or right-click the element and select
Edit from the drop-down menu.

6.2.2 Manholes

Manholes are the elements used to model the access holes in a sewer collection system. The Manhole
Editor organizesthe related input data and calculated results into the following tabs:

General - General manhole information containing geographical data and hydraulic results.
Headlosses - Headloss cal culation method and parameters.

Diversion - Diversion target, rating table, and resullts.

L oading - Loading data, which is composed of sanitary loads, wet weather loads, and known flows.
Design - Constraints used during automatic design.

Cost - Cost analysis input/output data used when performing cost analysis calculations.

User Data - Additional user-entered data. For instance, you can add new fields such as the manhole
installation date.

M essages - Cal culation messages, such as computation warnings or error messages, and user-entered
notes and descriptions.

For further details, refer to the topics describing each tab.
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Junction Chambers

Junction chambers are used to model underground nodal structuresin gravity sewer collection systems.
Unlike amanhole, no local load can be entered at ajunction chamber. Headloss associated with junction
chambers can also be modeled. The Junction Chamber Editor organizes the related input data and
calculated results into the following tabs:

General - General junction chamber information containing geographical data and hydraulic results.
Headlosses - Headl oss cal culation method and parameters.

Diversion - Diversion target, rating table, and results.

Design - Constraints used during automatic design.

Cost - Cost analysisinput/output data used when performing cost analysis calculations.

User Data - Additional user-entered data. For instance, you can add new fields such as the junction
installation date.

M essages - Cal culation messages, such as computation warnings or error messages, and user-entered
notes and descriptions.

Wet Wells

Wet wells are used to model the storage structures in sewer collection systems. They are storage nodes
usually used in conjunction with one or several pumps to model a pumping station. Wet wells can be
defined with either a constant section area or a variable section area. A local loading may also be added at
awet well. The Wet Well Editor organizes the related input data and cal culated results into the following
tabs:

General - General wet well information containing geographical data and hydraulic results.
Section - Geometric characteristics of the well, as well as water level limits.

Loading - Load data, which is composed of sanitary loads, wet weather |oads, and known flows.
Cost - Cost analysisinput/output data used when performing cost analysis calculations.

User Data - Additional user-entered data. For instance, you can add new fields such as the well
construction date.

M essages - Cal culation messages, such as computation warnings or error messages, and user-entered
notes and descriptions.

Pumps

Pumps are used to model devices that add energy to sewer systems as water passes through them. A pump
istypically defined by a pump curve and control elevations, at which the pump turns off or on. A pumpis
conceptually a composite element, modeled as alink with junction nodes on either end, althoughiitis
represented in the graphical editor by asingleicon. The Pump Editor organizes the related input data and
calculated results into the following tabs:

General - General pump information containing geographical data, the pump curve data, the initial
setting, and the hydraulic results.

Controls - Data specifying the on/off elevation settings of the pump, as well as relative speed factor
settings in the case of a variable speed pump.

Cost - Cost analysisinput/output data used when performing cost analysis calculations.

User Data - Additional user-entered data. For instance, you can add new fields such as the pump
installation date.



6.2.6

6.2.7

6.2.8

88 Chapter 6 —Hydraulic Element Editors

M essages - Calculation messages, such as computation warnings or error messages, and user-entered
notes and descriptions.

Pressure Junctions

Junction structures are used to model junctions under pressure at the downstream end of one or several
pressure pipes. The Pressure Junction Editor organizesthe related input data and calculated results into
the following tabs:

General - General manhole information containing geographical data and hydraulic results.
Loading - Load data, which is composed of sanitary loads, wet weather loads, and known flows.
Cost - Cost analysisinput/output data used when performing cost analysis calculations.

User Data - Additional user-entered data. For instance, you can add new fields such as an observed
pressure at the junction.

M essages - Cal culation messages, such as computation warnings or error messages, and user-entered
notes and descriptions.

Outlets

Outlets are the node elements that define the "root," or most downstream element of a SewerCAD network,
and specify the starting hydraulic grade line for the backwater analysis. The Outlet Editor organizesthe
related input data and calculated results into the following tabs:

General - General outlet information containing geographical data and hydraulic results.
Design - Constraints used during automatic design.
Cost - Cost analysisinput/output data used when performing cost analysis calculations.

User Data - Additional user-entered data. For instance, you can add new fields such as the outlet
installation date.

M essages - Cal culation messages, such as computation warnings or error messages, and user-entered
notes and descriptions.

Gravity Pipes

Gravity pipes are used to model the pipes in the system in which the flow is discharging downstream due to
gravity. The Gravity Pipe Editor organizesthe related input data and calculated results into the following
tabs:

General - General pipe information containing physical characteristics data and hydraulic results.
Profile - Information regarding the pipe' s physical and hydraulic profile.
Design - Constraints used during automatic design.

Infiltration - Infiltration data, which may be proportional to the pipe characteristics or defined as a
lump sum.

Cost - Cost analysisinput/output data used when performing cost analysis calculations.

User Data - Additional user-entered data. For instance, you can add new fields such as the pipe
installation date.

M essages - Cal culation messages, such as computation warnings or error messages, and user-entered
notes and descriptions.
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Pressure Pipes

Pressure pipes are used to model the pipes carrying flow under pressure, discharging from a pumping
station located upstream in the sewer collection system. The Pressure Pipe Editor organizesthe related
input data and calculated results into the following tabs:

General - General pipe information containing dimension and physical characteristics data, and
hydraulic results.

Controls - Control data used to specify whether the pipe is open or closed based on the HGL or
pressure at any given node in the system.

Cost - Cost analysisinput/output data used when performing cost analysis calculations.

User Data - Additional user-entered data. For instance, you can add new fields such as the pipe
installation date.

M essages - Cal culation messages, such as computation warnings or error messages, and user-entered
notes and descriptions.

6.3 Element Editors' Tabs

6.3.1

General Tab
Manholes, Junction Chambers, and Outlets

General Tab (for Manholes, Junction Chambers, and Ouflets)
The General tab for manholes, junction chambers, and outlets is organized into the following sections:
General - Genera data about the node.
Structure - Geometric and elevation data.
Hydraulic Summary - Hydraulic results for manholes or junction chambers.
Tailwater Hydraulics - Tailwater data for an outlet.

Flow Summary - Total flow and distribution of the flow at a node.
For further details, refer to the topics describing each section.

General Section
The General section alows you to enter general information about the node, such as:
L abel - Unique name by which an element will be referred to in reports, error messages, and tables.

X (Easting) - The location of the node may be represented as an X-value or an Easting value,
depending on individual preferences.

Y (Northing) - The location of the node may be represented as a Y -value or a Northing value,
depending on individua preferences.

Ground Elevation - Elevation of the ground surface at the node.

Station / Calculated Station - Distance along the alignment of pipes. The starting station can be
specified at an outlet or wet well, and is calculated for nodes and junctions.

The Station attributeis only editable for Outlet and Wet Well elements. For all other elements,

the station is computed during a calculation based on the initial station and pipe lengths.
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Structure Section
The Structure section alows you to enter data pertaining to the node's structure;

Bolted Cover - Specify whether a manhole cover is bolted, in which case the flow is contained inside
the structure when the water level risesto the rim elevation, instead of spilling over.

Set Rim to Ground Elevation - This check box enables or disables a data entry shortcut. If the box is
checked, the manhole or outlet rim elevation will be set equal to the ground elevation automatically.
During an automatic design, the structure rim elevations will be the same as the ground elevation.

Rim Elevation - Thisfield is editable only when the Set Rim to Ground Elevation check box for a
manhole or outlet is unchecked.

Sump Elevation - Elevation of the bottom of a manhole or outlet.

Structure Diameter - Cross-sectional diameter of a manhole or junction chamber. Thisvaueisused
in hydraulic calculations and profile drawings, but not in plan view.

Top Elevation - Elevation of the top of ajunction chamber.

Bottom Elevation - Elevation of the bottom of ajunction chamber.

A warning will be posted to the calculation log whenever the defined sump elevation isinvalid
(i.e. above any connecting pipeinvert).

During automatic design calculations, the program automatically sets sump inverts according to
the design constraints specified in the active Design Constraints Alter native.

Hydraulic Summary Section

The Hydraulic Summary section, available on the General tab of the Manhole and Junction Chamber
Editors, provides the following quick summary of the calculated hydraulic results:

Hydraulic Grade Line In - Hydraulic grade at the downstream end of the incoming pipe section.

Gravity Element Headloss - Headlosses associated with factors such as mixing and change of
direction.

Hydraulic Grade Line Out - Hydraulic grade at the upstream end of the outgoing pipe section.

Tailwater Hydraulics Section

The Tailwater Hydraulics section, available on the Gener al tab of the Outlet Editor, contains the
following fields:

Tailwater Condition - Select the outfall condition (crown, free-outfall, or user-specified) from the
choicelist. The program performs a backwater analysis throughout the sewer system starting from the
outfall condition selected.

Tailwater Elevation - Only editable under user-specified tailwater conditions. For all other tailwater
conditions, the field is calculated.

Hydraulic Grade Line Out - The computed tailwater elevation.

You may want to let the program compute an ideal outfall invert elevation and profileasa
preliminary design. To do this, ssimply run an automatic design and let the program compute a
good estimate based on cover requirements, slope constraints, and pipe sizes.
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Flow Summary Section
This section reports a summary of the total flow at a node and the distribution of this flow.

For Steady State mode the fields displayed are as follows:

Total Dry Weather Flow - Total flow at a node resulting from sewage generated during dry weather
from the network upstream of a given node.

Total Wet Weather Flow - Total flow at a node resulting from the intrusion of rainfall water into the
sewer system from the upstream network. Wet weather load consists of groundwater infiltration and
rainfall inflow. Groundwater infiltration occursin gravity pipes while inflows occur at manholes and
wet wells.

Pumped Flow - Portion of the total flow that comes from pumps located in the upstream network,
when the Use Pumped L oad toggle in the Calculation Optionsdialog isOn. In this case, the flow
coming out of pumps s treated as a fixed flow, to which peaking factors do not apply.

System Known Flow - Portion of the total flow derived from manually entered Known Flows
upstream of the reporting point. Known flows are not additive except at network junctions. The
Known Flow component will remain constant until it encounters a downstream Known Flow of a
different value.

Total Flow - Tota flow going through an element of the network.
For EPS mode the fields displayed are as follows::

Total Flow - Represents the total flow coming to the structure, which includes the upstream flow
through pipes, incoming diverted flow, and the local sanitary loads and inflows.

Diverted Flow - Represents the amount of the total flow, which is diverted from the inlet to the
diversion target.

Flow In - Represents the portion of the flow established locally at the selected node, such as unit dry
weather and wet weather |oads.

Y ou can toggle between Steady State and EPS modes by clicking the GO button and changing the
Calculation Type.

Wet Wells

Wet Well General Tab
The General tab for wet wellsis organized into the following groups:
General - Genera data about the node.
Hydraulic Summary - Reports calculated hydraulic grade line leaving the well.

Flow Summary - Total flow and distribution of the flow at the wet well.
For further details, refer to the topics describing each section.

General Section
The General section alows you to enter general information about the node, such as:
L abel - Unique name by which an element will be referred to in reports, error messages, and tables.

X (Easting) - The location of the node may be represented as an X-value or an Easting value,
depending on individual preferences.
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Y (Northing) - The location of the node may be represented as a 'Y -value or a Northing value,
depending on individua preferences.

Ground Elevation - Elevation of the ground surface at the node.

Station / Calculated Station - Distance along the alignment of pipes. The starting station can be
specified at an outlet or wet well, and is calculated for nodes and junctions.

The Station attributeis only editable for Outlet and Wet Well elements. For all other elements,
the station is computed during a calculation based on the initial station and pipe lengths.

Wet Well Hydraulic Summary Section

This section reports the hydraulic grade line exiting the wet well, and hence the level in the wet well itself.

The summary consists of Hydraulic Grade Line Out, which represents the hydraulic grade in the wet well
calculated as explained in the Hydraulic Transition from Gravity to Pressure Network section in Appendix

B.

Flow Summary Section

This section reports a summary of the total flow at a node and the distribution of this flow.
For Steady State mode the fields displayed are as follows:

Total Dry Weather Flow - Total flow at a node resulting from sewage generated during dry weather
from the network upstream of a given node.

Total Wet Weather Flow - Total flow at a node resulting from the intrusion of rainfall water into the
sewer system from the upstream network. Wet weather load consists of groundwater infiltration and
rainfall inflow. Groundwater infiltration occursin gravity pipes while inflows occur at manholes and
wet wells.

Pumped Flow - Portion of the total flow that comes from pumps located in the upstream network,
when the Use Pumped L oad toggle in the Calculation Optionsdialog isOn. In this case, the flow
coming out of pumpsis treated as a fixed flow, to which peaking factors do not apply.

System Known Flow - Portion of the total flow derived from manually entered Known Flows
upstream of the reporting point. Known flows are not additive except at network junctions. The
Known Flow component will remain constant until it encounters a downstream Known Flow of a
different value.

Total Flow - Tota flow going through an element of the network.
For EPS mode the fields displayed are as follows::

Total Flow - Represents the total flow coming to the structure, which includes the upstream flow
through pipes, incoming diverted flow, and the local sanitary loads and inflows.

Diverted Flow - Represents the amount of the total flow, which is diverted from the inlet to the
diversion target.

Flow In - Represents the portion of the flow established locally at the selected node, such as unit dry
weather and wet weather |oads.

You can toggle between Steady State and EPS modes by clicking the GO button and changing the
Calculation Type.
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Pumps

Pump General Tab
The General tab for pumpsis organized into the following groups:
General - General data about the pump.
Pump - Contains the type of pump curve and related data.
Initial Setting - Initial conditions describing the pump's behavior at the start of the analysis.

Pipes - Indicates the direction in which the pump is operating (from upstream node to downstream
node), and lets you reverse the direction of pumping by clicking the Rever se button.

Calculated Hydraulics - Reports the hydraulic grade and pressure at the adjacent end of both
connecting pipes, intake and discharge.

Operating Point - Represents the values for pump head and discharge, which are computed by the
program to balance with the remaining system heads and flow rates.

Thelnitial Settings are used asthe permanent settings. However, they can be overruled by the
presence of controlsif the Use Controlsin Steady State Analysis check box in the Calculation
Optionsdialog is checked.

For further details, refer to the topics describing each section.

General Section
This section alows you to enter general information about the pump such as:

L abel - Unique name referencing the pump in reports, error messages, and tables.

X (Easting) - The location of the pump may be represented by an X-value or an Easting value,
depending on individua preferences.

Y (Northing) - The location of the pump may be represented by a 'Y -value or a Northing value,
depending on individua preferences.

Elevation - Elevation of the pump.

Pump Section

The information required for a pump depends on the type of pump that is selected. The possible
information is as follows:

Pump Type - Select one of the six available types of pump curves.

Pump Power - Represents the water horsepower, or horsepower that is actually transferred from the
pump to the water. Depending on the pump's efficiency, the actual power consumed (brake
horsepower) may vary.

Shutoff - Point at which the pump will have zero discharge. It istypically the maximum head point on
apump curve.

Design - Point at which the pump was originally intended to operate. It istypically the best efficiency
point (BEP) of the pump. At discharges above or below this point, the pump is not operating under
optimum conditions.

Max Operating - Highest discharge for which the pump is actually intended to run. At discharges
above this point, the pump may behave unpredictably, or its performance may decline rapidly.
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Max Extended - Absolute maximum discharge at which the pump can operate, adding zero head to
the system. This value may be computed by the program, or entered as a custom extended point.

All defined pump cur ve points have an associated head and dischar ge.

Initial Setting Section

Theinitia conditions for a pump describe the pump's behavior at the start of the analysis. These conditions
include:

Status - One of two available status conditions: On (hormal operation), Off (no flow under any
condition).

Relative Speed Factor - Characteristics of the pump relative to the speed for which the pump curve
was entered, in accordance with the affinity laws. A speed factor of 1.00 will indicate pump
characteristicsidentical to those of the original pump curve.

In Steady-State Analysis mode, the Pump Statusisused asthe permanent status. However, it can
be overruled by the presence of controls, if the Use Controlsin Steady-State Analysis check box
in the Calculation Optionsdialog is checked. The Calculation Options dialog is accessed by
clicking the GO button in the main view to display the Calculation tab of the Scenario Editor,
and then clicking the Options button.

Pipes Section
Thisindicates the direction in which the pump is operating (from upstream pipe to downstream pipe).

Y ou can switch the Upstream and Downstream Pipes by clicking the Rever se button.

Calculated Hydraulics Section
Intake Pump Grade - HGL on the suction side of the pump.
Intake Pump Pressur e - Pressure on the suction side of the pump.
Discharge Pump Grade - HGL on the downstream side of the pump.
Discharge Pump Pressure - Pressure on the downstream side of the pump.

Operating Point Section

The pump's operating point represents the values for pump head and flow, which are necessary to meet the
discharge load on the pump as well as overcome the system losses.

The calculated parameters are:

Pump Head - Head generated by the pump at the operating point.

Pressure Flow - Flow through the pump.

For a constant power pump, the calculated operating point may be outside the normal operating
range of arealistic pump. Bevery cautiousand check all results carefully.

For more information about the theory behind the pump operating point, seethe help on pump
theory in Appendix B.
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Pressure Junction

Pressure Junction General Tab
The General tab for pressure junctions is organized into the following sections:
General - General information about the junction.

Hydraulic Results - Calculated hydraulic grade and pressure at the junction.
For further details, refer to the topics describing each section.

General Section
The General section for pressure junctions allows you to enter general information such as:

L abel - Unique name by which a pressure junction will be referred to in reports, error messages, and
tables.

X (Easting) - May be presented as an X-value or as an Easting value, depending on individual
preferences.

Y (Northing) - May be presented asa Y -value or a Northing value, depending on individual
preferences.

Elevation - Elevation of the pressure junction.

Hydraulic Results Section

The Hydraulic Results section for pressure junctions reports the following results:
Calculated Hydraulic Grade Pump Hydraulic grade at the junction.

Pressure - The pressure calculated at this junction.
Gravity Pipe

Gravity Pipe General Tab

The General tab for gravity pipes contains all the physical data necessary for successfully modeling pipes.
The tab also provides a brief hydraulic summary of the flow and velocity through the pipe, as well asthe
pipe's constructed slope and full flow capacity. Thistab hasfive sections:

Pipe - General characteristics of the pipe.
Invert Elevations - Upstream and downstream invert elevations.
User Defined Length - Specify whether the pipe length is calculated automatically or user-defined.

User Defined Bend Angle - Specify whether the angle the pipe creates with the downstream pipeis
calculated automatically or user-defined.

Hydraulic Summary - Displays the computed hydraulic data of the pipe.
For further details, refer to the topics describing each section.

Pipe Section
This section iswhere all of the pipe general characteristics are entered. The following fields are available:
L abel - Unique name by which a pipe will be referred to in reports, error messages, and tables.

Section Shape - Select one of the following pipe section shapes: arch, box, circular, or eliptical
(vertical or horizontal).
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Material - Pipe material with its associated roughness value selected from those available in the
Material Library.

Roughness Coefficient - Specify the coefficient corresponding to the roughness method selected
during the project setup (Manning’s n, Kutter’s n, Hazen-Williams C, or Darcy-Weisbach roughness
height) for the selected material. You can keep the roughness value associated with the selected
material inthe Material Library, or override the roughness value for that specific pipe.

Section Size - Display a section size from the list defined in the Section Size Library.

Number of Sections - Number of identical, parallel pipe sections used in the hydraulic calculations.

By clicking the éllipsis (...) button located next to the Material field or the Section Size field, you
can access the respective engineering library to create and customize materials and section sizes.

You can let the program choose a section size for you during an automatic design calculation.

Invert Elevations Section

In this section, you select whether upstream and downstream pipe inverts will be entered by you or set to
the sump €elevation of the upstream and downstream node. If Set Invert to Upstream/Downstr eam
Structure box is not checked, you can set the upstream and downstream invert elevations in this section.
Otherwise, the program will compute the pipe upstream/downstream invert el evations using the
upstream/downstream structure sump elevation and desired sump depth.

User Defined Length Section

If the User Defined Length box is checked, you can enter a pipe length. Otherwise, the program will
compute a pipe length based on the drawn alignment of the pipe. User-defined lengths are useful for
drawing quick schematics to speed along your design process.

User Defined Bend Angle Section

If the User Defined Bend Angle box is checked, you can enter an appropriate bend angle for the purpose
of calculating loss through ajunction or inlet structure. If the box remains unchecked, the program will
calculate the bend angle across the junction or inlet structure based on the alignment of the pipe relative to
the downstream pipe.

Hydraulic Summary Section
Here you can view the calculated hydraulic characteristics of a pipe, which include:

Average Velocity - Average velocity of the flow in the pipe, calculated by using one of the available
average velocity methods.

Constructed Slope - The difference in the invert elevations between the upstream and downstream
end of the pipe divided by its length.

Full Capacity - Computed discharge in the pipe when it is flowing full.

Design Capacity (Steady State only) - Computed discharge in the pipe, based on the Design Percent
Full value specified in the Design tab.

Excess Full Capacity (Steady State only) - Difference between the full flow capacity of the pipe and
the actual calculated flow in the pipe.

Excess Design Capacity (Steady State only) - Difference between the design capacity of the pipe and
the actual calculated flow in the pipe.

Total Flow - Total flow in the pipe during the run.
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Pressure Pipe

Pressure Pipe General Tab

The General tab for pressure pipesis organized into the following groups:
Pipe - General pipe data.
Initial Status - Specify whether the pipeisinitially open or closed.

Invert Elevations - Displays elevations of the pipe inverts at the upstream (From node) and
downstream (To node) end.

User-Defined Length - Specify whether the pipe length is calculated automatically or user-defined.
Nodes - Displays the nodes at the upstream and downstream ends of the pipe.

Hydraulic Results - Displays calculated hydraulic data.
For further details, refer to the topics describing each section.

Pipe Section
In this section you enter in al of the pipe general characteristics:

Label - Unique name referencing the pipe in reports, error messages, and tables.
Material - Pipe material, with its associated roughness value, selected from the M aterial Library.
Diameter - Diameter of the pipe.

Roughness Coefficient - Pipe roughness coefficient or value associated with the roughness method
selected during the project setup (Manning’s n, Hazen-Williams C, or Darcy-Weisbach roughness
height) for the selected material. Y ou can keep the roughness val ue associated with the selected
material, as defined in the material library, or override the roughness value for that specific pipe.

Minor L oss Coefficient - Coefficient K used in the minor loss equation, as defined in the Minor
Losses section in Appendix B. Thisis the equation most commonly used for determining the headloss
in afitting, valve, meter, or other localized component.

Check Valve - When this box is checked, flow can only travel from the From Node to the To Node in
apressure pipe.

By clicking the ellipsis (...) button located next to the Material you can access the engineering
library to create and customize materials.

By clicking the ellipses(...) button on the Minor L oss Coefficient field, you can accessthe Minor
L oss elements and gener ate composite minor loss coefficientsto be applied to the pressure pipe.

Set the minor loss coefficient valueto 0.0 if thereis no minor lossin the pipe.

Minor Loss Elements

Pressure pipes can have an unlimited number of minor |oss elements associated with them. This program
provides an easy-to-use table for editing these minor losses. The minor loss table consists of four columns:

Quantity - The number of minor losses of the same type to be added to the composite minor loss for
the pipe.

Minor Loss - The type of minor loss element.

K Each - The headloss coefficient for a single minor loss element of the specified type.
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K Total - The total minor loss coefficient for the row. It is the Quantity multiplied by the K Each.
TheMinor Loss Elements dialog also has three command buttons:

Insert - Insert arow in the table.

Duplicate - Create a new row in the table with the same values as the selected row.

Delete - Delete the selected row of the table.

TheMinor Loss Elementsdiaog is accessed by clicking the ellipsis (...) button next to the Minor Loss
Coefficient choicelist on the Pressur e Pipe Editor.

Initial Status Section

Theinitia status of the pipe can be either Open or Closed. The status can possibly change when
calculations are performed based on the presence of controls for that pipe.

In Steady State Analysis mode, the Initial Statusis used asthe permanent status. However, it can
be overruled by the presence of controls, if the Use Controlsin Steady-State Analysis check box
in the Calculation Optionsdialog is checked. The Calculation Optionsdialog is accessed by
clicking the GO button in the main view to display the Calculation tab of the Scenario Editor,
and then clicking the Options button.

Invert Elevations Section

The From Node and To Node Elevations of the pressure pipe can be entered and viewed here. . If Set
Invert to Upstream/Downstream Structur e box is not checked, you can set the From and To elevations
in this section. Otherwise, the program will compute the pipe’'s From and To elevations using the
upstream/downstream gravity structure’ s sump elevation.

Disabled elevations are defined at the connecting node structure. Only invertsthat are
connecting to gravity node structures such aswet wellsor outlets can be edited. Inverts
connecting to pressure elements such as pressure junctions and pumps cannot be edited.

User-Defined Length Section

If the User-Defined Length box is checked, you can enter a pipe length. Otherwise, the program will
compute a pipe length from node center to node center, accounting for bendsiif there are any. Creating
user-defined lengths is useful for drawing quick schematics to accelerate your design process.

Nodes Section

Displays the nodes that are upstream (From node) and downstream (To node) of the pipe. If theflow is
traveling from the From Node to the To Node then the flow value will positive. If flow istraveling from
the To Node to the From Node it will be negative. Y ou can reverse the From Node and the To Node by
clicking the Rever se button.

Hydraulic Results Section

This section reports the following hydraulic results:
Pressure Flow - Calculated total flow in the pipe.

Velocity - Calculated velocity in the pipe.
Headloss Gradient - Headloss in the pipe represented as a slope, or gradient.

Pressure Pipe Headloss - Loss of energy in the pipe due to friction and minor losses.
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Controal Status - Open or closed status of the pipe. Open means that flow occurs in the pipe and
closed means that there is no flow.

Headlosses Tab

The Headloss tab is used to specify the method and parameters that are used to calculate the headlosses
through any structure located at ajunction in agravity network. The Standard, AASHTO, Generic, or
HEC-22 Energy methods are available to automatically cal culate headloss based on structure geometry and
flows, or adesired headloss value can be specified directly using the Absolute method. Furthermore, the
model results for the exit pipe, which are often of interest in computing headlosses, can be seen here under
the Exit Pipe Summary. Thistab contains three sections:

Headlosses - The headloss method can be selected from the list box from the following choices:
- Absolute

- Standard
- HEC-22 Energy
- AASHTO

- Generic

Headloss M ethod Parameters - Parameters dependent upon which headloss method is chosen.

Exit Pipe Summary - Calculated hydraulic properties of the pipe downstream of the junction.

Headlosses Section

The various headloss methods can be selected from the choice list. The methods include the Absolute,
Standard, Generic, AASHTO, and HEC-22 methods. Refer to Appendix B for more information regarding
the theory underlying these methods.

Headlosses Method Section

Theitems displayed are dependent upon which method is chosen in the Headlosses section. The choices
are asfollows:

Absolute - Enter the desired value for headloss at the structure. This method ensures that the headl oss
across the structure will be equal to this value regardless of the actual flows or geometry of the
structure.

Standard - Enter the headloss coefficient for the structure. The headloss across the structure will be
equal to this value multiplied by the exit pipe velocity head.

HEC-22 - The HEC-22 Energy method assumes the energy 10ss across a structure is proportional to
the velocity head of the exit pipe. The proportionality constant takes into consideration several
variables based on structure shape, configuration, plunging flows, and benching of the structure
bottom. An in-depth description of the theory can be found in the Junction Headl osses section
Appendix B of the help, and in Chapter 7 of the HEC-22 Urban Drainage Design Manual. All but one
aspect of the proportionality constant, benching, is determined internally based on known variables
such as structure type, pipe sizes, and angles between pipes. The benching method is user-defined, and
is selected from the list box in the HEC-22 Benching M ethod field. The following four benching
methods are available:

- Depressed - The floor elevation of the structure is lower than the invert elevation of the exit
pipe.

- Flat - Thefloor elevation of the structure is equal to the invert elevation of the exit pipe.
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- Half - Thefloor elevation of the structure is equal to the elevation at the center of the exit
pipe.

- Full - Thefloor elevation of the structure is equal to the elevation at the top of the exit pipe.

AASHTO - The AASHTO headloss method considers several variables when computing the headloss
across a structure. All of these variables can be determined internally except for the shaping of the
structure. Y ou select the shaping method (None or Full) from the choice list. See the Junction

Headl osses section of Appendix B of the help for a discussion of the theory underlying the AASHTO
method.

Generic - Theinput values used by this method to compute the headl oss across a gravity structure are
the upstream and downstream coefficients. The loss across the structure is computed as the
downstream coefficient multiplied by the velocity head in the downstream pipe minus the upstream
coefficient times the velocity head in the governing upstream pipe. Notethat if avalue of zero is
specified as the value for the upstream coefficient this method will produce the same results as the
Standard Method. Refer to Appendix B for more information regarding this method.

Exit Pipe Summary Section

This area shows the following cal culated properties of the exit pipe, which are typically of interest in
determining structure headloss:

Exit Discharge - Discharge in the pipe downstream of the structure.
Exit Velocity - Velocity at the upstream end of the pipe downstream of the structure.
Exit Velocity Head - Velocity head at the upstream end of the pipe downstream of the structure.

Diversion Tab

The Diversion tab is used to define the characteristics of the diversion structure. At thistab you select
whether this element will be adiversion or not. If the Has Diversion box is checked on, flows going out of
this element will be diverted according to the parameters defined on thistab. Thistab contains five
sections:

Has Diversion - Check box indicating whether this element should divert flows or not.

Diversion Parameters - Diversion type (overflow or adiversion) and Diversion Target are defined
here.

Diversion Rating Curve Table - Table defining diverted flows as a function of upstream (system)
flows.

Flow Diverted Out - Summary of the flows diverted out of the element at the diversion.

Flow Diverted In - Summary of the flows diverted to this element from other diversionsin the system.

Diversion Parameters

The user can specify if and where diverted flow will reenter the model in this section of the Diversion tab.
The user can choose between an overflow diversion target <Overflow> and a diversion target element.
The program will compile alist of available diversion targets that will not create aloop in the system. An
element isavailable as adiversion target if it is downstream of the diversion element. Any elementin
another network can be used as a diversion target, provided that the target network is downstream from the
origin network. A target network is considered to be downstream of the origin network if there is no way
for water to get from the target network to the origin network.

You will not be able to edit the Diversion Target field until the box labeled Has Diversion is checked.
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If diversions create a loop within the system a validation message will pop up at the calculation
time.

Flow Diverted Out

This section of the Diver sion tab provides the user with a summary of results for the flows diverted out of
the element.

Percent Diverted Out - Percentage of total flow coming to the diversion element that is diverted out
of this diversion element.
Diverted Flow Out - Total flow that is diverted out of this diversion element.

Non-Diverted Flow Out - Total flow that is not diverted out of this diversion element. Thisisthe
flow that goes to the downstream pipe.

Total Flow Out - The total flow leaving the structure. Thisincludes both the flow that is diverted and
the flow leaving through the downstream pipe.

The sum of the Diverted Flow Out and Non-Diverted Flow Out is equal to the Total Flow Out.

Flow Diverted In

This section of the Diver sion tab provides the user with a summary of results for the flows diverted to this
element from other diversionsin the system.

Local Diverted Flow In - Sum of the flows diverted to this element from upstream elements in the
same network.

Global Diverted Flow In - Sum of the flows diverted to this element from diversions in other
networks.

Total Diverted Flow In - Total flow that is diverted to this element.

Flow will be diverted to an element if the element is selected asa Diversion Target. Unlimited
number of diversions can divert flow to a single element.

Diversion Rating Curve Table

This section of the Diversion tab is used to specify the diversion rating curve. A diversion rating curve
defines diverted flows as afunction of the total system flow. Y ou must specify at least two pointsin the
Diversion Rating Curve Table. For each point, diverted flow must be smaller than the system flow. The
program uses linear interpol ation/extrapol ation to determine the values of diverted flows that lie between
the pointsin the table or outside of the range of the table. If the computed value of the diverted flow is
negative, the program will set the diverted flow to O.

To be able to edit the Diversion Rating Curve Table you must check the box labeled Has Diversion.

Controls Tab

Pump and Pressure Pipe Controls Tab

Controls allow you to configure the hydraulic model by changing the pump or pipe settings when specific
junction pressures or wet well water levels occur in the network. The following buttons are available:
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Add - Thiswill open the Control dialog, where a new control can be added and the specifics can be
entered.

Edit - Select the description of the control you wish to edit, and click this button. Thiswill open the
Control dialog, where the specifics can be edited.

Duplicate - Duplicates an existing control. Select the description of the control you wish to duplicate,
and click this button.

Delete - Deletes an existing control. Select the description of the control you wish to delete, and click
this button.

Pipeswith check valves cannot have controls.

Control Dialog

Several types of information are required to define a control for a pressure pipe or pump. Thisdatais
grouped into the following sections:

Preview - Textual description of the control being edited.
Control - Specify the type of control, either status or setting.
Control Condition - Specify the controlling node and the control setting.

Control Preview Section

The Preview section provides atextual description of the control being edited. The control preview is
continuously updated while you edit a control.

Confrol Section
This software supports two types of controls:

Status - Controls the Open/Closed status for pipes, or the On/Off status for pumps.
Setting - Controls the rel ative speed factor of a pump.

Only status controls are available for pipes. Setting controls are not appropriate.
When pumps are turned on by a control, their relative speed factor is set to 1.00.

To activate a closed or inactive valve, use a setting control. Similarly, to turn a pump on at a
relative speed setting other than 1.00, use a setting control.

Control Condition Section

A control can be triggered by a specified pressure or hydraulic grade being reached in any wet well or
pressure junction, or they can also be triggered based on the time during an analysis. This section contains
the following fields:

Condition - You can specify atime based or node based condition.

When Node is the selected condition, the control will be triggered based on the hydraulic grade or pressure
at the selected pressure junction or wet well, and you must specify the following information.

Node - Specifies the controlling node.
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Comparison - Triggers the control when the specified junction or wet well's hydraulic parameter is
above or below the node condition's hydraulic parameter.

Hydraulic Grade or Pressure - The control conditions at the control node can be expressed in terms
of hydraulic grade or pressure. Depending on which is chosen, the software will display the calculated
value of the other.

Example: Closed when node J-2 below 10 psi - means that when the pressure at junction J-2 is below 10
psi, the controlled pipe will close.

When Time s the selected condition, the control will be triggered when the selected time is reached during
an EPS. You must specify the following information:

Time - When thistime is reached during an EPS the control will be triggered.

Example: Close at time 4.00 hr - means that when the simulation reaches hour 4 the controlled pipe will
close.

Profile Tab

This tab contains information about the physical properties and calculated profile of the flow through the
pipe. Thistabisdivided into three sections:

Upstream Elevations - Displays elevations related to the upstream end of the pipe.
Downstream Elevations - Displays elevations related to the downstream end of the pipe.

Profile - Displays the type of profile exhibited by the flow through the pipe, and the energy slope and
headloss in the pipe.

Pipe Elevations Section

Elevation information is grouped into two sections on the Pr ofile tab, upstream on the left and downstream
on the right, related to the two pipe ends. The upstream and downstream elevation information includes:

Ground elevation - Elevation of the ground surface at the node, edited in the Element Editor for that
node.

Cover - Distance between the crown (soffit) of the pipe and the ground surface elevation.
Crown - Elevation of the top of the pipe section.

Hydraulic Grade - Hydraulic grade at the ends of the pipe.

Depth - Flow depth at the ends of the pipe.

Invert - Elevation of the pipe invert.

Pipe Profile Section
This section contains the following information:

Description - Displays the profile type that the flow exhibits as it travels through the pipe. In the case
of acomposite profile, this section will display all the profile types.

Energy Slope - The result of dividing the headloss per pipe length.
Headloss - The total headloss through the pipe.

d/D (depth/Rise) - A ratio of the average depth ((Depth Upstream + Depth Downstream) / 2) in the
pipeto the pipe’srise.
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Design Tab

Manholes, Junction Chambers, and Outlets

Design Tab (for Manholes, Junction Chambers, and Ouflets)

The Design tab provides an interface for entering the nodal constraints for SewerCAD’ s automated design
feature. Manholes, junction chambers, and outlets al support the following groups of constraints:

Local Pipe Matching Constraints - If you toggle this on, you can enter pipe matching constraints
specific to this junction structure.

Design Structure Elevation - Specifiesif the program is to design the structure’ s sump elevation
during an automatic design.

Local Pipe Matching Constraints Section

Check the box in this section if you want to specify pipe matching constraints for the structure that are
different from the Design Alternative' s default values. During an automatic design, the program will adjust
the elevations of the pipes adjacent to the structure according to the structure’s matching constraints. The
two choices for matching are Inverts and Crowns. Additionally, the downstream pipe can be offset from
the upstream pipe(s) by a specified amount. Thisvalueis called the Matchline Offset. The program also
supports the design of drop structures. In some situations, drop structures can minimize pipe cover depths
while maintaining adequate hydraulic performance. This can be done by clicking the Allow Drop
Structure check box.

Design Structure Elevation Section

Check the box in this section if you want the structure’ s sump elevation adjusted during an automatic
design. If thisbox is checked, the Desired Sump Depth field becomes editable. The sump depth isthe
distance below the lowest pipe invert.

Gravity Pipe

Pipe Design Tab

The Design tab for pipes allows you to customize the automatic design process for a particular pipe. You
can specify whether the pipe will be designed, and, if so, how the automated design process should be
congtrained. Thistab isdivided into the following sections:

Design Pipe - If thisbox is checked, the program will automate the design of the pipe.

Part Full Design - Allows you to tell the program to design the pipes in the system so the depth of
flow is a percentage of the pipe diameter.

Allow Multiple Sections - Allows the automatic design process to use several identical pipesin
parallel.

Limit Section Size - Allows you to limit the section sizes from the Section Size Library to be used
during automatic design process.

Range Constraints - Displays the desired cover, slope, and velocity conditions for the pipe design
process.

Design Pipe Section

If the Design Pipe box is checked, the program will automate the design of the pipe. You can also select
whether the program should adjust the upstream and downstream invert during the design process by
checking the Design Upstream Invert and Design Downstream I nvert boxes, respectively. If these
boxes are not checked, the inverts will reflect the user-defined values entered under the Pipe General tab.
Finally, you can choose to specify local design constraints by checking the box labeled Specify L ocal
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Constraints. Thiswill enable the fields in the Range Constraints Section and allow you to set constraints
specific to the pipe. These local constraints override the default design constraints set through the Analysis
menul.

Part Full Design Section

If the Specify L ocal Constraints box in the Design Pipe section is checked, you can specify the Design
Percent Full target to be used by the design algorithm. Thus, pipes may be sized such that the depth of
flow is a percentage of the pipe diameter.

Allow Multiple Sections Section

If the Specify L ocal Contraints box in the Design Pipe section is checked, you can chooseto let the
design algorithm adjust the number of sectionsin parallel, up to the specified Maximum Number
Sections.

Limit Section Size Section

If the Specify L ocal Contraints box in the Design Pipe section is checked, you can limit the pipe section
height to aM aximum Section Rise value during the design process.

Range Constraints Section

If the Specify L ocal Constraints box in the Design Pipe section is checked, you have the option to set the
boundary conditions for the pipe design process. Y ou can set the following design constraints: Minimum
and M aximum Velocity, Minimum and Maximum Cover, and Minimum and M aximum Slope.

Section Tab

Section Tab (for Wet Wells)

The wet well section data includes the information necessary to describe the storage characteristics of a wet
well. These characteristics have been factored into the following groups:

Section - The type of cross section and the basic storage parameters.
Cross Section - Parameters describing the cross sectional geometry.
Operating Range - The minimum, initial, and maximum operating elevations.

Wet Well Section Section
The general information under the Section heading for wet wellsis:

Section - Choose the type of cross section for the wet well. There are two types of cross sections to
choose from - Constant Areaand Variable Area.

Inactive Volume - Enter the inactive volume for this wet well, as defined in the illustration on this
dialog.

Total Active Volume - If thisis a Constant Areawet well, the total active volume will be computed
from the other wet well data and this field will not be editable. If thisisa Variable Areawet well,
enter the total storage volume for the wet well.

Wet well section characteristics do not affect the results or smulation during a Steady-State
Analysis. Thevolume and stor age capacity of the wet well are utilized during an Extended
Period Simulation.
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Cross-Section Section

The two basic types of wet wells are Constant Area and Variable Area. The Cross Section section changes
depending on which typeis chosen. The alternatives are as follows:

Constant Area - The cross sectional geometry of the wet well is constant between the minimum and
the maximum operating elevations. Two parameters are needed to fully describe a constant area wet
well section:

- Cross Section - Choose whether the cross section is circular or non-circular.

- Average Area/Diameter - Enter the average area of the non-circular cross section, or the
diameter of the circular cross section.

Variable Area - The cross sectional geometry of the wet well varies between the minimum and
maximum operating elevations. The following input is available to describe the variable area:

- Depth Ratio/Volume Ratio Table - Enter a series of points describing the storage
characteristics of the wet well. For example, at 0.1 the total depth (depth ratio = 0.1) the wet
well stores 0.028 the total active volume (volumeratio = 0.028).

The storage characteristics of the wet well can be plotted. Choose Tank Curve from the Report
Button at the bottom of the Wet Well dialog.

Wet well section characteristics do not affect the results or ssimulation during a Steady-State
Analysis. Thevolume and stor age capacity of the wet well are utilized during an Extended
Period Simulation.

Operating Range Section

Thisiswhere you can set the absolute limits for the water levelsin awet well. The range can be defined in
terms of Elevations or Levels. Elevations are relative to the same datum as the rest of your system, while
levels refer to heights of water above the wet well's base elevation. The associated fields prompt you for
the following values:

Maximum - Thisisthe highest water surface elevation or level in the wet well.

Alarm - If the HGL in the wet well goes above the alarm elevation or level during the analysisthen a
warning message will be generated during that time step.

Initial - The use of this parameter depends on whether the Fixed L evel toggle is set to On or Off
during a Steady-State Analysis. Refer to the Hydraulic Transition from Gravity to Pressure topic in
Appendix B for afurther explanation. During an Extended Period Simulation this value represents the
starting elevation at the beginning of the simulation.

Minimum - Lowest water surface elevation or level in the wet well.
Base - The elevation of the base of the wet well.

Fixed Level - When this checkbox is checked, the level in the tank will not be adjusted to reflect the
tank inflow during a Steady State analysis, and the initial level described above will be used as the
HGL. TheFixed Level checkbox has no effect when running an EPS analysis.

Theinitial elevation must be between the maximum and minimum €elevations.
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Loading Tab
SewerCAD classifies |oads as sanitary (dry weather) loads, wet weather |oads, and known flows.

Sanitary loads correspond to loads produced by residential, commercial, recreational, and industrial
activity. A sanitary load represents the base |oad to the sewer system. Wet weather loads are related to
rainfall activity. They are caused by groundwater infiltration and rainfall inflow.

The Loading tab for manholes, wet wells, and pressure chambers is organized into the following groups:

Sanitary (Dry-Weather) Flow - Table containing a collection of sanitary loads.

Inflow - Table containing a collection of wet weather loads, and is accessible only for wet wells and
manholes.

Known Flow - Used to model alocal load entering a manhole or wet well if, for instance, you have
computed the hydrology using an external method such as the TR-55 tabular method. The Known
Flow field is accessible only for wet wells and manholes.

Sanitary (Dry-Weather) Flow Section

The Sanitary Flow section is specified as a collection of sanitary loads applied to the selected node. The
following types of loads can be applied:

Hydrograph - Flow vs. Time - A flow vs. time distribution

Unit Load - Unit Type & Count - Thetype of Unit Load and the number of units associated with
Unit Load. For example, 5000 passengers at an Airport.

Pattern Load - Base Flow & Pattern - A direct, known sanitary load with a set pattern.
The following operations can be performed on the Sanitary Flow list in the section:

Add - Add anew load to the Sanitary Flow list.

Edit - Opens the editor for an existing load in the list.

Delete - Deletes a sanitary load from the list.

Pie Chart - Generates a pie chart that depicts the distribution of the sanitary loads in the list.

Inflow Section

The Inflow section is specified as a collection of wet weather loads applied to the selected node. The
following types of loads can be applied.

Hydrograph - Flow vs. Time - A flow vs. time distribution

Pattern Load - Base Flow & Pattern - A base wet-weather load with a set pattern.
The following operations can be performed on the I nflow list in the section:

Add - Add anew load to the Inflow list.

Edit - Opensthe editor for an existing load in the list.

Delete - Deletes an inflow load from the list.

TheInflow section isonly available for wet wells, pressur e junctions, and manholes.
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Infiltration Tab

Thistab allows you to enter and view the infiltration data (direct and additional) for a gravity pipe. The
following sections are available:

Infiltration - Infiltration can be estimated proportionally to gravity pipe characteristics such as length
or number of pipe defects. Depending on the I nfiltration Type specified, an additional section
appears containing fields for entering the infiltration loading unit and rate, pattern load, or hydrograph
information.

Local - Contains afield for displaying the local infiltration as specified in the previous sections, as
well asan Additional Infiltration field for entering alump sum infiltration.

System - Displays the cumulative infiltration resulting from the upstream pipe network.

Infiltration Section

Four types of direct infiltration are supported, as specified in the Infiltration Type choice list:
Pipe Length
Pipe Diameter-Length
Pipe Surface Area

Count Based (this may be used to account for infiltration proportional to the number of pipe defects)
Direct infiltration is defined by:

- Infiltration loading unit - Unit that is used to define infiltration rate.
- Infiltration rate per loading unit - Rate of infiltration for each infiltration loading unit.

In addition to the four direct infiltration types, the following time-based |oading types can be selected from
the Infiltration Type list aswell:

Hydrograph
Pattern Load

Infiltration Hydrograph

SewerCAD aso alows infiltration to be defined as a direct hydrograph into the gravity pipe. When
Hydrograph is chosen from the I nfiltration Type pull-down menu, atable will appear where time/flow
data can be added.

The following operations can be performed on the table;

Insert - Inserts arow in the table above the selected row
Duplicate - Duplicates the selected row
Delete - Removes the selected row from the table

Infiliration Pattern Load
A Pattern Load is defined by a single base load and a pattern, which is a series of multipliers that define
how the base load is distributed over time.

If the Pattern is set to fixed then the infiltration load is constant over time. Y ou can enter the Pattern
Manager by clicking the ellipses (...) button in the Pattern field.

When running a Steady-State analysis the infiltration load is equivalent to the base load regardless of the
pattern.



6.3.10

Chapter 6 —Hydraulic Element Editors 109

Local Section
This section consists of the following fields:

Local Infiltration - The infiltration entering the pipe as defined in the Infiltration section.
Additional Infiltration - Used to specify alump sum infiltration amount.

Total Infiltration - The sum of the additional infiltration and direct infiltration.

System Section
This section consists of the following fields:

System Infiltration - The cumulative infiltration resulting from the upstream pipe network.

System Additional Infiltration - The cumulative additional infiltration resulting from the upstream
pipe network.

System Total Infiltration - The cumulative total infiltration resulting from the upstream pipe network.

Cost Tab

On thistab, you can specify whether or not the element isto be included in the cost analysis. If the element
is selected to appear in the cost analysis then you can enter the costs associated with the element. Thistabis
comprised of the following components:

Includein Cost Calculation? - A check box that allows you to control whether or not this element
will beincluded in the cost analysis. If this box is checked, the element will be included in the cost
caculation.

Construction Costs - Contains atable for an element for entering cost items that can be expressed in
terms of a quantity, unit, and unit cost.

Non-Constructions Costs - Contains a table for entering costs related to the elements that need to be
expressed as either alump sum or as a percentage of the construction costs.

Include In Cost Calculation?

This check box allows you to control whether or not this element will be included in the cost calculation. If
this box is checked, the element will be included in the cost calculation. If you are modeling a new
subdivision, most of the elementsin your model will probably be included in the cost calculation. However,
if you are adding onto an existing system, you may only calculate the cost for a small portion of the total
elementsin your system.

The value of thisfield can be varied by alternative. This can be useful if you want to compute the costs for
different portions of your system separately. For instance, if you have several phases of construction that
you want to cost separately, you could create one cost alterative that only includes elements in phase one,
and another aternative that only includes elements in phase two. When you perform your cost analysis, you
can then get cost reports detailing each phase of construction.

Non-Construction Costs

The Non-Construction Costs section of the Cost tab contains atable that allows you to enter an unlimited
number of non-construction cost items for each element. A non-construction cost item can be specified as
either alump sum value or as a percentage of the total construction costs for the element. Each non-
construction cost contains the following four components.

- Label - A unique name that identifies the non-construction cost item. The labels must be
different for all non-construction cost itemsin atable.
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- Factor - A numeric value that is used in conjunction with the operation to compute the cost
for a non-construction cost item.

- Operation - The operation that will be applied against the factor to compute the total cost for
the non-construction cost item. The two possible values for this field are lump sum or
percentage of the total construction costs.

- Cost - The cost of the non-construction cost item.

Construction Costs
The Construction Costs section of the Cost tab consists of the following two components:

- Construction Costs Table - This table allows you to specify an unlimited number of
construction costs for each element.

- Advanced Construction Costs Options - This button is only available for elements such as
pipes, inlets, gravity junctions, and manholes that support Unit Cost Functions. Clicking this
button accesses advanced options for the selected construction cost item.

Construction Costs Table

The construction costs table allows you to specify an unlimited number of construction cost items for each
element. Each construction cost item is composed of four basic characteristics which are listed below.

- Labed - Thisisastring that identifies the construction cost item. It must be unique for every
construction cost in the table.

- Quantity - Thisfield holds a numeric value that will be multiplied by the unit cost to compute
the total cost for the construction cost item.

- Unit - Thevaluein thisfield signifies the unit of the value held in the quantity field. For
pipes, thisfield can be either alength unit or "each." For nodal elementsthisfield isa user-
defined string.

- Unit Cost - Theisthe cost per unit specified in the unit column. For instance, for a pipe it
could be cost per length. This value is multiplied by the quantity to calculate the total cost for
the construction cost item. If aUnit Cost Function is assigned to a construction cost item
then thisfield will not be editable as the value will be computed based on the Unit Cost
Function.

- Total Cost - Thisis caculated by multiplying the unit cost by the quantity. The valuein this
field is always calculated by the program.

Advanced Construction Cost Options

Construction cost items for pipes and gravity structures (inlets, manholes, and junction chambers) have a
set of advanced options. Under these advanced options, you can specify a Unit Cost Function to associate
with a construction cost item. A Unit Cost Function describes the relationship between the unit cost for a
construction cost item and the value of an attribute of the element. For instance, the unit cost for a pipe
may be afunction of the diameter. If you assign a Unit Cost Function to a construction cost item then the
unit cost for that item is automatically updated as the physical characteristics of the element change.

For pipesthereis an additional advanced option Set Quantity Equal to Pipe L ength, which allows you to
set the quantity field for a construction cost item equal to the length of the pipe.

User Data Tab

The User Data tab alows you to view and edit the customizable user data for each element. Thistabis
composed of two sections:;
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User Data - Any Date/Time, Number, Text, and Y es/No data defined by the user.

User Memos - Any memo datafields defined by the user.

For information on how to add new fields or edit an existing field format, see the Help on the User Data
Extension dialog.

Default user-defined attributes are provided. These can easily be deleted or modified.

User Data Extensions are a power ful way to add your own data to the project. Thisdata will not
affect the hydraulic calculationsin any way, but can be used as any other data for operations
such as sorting, annotating, reporting, and importing/exporting.

User Data Section

This section contains alist of Date/Time, Number, Text, and Y es/No user datafields, displayed as single
linefields. User datafields are defined in the User Data Extension dialog.

User Memos Section

This section contains alist of any memo fields displayed as multiple line scrolling text panes. User memos
are defined in the User Data Extension dialog.

Message Tab
All Element Editor s have a M essages tab, which contains three parts:

Message List - Contains information that is generated during the calculation of the model, such as
warnings, errors, and status updates.

Description - An informative statement that you may enter about the element.

Notes - Contains notes that you enter, and may include a description of the element, a summary of
your data sources, or any other information of interest.

M essages, descriptions, and notes will be printed in any element report.

6.4 Loading Dialogs

6.4.1

Add New Load Dialog

Whenever an Add button is clicked under the L oading tab or when adding loads from within the Sanitary
(Dry Weather) Loading and I nfiltration and I nflow L oading alternatives, the Add New L oad dialog
will open up allowing you to select an appropriate |oad type to add as aload to the current element.

Select from the following load definitions:

Hydrograph - Flow vs. Time
Unit Load - Unit Type & Count (sanitary (dry-weather) loads only)

Pattern Load - Base Flow & Pattern

When the OK button is clicked, a dialog will open where data associated with the selected load definition
can be entered.
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6.4.2 Base Load Dialog

Unit Sanitary (Dry Weather) Load - Unit sanitary loads define the type of the load (for instance
Apartment or Airport). Unit sanitary loads are selected, edited, and created in a Unit Sanitary (Dry
Weather) Load Library, which is accessed by clicking the ellipsis(...) button next to this field.

Sanitary Unit Load Units - Represents the local count of loading units for the selected unit sanitary
load.

L oading Unit - Individual entity inside the unit sanitary load (for instance Resident or Passenger)
generating sewage.

Unit Load - Sewage flow generated by one loading unit.

Base L oad - Average local sanitary load resulting from the category chosen under the Unit Sanitary

(Dry Weather) Load column. Thisvaueiscomputed by multiplying the loading unit count by the
unit load for each unit sanitary load and summing them up.

Base load representsthe average sanitary loads to the system. During a Steady-State analysis
actual design sanitary loads ar e calculated using Extreme Flow Factor methods such asvariable
peaking methods, which account for various effects like system routing. During an Extended
Period Simulation patterns can be applied to specific unit sanitary loadsto describe how the load
variesover time.

6.4.3 Hydrograph Dialog
Hydrograph information is entered through this dial og.

6.4.4

Label - A unique label that serves as an identifier for the set of hydrograph data.

Hydrograph - In thistable, the time/ discharge data can be entered. The following functions can be
performed on arow in thistable:

- Insert - will insert a new row above the selected row in the table.
- Duplicate - will create a copy of the selected row.

- Delete - will remove the selected row from the table.

By clicking the Notestab you can enter in relevant infor mation about the hydrograph. You can
also create a graph of the hydrograph by clicking the Plot button.

Pattern Load Dialog

A Pattern Load consists of a single base load and a loading pattern that describes how that load varies over
time for an Extended Period run.

If the pattern selected in the Pattern field is Fixed then the entered base |oad will remain constant over the
entire Extended Period Simulation.

During a Steady State analysisthe base load is used asthe load regardless of the pattern entered.
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6.5 Prototypes

Prototypes allow you to enter default values for the elements in your network. These default values are
used while laying out the network. Prototypes can reduce data entry requirements dramatically if a group
of network elements share common data. For example, if a section of the network contains all concrete
pipes, use the pipe prototype to set the Material field to concrete. When anew pipe is created, its material
attribute will default to concrete.

s
N

Changesto the prototypes are not retroactive and will not affect any elements created prior to
the change.

You can usethe FlexTable Global Editing featureto changethe data for any group of elements.
If a section of your system hasdistinctly different characteristicsthan therest of the system,

adjust your prototypes before laying out that section. Thiswill save time when you edit the
properties later.

Y ou can configure the element prototypes at the beginning of a new project during the Project Setup
Wizard. You can also select Tools/ Prototypes from the pull-down menu to edit the prototypes for the
project at any time.

6.6 User Data Extensions

6.6.1

User Data Extensions are a set of one or more fields that you can define to hold data to be stored in the
model. The User Data Extension feature allows you to add your own data fields to the project. For
instance, you can add afield for keeping track of the date of installation for an element, or the type of area
serviced by a particular element.

User Data Extensions exhibit the same characteristics as the pre-defined data used in and produced by the
model calculations. This meansthat User Data Extensions can be imported or exported through database
and Shapefile connections, viewed and edited in FlexTables, included in tabular reports or element detailed
reports, annotated in the drawing, color coded, and reported in the detailed element reports. This data can
also be accessed on the User Data tab of each Element Editor dialog.

Theuser data does not affect the hydraulic model calculations. However, their behavior
concer ning capabilities like editing, annotating, sorting and database connectionsisidentical to
any of the standard pre-defined attributes.

User Data Extensions Dialog

The User Data Extension dialog holds a summary of the user data extensions currently defined in the
project. Inthisdialog, thereisatab for each type of element. By clicking a particular tab, you can access
the user data extensions currently defined for that type of element. The softwareinitially contains default
user data extensions, but these can be deleted or edited. Each tab in the User Data Extension dialog is
composed of atable listing characteristics of the user data extensions defined for that type of element. In
addition, there are a series of buttons that can be used to add, edit, delete, and shareindividual user data
extensions. The table listing the user data extensions consists of the following four columns:

L abel - Description that will appear next to the field for the user data extension, or as the column
heading if the data extension is selected to appear in a FlexTable.
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Type - Liststhe type of datathat isvalid for the data extension. The available data types are
Date/Time, Number, Text, Memo, and Y es/No.

Unit / Picture - Contains the unit of each numeric data extension, or the date and time presentation
format for Date/Time data extensions. Both the unit and the date and time representations are
specified when you create the data extension. They can always be modified by editing the data
extension.

Shared - If an asterisk appears in this column, it indicates that the user data extension is shared among
two or more types of elements. See explanations on the Existing Fields to Share With dialog for
more details.

The following list describes the four buttons that appear on the right side of the table:

Add - Adds anew User DataField. The User Field Specification dialog will open when you click
this button. Here, you can define the properties of the user data extension that you are adding.

Edit - You can edit an existing user data extension by highlighting the data extension you wish to edit
and clicking this button. Thiswill open the User Field Specification dialog where you can change the
properties for that item.

Delete - You can delete a data extension by highlighting it and clicking this button. If the data
extension you are deleting is shared among multiple types of elements, it will only be removed from
the element type that you are currently editing. If you remove a user data extension, all the
information contained in that field will be permanently removed.

Share - You can open the Existing Fields to Share With dialog by clicking this button. Here, you

pick which of the available attributes defined for other types of elements you would like to share with

the current type of element.
At the bottom of the User Data Extension dialog is a File button that allows you to import or save a set of
user-defined data extensions. Y ou can save the current configuration of user data extensions for later use
by selecting File / Save, and specifying afile location and name. The file extension for the files holding
the user data extension configurationsis'.udx'. Select File/ Import to merge the data extension
configurations defined in these files into the current project. Importing a'.udx' file will not remove any of
the other data extensions defined in your project. User data extensions that have the same name as those
already defined in your project will not be imported.

To access the User Data Extensions dialog, click Tools/ User Data Extensions... from the pull-down
menus.

User Field Specification Dialog

The properties defining a user data extension can be viewed and edited in the User Field Specification
dialog, which is composed of two tabs:

Type - Enter the user data specification.
Notes - Enter any notes related to the User Data Specification.

Type Tab
The Type tab is composed of two sections:

Type - Contains fields for entering the label for the user data extension, as well as the data type.

Format - Contains fields for defining the specification of the type of user data extension selected in the
Type section.
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Type Section

The Type section contains fields for entering the label and data type for the user data extension. The name
entered in the L abel field corresponds with the User Data Extension field on the User Data tab of the
Element Editor. Thislabel will also be used as the column heading if the user data extension is added to a
FlexTable.

If you want the label to be displayed on multiple rows when it is used as a column heading, you can use
forward slashes to specify the location of line breaks. When the label isused as afield label in adialog, the
forward dlashes will be converted to spaces. In FlexTables, there is an option to use abbreviated labels for
the column headings. If you want an alternative label to be displayed, you can specify an abbreviated |abel
after the original label, and separate them by the bar symboal, '|'. When the option to display abbreviated
labelsis enabled in the FlexTables, thisis the text that will be used as the column heading. For instance, if
you specified the label 'Date/l nstalled | Date/Inst." it will be displayed in one of the following three ways,
depending on the location and options selected.

Field Label Column Column heading with
(Reports/Element Heading abbreviated label option
Dialogs) (FlexTable) selected
(FlexTable)
Date I nstalled Date Date
Installed Inst.

Y ou can select from five different types of data for the user data extension from the drop-down list in the
Typefield. Anexplanation of each is presented in the list below:

Date/Time - Use this data type when you want the values you are entering to be in a standard date and
time format. Thisformat can be more useful than storing date information in asimple text field
because it allows the dates to be sorted correctly when they appear in a FlexTable.

Memo - If auser data extension is defined to be amemo, it will appear as a scrolling text pane in the
User Memos section of the User Data tab in the Element Editor dialog.

Number - Use this data type for fields that contain numeric values. Y ou can specify a unit for the
information in thisfield. The values contained in this field will then be automatically converted if you
change the unit for thisfield.

Text - Use this data type to create a single-line text field.
Yes/No - Use this data type to display the attribute as a check box to represent true/fal se data.

Format Section

This section is enabled only if you select Date/Time or Number in the Type section. Here is where you
define the properties governing the type of data selected.

Number Format - If the type of data you selected was numeric, you can select a unit type (length, volume,
intensity, etc.), aunit, adisplay precision, and whether to use scientific notation. There are no format
options for memo, text, and Y es/No data types.

Date/Time Type Format - If you selected the Date/Time type, you can specify whether you would like
the date or time to appear first in the input field, aswell as the format of the date and time information. The
format in which the date and time information will be displayed can either be selected from the drop-down
lists, or you can type your own custom format directly into the Date Picture and Time Picturefields. If
one of these fieldsis left blank, the corresponding information will not be displayed.
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The Date/Time data type consists of an input and an output format. The input format is afixed format that
is determined by the regional settings on your computer. Whenever you enter information into a
Date/Time field, the information must be entered according to the input format. If it isnot entered in the
proper input format, the value will simply revert to the original value.

The output format is simply a mask that defines the manner in which the date and time information will be
displayed. It does not affect the way the date and time information can be entered into a Date/Time field.

The output format can be edited as follows:

To specify dates with no leading zeros for single-digit days, years, or months, use lowercase d,
lowercase y, or uppercase M.

To specify dates with leading zeros for single-digit days, years, or months, use lowercase dd,
lowercase yy, or uppercase MM.

To specify abbreviations for the day, year, or month, use lowercase ddd, lowercase yyy, or uppercase
MMM.

To specify the full name of the day, year, or month, use lowercase dddd, lowercase yyyy, or uppercase
MMMM.

If there are charactersin the output format that do not map to valid date or time information, then the actual
value of the character will be displayed. For example, if you wanted the date to be displayed as June 15,
1998, you would define the format as'MMMM d, yyyy'. Since the spaces and comma do not map to any of
the date information, their actual values are displayed. To include a piece of text that contains a character
that maps to the date or time information, use single quotation marks (*) around the text.

Notes Tab

Thistab contains atext pane for entering notes about the current data extension. The text entered hereis
not displayed anywhere in the model, but allows you to keep records for a particular data extension.

Existing Fields to Share With Dialog

This dialog allows you to choose which of the available attributes defined for other types of elements you
want to share with the current type of element. The following sections are available:

Available Items - Lists attributes defined for other element types that have not already been shared
with the current type of element. In order to add attributes to the current element type, highlight them
and click the Add button to transfer them to the Selected Itemslist.

Selected Items - The attributes in the Selected Items list will be added to the current element after you
click the OK button.

All the characteristics (such as data type, format, unit, and display precision) for a particular user data
extension are the same for all the elements that shareit. Thisisuseful when the attribute you are adding
needs to be the same for all the element types for which it is defined. For instance, if you have a Date
Installed field for every element, sharing guarantees that the date format is the same for every element and
will appear in asingle FlexTable column. If, at alater point, you decide the date should be in a different
format, you can change the format for one type of element. That change will filter through to all the
elements that share that attribute.
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Chapter 7

FlexTables

7.1 Tabular Reporting Overview

FlexTables provide you with a powerful data management tool that can be used to edit input data and
present output datain a quick, efficient manner. Haestad Methods provides you with default element
tables. However, these tables can be customized to fit your particular needs. Y ou can aso create your own
tables combining various input and output data for different model elements. Y ou can use FlexTablesto
view all elementsin the network, all elements of a specific type (e.g. al pipes), or any subset of elements.
Additionally, tables can be filtered, globally edited, and sorted to ease data input and present output data for
specific elements.

FlexTables may also be used for creating results reports that can be sent to a printer, afile, the Windows
clipboard, or copied to your favorite word processing and spreadsheet software.

7.2 Table Manager

The Table M anager provides support for creating, opening, and managing tables. Although the predefined
tables provide access to most of the network element information, it is sometimes practical to present

model results and input data through user-defined tables. The Table Management button provides the
following tools for manipulating user-defined tables:

OK - Open the selected table.

Close - Exit the Table Manager dialog without opening atable.

Table Management / New - Create a new table using the Create New Table and Table Setup dialogs.
Table Management / Edit - Modify the layout of the selected table using the Table Setup dialog.
Table Management / Rename - Rename the selected table.

Table Management / Duplicate - Duplicate the selected table for additional customizing. Thisisa
very useful feature when you need to change a predefined table.

Table Management / Delete - Delete the selected table.

Table Management / Reset - Reset atable’' s units to the current unit system or reset a predefined table
to factory defaullts.

You cannot rename or delete the predefined tablesthat come with this software.

When you choose to print atable, the table name will be used asthetitle for the printed report.
You can change thereport title by renaming the table.
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To access the Table Manager, select the Tabular Reports button El on the main toolbar, or choose
Report / Tables from the pull-down menu.

Creating New Tables

To create a new table, open the Table Manager by clicking the Tabular Reports button El on the
main toolbar, or by choosing Report / Tables from the pull-down menu. Inthe Table Manager dialog,
click the Table Management button and select New.

1. Specify the Table Type to indicate the type of network elements you want to display in your
table.

2. Specify either aone or two row display for your table (in SewerCAD or StormCAD).

3. Enter the name of your new table in the Enter the description for thistable: field. This name
will also be used as the report title when this table is printed.

4. Click OK to accept these settings and proceed to the Table Setup dialog where you can define
your table.

Two Row Tables

Two-row tables allow you to present more information in fewer columns by pairing up attributes, such as
Upstream and Downstream Node for pipes, or Ground and Sump Elevation for nodes. The DOT Report is
an example of atwo-row table. Y ou can only specify the number of rows when you create the table. You
cannot change the number of rowsin an existing table.

If you choose to use a two-row table, only the attributesthat can be represented in pairswill
actually make use of two rows. Attributesthat cannot be represented in pairswill only make use
of thefirst row. Thecell in the second row will be empty.

Global Edit isnot available in two-row tables.

Editing Tables
The Edit option allows you to modify the list of attributes that will appear in your table.

Duplicating Tables
The Duplicate option allows you to create a new table based on an existing table.

Deleting Tables

The Delete option allows you to delete any table that you have defined. Y ou cannot delete the predefined
tables.

Renaming Tables

The Rename option allows you to change the name of any table that you have defined. Y ou cannot rename
any of the predefined tables.

Thetable name will be used asthetitlein printed reports. You cannot rename any of the
predefined tables. If you need to rename a predefined table, duplicateit first and then renameit.
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Resetting Tables

Reset Unitsto the Current Unit System - Thisoption is only available for tables that are in Local Units
mode. Local Units mode allows the table to maintain its own "local" set of column properties, such as units
and precision. Use this option to reset all unitsin the selected table to the defaults for the current unit
system, which refersto the units used in the current project. Y ou will be prompted to confirm before this
action is performed.

Reset to Factory Defaults- Y ou can reset any of the predefined tables to the factory defaults. This option
isnot available for tables that you create.

To reset unitsto the current unit system select Table M anagement / Reset / Reset Unitsto <the current
Unit System> in the Table Manager.

To reset the table to factory defaults select Table Management / Reset / Reset to Factory Defaults... in
the Table Manager.

7.3 Table Setup Dialog

7.3.1

The Table Setup dialog allows you to customize any table through the following options:

Table Type - Allows you to specify the type of network elements that will appear in the table. For
example, only pipes will appear in a"pipe" table.

Available Columns - Contains all the attributes that are available for your table design, and will
change based on the Table Typefield.

Pick Button - Y ou can click on this button to access the categorized Quick Attribute Selector for
selecting columns to be added to the tabular report. The selected column will be highlighted in the
Available Columns Window to be easily added to the Selected Columns as seen fit.

Selected Columns - Contains attributes that will appear in your custom designed table. When you
open the table, the selected attributes will appear as columns in the table in the same order that they
appear inthelist. You can drag and drop or use the up and down buttons to change the order of the
attributes in the table.

Allow Duplicate Columns - An advanced feature that allows you to place two identical columnsin the
same table and set them to different unit systems.

Column manipulation buttons - Allows you to select or deselect columns to be used in the table, as
well asto arrange the order in which the columns will appear.

Thenumber next to the Selected Columns label indicates the number of columnsthat will appear
in your table.

To access Table Setup from the Table Manager, highlight the desired table and select Edit from the
Table Management menu button.

Table Type

The Table Type field allows you to specify the types of elements that will appear in the table. It also
provides afilter for the attributes that appear in the Available Columnslist. When you choose atable
type, the available list will only contain attributes that can be used for that table type. For example, only
pipe attributes will be available for a"pipe" table.
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7.3.2 Available Table Columns

The Available Columnslist is located on the left side of the Table Setup dialog. Thislist containsal of
the attributes that are available for the type of table you are creating. The attributes displayed in yellow
represent non-editable attributes, while those displayed in white represent editable attributes.

7.3.3 Selected Table Columns

The Selected Columns list is located on the right-hand side of the Table Setup dialog. The attributesin
thislist will appear as columnsin the table when it is opened. The columns will appear in the same order
as the attributes in the selected list.

To add columns to the Selected Columnslist:

1. Select one or more attributes in the Available Columnslist.
2. Click the Add button [>] or drag and drop the highlighted attributes to the Selected Columnslist.

7.3.4 Table Manipulation Buttons
The Add and Remove buttons are located in the center of the Table Setup dialog.

[ >] Addsthe selected item(s) from the Available Columnslist to the Selected Columnslist.
[>>] Addsall of theitemsin the Available Columnslist to the Selected Columnslist.

[ <] Removesthe selected item(s) from the Selected Columnslist.

[<<] Removesadl itemsfrom the Selected Columnslist.

To rearrange the order of the attributesin the Selected Columnslist:

1. Highlight the item to be moved.

2. Moveit up or downinthelist by clicking the up or down button located below the Selected
Columnslist, or by simply dragging it to the desired location.

T You can select multiple attributesin the Available Columnslist by holding down the Shift key or
the Control key while clicking with the mouse. Holding down the Shift key will provide group
selection behavior. Holding down the Control key will provide single element selection behavior.

Theitemsdisplayed in yellow represent non-editable columns (e.g. columnsthat contain
calculated data) while those in white represent editable columns (e.g. columnsthat contain input
data).

7.3.5 Allow Duplicate Columns

Set this check box to allow duplicate columnsin atable. Allow Duplicate Columnsisan advanced feature
that allows you to place two identical columnsin the same table and set them to different unit systems.

7.4 Table Window

The Table window is where you will perform most of your data input and review. It has many featuresto
assist you with data entry, data formatting, report customization, and output generation. To access the
Table window, highlight atable in the Table Manager, and click OK. Here are some of the topics that
will be covered in this section:
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Table Navigation
Table Customization
Options:
Sorting Tables
Filtering Tables
Changing Column Headings
Globally Editing Data
Local vs. Synchronized Units
Mixing Unitsin a Tabular Report
Abbreviated L abels
Changing Column Display Properties
Output:
File (Export Table to ASCII File)
Table Copy to Clipboard
Table Print

Table Print Preview
Columns:

See the Glossary for information regarding the definitions of the columnsin the Table window.

Use the Scenario control located at thetop of the Table Window to quickly view the data for
different scenarios.

To access the Table window, open the Table M anager, highlight the table you wish to open, and click
OK.

Editing Tables

Editable Table Columns

Editable table columns correspond to input data that you can change. The values in these columns can be
modified either directly or through the Global Edit option. These columns are displayed with awhite
background.

Non-editable table columns are displayed with a yellow background, and correspond to model results
calculated by the program and composite values.

Table Navigation

The Table window supports two modes: Table Navigation Mode and Cell Navigation Mode. By pressing
the F2 key, you can toggle between them.

Table Navigation Mode

The Arrow keys, Home, End, PgUp, PgDn, Ctrl+<arrow> keys navigate to different cellsin atable. Table
Navigation Mode is the default mode when editing atable. To edit within asingle cell of atable, pressthe
F2 key to switch to Cell Navigation Mode.
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Cell Navigation Mode (Edit Mode)

In Cell Navigation Mode, the Arrow keys, Home, and End keys navigate within asingle cell. When Cell
Navigation Mode is active, the word "EDIT" will appear on the status pane at the bottom of the window.
Cell Navigation Mode will automatically terminate when you press any key except for Left, Right, Home,
End, Delete, or Backspace.

Globally Editing Data

Y ou can globally change the values of any editable column in atable. Right-click the column that you
wish to globally change and choose the Global Edit menu item.

For numeric columns:

1. Choose the operation to be performed: Add, Divide, Multiply, Set, or Subtract.

2. Enter the value you wish to use.

3. Click OK, and the values in the entire column will be updated to reflect this change.
For non-numeric columns:

1. Enter the new value.

2. Click OK, and the valuesin the entire column will be updated to reflect this change.

Global Edit isavailable only for editable columns. Global Edit isnot availablein 2-row tables
(in Sewer CAD or StormCAD). You can use Global Edit in conjunction with Filtering to globally
edit a subset of elements.

Sorting/Filtering Tables

Sorting Tables
Tables can be sorted based on a single column, multiple columns, or network order.

Sort By Network

In a network-based sort, elements in the table will be sorted so that structures furthest from the outlet will
appear at the top of the list, and structures closest to the outlet will appear at the bottom of thelist.

" Furthest from the outlet" as used here does not refer to an actual distance, but to the number of
pipesthat are between the specified element and the outlet. |f your system contains multiple
networks, the elementsin thefirst network will be sorted as described above, followed by the
elementsin the second network, and so on.
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Custom Sort

Y ou can sort elementsin the table based on one or more columns, in ascending or descending order. For

example, the following tableis given:

A custom sort is set up to sort first by Slope, then by Depth, in ascending order. The resulting table would

Slope (ft/ft) Depth (ft) Discharge (cfs)
0.001 1 411

0.002 1 5.81

0.003 1 7.12

0.001 2 13.43

0.002 2 19.00

0.003 2 23.27

appear in the following order:

Slope (ft/ft) Depth (ft) Discharge (cfs)
0.001 1 411

0.001 2 13.43

0.002 1 5.81

0.002 2 19.00

0.003 1 7.12

0.003 2 23.27

To access the custom sort capability, open the table you wish to sort. Then, right-click a column label and
select Sort / Custom.

Filtering Tables

To access the filtering operations, use the Options button at the top of the Table window (in the case of a
FlexTable), or right-click the column header by which you wish to filter. Filters allow you to change the
table so only rows that match the specified criteriawill appear.

Quick Filter - Set up asimple filter by right-clicking the column by which you wish to filter.
Custom Filter - Set up a custom filter based on one or more criterion.

Reset - Turn off the active filter, causing all available rowsin the table to be displayed.

Another way to select which elements are displayed in the table consists of first selecting
elements, either graphically, or by using the Selection Set tool. Then, right-click any of the
selected elements and choose Edit Group from the pop-up menu that appears. Thiswill display
the Table Manager dialog. Only the selected elementswill appear in any of the tables you open
at thispoint.

When you perform a Quick Filter or aCustom Filter, the Filter dialog will open allowing you to specify
your filtering criterion.

Each filter criterion is made up of three items:
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Column - The attribute to filter.

Operator - The operator to use when comparing the filter value against the data in the specific column
(operatorsinclude: =, >, >=, <, <=, <>).

Value - The comparison value.

Any number of criterion elements can be added to afilter. Multiple filter criterion areimplicitly joined
with alogical "AND" statement. When multiple filter criterion are defined, only rows that meet all of the
specified criteriawill be displayed. A filter will remain active for the associated table until the filter is
reset.

The status pane at the bottom of the Table window always shows the number of rows displayed and the
total number of rows available (e.g. "10 of 20 elements displayed"). When afilter is active, this message
will appear in a highlighted color.

Tablefiltering allows you to perform global editing on any subset of elements. Only the elements that
appear in the filtered table will be edited.

Table Customization
There are several ways to customize tables to meet a variety of output requirements:

Changing the Report Title - When you print atable, the table name is used as the title for the printed
report. You can change the title that appears on your printed report by renaming the table, using the
Table Manager.

Adding/Removing Columns - Y ou can add, remove, and change the order of columns by using the
Table Setup dialog. Usethe Table Manager to access the Table Setup dialog.

Drag/Drop Column Placement - With the Table window open, select the column that you would like
to move by holding down the left mouse button on its column heading. Drag the column heading to
the left or right, and release the mouse button to drop the column into its new location.

Resizing Columns - With the Table window open, place your pointer over the vertical separator line
between column headings. Noatice that the cursor changes shape to indicate that you can resize. Hold
down the left mouse button and drag the mouse to the left or right to "stretch” the column to its new
size. When you are satisfied, release the mouse button to set the new column width.

Changing Column Display Properties - With the Table window open, right-click in the heading area
of the column you wish to change and choose the Properties menu item. The current column
properties will be displayed in the Set Field Options dialog. Refer to the section on Local Units for
additional information.

Changing Column Headings - With the Table window open, right-click the column heading that you
wish to change and choose Edit Column Label. Refer to section on Changing Column Headings for
additional information.

Changing Column Headings

To change the label of any column in the Table window, right-click the column heading that you wish to
change and choose Edit Column Label from the context menu. The backslash character (\) can be used to
insert aline-break wherever you want the title to be split into multiple lines. If you enter an empty label,
the column heading will be restored to the default label.

Abbreviated Labels

Using label abbreviations will allow columns to take up less space. Thiswill permit more datato fit on
each page when printing areport. If you wish to define an abbreviated label, right-click the desired column
heading and choose Edit Column Label. Inthe Label dialog, separate the abbreviated 1abel from the
default label with the'|' symbol, located above the backslash (\) on most keyboards. For example, to use
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the abbreviation L for the L ength column, type Length|L in the field provided. When the Use L abel
Abbreviations option is toggled on, the abbreviated label will appear.

To toggle the Use L abel Abbreviations option on and off, select Options/ Use Abbreviated L abelsfrom
the Table window.

Changing Column Display Properties

Y ou can change the display properties (e.g. units, precision) of any numeric column in the Table window.
Right-click the label of the column that you wish to change, and select Properties from the pop-up menu.
This opens the Set Field Options dialog, where you can change the display properties of the column.

Local vs Synchronized Units

Use the Options button at the top of the Table window to access the Use Local Units menu item. Click
the menu item to toggle between L ocal Units and Synchronized Units. A check mark will appear next to
the Use L ocal Units menu item to indicate that Local Units mode is active. Otherwise, Synchronized Units
mode is active.

Synchronized Units - Thisis the default mode that allows the table to stay synchronized with the
active project. If you have one project in US Customary and one project in Sl units, the Table will
match the unitsin the project that is currently open.

Local Units- Local Units mode allows the table to maintain its own "local" set of column properties
(units, precision, etc). Thisisa powerful feature that gives you the ability to build tables that are
always in afixed unit system, no matter what unit system the active project is currently using. Thisis
useful for printing reports in different unit systems.

When the Table window is open, the current unit synchronization mode is displayed in the status pane at
the bottom of the window.

Mixing Units in a Tabular Report

This software allows for duplicate columns in atable, thus giving you the ability to display an attribute in
different units.

For example, to see two "Pipe Length" columnsin a Table, onein feet and one in meters:

1. Openthe Table Manager.
2. Click the Table Management button, and select New to create a new table.

3. Select the Pipe Table Type from the choice list, and enter a name for your new table. Click OK
and you will be taken to the Table Setup dialog where you can customize your table.

4. Inthe Table Setup dialog, activate the Allow Duplicate Columns check box located at the lower
left corner of the dialog.

5. Add the Length column to the Selected Columnslist.

The Length column will still appear in the Available Columnslist, but will be displayed in a
lighter color, indicating that it has already been selected.

6. Addthe Length column again.

7. Click OK to closethe Table Setup dialog. From the Table Manager, highlight the table you
have just created, and click OK.

8. Click the Options button at the top of the window and select the Use L ocal Units menu item to
turn Local Unitson. You will be prompted to verify that you want to use local units. Click Yes.
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9. Right-click thefirst Length column and select L ength Properties to set the unitsin the column
to "ft." Then, right-click the second L ength column to set the unitsto "m."

Table Output

Table Copy to Clipboard

The Copy button at the top of the Table window allows you to copy tab delimited data to the Windows
clipboard. Tab delimited data can be pasted directly into your favorite spreadsheet program or word
processor.

Table Print
The Print button at the top of the Table window is used to output the table directly to the printer.

Table Print Preview

Click the Print Preview button at the top of the Table window to view the report in the format that will be
printed.

Using label abbreviationswill allow some columnsto be narrower, per mitting mor e data to fit on
each page. Usethe Optionsbutton at thetop of the Table window to access this option.

Printing with landscape orientation will also allow more columnsto fit on a single page. From
the Print Preview window, use the Options/ Print Setup menu item to access orientation.

Clicking the Copy button will allow you to paste the for matted infor mation into another
application such as Microsoft Word.

File (Export Table to ASCII File)
Y ou may export the data shown in the Table window to an ASCI| text file in either tab or comma-
delimited format.

To export atable to an ASCI| File format, select File/ Export Data and either Tab Delimited or Comma
Delimited from the Table window.
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Chapter 8

Scenarios and Alternatives

8.1 Overview

The scenario management feature allows you to easily analyze and recall an unlimited number of "What
If?" calculations for your model. The powerful two-level design, which uses Scenarios that contain
Alternatives, gives you precise control over changes to the model, while eliminating any need to input or
maintain redundant data.

We have worked hard to devise a system that offers the power and flexibility that you demand, with the
ease of use that you have come to expect from us. If you are like most users, you will want to jump right in
without having to spend alot of time reading. When you are ready to create your first scenario, you will
find that you will be able to accomplish what you want easily and quickly.

The Scenario Wizard is designed to get you started quickly, while slowly exposing you to the power
behind scenarios and alternatives.

When you are ready to model more complex scenarios, you will appreciate the power and flexibility
provided by the various scenario management features.

If you are a beginning user, try the Scenario Wizard and run the Scenario tutorial. Also, refer to the
Scenario Management Reference Guide in Appendix D. Be sure to read about Alternatives, and investigate
the Alter natives M anager dialog.

8.2 Alternatives

Alternatives are the building blocks behind scenarios. They are categorized data sets that create scenarios
when placed together. Alternatives hold the input data in the form of records. A given record holds the
data for aparticular element in your system. The different types of aternatives are as follows:

Physical Properties

Sanitary (Dry Weather) Loading
Infiltration and Inflow Loading
Known Flow Loading
Structure Headl osses
Boundary Conditions

Design Constraints

Initial Settings

Operational

Cost

User Data
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The exact properties of each alternative are discussed in their respective sections. By breaking up
alternatives into these different types, we give you the ability to mix and match different alternatives within
any given scenario.

Scenarios are composed of alternatives, as well as other calculation options, allowing you to compute and
compare the results of various changesto your system. Alternatives can vary independently within
scenarios, and can be shared between scenarios.

There are two kinds of alternatives: Base alternatives and Child alternatives. Base alternatives contain
local datafor al elementsin your system. Child alternatives inherit data from base alternatives, or even
other child alternatives, and can contain data for one or more elementsin your system. The datawithin a
child alternative consists of data inherited from its parent and the data altered specifically by you (local
data).

When you first set up your system, the data that you enter is stored in the various base alternatives. If you
wish to see how your system will behave, for example, by increasing the diameter of afew select pipes,
you can create a child alternative to accomplish that. Y ou can make another child alternative with even
larger diameters, and another with smaller diameters. Thereis no limit to the number of alternatives that
you can create.

Scenarios allow you to specify the alternatives you wish to analyze. Once you have determined an
alternative that works best for your system, you can permanently merge changes from the preferred
alternative to the base dternative if you wish.

Remember that all datainherited from the base alternative will be changed when the base alternative
changes. Only local data specific to a child alternative will remain unchanged.

Alternatives Manager
The Alternatives Manager isacentral location for managing all of the alternatives in your project.

Across the top of the alternative manager are tabs for each type of aternative. The tabs access atree view
of the available aternatives of the following tabs:

Physical Properties

Sanitary (Dry Weather) Loading
Infiltration and Inflow Loading
Known Flow Loading

Structure Headl osses

Boundary Conditions

Design Constraints

Initial Settings

Operational

Cost

User Data

On theright side of the dialog are a number of buttons that provide functions for managing the alternatives.
The following list provides a brief description of the function of each of these buttons:

Add - Create a new base aternative, first prompting for a name, then opening an Alter natives Editor.
Base alternatives areinitialized with the data that is currently entered either in tables or specific
element dialogs.
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Add Child - Create a new child alternative that inherits data from the selected parent aternative. This
allows you to automatically share the magjority of the records with a parent alternative, while modifying
only selected recordsin the child alternative.

Edit - Open the tabular record editor for the selected alternative. This tabular record contains the
values that are used by the selected aternative.

Merge - Move al records from the selected child aternative into its parent alternative, and then
remove the selected alternative. The records in the selected alternative will replace the corresponding
recordsin the parent. Thisis helpful when you have been experimenting with changesin achild
alternative, and you want to permanently apply those changes to the parent alternative. All other
alternatives that inherit data from that parent alternative will reflect these changes.

Rename - Rename an existing alternative. Thisinvokes an in-place editor in the tree view of the
available alternatives. Make the desired changes to the existing name, and press the Enter key

Duplicate - Create a new alternative filled with records copied from the selected alternative. Usethis
if you wish to copy the data from an aternative but not create a child. The two aternatives will be
independent.

Delete - Remove the selected alternative and its records. Deleting an alternative will also delete all of
the input data associated with that alternative. Y ou cannot delete an alternative that has children
associated with it.

Report - Generate a Print Preview of a summary report of the selected alternative, all alternatives, or
the selected alternative and all of its children in that hierarchy.

You will not be allowed to merge or delete an alternative that is referenced by one or more
scenarios. When you attempt to perform the operation, you will be provided with a list of the
scenarios that referencethe alternative.

If you are attempting to merge an alternative that isreferenced, you will need to edit the
scenario(s) that referencesthe alternative you are merging, and make them reference the parent
alternative to which you are merging. Usethe Scenario Manager window to edit the scenario(s),
and the Alter nativestab to make the scenario point to the parent alter native.

Alternatives Editor

The Alternatives Editor displaysall of the records held by a single aternative. These records contain the
values that are active when a scenario referencing this alternative is active. They allow you to view al of
the changes that you have made for a single alternative. They also allow you to eliminate changes that you
no longer need.

Thereis one editor for each aternative type. Each type of editor works basically the same, and allows you
to make changes to a different aspect of your system. The first column contains check boxes, which
indicate the records that have been changed in this alternative.

If the box is checked, the record on that line has been modified and the datais local, or specific, to this
alternative.

If the box is not checked, it means that the record on that line is inherited from its higher-level parent
alternative. Inherited records are dynamic. If the record is changed in the parent, the change will be
reflected in the child. The records on these rows reflect the corresponding valuesin the alternative's
parent.
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Asyou make changesto records, the check box will automatically become checked. If you want
toreset arecord toits parent'svalues, smply uncheck the corresponding check box.

Many columns support Glabal Editing, allowing you to change all valuesin a single column.
Right-click a column header to accessthe Global Edit option.

The checkbox column will be disabled when you edit a base alter native.

To access the Alternatives Editor for aparticular alternative, select Analysis\Alter natives from the pull-
down menu to activate the Alter natives Manager. Select the desired alternative tab, choose the alternative
you would like to edit, and click the Edit button.

Physical Properties Alternative Editor

The Physical Properties Alternative Editor allows you to modify the physical properties of any network
element, including gravity pipes, pressure pipes, manholes, junction chambers, pressure junctions, pumps,
and wet wells.

Physical Properties Alternative Editor for Gravity Pipes

The Physical Properties Alternative Editor for gravity pipesis used to create various data sets for the
physical characteristics of gravity pipes. The following properties are available for editing:

Set Invert to Upstream Structure - Specifies whether if the invert will be entered by the user or
calculated using upstream structure sump elevation and desired sump depth.

Upstream Invert Elevation - Elevation for the upstream invert.

Set Invert to Downstream Structure - Specifies whether if the invert will be entered by the user or
calculated using downstream structure sump elevation and desired sump depth.

Downstream Invert Elevation - Elevation for the downstream invert.
Section Shape - Shape of apipe.

Material - Type of material of which apipeis made. The available pipe materials are contained in the
Material Engineering Library. TheMaterial Library allows you to create new materials and
customize existing ones.

Roughness Coefficient - Specify a roughness coefficient for a pipe based on the pipe material
selected, or enter a unique value.

Section Size - Specify new dimensions for a particular pipe segment. The available dimensions for a
particular section shape are contained in the Section Size Library. You may add new valuesto this
library if the desired size is not available.

Number of Sections - Specify the number of pipe sections.

User-Defined Bend Angle - Choose to either enter abend angle or accept the bend angle calculated by
the program from the graphical layout.

Bend Angle - Specifies the bend angle of the pipe. If the User Defined Bend Angle box is checked,
thefield is editable.

Physical Properties Alternative Editor for Pressure Pipes

The Physical Properties Alternative Editor for pressure pipesis used to create various data sets for the
physical characteristics of pressure pipes. The following properties are available:
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Upstream Invert Elevation - Elevation for the upstream invert.
Downstream Invert Elevation - Elevation for the downstream invert.

Set Invert to Downstream Structure - Specifies whether if the invert will be entered by the user or
calculated using downstream structure sump elevation and desired sump depth.

Material - Type of material of which a pipe segment is made. The available pipe materials are
contained in the Material Engineering Library. The Material Library allowsyou to create new
materials and customize existing ones.

Diameter - Inside diameter of the pipe.

Roughness - Measure of the pipes’ internal roughness based on the pipe material selected, or enter a
unique value.

Minor L oss Coefficient - Appurtenances such as valves, bends, and tees contribute to local flow
disturbances resulting in energy loss. Minor losses can be entered in one of three ways:

- Manually enter avalue for the minor loss.

- Select aminor loss from the existing list. When you click the minor loss field, a choice list
will appear. Click thisto access the Minor Loss Coefficients that are stored in the Minor
LossLibrary.

- Create acomposite minor loss. When you click aminor lossfield, an ellipsis (...) button will
appear. Click thisto accessthe Minor L oss Elements Editor. Here you can specify the
quantity of a particular type of minor loss. If you need aminor lossthat is not available, click
the ellipsis(...) button to accessthe Minor Loss Library. You can edit existing minor losses
or create new ones. Usethe Minor Loss Elements Editor to enter as many types of minor
losses as you need.

Check Valve - A check box you can mark to indicate the presence of a check valve.

Physical Properties Alternative Editor for Manholes

The Physical Properties Alternative Editor for manholesis used to create various data sets for the
physical characteristics of manholes. The following properties are available;

Ground Elevation - Ground €elevation at the manhole.
Sump Elevation - Elevation of the manhole sump.

Set Rim Equal to Ground Elevation - Specify whether the ground elevation should be set equal to
the rim elevation of the manhole. If the box is checked, the rim elevation will be automatically set
equal to the ground elevation. Otherwise, the rim elevation will be user-defined.

Rim Elevation - Specify the elevation of the rim if the box in the column labeled Set Rim Equal to
Ground Elevation is not checked. If it is checked, the rim elevation is automatically set equal to the
ground elevation.

Bolted Cover - Specify whether the manhole cover is bolted. If the cover is not bolted and the
Hydraulic Grade is determined to be above the rim or ground elevation, whichever is higher, the model
will report a surcharged condition and the Hydraulic Grade will be reset to the higher of the rim and
the ground elevation for the next calculation. If the cover is bolted and the Hydraulic Grade is
determined to be above the ground or rim elevation, it will NOT be reset.

Has Diversion - Determinesiif this element diverts flows out of the network or not. If thisbox is
checked, the user will be able to edit diversion properties.

Diversion Target - Determines the destination for diverted flows. To edit thisfield, the Has
Diversion box must be checked.
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Diversion Rating Table - Editor button for Diversion Rating Curve Table. To edit thisfield, the Has
Diversion box must be checked.

Structure Diameter - Diameter of the manhole structure.

Physical Properties Alternative Editor for Junction Chambers

The Physical Properties Alternative Editor for junction chambersis used to create various data sets for
the physical characteristics of junction chambers. The following properties are available:

Ground Elevation - Ground elevation at a junction chamber.
Top Elevation - Top elevation of ajunction chamber.
Bottom Elevation - Bottom elevation of ajunction chamber.

Has Diversion - Determinesiif this element diverts flows out of the network or not. If thisbox is
checked, the user will be able to edit diversion properties.

Diversion Target - Determines the destination for diverted flows. To edit thisfield, the Has
Diversion box must be checked.

Diversion Rating Table - Editor button for Diversion Rating Curve Table. To edit thisfield, the Has
Diversion box must be checked.

Structure Diameter - Diameter of the junction structure. For non-circular junction chambers, an
equivalent diameter should be entered.

Physical Properties Alternative Editor for Wet Wells

The Physical Properties Alternative Editor for wet wellsis used to create various data sets for the
physical characteristics of wet wells. The following properties are available:

Ground Elevation - Ground €levation at a wet well.
Base Elevation - Elevation of the base of the wet well.

Minimum Elevation - Lowest possible water surface elevation for the wet well. This elevation must
be above the base elevation.

Maximum Elevation - Highest possible water surface elevation for the wet well.

Section - Physical parameters that define the wet well cross sectional geometry. There are two types
of wet well sections, Constant Areaand Variable Area. Click thisfield, then click the ellipsis(...)
button that appears. Thiswill activate a dialog allowing you to edit the parameters for the active wet
well section type.

Physical Properties Alternative Editor for Pumps

The Physical Properties Alternative Editor for pumpsis used to create various data sets for the physical
characteristics of pumps. The following properties are available:

Elevation - Elevation of the center of the pump.

Pump Type - Attributes that define the pump's operating characteristics. Click thisfield, then click
the ellipsis(...) button that appears. Thiswill activate a dialog allowing you to edit the parameters for
the active pump type.

Physical Properties Alternative Editor for Pressure Junctions

The Physical Properties Alternative Editor for pressure junctionsis used to create various data sets for
the physical characteristics of pressure junctions. The following property is available:

Ground Elevation - Ground elevation at a pressure junction.
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Physical Properties Alternative Editor for Outlets

The Physical Properties Alternative Editor for outletsis used to create various data sets for the physical
characteristics of outlets. The following properties are available:

Ground Elevation - Ground €elevation at the outlet.
Sump Elevation - Elevation of the outlet sump.

Set Rim Equal to Ground Elevation - Specify whether the ground elevation should be set equal to
the rim elevation of the outlet. If the box is checked, the rim elevation will be automatically set equal
to the ground elevation. Otherwise, the rim elevation will be user-defined.

Rim Elevation - Specify the rim elevation if the box in the column Set Rim Equal to Ground
Elevation is not checked. If the box is checked, the rim elevation is automatically set equal to the
ground elevation.

Sanitary (Dry Weather) Loading Alternative Editor

The Sanitary (Dry Weather) Loading Alter native Editor allows you to edit the sanitary (dry weather)
loads at manholes, pressure junctions, and wet wells. Sanitary loads, which comprise the base |oad of the
sewer system, are loads produced by residential, commercial, recreational, and industrial activities.

The tabbed dialogs for manholes, pressure junctions, and wet wells al follow the same format.

The alternative contains the following columns:

Sanitary Load Type - Identifies the type of load: Base L oad, Pattern Load, or Hydrograph if there
isasingle load associated with the node. If there are multiple loads associated with the node then the
L oad Description will display Composite. By clicking a L oad Description cell in the table, abutton
will be displayed. Click this button to access the Composite Sanitary L oad dialog. From thisdialog
you can edit each of the individual loads.

Sanitary Unit Load Type - Select the unit load type as established in the in the Unit Sanitary Load
Engineering Library. If multiple sanitary unit loads are associated to the node then the field will
display Composite.

Sanitary Unit Load Count - Specify the number of loading units. If multiple sanitary unit loads are
associated to the node then the field will display N/A.

Sanitary Unit Load Units - Displays the loading units associated with the sanitary unit load type. For
example, if the unit load typeis"Apartment" the actual unit per a quantity of flow could be "Resident."
If there is more than one unit |oads associated with the elements the field will display N/A.

Sanitary Pattern Load Base Flow - Enter a single load associated with the Sanitary Pattern. If
multiple pattern loads are associated with the structure then this field will display the sum of all the
sanitary base loads.

Sanitary Pattern Load Pattern - Select the pattern, which describes how the Sanitary Base L oad
varies over time. If multiple pattern loads are associated with the node then the Sanitary Pattern field
will display Composite. Click the ellipses(...) button in the field (if editable) to open up the Pattern
Manager.

Sanitary Load Composite Dialog

The Sanitary L oad Composite dialog alows you to apply an unlimited number of different sanitary loads
to asingle node.

The following operations can be performed on the Sanitary Flow list in the section:

Add - Add anew load to the Sanitary Flow list.
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Edit - Opens the editor for an existing load in the list.

Delete - Deletes a sanitary load from the list.

The Sanitary (Dry-Weather) Flow section is specified as a collection of sanitary loads applied to the
selected node. The following types of loads can be applied:

Hydrograph - A flow vs. time distribution

Unit Load - The type of Unit L oad and the number of units associated with Unit L oad. For example,
5000 passengers at an Airport.

Pattern Load - A direct, known sanitary load with a set pattern.

Infiltration and Inflow Loading Alternative Editor

The Infiltration and Inflow L oading Alter native Editor alows you to edit the wet weather loads at
gravity pipes, manholes, and wet wells. Wet weather |0ads are those produced by the introduction of
rainfall water into the sewer system through groundwater infiltration or rainfall inflow.

Groundwater infiltration, which occurs along gravity pipes, is specified on the Gravity Pipe tab of the
Infiltration and Inflow L oading Alter native Editor. Inflow, which occurs at manholes and wet wells, is
specified on the I nflow Structuretab.

Infiliration and Inflow Loading Alternative Editor for Gravity Pipes

The Infiltration and Inflow Loading Alter native Editor for gravity pipesis used to specify the
infiltration type and any additional infiltration for each gravity pipe individually. The following columns
are available:

Infiltration Load Type - Select how the direct infiltration along a gravity pipe will be computed.
Click thisfield and a choice list will appear. Choose from the list of the available infiltration types.
Once you have selected an infiltration type you can click the ellipses (...) button to bring up adialog to
edit data related to that infiltration type. For example, if Hydrograph is selected, clicking the ellipses
(...) button will alow you input the associated flow vs. time data.

Infiltration Loading Unit - Specify the unit used to define infiltration rates.

Infiltration Rate per Loading Unit - Specify the rate of infiltration for the selected loading unit and
infiltration type.

Infiltration Unit Count - Editable when Count Based is selected as the Infiltration Type.
Base Flow - Editable when Pattern Load is selected as the Infiltration Type.

Pattern - Editable when Pattern Load is selected as the I nfiltration Type. Click the ellipses(...)
button in the field (if editable) to open up the Pattern Manager .

Infiltration Additional Flow - Specify alump sum infiltration amount for each gravity pipe. The
total infiltration into a single gravity pipeisthe sum of the direct additional infiltration.

Infiliration and Inflow Loading Alternative Editor for Inflow Structures

The Infiltration and Inflow L oading Alter native Editor for inflow structuresis used to specify thelist of
wet weather inflow loads into manholes and wet wells. The following columns are available:

Inflow Load Type - The column will display Hydrograph or Pattern L oads if thereisasingle load
of that type associated with node. Otherwise, if multiple inflow loads are associated with the node, the
column will display Composite. To access the Composite Inflow dialog, click acell in the Inflow
Load Description column. A button will appear. Click on this button to bring up the Composite
Inflow dialog.
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Inflow Pattern Load Base L oad - Enter asingle load associated with the | nflow Base Pattern. If
multiple pattern loads are associated with the structure then this field will display the sum of all the
inflow base loads.

Inflow Patten L oad Pattern - Select the pattern, which describes how the I nflow Base L oad varies
over time. If multiple pattern loads are associated with the node then the Inflow Pattern field will
display Composite. Click the dllipses(...) buttonin thefield (if editable) to open up the Pattern
Manager.

Composite Inflow Dialog

The Composite I nflow dialog allows you specify the Inflow loading for structure in the Infiltration and
Inflow L oading Alter native.

The following operations can be performed on the I nflow list in the section:

Add - Add anew load to the I nflow list.
Edit - Opensthe editor for an existing load in the list.

Delete - Deletes an inflow load from the list.

The Inflow section is specified as a collection of wet weather loads applied to the selected node. The
following types of loads can be applied.

Hydrograph - A flow vs. time distribution
Pattern Load - A direct, known wet weather load with a set pattern.

Known Flow Loading Alternative Editor
The Known Flow L oading Alter native Editor allows you to specify known flows at individual manholes
and wet wells. Both the Manhole and Wet Well tabs areidentical.

Known flows are a special type of fixed load. They remain constant as they progress downstream, and
combine directly as asimple sum, similar to additional loads. During a Steady-State analysiswhen a
known flow is specified at a downstream manhole or wet well, the local known flow replaces the upstream
known flow rather than being added directly to the upstream known flow. During an Extended Period
Simulation known flows generate constant load hydrographs which are additive. Known Flows do not
replace each other during an Extended Period Simulations.

Structure Headlosses Alternative Editor

The Structure Headlosses Alter native Editor allows you to change the method used to calculate the
headl oss through each manhole and junction chamber. Both the manhole and the junction chamber tabs are
identical. The available methods are:

Absolute
Standard
HEC-22 Energy
AASHTO

Generic
For further information on these methods, see Appendix B.
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Boundary Conditions Alternative Editor

The Boundary Conditions Alter native Editor givesyou the ability to modify the tailwater condition and
tailwater elevation at the outlets. Y ou can specify free outfall, crown, or user-specified tailwater elevation.
The program determines the tailwater elevation for al the options except user-specified.

Design Constraints Alternative Editor

The Design Constraints Alter native Editor allows you to edit the gravity pipe and gravity structure
constraints governing the design of the system. It also allows you to specify which gravity elements you
want designed, and the extent to which you want them designed. For example, you may want to design a
particular pipe. However, you may only want to design the downstream invert elevation to meet a
particular velocity, cover, and slope constraint. The Design Constraints Alternative Editor alowsyou to
accomplish this.

The tabbed dialog for each particular type of element follows the same general format. The top of the
dialog box contains several fields where the default design constraints can be entered. The constraints
entered in these fields are applied to every element in the table on the bottom of the dialog, except the
elements that are specified to contain local values. This system allows you to rapidly enter the values that
govern most of the elements in the table, then manually override the constraints for those elements that are
exceptions to the majority.

In order to specify that an element contains local data, place a check mark in the column labeled Specify
Local Constraints on the same row as the element. The local design constraints, if specified, will override
the default design constraints during an automatic design for that particular element. When the check mark
appears, the yellow columns that display the global design constraints defined in the top of the dialog will
turn white on the row of the element that is being modified. This means that you can now change the
design constraint values for this particular element. If you click the check mark again, the opposite
happens. The columns containing the constraints turn yellow and revert to the global values entered in the
top of thedialog. The following tabs are available:

Gravity Pipe

Gravity Structure

Additional check boxes are available to specify exactly what you want the software to design
automatically.

Design Constraints Alternative Editor for Gravity Pipes
This dialog contains the following sections:

Minimum and Maximum Default Constraints
- Minimum Véocity - Minimum velocity that is allowed in a pipe.
- Minimum Cover - Minimum depth to which the crown of a pipe must be buried.
- Minimum Slope - Minimum slope of a pipe segment.
- Maximum Velocity - Maximum velocity that is allowed in a pipe.
- Maximum Cover - Maximum depth to which the crown of a pipe may be buried.
- Maximum Slope - Maximum slope of a pipe segment.

Extended Design

- Part Full Design - Specify what percent capacity you want to design your gravity pipes to.
In other words you can specify that you want your pipes to be designed for 50% capacity.
Click on the check box adjacent to the Part Full Design label and then enter the desired
percentage. Thisvalue will show up for every pipe in the system. Y ou can then manually
adjust specific valuesin the table on the bottom half of this dialogue.
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Allow Multiple Sections - Specify whether the automatic design should consider the use of
multiple parallel pipes, and if so how many. By default the model will only use one pipe
section for design.

Limit Section Size - Specify a maximum section size for design.

Table Columns - The following columns are editable:

Design Pipe - Specify whether the program should design the pipe based on the constraints
given to the model.

Design Upstream Invert - Specify if the program should design the upstream invert based on
the constraints given in the model.

Design Downstream Invert -Specify if the program should design the downstream invert
based on the constraints given in the model.

Specify Local Constraints- If the box in this column is checked then you can enter local
values to replace the default values. If there is not a check mark in the box then the program
will automatically use the default constraints.

The rest of the columns contain the values entered in the Default Constraints section, unless the
Specify Local Constraints box is checked. These are the constraints that govern the automatic design

process.

Minimum Velocity
Maximum Velocity
Minimum Cover
Maximum Cover
Minimum Slope

Maximum Slope

The next six columns are for specifying local values for the Extended Design Options discussed above:

Part Full Design

Design Percent Full

Allow Multiple Sections
Maximum Number Sections
Limit Section Size

Maximum Design Section Rise

For example, to specify a percentage full for a particular pipe, check the appropriate box in the column
entitled Part Full Design. Then typein the value in the next column entitled Design Per cent Full.

Design Constraints Alternative Editor for Gravity Structures
This dialog contains the following sections:

Default Design Constraints

Pipe Matching - Specify whether the program should match pipe crowns or inverts.

Matchline Offset - Thisisused to design invert elevationsin and out of a gravity structure.
The specified value will produce a corresponding drop between the upstream and downstream
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invert elevations. A drop such as 0.1 ft istypically used to compensate for the junction
headl oss.

- Allow Drop Structure - Permit the program to use drop structuresin design mode. If the box
next to this label has a check mark then drop structures are permitted; otherwise they are not
permitted.

Table Columns
- Structure Type - Specify if the structure is ajunction chamber, manhole, or outlet.
- Design Structure Elevation - Specify whether the sump elevation can be adjusted. If thereis

acheck mark in the cell in this column then you can set the sump elevation of this node,
otherwise the program will calculate the sump elevation.

- Desired Sump Depth - Set the sump depth if there is a check mark in the column labeled
Design Structure Elevation. If thereis not acheck mark in this column then the program
will use the sump depth entered in the respective node dialog.

- Local Pipe Matching Constraints- Assign local valuesto the design constraints for a node
if there is acheck mark in the box in this column. If thereis not a check mark then the
program assigns the default constraints to the node.

The valuesin the following columns are the same as the default constraints if there is not a check mark
in the column labeled L ocal Pipe Matching Constraints. If thereisacheck mark, you may enter local
data.

- PipeMatching
- Matchline Offset

- Allow Drop Structure.

Initial Settings Alternative Editor

TheInitial Settings Alternative Editor allows you to specify the starting conditions of pressure pipes,
pumps, and wet wells. For example, you can specify whether a particular pressure pipe is open or closed.
Thereby modeling how the system will react if a certain pipe goes out of service, or if you wish to isolate
future portions of the system.

Initial Settings Alternative Editor for Pressure Pipes

The Initial Settings Alter native Editor for pressure pipesis used to specify if pressure pipes are initially
open or closed.

Initial Settings Alternative Editor for Pumps

TheInitial Settings Alternative Editor for pumps allows you to specify the initial pump settings. The
fields for each pump are as follows:

Status - Indicates whether the pump isinitialy On or Off.

Relative Speed Factor - Specify theinitial speed of the pump impeller relative to the speed at which
the pump curve is defined.

Initial Settings Alternative Editor for Wet Wells

The Initial Settings Alter native Editor for wet wells allows you to specify the initial wet well settings.
Thefields for each wet well are as follows:
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Fixed Level - Determine how the Hydraulic grade in the wet well is calculated. See the Hydraulic
Transition from Gravity to Pressure Network topic in Appendix B for more details.

Initial Elevation - The elevation or level of the water surface at the beginning of the simulation.

Operational Alternative Editor

The Operational Alternative Editor allows you to specify controls on pressure pipes and pumps. The
Controlled field contains atrue or false statement that indicates whether the network element is controlled.
Clicking thisfield activates a button that allows you to edit the controls for the network element.

Cost Alternative Editor

One of the most common uses of the Cost Manager is to compare the cost between several different
system configurations. The compartmentalization of the data afforded by the cost alternative makes it easy
to develop and subsequently compare various cost data sets. Developing multiple cost alternativesis an
effective way to evaluate the cost of several different proposed solutions or to separate the costs associated
with several phases of construction.

The cost aternative editor contains atab for each type of element. Each tab contains the following fields
for editing the cost data associated with an element.

- Label - Identifies the element associated with a particular record.

- Includein Cost Calculation - Thisfield allows the user to specify whether or not to include
the element in the cost calculation. If thisfield is check the item will beincluded in the cost
calculation.

- Element Costs- Thisfield isonly enabled when the field Includein Cost Calculation has a
check mark. If thisfield is editable you can click on it to open up adialog where you can edit
the construction and non-construction costs associated with an element. Note that you can
Global Edit thisfield to edit the construction and non-construction costs of all the elementsin
the alternative.

User Data Alternative Editor

The User Data Alternative Editor allows you to edit the user data you defined in the User Data Extension
command for each of the network element types. The User Data Alter native Editor contains atab for
each type of network element.

See the section Hydraulic Element Editors in the help for more information.

8.3 Scenarios

A Scenario contains al the input data (in the form of Alternatives), calculation options, results, and notes
associated with a set of calculations. Scenarios let you set up an unlimited number of "What 1f?" situations
for your model, and then modify, compute, and review your system under those conditions.

Y ou can create scenarios that reuse or share datain existing alternatives, submit multiple scenarios for
calculation in a batch run, switch between scenarios, and compare scenario results - all with afew mouse
clicks. Thereisno limit to the number of scenarios that you can create.

There are two types of scenarios:

Base scenarios - Contain all of your working data. When you start a new project, you will begin with
adefault base scenario. Asyou enter data and cal culate your model, you are working with this default
base scenario and the alternatives it references.
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Child scenarios - Inherit data from a base scenario, or other child scenarios. Child scenarios allow
you to freely change data for one or more elementsin your system. Child scenarios can reflect some or
all of the values contained in their parent. Thisisavery powerful concept, giving you the ability to
make changes in a parent scenario that will trickle down through child scenarios, while also giving you
the ability to override values for some or al of the elementsin child scenarios.

i The calculation options are not inherited between scenarios, but are duplicated when the
scenarioisfirst created. The alternatives and data records, however, areinherited. Thereisa
per manent, dynamic link from a child back to its parent.

8.3.1 Scenario Selection
Scenariu;! Existing Spstem ;I ;l

Y ou can change the current scenario by simply using the Scenario drop-down list located on the Analysis
Toolbar on the main application window. When you select a different scenario, your current input data,
calculation options, and calculated results (if available) will reflect the selected scenario and the
aternativesit references.

8.3.2 Editing Scenarios

Once scenarios and alternatives are created, you do not need to take any special steps to input data into the
alternatives referenced by the current scenario. This happens automatically as you make changes to your
data. Changesto your data are always applied to the alternatives in your active scenario. For example,
consider that a pipe has a 12" diameter in the alternative storing data for the Base scenario. Then you
switch to Scenario 2, which references another alternative, and change the pipe diameter to 16". The new
value will automatically be associated with the alternative in Scenario 2. If you switch back to the Base
scenario, the pipe diameter will revert to 12".

You can also enter data directly into an alternative using the Alter natives Editor. This editor allows you
to see all of the changes that you have made in a single alternative. If you make an unintended change to
the active child scenario and you wish to remove it, go to the tabular editor for the type of input data you
changed, and uncheck the leading check box on the record(s) for the elements you wish to restore.

Scenarios currently only track modifications to the input data associated with existing network elements.
They do not allow you to track modifications to the network topology itself (e.g. additions and deletions of
network elements).

8.3.3 Scenario Manager

The Scenario Manager allows you to create, edit, and manage scenarios. Thereis one built-in default
scenario - the Base scenario. If you wish, you only have to use this one scenario. However, you can save
yourself time by creating additional scenarios that reference the aternatives needed to perform and recall
the results of each of your calculations. Thereis no limit to the number of scenarios that you can create.

The Scenario Manager isdivided into four sections:

1. Thethree buttons that run across the top of the window:
- Tutorial - Open the tutorials.

- Close - Close the Scenario Manager.
- Help - Open the on-line help.

2. The series of five buttons running along the left side of the window:
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- Scenario Wizard - Open the Scenario Wizard, which walks you step-by-step through the
creation of a new scenario.

- Scenario Management - Offers amenu of options for creating, editing, and managing scenarios:

Add - Prompts for a name, then creates a new child or base scenario. If you create a child scenario,

it will be based on the scenario that is currently highlighted.
Edit - Open the Scenario Editor for the scenario that is currently highlighted.

Rename - Rename an existing scenario. Thisinvokes an in-place editor in the tree view of the

available scenarios. Make the desired changes to the existing name and press Enter.

Delete - Delete the scenario that is currently highlighted.

Report - Generate a summary report for the scenario that is highlighted, including alternatives,

calculation options, notes, and results.

- Alternatives - Open the Alter natives Manager for creating, editing, and managing alternatives.

- Batch Run - Open the Batch Run dialog for selecting from among the avail able scenarios and

initiating calculations.

- Scenario Comparison - Open the Annotation Comparison Wizard, which allows you to create

adrawing displaying the differencesin input and output variables between two scenarios.

3. The panein the center of the dialog:

- Scenarios Pane - Available scenarios in a hierarchical tree showing the parent-child relationships.

Y ou can right-click any scenario to perform scenario management functionson it. You can
double-click parent scenarios to expand or collapse the child scenarios beneath them.

4. The pane on the right side of the dialog, which displays a variety of information depending on

which of the following tabs is selected:

- Alternativestab - Alternatives referenced by the highlighted scenario, showing the type and name

for each alternative. An icon distinguishes whether the aternative belongs to the scenario =

inherited from its parent scenario T=I. Double-click any alternative to open the Alter natives
Editor.

- Summary tab - Summary of the calculation options for the highlighted scenario, and any notes

you have associated with it.

- Resultstab - Summary of the last calculation performed for the highlighted scenario.

oris

When you delete a scenario, you are not losing data recor ds because scenarios never actually

that scenario will still exist until you explicitly delete them. By accessing the Alternative
Manager, you can delete thereferenced alter natives and data records.

hold calculation data records (alter natives do). The alternatives and data records referenced by

To open the Scenario Manager window, select Analysis/ Scenarios. Or, click the Hi button next to the

scenario drop-down list in the main application window.

Batch Run

Performing a batch run allows you to set up and run calculations for multiple scenarios at once. Thisis

helpful if you want to queue alarge number of calculations, or simply manage a group of smaller

calculationsasaset. Thelist of selected scenarios for the batch run will remain with your project until you

changeit.
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Using the diadlog issimple. First, check the scenarios you want to run and click the Batch button. Each
scenario will be calculated. Y ou can cancel the batch run between any scenario calculation.

When the batch is completed, the scenario that was current will remain current, even if it was not one that
was calculated. Select a calculated scenario from the main window drop-down list to see the results
throughout the program, or select it from the Scenario Manager and click the Results tab to preview the
results.

The Batch Run dialog contains a Select button that displays options you can use to select all scenarios or
clear your selections.

Creating Scenarios to Model "What If?" Situations

The scenario management feature was designed to let you model "What 1f?" situations by easily switching
between different input data sets without having to re-enter data. Comparing different output resultsis just
assimple.

Tocreateanew scenario:

1. Openthe Scenario Manager dialog by clicking the Scenario Manager button HI next to the drop-
down scenario list in the main application window.

2. Click the Scenario Wizard button in the upper left of the Scenario Manager dialog.

3. Complete each step in the Scenario Wizard - Name the new scenario, choose which scenario to base it
on, and choose the alternatives to be included. Click Next between each step, and click Finish when
you are done.

4. Closethe Scenario Manager dialog. Notice the scenario you have just created is displayed as the
current scenario in the Scenario choice list in the main application window.

5. Proceed to modify your model with the changes you want recorded in the new scenario.

Scenario Wizard
The Scenario Wizard will guide you step-by-step through the process of creating a new scenario.

These are the basic steps for creating a new scenario:

Name - Name the scenario and add some comments if you wish.
Base - Select a scenario on which to base the new scenario.

Calculation - Choose the type of calculation that you would like to perform, as well as other
calculation options.

Alternatives - Specify the aternative types with which you would like to work.
New/Existing - Create and/or select alternatives for your new scenario.

Preview - Preview the scenario, and create it when satisfied.
To access the Scenario Wizard, open the Scenario Manager and click the Scenario Wizard button.

Scenario Wizard - Step 1
Here you can enter a unique name and an optional note for the new scenario that you are creating.

The Name field allows you to input a distinguishing name for this scenario. A default nameis provided,
but we recommend that you change it to something more descriptive. If the new scenario will be based on
another scenario, you may want a name that indicates what will be different about the new scenario. For
example: "Post Development".
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The next field is optional, and alows you to input free-form text that will be associated with the new
scenario. Use it to make detailed notes about the conditions the scenario will model.

Click the Next button to proceed to the next step in defining a new scenario.

Scenario Wizard - Step 2

Click the existing scenario on which you would like to base your new scenario. Y our new child scenario
will inherit data from this parent scenario, and will be initialized with the same cal culation settings and
options. The Scenario Wizard, designed to introduce the user to scenarios, does not allow you to create
new base scenarios.

Existing scenarios in your project are displayed in a"tree" structure, giving you a graphic depiction of the
parent-child relationships.

Click the Next button to proceed to the next step.

Scenario Wizard - Step 3
Thistab of the Scenario Wizard allows you to specify the type of calculation to be associated with the
scenario you are creating, either Extended Period or Steady State.

Y ou can choose to perform a Design for a Steady State run, and also specify the Extreme Flow Setup and
the Pattern Setup.

Scenario Wizard - Step 4

Check the boxes next to the types of aternatives you want to include in the new scenario. The alternatives
for boxes you do not check will be inherited from the specified parent scenario. Y ou will be freeto add or
remove aternatives to the scenario after you create it.

Click the Next button to proceed to the next step in defining a new scenario.

Scenario Wizard - Step 5
Here you are asked to specify the source for each alternative you have requested in the previous tab.

Create New Alternative - If you choose to create a new aternative, it will inherit from the same type
of alternative in the specified or parent scenario. Thismeansit will initially use all the same input data
values. Enter aunique and descriptive name for the new aternative.

Use Existing Alternative - If you choose to use an existing alternative, you will be shown the tree of
existing alternatives from which to choose. In this case, you will not be creating a new alternative for
use in the scenario, and instead may actually be sharing an alternative with another scenario.

Click the Next button to proceed to the next step.

Scenario Wizard - Step 6
The last step of the Scenario Wizard displays a summary of the scenario you have defined and are about to
Cregte.

In the left pane is a preview of the scenario as it relates to its parent and other scenarios. In the right paneis
alist of the alternativesit references, showing their labels and types. An icon indicates whether a given
alternativeisloca to the new child scenario, or if it isinherited from the specified or parent scenario.

If you are satisfied, click the Finished button to create the new scenario.
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8.3.5 Scenario Editor

The Scenario Editor isthe control center for each analysis. It is the place where you access or change all
the information for performing a single calculation (alternatives, calculation type, cal culation options,
results, and notes). It isorganized by the following tabs:

Alternatives - Edit or view the aternatives to be used by this scenario.

Calculation - Specify the type of hydraulic/water quality calculations to be performed, and click the
GO buitton.

Results - View the hydraulic/water quality calculation results summary.

Notes - Edit or view notes for this scenario.

To open the Scenario Editor for the active scenario, click the GO button on the toolbar. To open the
Scenario Editor for any scenario, select Analysis\Scenarios from the pull-down menu to open the
Scenario Manager, right-click the scenario that you wish to edit, and select Edit from the pop-up menu.
Or, highlight the scenario you wish to edit, click the Scenario M anagement button, and select Edit.

Alternatives Tab

The Alter nativestab, located in the Scenario Editor, allows you to specify the alternatives that will be
used by this scenario. Thereisonerow for each Alternative Type. You need only concern yourself with
the rows that correspond to the changes you would like to model using this scenario.

To specify the alternatives you would like to work with, ssmply click the check box next to the alternative
type. For example, if you would like to see how your system behaves by changing the shape or size of a
few pipes, then click the check box next to the Physical Properties Alternative row.

If you would like to use an existing aternative that you have already set up, use the drop-down list to
choose the desired dternative. If you would like to create a new alternative, click the New button. You
will be asked to name the new alternative, and the Alter natives Editor will open.

The Scenario Wizard will walk you through all of the steps required to create a new scenario. If you are
unsure how to specify the aternatives that you would like to work with, we recommend that you use this
wizard.

i When this scenario is active, the alter natives that you specify herewill be active. Changesthat
you make to your model will be made in these alter natives. When you calculate this scenario,
these are the alter natives that will be used.

Thistab will take on a different appearance depending on whether you are editing a base
scenario or child scenario. When editing a base scenario, the checkbox column described above
will not be present. You can usetheélipsis(...) button located to the right of each drop-down
list to accessthe associated Alter natives Manager .

Calculation Tab

The Calculation tab, located on the Scenario Editor, lets you define the type of calculation and analysis
you wish to perform for this scenario, as well as setting various calculation options.

To calculate the model you must perform the following steps:

1. Choose from either Steady State or Extended Period.

2. If performing a Steady State analysis select the following parameters:

- Check Design if you wish SewerCAD to perform an Automated Design on the gravity portion of
the network.
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- Select an Extreme Flow Setup from the Extreme Flow Setup Manager .

3. If performing an Extended Period analysis select and enter the following parameters:
- Duration - Specify the duration of the Extended Period Simulation.

- Hydraulic Time Step - Specify the time increment between hydraulic backwater analysesin the
gravity portions of the network.

- Hydrologic Time Step - Specify the routing increment used to generate hydrographs in the
gravity system, and the time increment used in the pressure portions of the network.

- Select a Pattern Setup from the Pattern Setup Manager .

4. Click the GO button.
The Physical Properties and Design Constraints alternatives used for the design will be displayed.

In Stand-Alone mode, if the model has not been calculated, or if theinput data has been changed
sincethelast calculation, the word COMPUTE (highlighted in Red) will appear in the status
panein the lower right corner of the main application window. Thisisa signal that the model
needsto berecalculated.

Results Tab

The Results tab contains a summary of the last calculation performed using this scenario. Click the Save
button to save the results to an ASCI| text file. Click the Print Preview button to preview the Scenario
Results Summary Report.

To open the Resultstab for the active scenario: Click the GO button on the toolbar, or select Analysis\
Compute from the pull-down menu. In the resulting dialog, click the Results tab.

To open the Results tab for a specific scenario: From the Scenario M anager, right-click the scenario that
you wish to edit, and select Edit from the pull down menu that appears. In the resulting dialog, click the
Results tab.

Immediately after you run the calculations, the Resultstab displays automatically. You will
notice a green, yellow, or red light in that tab indicating how successful the computations were.

Thelight and folder color provides you with the following information:
Green light - Calculations were run successfully, without any warning or error messages being generated.

Yellow light - Calculations were run successfully, without error messages being generated. However, there
are one or more warning messages. Warnings are displayed in the results summary in thistab.

Red light - Calculations were not run successfully and error messages were generated, as shown in the
results summary of thistab.

In order to generate a Scenario Summary Report, click the Report button. Click the Element M essages
button to open up atable that displays all the messages generated during the run.

Double click the folders or click the + sign to open them up and display messages relevant to the folder’s
caption. When you click the copy button or save button the exposed text will be stored.

Notes Tab

The memo field on the Notes tab allows you to input paragraph text that will be associated with the new
scenario. Useit to make detailed notes about the conditions that the scenario will model.
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Chapter 9

Modeling and Design Capabilities

Calculate

To run network calculations, you must set parameters in the following sections on the Calculation tab of
the Scenario Editor:

Calculation Type - Perform either a Steady State or Extended Period analysis.

Steady State - Choose whether or not to run adesign and select an Extreme Flow Setup from the
Extreme Flow Setup Manager. Clicking the ellipsis(...) button in the Extreme Flow Setup field
will open the Extreme Flow Setup Manager.

Extended Period - Enter a Duration, Hydraulic Time Step, and a Hydrologic Time Step. Also, select
a Pattern Setup from the Pattern Setup Manager. Clicking the ellipsis(...) button in the Pattern
Setup field will open the Pattern Setup Manager.

Click the Options button to check or change calculation settings. After exiting the Calculation Options

diaog, click the @l button to start the calculations.

The Check Data button performsa quick check of your input data and displaysany errors
found. Thisfunction isautomatically performed when you run a calculation.

Calculation Type Section
This section lets you specify whether you are in Steady State or Extended Period mode.
Steady State - Runs the model for a single instant in time with extreme flow factors applied.

Extended Period - Runs the analysis over a specified duration of time with loading patterns applied.

Steady State Section

This section allows you specify whether you would like to perform an automated design and lets you select
an Extreme Flow Setup.

If Design is checked, all pipe invert elevations, diameters, and structures that are selected for design will
have the corresponding values updated automatically.

The valuesthat may change dueto the design process are stored in the Physical Alternative,
using the Design Constraints specified in the Design Constraints alternative. When you are
ready to do the calculation, you will be asked if you want to save this new data in a separate
Physical Alternative, in case you want to preserve your current Physical data.
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In the Extreme Flow Setup field you can specify which previously created Extreme Flow Setup to
associate with the Steady State run. Clicking the ellipses (...) button will open the Extreme Flow Setup
M anager .

9.1.3 Extended Period Section
This section lets you specify the following parameters necessary to run the Extended Period Simulation.

Duration - Length of simulation.

Hydraulic Time Step - Time increment between gravity backwater analyses.

Hydrologic Time Step - Time increment between computed hydrograph ordinates. This also serves as
the increment used in the pressure calculations.

Pattern Setup - In thisfield you can specify which previously created Pattern Setup to associate with
the Extended Period run. Clicking the ellipses (...) button will open the Pattern Setup Manager.

9.2 Calculations Options
Calculations depend upon avariety of parameters that may be configured by you.

This program provides defaults for each of the calculation options. |f you make changes to the calculation
options and decide that you would like to return to the default settings, use the Reset button on the
Calculation Options dialog.

The dialog is divided into seven tabs:

Gravity Hydraulics
HEC-22

AASHTO

Generic Structure Loss
Convex Routing
Steady State Loading
Pressure Hydraulics

To access the Calculation Options dialog, click the Options button in the Scenario Editor , or select the

@I button and click the Options... button.

9.2.1 Gravity Hydraulics Tab

The Gravity Hydraulics tab is the place where you can adjust the hydraulic options relating to the gravity
portion of the calculation. The following sections are available on the Gravity Hydraulics tab:

Flow Profile Method
Hydraulic Grade Convergence Test
Average Velocity Method

Minimum Structure Headl oss
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Flow Profile Method Section

This section lets you specify whether you are performing a Backwater Analysis or a Capacity Analysis for
the gravity portions of the network.

If you select the backwater analysis, you need to specify the Number of Flow Profile Steps. The
gradually varied flow profile within each pipe divides the pipe into internal segments prior to calculation of
the hydraulic grade. The default valueisfive, and it is recommended that the value entered here be at least
five segments for accuracy. Increasing this number will increase the accuracy of the hydraulic grade
calculation, but will also make the network take longer to calculate.

The higher the number of steps, the more accur ate the results, but the slower the calculations. A
value of five steps should be accurate enough in most cases.

Hydraulic Grade Convergence Test Section

This section contains the tolerance value constraining the Hydraulic Grade Convergence Test. In afull
network calculation, this value is taken as the maximum absol ute change between two successive solutions
of the hydraulic grade at any junction or manhole in the system. Thistest is used to optimize the
performance of the system solutions. It minimizes the number and extent of hydraulic grade line
computations in the upstream direction. For a given discharge, the upstream propagation of headlosses
through pipes will continue until two successive calculations change by an absolute difference of less than
thistest value.

HGL Convergence Test valueis also used in the standard step gradually varied flow profiling algorithm. If
two successive depth iterations are within this absolute test value, the step is solved.

Average Velocity Method Section

This section alows you to choose the method used to calculate the velocity and the travel time through the
pipe. You have the following four options:

Actual Uniform Flow Velocity
Full Flow Velocity

Simple Average Velocity
Weighted Average Velocity

You can find mor e information on the different velocity methodsin Appendix B of the help.

Minimum Structure Headloss

This section allows you to specify a minimum structure headloss. |If the system calcul ates a structure
headloss that is lower then this value, the value specified in the Minimum Headloss field will be used.
This option applies to all structure headloss methods except for the Absolute Method. Absolute headl osses
will not be overridden, even if they are less then the value specified in this option.

HEC-22 Tab

Thistab iswhere you enter the values governing the calculations of the HEC-22 Energy Loss Method. The
specifics of thistab are presented below:

HEC-22 Energy Loss Method - Enter the Elevations Considered Equal Within value, which isthe
maximum elevation distance that pipes entering a node can be separated by and still be considered to
be at the same elevation.
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Correction for Benching - Contains values for the items in the following list governing the correction
for benching sections:

- Flat Submerged

- Flat Unsubmerged

- Depressed Submerged

- Depressed Unsubmerged
- Half Bench Submerged

- Half Bench Unsubmerged
- Full Bench Submerged

- Full Bench Unsubmerged

You can find moreinformation on the HEC-22 Energy L oss M ethod in Appendix B of the help.

AASHTO Tab

Thistab iswhere you can enter the values governing the calculations of the AASHTO Headloss Method.
The following sections are available:

Bend Angle and Loss section

Other Factors section

You can find mor e information on the AASHTO Headloss M ethod in Appendix B of the help.

9.24

AASHTO Bend Angle and Loss Section

This section alows you to enter the bend angles and associated bend loss coefficients, Kb, that are used in
the calculation of headloss in the AASHTO Headloss Method.

AASHTO Other Factors Section

In this section, you can enter the values for the other factors that govern the calculation of headlosses using
the AASHTO Headloss Method. These factors are presented in the following list:

Expansion

Contraction

Shaping Adjustment
Non-Piped Flow Adjustment

Generic Structure Loss Tab

Calculation Options Generic Structure Loss Tab

On thistab, you can change the methodology for selecting the upstream pipe when computing the headloss
for a structure using the Generic Headloss Method. The three methodol ogies are described below.
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Pipe With Maximum QV - If thisitem is selected, the program will use the non-plunging upstream
pipe with the largest flow times velocity to calculate the upstream vel ocity head used in the generic
headl oss equation.

Pipe With Minimum Bend Angle - If thisitem is selected, the program will use the upstream pipe
with the smallest bend angle to calculate the upstream velocity head used in the generic headloss
equation. The methodology should be used when you want to assume that the upstream pipe most
closely aligned with the downstream pipe is the one that is the most hydraulically significant.

Pipe With Maximum Velocity Head - If thisitem is selected, the program will use the non-plunging
upstream pipe with the largest velocity head to calculate the upstream velocity head used in the generic
headloss equation. Note that if this method is used, pipes with very small flows may be selected asthe
governing pipe, even though they are not hydraulically significant.

The methodology that is selected here will be used for al structures that employ the generic headloss
method.

Convex Routing Tab

In this section you can adjust the Peak Flow Ratio for use when selecting a representative flow rate from
the hydrograph to be routed when calculating the C parameter used to perform the routing calculations.

You can find moreinformation on therouting methods used in Sewer CAD in Appendix B of the
help.

Steady State Loading Options Tab

In this section the user specifies how SewerCAD should handle hydrographs during a steady state analysis.
One of the following methods can be sel ected:

Peak - The peak of the hydrograph will be used as the load.

Average - The average of al the flows in the hydrograph will be used as the load.
Minimum - The lowest flow of the hydrograph will be used as the load.

Zero - The hydrographs will be ignored during the analysis.

Pressure Hydraulics Tab

The Pressure Hydraulics tab is the place where you can adjust the hydraulic options relating to the
pressure portion of the calculation. For more information on any of the options on thistab, see the
following sections:

Pressure Options
Gravity Pressure Interface Options

Pressure Options Section
Specify the hydraulic settings controlling Pressure Flow computations, as follows:

Trials- A unitless number that defines the maximum number of iterations to be performed for each
hydraulic solution. The default value is 40.

Accuracy - A unitless number that defines the convergence criteriafor the iterative solution of the
network hydraulic equations. When the sum of the absolute flow changes between successive
iterationsin all linksis divided by the sum of the absolute flowsin all links, and the result is less than
the Accuracy, the solution is said to have converged. The default value is 0.001, and the minimum
allowed value for Accuracy is 1.0 x 10°.
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Use Controlsin Steady State Analysis - When thistoggle is on, the pressure subnetwork will be
evaluated after each trial to determineif any controls are triggered by changes to the system
hydraulics. This option enables pumps to change status or setting, and enables pipes to open or close.
If this option is not selected, controls will be ignored. Pump and pipe status will be based on initial
status and settings only.

In most cases, the default values are adequate for the hydraulic analysis. Under special
circumstances, the accuracy may need to be adjusted downwards. Thisis necessary when the
model conver ges yet there arelarger than acceptable discrepancies between the total inflow and
total outflow at individual nodes.

Gravity Pressure Interface Options Section

In this section, you can specify the parameters affecting the transition from a gravity network to a pressure
system during a Steady State analysis, as follows:

Wet Well Increment - Unless awet well is set to a Fixed Level, thisistheincrement that is used to
attempt to balance the wet well level such that the total flow out is equal to or greater than the total
flow in. Seethe Hydraulic Transition from Gravity to Pressure Network in Appendix B for afurther
explanation.

Use Pumped L oads - Loads discharging from a pressure subnetwork into a gravity subnetwork can be
treated as fixed flow loads by selecting the option Use Pumped Flows. If thisoption is not selected,
the discharging load will be recreated as a combination of dry, wet, and known loads (in accordance
with the loads entering the pressure subnetwork).

9.3 Pattern Manager

9.3.1

Patterns

The extended period analysisis actually a series of Steady State analyses run against time-variable loads
such as sewer inflows, demands, or chemical constituents. Patterns allow you to apply automatic time-
variable changes within the system. The most common application of patternsisfor residential or industrial
loads. Diurnal curves are patterns that relate to the changes in loads over the course of the day, reflecting
times when people are using more or less water than average. Most patterns are based on a multiplication
factor versus time relationship, whereby a multiplication factor of one represents the base value (which is
often the average value).

Using arepresentative diurnal curve for aresidence asillustrated below, we see that there is a peak in the
diurnal curve in the morning as people take showers and prepare breakfast, another slight peak around
noon, and a third peak in the evening as people arrive home from work and prepare dinner. Throughout the
night, the pattern reflects the relative inactivity of the system, with very low flows compared to the average.
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Typical Diurnal Curve
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This curve is conceptual and should not be construed as representative of any particular
network.

There are two basic forms for representing a pattern: stepwise and continuous. A stepwise pattern is one
that assumes a constant level of usage over a period of time, and then jumps instantaneously to another
level where it remains steady until the next jump. A continuous pattern is one for which several pointsin
the pattern are known and sections in between are transitional, resulting in a smoother pattern. For the
continuous pattern in the figure above, the multiplication factor and slope at the start time and end times are
the same. Thisisa continuity that is recommended for patterns that repeat.

Because of the finite time steps used for calculations, this software converts continuous patterns into
stepwise patterns for use by the algorithms. In other words for atime step amultiplier isinterpolated from
the pattern curve. That multiplier is then used for the duration of the time step, until anew multiplier is
selected for the next time step.

Patterns provide a convenient way to define the time variable aspects of system loads.

Pattern Manager

Patterns provide an effective means of applying time-variable system loads to the distribution model. The
Pattern Manager alows you to do the following:

Add - Click the Add button. This action opens the Pattern Editor where the specifics of the pattern
can be entered.

Edit - Select the label of the pattern you wish to edit, and click the Edit button. The Fixed pattern
cannot be edited.

Duplicate - Select the label of the pattern you wish to duplicate, and press the Duplicate button. The
Fixed pattern cannot be duplicated.

Delete - Select the label of the pattern you wish to delete, and click the Delete button. The Fixed
pattern cannot be deleted.

In this program, an individual loading node can support multiple hydraulic loads. Furthermore,
each load can be assigned any hydraulic pattern. This powerful functionality makesit possible to

model any type of extended period simulation.
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To access the Pattern Manager select Analysis/ Patterns from the pull-down menus, or click the ellipsis

(...) button next to any pattern choicelist.

Pattern Editor

A pattern is a series of time step values, each having an associated multiplier value. During an extended

period analysis each time step of the simulation uses the multiplier from the pattern corresponding to that
time. If the duration of the simulation is longer than the pattern, the pattern is repeated. The selected
multiplier is applied to any baseline load that is associated with the pattern.

Defining Patterns

Label - A required name to uniquely identify the pattern. This name appears in the choice list when
applying patterns to hydraulic demands or constituent source loads.

Start Time - A value between 0 and 24 that specifies the first time step point in the pattern. All other
pattern time step points are referenced from this start time. This program automatically adjusts your
pattern when you start an Extended Period Analysis at a time other than zero.

Starting Multiplier - The multiplier value of the first time step point in your pattern. Any rea
number can be used for this multiplier (it does not have to be 1.0).
Time Step Points

Time From Start - The amount of time from the Start Time of the pattern to the time step point being
defined.

Multiplier - The multiplier value associated with the time step point.
Format

Stepwise - The multiplier values are considered to be the average value for the interval between the
specified time and the next time. Patterns using this format will have a"staircase" appearance.
Multipliers are set at the specified time and held constant until the next point in the pattern.

Continuous - The multipliers are considered to be the instantaneous values at a particular time.
Patterns using this format will have a"curvilinear" appearance. Multipliers are set at the specified time,
and are linearly increased or decreased to the next point in the pattern.

Patter ns must begin and end with the same multiplier value. Thisis because patternswill be
repeated if the duration of the Extended Period Analysisislonger than the pattern duration. In
other words, thelast point in the pattern isreally the start point of the pattern's next cycle.

An Extended Period Analysisis actually a series of Steady State analyses for which the boundary
conditions of the current time step are calculated from the conditions at the previoustime step.
This softwar e will automatically convert a continuous pattern format to a stepwise format so that
the demands and sour ce concentrations remain constant during a time step.

An individual loading node can support multiple hydraulic loads. Furthermore, each load can be
assigned any hydraulic demand pattern. This powerful functionality makesit easy to combine
two or mor e types of demand patterns (such as residential and institutional) at a single loading
node.

Use the Report button to view or print a graph or detailed report of your pattern.

To access the Pattern Editor, click the Add or Edit button on the Pattern Manager.
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Pattern Graph and Report

Y ou can generate a graph or afull report of a pattern that represents the multiplier variable of the pattern

over time. To do so, open the appropriate Pattern Manager dialog and access the pattern for which you
would like to generate output. From the Pattern Editor dialog, click the Report button, and select Graph
or Detailed Report.

9.4 Pattern Setup Manager

9.4.1

The Pattern Setup Manager letsyou define alist of Pattern Setups. A Pattern Setup allows you to match
unit sanitary (dry weather) loads with appropriate loading patterns. A Pattern Setup is associated with each
scenario as specified in the Calculation tab of the Calculate dialog. Each scenario can use a different
Pattern Setup, thus allowing you to model different |oading alternatives for different extended period
simulations.

Add - Click the Add button. Thiswill open the Pattern Setup dialog where the specifics of the pattern
can be edited.

Edit - Select the label of the pattern setup you wish to edit, and click the Edit button.
Duplicate - Select the label of the pattern setup you wish to duplicate and click the Duplicate button.

Delete - Select the label of the pattern setup you wish to delete, and click the Delete button.

The Pattern Setup Manager can be accessed by selecting Analysis/ Pattern Setups from the pull-down
menus, or from the Calculation tab of the Calculate dialog.

Pattern Setup Editor
The Pattern Setup can be named by editing the L abel field.

The Pattern Setup Editor contains two tabs:

Used L oads - Contains the unit sanitary (dry weather) loads that are currently being used in the
project.

Unused L oads - Contains the loads not currently associated with any node accepting loads (manholes,
wet wells and pressure junctions) in the current project. This dialog also lets you select the loading
pattern associated with each currently unused load.

If you have not yet associated any loads with manholes, wet wells, or pressure junctions, the Used
Loadstab list will be empty. In that case, you can either select theloading patternsin the Unused
L oadstab, or associate loads to specific nodes first. Then come back to the Used L cadstab to
select the diurnal patterns associated with the currently used loads.

The following columns are contained in the table on each of the tabs:

Unit Load - The name of the unit sanitary load to be associated with a Pattern Setup.

Diurnal Pattern - A list of the currently defined patterns in the Pattern Managers. Y ou can access
the Pattern Manager by clicking the ellipsis(...) button.

If no diurnal patternsare selected, the program will assumethat the loads are fixed over the
entiretime period.
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9.5 Extreme Flow Setup Manager

9.5.1

The Extreme Flow Setup Manager lets you define alist of Extreme Flow Setups. An Extreme Flow
Setup allows you to match unit sanitary loads with appropriate extreme flow factor methods. The Extreme
Flow Setup is associated with each scenario as specified in the Calculation tab of the Calculate dialog.
Each scenario can use a different Extreme Flow Setup, thus allowing you to model different load
alternatives (average, minimum daily, maximum daily, etc).

Add - Click the Add button. Thiswill open the Extreme Flow Setup dialog where the specifics of the
control can be edited.

Edit - Select the description of the Extreme Flow Setup you wish to edit, and click the Edit button.

Duplicate - Select the description of the Extreme Flow Setup you wish to duplicate and click the
Duplicate button.

Delete - Select the description of the Extreme Flow Setup you wish to delete, and click the Delete
button.

The Extreme Flow Setup Manager can be accessed by selecting Analysis/ Extreme Flows from the pull-
down menu, or from the Calculation tab of the Calculate dialog.

Extreme Flow Setup Editor
The Extreme Flow Setup Editor contains two tabs as follows:

Used L oads - Contains the unit sanitary loads that are currently being used in the project.

Unused L oads - Contains the loads not associated with any node accepting loads (manholes, wet wells
and pressure junctions) in the current project. This dialog also lets you select the extreme flow factor
method associated with each currently used and unused load.

If you have not yet associated any loads with manholes, wet wells, or pressure junctions, the Used
Loadstab list will be empty. In that case, you can either select the extreme flow methodsin the
Unused L oadstab, or associate loadsto specific nodesfirst. Then come back to the Used L oads
tab to select the extreme flow methods associated with the currently used load.

The following columns are contained in the tables on both tabs:

Unit Load - The sanitary load to be associated with an Extreme Flow M ethod.

L oading Unit Type - Reports the type of loading corresponding to each unit load, as defined in the
Unit Sanitary (Dry Weather) Load Library.

Extreme Flow Method - Lists the currently defined methods in the Extreme Flow Factor M ethod
Library. You can edit thislibrary by clicking the ellipsis (...) button.

Constant - Available only for the Constant Extreme Flow Method, it smply multiplies the unit load
by that constant.

Adjustment Multiplier - Used to adjust an existing Extreme Flow Method. The following formula
is used:

EFF = (EFF - 1)/AM + 1

Where EFF is the Extreme Flow Factor used to transform the base (average) load to an extreme load.

The Adjustment Multiplier does not change the Extreme Flow M ethod, but changes the extreme flow
factor for the selected unit sanitary load. None and Constant Extreme Flow M ethods cannot be adjusted.
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If no extreme flow factor method is selected, the program will assume that the loads ar e not
transformed. In thiscase, a warning will be issued when you attempt to calculate the system.

9.6 Default Design Constraints

9.6.1

9.6.2

9.6.3

Pipes diameters, invert elevations, and gravity structures can all be designed with the same set of design
congtraints. Y ou also have the option to adjust these values individually for each pipe or structure.

The Default Design Constraints dialog box is divided into two tabs:

Gravity Pipe

Gravity Structure

Gravity Pipe Tab

The Gravity Pipe tab allows you to enter default constraints to be used for the design of pipes when
performing a calculation run in design mode. The following sections are available:

Default Constraints
Extended Design

Default Constraints Section
In this section, you can specify the following default constraints to be used for the design of gravity pipes:

Minimum and Maximum Vel ocity

Minimum and Maximum Cover

Minimum and Maximum Slope.

The Default Design Constraints dialog can be accessed by selecting Analysis/ Default Design
Constraints from the pull-down menu.

Extended Design Section

This section lets you specify if the following design parameters are to be used. If they are to be used, you
can also specify the associated default value:

Part Full Design - Allows you to specify the Design Percent Full target to be used by the design
algorithm.

Allow Multiple Sections - Allows the design algorithm to use more than one identical section in
parallel, up to the specified Maximum Number Sections.

Limit Section Size - Limits the pipe section height to a Maximum Design Section Rise value during
the design process.
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Gravity Structure Tab

Thistab lets you specify the default design constraints for all gravity structures when performing
calculationsin design mode. During an automatic design, the program will adjust the elevations of the
pipes adjacent to the structure according to the structure’ s matching constraints. The two choices for
matching are Inverts and Crowns. Additionally, the downstream pipe can be offset from the upstream
pipe(s) by a specified amount. Thisvalueis called the Matchline Offset. Optionally, the program supports
the design of drop structures. In some situations, drop structures can minimize pipe cover depths while
maintaining adequate hydraulic performance.
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Chapter 10

Cost Estimating

Overview

The Cost Manager allows you to calculate a planning level estimate of the capital costs associated with an
entire system or any portion of a system. This makes it easy to compare the costs associated with various
scenarios, thus helping to ensure that the most cost-effective design is chosen.

The costs associated with a particular element are broken down into two categories: construction costs and
non-construction costs. The total cost for each element is simply the sum of the total construction and non-
construction costs. The total cost for a scenario is computed by summing the total cost for every element
selected to be included in the cost analysis, and then applying any global cost adjustments that you have
defined.

Each construction cost item is expressed as a combination of a quantity, unit, and unit cost. The total cost
associated with a single construction cost item is the quantity multiplied by the unit cost. The unit cost for
each construction cost item can either be entered directly by you, or if the element is a pipe or gravity
structure (e.g. inlet, manhole, junction, junction chamber) it can be calculated based on a Unit Cost
Function. A Unit Cost Function isaway to relate a property of the element, such as the diameter of a pipe,
to the unit cost. This makes it easy to assign a Unit Cost Function to an element. The cost of the element is
then automatically updated when you modify the physical characteristics of the system.

The other type of cost is non-construction. Non-construction cost items are specified as either alump sum
or as a percentage of the total construction costs. This type of cost can be useful when trying to explicitly
account for itmes like omissions and contingencies.

In addition to specifying the costs for each element in the system, you can also make adjustments on a
system level to the total cost of all the elementsincluded in the cost analysis. This makes it easy to account
automatically for contingencies and adjustments on a scenario level.

You do not need to have a hydraulically valid network to perform a cost analysis. You can
quickly calculate the cost associated with a system at any time through the Cost M anager .

Cost Manager

The Cost Manager allows you to quickly compute and compare the costs associated with your different
scenarios. This dialog provides you with a convenient place to view, edit, and calculate project level cost
data. Thisdialog is divided into three sections that are described below:

- Button Section - This column of buttons provides access to the key pieces of datainvolved
inacost analysis.

- Center Pane - This pane displays an explorer view of the cost information for various
scenarios.




10.2.1

10.2.2

160 Chapter 10 - Cost Estimating

- Left Pane - This pane displays the contents of the item selected in the center pane.

To open the Cost Manager, select Analysis/ Compute Costs from the pull-down menu, or click the @
button on the Analysistoolbar.

Cost Manager - Button Section

On theright side of the Cost M anager is a column of buttons that provide access to the key pieces of data
involved in acost analysis. Each of these buttons is described as follows:

Unit Cost Functions - Opensthe Unit Cost Function Manager, which isthe place to add new or edit
existing functions describing the relationship between a model attribute and the unit price for the
element. For pipes, this might be atable of data relating the pipe material to the cost per unit length.

Cost Alternatives - Opensthe Capital Cost Alternatives M anager where you can quickly create
different cost alternatives. For example, you may wish to compare the cost associated with different
cost functions, or to separately calculate the cost of different phases of construction.

Cost Adjustments - Opens the System Cost Adjustments Table for the selected scenario. Thisisthe
location where you enter adjustments that you wish to make on a scenario level.

Active Scenarios - Opensthe Active Cost Scenarios dialog where you can select which scenarios will
appear in the Cost Manager.

Cost Reports - Opens a menu that provides access to one of the predefined cost reports detailing the
costs associated with a particular scenario. The reports that can be opened through this button include:
detailed report , element summary report, project summary report, pipe costs report, and warnings
report.

To open the Cost Manager, select Analysis/ Compute Costs from the pull-down menu, or click the é@l
button on the Analysistoolbar.

Cost Manager - Center Pane

When you open the Cost M anager, this pane will contain an explorer view of all the scenariosin thefile.
Thetotal cost of each scenario is displayed to the right of the scenario label. If cost data was specified for a
scenario, you will seeasmall ‘+' symbol to the left of the folder icon. Y ou can click this symbol to get an
expanded view of the costs associated with a scenario.

In the first level of the expanded view you will see the subtotal for each type of element included in the cost
analysis, aswell asthe total cost adjustments made to the scenario. If you expand any of these items you
will get aview of the costs of each individual element. If you expand the view one more level you will be
able to see the construction and non-construction costs associated with an element. The contents of any
component that is selected will be displayed in the table on the pane to the left of this one.

Just above the right side of this pane isarow of three buttons, which access the following functionality:
[ﬁ! Properties - Opens the System Cost Adjustments Table for the currently selected scenario.
E..! Graph - Opens apie chart of the items comprising the total cost of the scenario.

E’-;j Report - Opens atabular report on any component selected in this pane.

To open the Cost Manager, select Analysis/ Compute Costs from the pull-down menus, or click the @d
button on the Analysistoolbar.
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Cost Manager - Left Pane

This pane on the left side of the Cost Manager is used to display an expanded view of the contents of the
item selected in the center pane.

To open the Cost Manager, select Analysis/ Compute Costs from the pull-down menus, or click the @d
button on the Analysistoolbar.

System Cost Adjustments Table

The System Cost Adjustments Table allows you to make adjustments to the total cost calculated for all
the elementsincluded in the cost analysis. This may include items such as omissions and contingencies that
might be represented as a percentage of the total construction costs, or land acquisition costs that are
represented as alump sum. Each cost adjustment consists of the following items:

Label - A unique name that identifies each cost adjustment.

Operation - The mathematical operation that should be used with the factor to compute the cost
adjustment.

Factor - A numeric value that is used with the operation and the total scenario cost to compute the cost
adjustment.
The types of operations that are supported are described below:

% of Construction - Computes the cost of the adjustment as a percentage of the total construction
costs for the scenario. For example, if the total construction cost for a scenario is $100,000 and the
numeric value in the factor field is 10, the cost adjustment is $10,000.

% of Total Cost - Computes the cost of the adjustment as a percentage of the total construction and
non-construction costs for a scenario. For example, if the total cost for all the elementsin ascenariois
$200,000 and the numeric value of the factor is 15, the cost adjustment is $30,000.

Add - Adds the numeric value specified for the factor to the other costs computed for a scenario.

Lump Sum - The numeric value specified is alump sum that is added to the other costs for the
scenario.

Multiply - Multiplies the numeric value in the factor field by the total construction and non-
construction costs for a scenario.

Subtract - Subtracts the numeric value in the factor field from the other costs computed for the
scenario.

To open the System Cost Adjustments Table, select Analysis/ Compute Costs from the pull-down

menu, or click the @d button on the Analysistoolbar. In the Cost Manager, click the button labeled Cost
Adjustments.

10.3 Unit Cost Functions

10.3.1

Unit Cost Functions Manager

You can add, delete, and edit the Unit Cost Functions for your project through this manager. Y ou will be
able to assign the cost functions defined here to one or more of the elements of the appropriate type in your
system. For example, if you define a cost function for pipes, you will be able to select this cost function
from the choice list on the Cost tab of the Pipe Element Editor.
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Use the Save command to save the Unit Cost Functions listed in the Unit Cost Functions Manager. You
can then import them into another project using the Import command. The Save and | mport commands
are accessed from the File button in this dialog.

Tabular Unit Cost Function

This tab contains the data for Unit Cost Functions defined with tabular data. The information is defined in
the following fields:

General - Contains general information identifying the Unit Cost Function.

Attribute Value Range - Displays the range of the selected attribute in the current scenario. This
information can be useful for specifying cost data for the entire range of values in the model.

Unit Cost Data - Specifies the tabular data relating unit cost to the value of the selected attribute.

In order to help you enter and visualize the function, use one of the following buttons at the bottom of the
dialog:

Plot - Plots the tabular data relating cost to the value of the selected attribute.

I nitialize Range - Initializes the minimum and maximum values in the Attribute Value Range
section, based on all the elements present in your project for the current scenario.

If the attribute you have selected to define the Unit Cost Function is outside the defined range for
some elementsin your network, the unit cost used will be the cost of the minimum or maximum
value of the attribute you defined in thetable.

General Section
This section contains general information identifying the Unit Cost Function, as follows:

Label - Unique name that identifies your Unit Cost Function.

Element Type - Displays the type of element to which the function applies, which is always pressure
pipe in WaterCAD, but could also be gravity pipe, junction, inlet, manhole, or junction chamber in
SewerCAD or StormCAD.

Attribute Label - Element attribute that controls the unit cost, such as pipe diameter. This attributeis
selected when you add a new function in the Unit Cost Function Manager .

Attribute Value Range Section

This section displays the minimum and maximum values for the attribute that controls the unit cost in your
current network. Click the I nitialize Range button to have these values calculated.

Unit Cost Data Table

This allows you to define the Unit Cost Function in atabular format, preferably defining the costs
associated with the entire range of values present in your network. To display the current range of values
in your model, initialize the Attribute Value Range section by clicking the I nitialize Range button.

Formula Unit Cost Function
The data defining formula-based Unit Cost Functionsis grouped as follows:

General - Genera information identifying the Unit Cost Function.

Valid Cost Data Range - The range for which the function is valid for the attribute used to define the
Unit Cost Function.
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Coefficients - Coefficients defining the formula relating the unit cost to the attribute value.

In order to help you enter and visualize the function, use one of the following buttons at the bottom of the
dialog:

Plot - A graph of the Unit Cost Function.

I nitialize Range - The minimum and maximum values of the attribute used to define the Unit Cost
Function based on all the elements in your project.

T If thefunction isinvalid for any interval within the Valid Cost Data Range, it isset to 0.0 in that
interval. Click the Plot button to seeif there are any problemswith the function.

If the attribute you have selected to definethe Unit Cost Function isoutside the Valid Cost Data
Rangefor any element in the network, the formula will still be applied to calculate that element
unit cost. However, an error message for that element will be reported when computing the cost
for the system.

General Section
This section contains general information identifying the Unit Cost Function, as follows:

Label - Unique name that identifies your Unit Cost Function.

Element Type - Displays the type of element to which the function applies, which is always pressure
pipe in WaterCAD, but could also be gravity pipe, junction, inlet, manhole, or junction chamber in
SewerCAD or StormCAD.

Attribute Label - Element attribute that controls the unit cost, such as pipe diameter. Thisattributeis
selected when you add a new function in the Unit Cost Function Manager .

Local Unit - Unit of the attribute that controls the unit cost. Thisunit is used for defining the formula
coefficients.

Valid Cost Data Range Section

This section specifies the range of values for which the function is valid for the attribute used to define the
Unit Cost Function. Clicking the I nitialize Range button accesses the two values based on the range of
values present in your current network.

Coefficients Section

In this section you can enter the coefficients defining the Unit Cost Function. The x-parameter, which
represents the value of the attribute on which the Unit Cost Function is based, is expressed by the unit
specified in the Local Unit field on this tab.

10.3.4 Unit Cost Function Notes
In this section you can enter optional notes related to the Unit Cost Function.

10.4 Cost Alternatives Manager

The Capital Cost Alternatives Manager alows you to edit, create, and manage your cost alternatives. It
also gives you more advanced capabilities, such as merging alternatives and creating child alternatives.
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On theright side of the dialog are a number of buttons that provide functions for managing the alternatives.
These buttons are identical to the buttons found in the Alter natives Manager. Seethe Alternatives
Manager topic in the Scenarios and Alternatives chapter for a description of the function of these buttons.

To access the Capital Cost Alternatives Manager, select Analysis/ Alternatives from the pull-down
menu and select the Cost tab, or click the Cost Alter natives button in the Cost M anager .

10.5 Cost Reports

10.5.1

In addition to the standard reporting capabilities, the cost analysis feature provides a number of specialized
reports for presenting results. These reports include:

Element Detailed Cost Report - Presents a detailed view of all the cost information entered for a
single element.

Project Detailed Cost Report - Provides a detailed view of calculated cost data for every element
included in the cost analysis.

Project Element Summary Cost Report - Returns a summary of the costs for every element included
in the cost report.

Project Summary Cost Report - Provides an overview of al the costsin the system.

Pipe Costs Report - Provides an overview of the costs associated with the pipesin the project,
grouping them by material and section size.

Cost Warnings Report - Provides alist of warnings for a particular Cost Scenario.

Each of these tabular reports can be sent directly to the printer, or copied and pasted into your favorite
spreadsheet program for further refinement.

Element Detailed Cost Report

Thistabular report contains a detailed view of al the cost information entered for a single element. It
includes an itemized list of all the construction and non-construction costs for an element, as well asthe
subtotals and total cost of the element. This report isonly available for elements that have been selected for
inclusion in the cost calculation.

See the Tabular Report Window for information about exporting and printing the datain this report.
To access the field Element Detailed Cost Report:

Sand-Alone: Double-click the element for which you wish to see the report, or right-click the
element and select Edit from the drop-down menu. In the dialog that appears,
click the Report button and select Cost Report from the menu.

AutoCAD R14: Pick the Select tool and click the element you wish to edit. If the Right-Click
Context Menu option is enabled, you can also right-click the element and select
Edit from the drop-down menu. In the dialog that appears, click the Report
button and select Cost Report from the menu.

AutoCAD 2000:  Pick the Select tool and click the element you wish to edit, or select the element
and choose Edit from the drop-down menu. In the dialog that appears, click the
Report button and select Cost Report from the menu.

AutoCAD 2000i: Double-click the element for which you wish to see the report, or right-click the
element and select Edit from the drop-down menu. In the dialog that appears,
click the Report button and select Cost Report from the menu.
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Project Detailed Cost Report

Thistabular report contains a detailed view of all the cost information entered for every element included in
the cost analysis. It includes an itemized list of all the construction and non-construction costs for each
element, as well as the cost adjustments made to the total cost of the project. This report is only available
after the costs have been computed for the scenario.

See the Tabular Report Window for information about exporting and printing the datain this report.

Project Element Summary Cost Report

Thistabular report provides a summary view of all the cost information entered for each element selected
for inclusion in the cost analysis. It contains an overview of the costs assigned to each element, and an
itemized list of the cost adjustments. This report is only available after the costs have been computed for
the scenario.

See the Tabular Report Window for information about exporting and printing the datain this report.

Project Summary Cost Report

Thistabular report provides a summary view of all the cost information entered for the elements selected
for inclusion in the cost analysis. This report contains an overview of the costs assigned to each element
type and an itemized list of the cost adjustments. This report is only available after the costs have been
computed for the scenario.

See the Tabular Report Window for information about exporting and printing the datain this report.

Pipe Costs Report

This printed report provides a summary of the cost of all the pipesincluded in the cost analysis. The pipes
are broken down by material and section size. The total length of pipe for each size and materia are
reported along with the total cost associated with that group of pipes.

Cost Warnings Report

Thisreport provides alist of al the cost warnings for the selected scenario. Y ou will receive warnings
when you have assigned a Unit Cost Function to a particular element but the attribute value for that element
lies outside of the valid range of data you set for the Unit Cost Function. Y ou need to check these elements
and make sure that the cost data supplied to these elementsis applicable.

To open the Cost Warnings Report, open the Cost Manager by selecting Analysis/ Compute Costs

from the pull-down menu, or click the @d button on the Analysistoolbar. In the dialog that appears, click
the Cost Reports button and select War nings from the drop-down menu.
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Chapter 11

Presenting Your Results

Overview

This chapter covers the various methods that are provided for viewing, annotating, graphing, and reporting
your data and results. It also presents the tools available for generating profiles, and color coding elements
based on any assigned or calculated attribute.

11.2 Element Annotation

11.2.1

Element annotations allow you to display detailed information such as pipe lengths or node ground
elevations, as well as calculated values such as velocity, in your drawing. Y ou can add one or more
annotations for any type of element in the system. Annotations update automatically. For example,
annotations will display newly calculated values and will be refreshed as you change scenarios.

The annotations and their format are defined by using the Annotation Wizard. In Stand-Alone
mode, the annotation format can also be easily modified in the Attribute Annotation dialog,
which opens when you double-click the handle of the annotation text in the drawing, or if you
right click on the annotation and select Edit <Attribute> from the pop-up menu.

Pipe annotations can be aligned with the pipes or displayed horizontally, depending on the Pipe
Text alignment setting specified in the Drawing Options dialog.

Y ou can flip the text from one side of the pipe to the other (reading in the opposite direction) to maintain
readability when the pipe direction on aplot is nearly vertical. By default, the text flips direction when the
pipe direction is 1.5 degrees measured counter-clockwise from the vertical. Y ou can modify this value by
inserting a TextFlipAngle variable in the Haestad.ini file, located in the Haestad directory. Theangleis
measured in degrees, counter-clockwise from the vertical.

For instance if you want the text to flip when the pipe direction is vertical, you should add the following
line to the Haestad.ini file:

TextFlipAngle=0.0
Reasonable values fall in the range from 15.0 degrees to -15.0 degrees.

The TextFipAngleis only applicable to annotations on the plan view.

Attribute Annotation Dialog

To access the Attribute Annotation dialog right click on the annotation and select <Attribute Name>
Annotation from the pull-down menu. Alternatively, in the main view in Stand-Alone mode, double-click
the handle of the annotation text to display the corresponding Attribute Annotation dialog. Here you can
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easily modify the format of that attribute annotation without going through the Annotation Wizard again.
The replaceable parameters "%v" and "%u" represent the attribute’ s value and unit respectively.

Annotation Properties

Y ou can access the annotation properties for Profile Annotations by right clicking on an annotation and
selecting Annotation Properties from the pop-up menu. The Annotation Properties dialog allows you to
adjust the orientation of the text as it appears on the drawing screen and the profile window.

Y ou can edit the following fields within the dial og:

Orientation - Set the orientation of the text in relation to the horizontal axis. You can select from
Horizontal, Vertical, and Other orientations. Other isany orientation with arotation angle not 0 or
90 degrees.

Rotation - Specify the angle in degrees of the text with the horizontal axis.
Justification - Select how the text isjustified from either: L eft, Right, or Centered.

Leader - Check this box to create aline to be drawn from the text annotation to the item to which it
refers.
Show L eader Arrow - Check this box to create an arrow on the leader line from the text annotation.

Instead of utilizing the above options you can also choose to Align Text with Pipesfor thelink
annotations.

Annotation Properties can be setup within a Profile Template to eliminate the need of
reestablishing the same properties every time a new profileis created.

These properties are not available for Plan Annotations.

The Annotation Wizard
Y ou can use the Annotation Wizard to add annotations to the drawing, as well as to remove or modify
existing annotations in the drawing. Y ou can annotate all elements or any subset of elements.

Thewizard is divided into three steps:

Select Elements - Select the types of elements to annotate.

Specify Annotations - Specify the set of elements to annotate, the attributes you would like to
annotate, and the format of your notations.

Summary - Summary of the selected annotation settings.

To access the Annotation Wizard, click the Annotation T ool El on the toolbar, or select Tools/
Element Annotation from the pull-down menu.

Annotation Wizard - Select Elements

This step alows you to specify the types of elements you wish to annotate by checking the appropriate
boxes. Y ou may annotate more than one type of element at atime by checking all the desired element

types. If you have already annotated your drawing, you can remove annotations for a particular type of
element by unchecking the corresponding box.

If you decideto turn off the annotations for a particular element type, your annotation settings
will be retained, allowing you to easily toggle annotation back on.
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Annotation Wizard - Specify Annotation

The next step(s) allows you to specify the subset of elements and the attributes you wish to annotate for
each element type. For each element type, you will be presented with a table where you can specify the
attributes you wish to annotate, and the mask for each attribute.

Specify the set of elements... - Choose All Elements from the choice list for annotation to applied to
all elements in the network, or choose a selection set. Click the ellipsis(...) button to access the
Selection Set Manager to edit or add selection sets.

Attributes - Select from alist of all available attributes for the current element type including
calculated values. Click thisfield, and choose the attributes you wish to annotate by selecting from the
list that appears. Clicking the sideways triangle button will open the categorized Quick Attribute
Selector.

Mask - Customize the way the annotation is displayed. The replaceable parameters "%v" and "%u"
represent the attribute’ s value and unit respectively. By default, the mask is set up asfollows:
<attribute name>: %v %u.

Initial Placement (Profile Annotation Only) - Specify how the annotation will be offset relative to the
label of the element it isreferring to. If the <default> is selected then the annotation will be placed
under the label. To specify a custom offset select Offset... from the pull-down menu and click the
ellipses (...) button to bring up the Offset dialog. In this dialog you can specify the x and y offsets.
Click OK when completed.

S When annotating, for example, pipe diameters, the default mask is" Diameter: %v %u". The
‘@' default annotation for a 150 millimeter pipe would be " Diameter: 150 mm" . By changing the
mask to" %V %u", theresulting annotation would be " 150 mm" .

Annotation Wizard - Summary

The last step of annotating your drawing is reviewing the choices you have made. If you would liketo
make changes at thistime, simply click the Back button to return to previous windows in the wizard.
When you are satisfied, click the Finished button to apply the annotations to the drawing.

N You can turn annotation visibility on or off by editing the Drawing Options. Y our annotation
settings will beretained.

m{:)i

If the Drawing Options are set so that element annotationswill not be displayed, clicking the
Finished button in the Annotation Wizard will automatically turn annotations on.

In Stand-Alone mode, you can double-click an annotation element in the drawing to edit the
associated mask.

The Annotation Text Height can be adjusted from the Drawing tab of the Options dialog,
accessed by selecting Tools/ Options from the pull-down menus.

11.3 Color Coding

Color Coding allows you to assign colors to elements in the drawing based on a variety of input and output
attributes. For any attribute, you can supply a color scheme or have the application generate one for you.
For example, you can supply a color scheme to display all pipes sizes between 2" and 8" in green, those
between 10" and 24" in blue, and those between 27" and 48" in red.




11.3.1

2@1

170 Chapter 11 — Presenting Your Results

To access Color Coding, select Tools/ Color Coding... from the pull-down menus, click the Color Coding

button gl on the main toolbar, or double-click a color coding legend figure in the drawing.

Color Coding Dialog

At the top of the Color Coding dialog are two tabs, Link and Node. Y ou can set up color coding for both
links and nodes, or just one of the two. The following fields are available:

Attribute - Select the attribute by which you would like to color code, or select <None> to turn color
coding off. By clicking the sideways triangle button you can access the categorized Quick Attribute
Selector.

Selection Set - Choose All Elements from the pull-down list to apply color coding to be applied to all
elementsin the network, or choose a selection set to apply color coding to asubset. Click the éllipsis
(...) button to access the Selection Set Manager to edit or add selection sets.

Calculate Range - Automatically determine the minimum and maximum for the specified attribute
and selection set.

Minimum / Maximum - Displays the cal culated minimum and maximum values for the specified
attribute in the selection set.

Initialize - Automatically calculate a default color coding range for the specified attribute, based on
the valuesin your project.

Use the I nitialize and/or the I nsert buttons to define your color coding map. Then click OK to apply the
specified colors to the appropriate elements.

==
Color coding legends can be added to any location in the drawing by clicking the L egend
button on the Tool Palette.

Color coding will automatically update asinput or results change. For example, after performing
a calculation, colorswill update to reflect the newly calculated values.

If theresultsfor the selected attribute are not available, or if all valuesfor that attribute arethe
same, automatic range initialization will not be performed. You can enter your own custom
rangein this case.

A schematic can have any number of color assignments.

The Quick View window can be used to display a summary of the active link or node color coding
par ameters.

11.4 Reporting

11.4.1

Predefined Reports

This application provides several predefined reports that can be used in your projects. This feature makes
report generation a simple point-and-click exercise. Simply select the elements for which you want a report
and send them to your printer.
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The following types of Predefined Reports are available:

Element Details Reports
Element Results Reports
Tabular Reports

Scenario Summary Reports
Project Inventory Reports

Plan View Reports

Detailed reports can be copied to the Windows clipboard in RTF format for usein your favorite
word processing program. Refer tothe Print Preview window for more infor mation.

To access the Predefined Reports, select Report from the pull-down menus and select the report of your
choice.

Element Details Report

The Detailed Reportsdialog allows you to print detailed reports for all elements or any subset of elements
in the system.

In Stand-Alone mode, from the Detailed Reports dialog, select multiple elements to be printed by holding
down the Shift key or the Control key while clicking with the mouse. Holding down the Shift key will
provide group selection behavior. Alternately, use the Select button to open the Selection Set dialog. This
provides more powerful selection functions. When you are satisfied, click the Print button to output the
selected reports.

You can graphically select elementsthat you would like to print before opening the Detailed
Reportsdialog. Thisisdone by holding down the Shift key and selecting elements, or by
dragging a window around the area of interest. The selected elementswill be highlighted in the
list of elementsto print when you open the dialog.

You can print a detailed report for a single element without using the Detailed Reports dialog.
Simply open the element editor for the desired element and click the Report button.

In AutoCAD mode, to activate the Detailed Reports dialog, select Report / Element Details from the
pull-down menus. The cursor will change to a pick box, signaling you to choose the elements for which
you would like to view reports. Select elements as you normally would in AutoCAD. Pressthe Enter key,
and the dialog will appear. While all of the elements in the project are listed, the ones you have selected
are highlighted. Y ou can use the Select button to further edit thislist. Click the Print button to output the
selected reports when you are satisfied.

To access the Detailed Reportsdialog, select Report / Element Details from the pull-down menus.

Element Results Report

The Element Results dialog allows you to print or preview a single report containing the results for any
number of elementsin the system.

From the Element Results dialog, you can select elements to be printed by holding down the Shift key or
the Control key when clicking with the mouse. Holding down the Shift key will provide group selection
behavior. Alternately, use the Select button to open the Selection Set dialog. This provides more powerful
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selection functions. When you are satisfied, click the Preview button to view the selected reports, or click
the Print button to print the selected reports.

You can graphically select elementsthat you would like to print before opening the Element
Resultsdialog. Thisisdone by holding down the Shift key and selecting multiple elements, or by
dragging a window around the area of interest. The selected elementswill be highlighted in the
list of elementsto print when you open the dialog.

When working with lar ge systems, the preview option can require a great deal of system
resources. You can reduceresource requirements by selecting a small subset of elementswith
which towork. The print option haslower system resour ce requirements than the preview
option.

In AutoCAD mode, to activate the Element Results dialog, select Report / Element Results from the
pull-down menus. The cursor will change to a pick box, signaling you to choose the elements for which
you would like to view reports. Select elements as you normally would select them in AutoCAD. Pressthe
Enter key, and the dialog will appear. While all of the elements in the project are listed, the ones you have
selected are highlighted. Y ou can use the Select button to further edit thislist. Click the Print button to
output the selected reports when you are satisfied.

To access the Element Results dialog, select Report / Element Results from the pull-down menus.

Tabular Reports

Using the powerful FlexTables feature you can very quickly generate a tabular report containing any
attribute and any network element.

All tabular data in this program can be copied to the Windows Clipboard by right-clicking the
desired table and selecting Copy from the pop-up menu. You can then paste this data into your
favorite spreadsheet or word processor to generate custom reports and graphs.

To access the Table Manager, click the Tabular Reports button QI on the main toolbar or choose
Report / Tables from the pull-down menus.

Scenario Summary Report

The Scenario Summary provides a detailed report of the active scenario, including alternatives, and a brief
summary of the calculation options.

To access the Scenario Summary Report, select Report / Scenario Summary from the pull-down
menus.

Project Inventory Report

The Project Inventory report provides a detailed report that includes a summary of the active scenario, a
network inventory, and a detailed pipe inventory (grouped by pipe section).

To access the Project Inventory Report, select Report / Project | nventory from the pull-down menus.

Plan View Report

Generate reports for the plan view of the network, for either the current drawing display (Current View) or
the entire drawing extents (Full View).
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To generate a preview of the report for the current view or the entire network, choose either Report / Plan
View / Current View or Report / Plan View / Full View, respectively, from the pull-down menus.

Calculation / Problem Summary Report

After running hydraulic calculations, the Resultstab of the Scenario Editor isdisplayed. Thistab
contains a summary of the calculation results. To view any problems or warnings encountered during the
simulation click the Element M essages button.

Holding the mouse cursor over a message in the Element Calculation M essage Browser report
will open up a pop-up message box that displays further information on the message.

The report consists of a series of folders that represent different stages of the calculation process. Double
click afolder or click the + sign to view information related to the folder’s caption. The color of the folder
will indicate if any problems occurred during that portion of the analysis.

The colors indicate the following:

Green light - Calculations were run successfully, without any warning or error messages being
generated.

Yellow light - Calculations were run successfully, without error messages being generated. However,
there are one or more warning messages. Warnings are displayed in the results summary in thistab.

Red light - Calculations were not run successfully and error messages were generated, as shown in the
results summary of thistab.

This report can be previewed before being printed or copied to the clipboard by clicking the Printer button
on the Resultstab. It can also be exported to atext file by clicking the Save button on the Results tab.
Only the exposed text will be exported, copied or printed.

The Resultstab is accessed from the Scenario Manager, reporting the results corresponding to the
highlighted scenario in the scenario tree view. It can also be accessed for the currently active scenario by
clicking the GO button, which opens the Scenario Editor.

11.5 Graphing

11.5.1

Graph Setup

The Graph Setup dialog allows you to view and compare data for time-based attributes for multiple
elements over multiple scenarios within the hydraulic network. It isaccessed either when you select
Element Graph / <Element Type> or Hydrograph from the Report pull-down menu.

The Graph Setup dialog is divided into three or two tabs depending on whether you selected Hydr ograph
Report.

Graph Setup - From this tab you can select the dependent variable to be graphed against time. This
tab is not available when graphing hydrographs, as flow is automatically the dependent variable.

Elements - From this tab you can select which elementsto include in the graph. There are three ways
to select these elements:
- You can check each of the elements you wish to include in the graph in the Available
Elementslist.

- You can click the Select button and choose the elements by using the Selection Set dialog.
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- You can graphically select elements that you would like to print before opening the Graph
Setup dialog. In Stand-Alone mode, holding down the Shift key allows you select multiple
elements. You can aso select elements by dragging a window around the area of interest.
The selected elements will be highlighted in the list of elements for graphing when you open
the dialog, when you open the Graph Setup dialog through the Reports menu.

Scenarios - From this tab you can select which scenarios to use when graphs are generated from alist
of scenarios with calculated EPS resullts.

Graph Window

The Graph window is divided into two tabs: Graph and Data. The Graph tab displays aplot of the
selected dependent variable vs. time. The Data tab will display the data under the Graph tab in atabular
format.

The following functions will either be formed on the plot or the tabular data depending on which tab is
selected.

Copy - Copies the graph / data onto the Windows Clipboard for use in other applications.
Print - Outputs the contents of the Graph/Data tab to the printer.

Options/ Graph Options - Allows you to customize the plot by changing the graph’s axes, fonts,
titles, etc. Thisis only available when the Graph tab is selected.

Options/ Graph Setup - Allows you to rebuild the graph with different data and parameters.
Close - Close the Graph window.

Help - Provides access to help for the Graph window.
The graph window is accessible whenever you plot time-based data through the Graph Setup dialog.

Plot Window

The Plot window provides the following functionality:

Copy - Copies the plot onto the Windows Clipboard for use in other applications.
Print - Outputs the contents of the Plot window to the printer.

Options/ Graph Options - Allows you to customize the plot by changing the graph’s axes, fonts,
titles, etc.

Close - Close the Plot window.

Help - Provides access to help for the Plot window.

The plot window is accessed whenever you generate non-time based plots such as cost function curves or
pump curves, or whenever you plot input data such as loading patterns.

Graph Options

These features alow you to customize the way a graph or pie chart looks. The dialog is divided into
several tabs:

Titles

Titles - There are three sets of titles for agraph: Graph title, X-Axistitleand Y-Axistitle. Each title
set contains two levels: title and subtitle. A pie chart simply has atitle and a subtitle.
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Title Font - This feature allows you to select and change the text font type for specific items on the
graph or pie chart. Usethe selection list to choose the item for which to change the font, then click the
elipsis(...) button to select the desired font type from the list of available fonts currently installed on
your PC.

Axis (for graphs only)

Automatic Scaling - By default, the program uses the Automatic Scaling options for setting the X and
Y -axis minimum, maximum, and increment values. To customize an axis, turn the check mark off and
enter the desired values for the minimum, maximum, and increment. |f desired, you can customize a
single axis while leaving the other in the Automatic Scaling mode.

L og Scale - Place acheck mark in this box to use alog scale for thisaxis. You can usealog scalefor
one or both axes.

Grid (for graphs only)
X-Axis - Place a check mark in this box to view grid lines corresponding to the X-Axis labels.
Y -Axis - Place a check mark in this box to view grid lines corresponding to the Y-Axis labels.
Line Color - Use this selection list to define the color to use for both axes grid lines.

Line Style - Use this selection list to define the line type (solid, dashed, etc) to use for both axes grid
lines.

Fill Color - Use this selection list to define the color to use for background fill within the plotting
boundaries of the graph.

Save as Default - Place a check mark in this box to save the current grid settings as the default for
subsequent graphs.

You can specify to use grid linesfor one or both axes.

Display (for pie charts only)
Data L abels - Allows you to annotate pie charts with percentages, labels, or both.
Per centages - Indicates how many decimals are to be displayed for the percentage figures.

Legend L ocation - Allows you to place the legend (if any) on the left, right, top, or bottom of the pie
chart.

Chart View - Allows you to generate a 3D-view pie chart.

Legend

Show L egend - A check mark designates that the legend will be included on the graph or pie chart.
Turn the check mark off if you do not wish to show the legend.

Series - Each series represents a different curve on the graph or a dice on the pie chart. If the graph
contains only one curve, or the pie chart contains only one slice, then it is designated as Series 1.
Scroll through the list and select the desired curve or dice (series number). Then, use one of the
options below to customizeit:

- Label - Name for the selected curve (series).

- LineCoalor - Color for the selected curve (series).

- Line Style(for graphsonly) - Style for the selected curve (series).

- LineWidth (for graphsonly) - Width for the selected curve (series).
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- Symboal (for graphsonly) - Data point symbol to use for the selected curve (series).

Save as Default - Place a check mark in this box to save the current legend settings as the default for
subsequent graphs.
Access the Graph Options by clicking the Options button at the top of aPlot or a Graph Window.

11.6 Pie Charts

Pie charts can be generated for the following, at any node:

Base L oad - Shows the components of the sanitary loads entered at anode. Thistype of pie chart is
available for manholes, junction chambers, pressure junctions, and wet wells.

Sanitary (Dry Weather) Flow - Shows the components of the system sanitary flow at a node.
System Flow Summary - Shows the components of the total flow at any gravity node.

Total Cost - Shows the components of the total costs for a given scenario.
Y ou can create a Sanitary Flow or System Flow Summary pie chart after calculations have been run.
Open anode's Element Editor, click the Report button, point to the Pie Chart option, and then select the
desired option.

The Base L oad pie chart is obtained by opening a node's Element Editor, selecting the L oading tab, and
clicking the Pie Chart button at the right.

You can create a Total Cost pie chart by opening the Cost M anager, right-clicking the desired scenario,
and selecting the Graph option.

11.7 Profile

11.7.1

A profileis agraphical cross-section of a portion of your sewer system. The Profile view shows
information such as ground elevation, pipe inverts, crowns, sumps, and hydraulic grade.

=
To access Profiling, click the Profile button on the main toolbar, or choose Tools/ Profiling... from
the pull-down menus, or right-click the element from which you would like to begin profiling.

Profile Manager

Within the Profiles Manager, profile views can be created and accessed. The previously created profile
views will appear in the main pane of the dialog. To view aprofilein thelist, select it and click the Open
button.

By clicking the Profile Management button the following functions can be performed:

Add - Creates anew profile view.

Edit - Select elements to be profiled and edit the Profile Options for the highlighted profile.
Rename - Renames the selected profile.

Delete - Deletes the selected profile.

Notes - View and edit notes associated with the selected profile.

Apply Template - Update a profile based on a new (or revised) template.
Click the Templates button to open up the Profile Templates dialog.
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Profile Templates

Profile Templates Dialog

The Profile Templates dialog allows you to create and modify pre-defined templates that can be applied to
new profilesin the first step of the Profile Wizard. The templates will then establish the annotations and
text properties for the new profile, instead of having to reestablish all the information every time you create
anew profile.

The following buttons are displayed on the dial og:

Add - Create a new template. When this button is clicked you will be prompted to name the template.
Click OK to continue to the main Template dialog.

Edit - Modify the existing template selected from the list.

Duplicate - Create a copy of the selected template. When this button is clicked you will be prompted
to name the duplicate.

Delete - Remove the selected template from the list.

Rename - Change the name of the selected template. When this button is clicked you will be
prompted for the new name.

File - Import and Export templates for use by other users.

To access the Profile Templates dialog click the Templates button on the Profiles dialog.

Templates

A template is a predefined set of text styles and annotations that can be applied to a new profile upon its
creation. By setting up asingle template, you can eliminate having to re-setup the generic portions of the
profile every time anew oneis created.

The Template dialog is divided into five tabs:

L ayout Options - Edit the configuration of the profile text.
Drawing - Edit the drawing scale and the axes |abeling
Annotation - View the existing annotation and modify it.
L abels - Edit the profile labels.

Layers- Set up the layer configurations for the template.

Template Layout Options Tab

Under the L ayout Options tab you set up the configuration for the pipe and node text for the profile
template. The following options are identical for both node and pipe elements:

Orientation - Set the orientation of the text in relation to the horizontal axis. You can select from
Horizontal, Vertical, and Other orientations. Other isany orientation with arotation angle not 0 or
90 degrees.

Rotation - Specify the angle in degrees of the text with respect to the horizontal axis.
Justification - Select how the text isjustified from either: L eft, Right, or Centered.
L eader - Check this box to create aline from the text annotation to the item to which it refers.

Show Leader Arrow - Check this box to create an arrow that will appear on the leader line from the
text annotation.
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Instead of utilizing the above options you can also choose to Align Text with Pipes for the pipe
annotations.

These same options are available for individual annotations on the Profile Window by right
clicking on one of the annotations and selecting Annctation Properties from the pop-up menu.

Template Drawing Tab

Under the Drawing tab you can set various options associated with the drawing scale and axes labeling to
be specified in the template. The Drawing tab of the Template dialog has the following sections:

Drawing Scale - In this section you can choose to set the scale based on the project scale by checking
the Match Project check box. If the box is unchecked then you can specify your own horizontal and
vertical scales aswell as the default text height multiplier.

AXxis - In this section you can specify the horizontal and vertical increment for the axis labeling, as well
asthe position of the elevations on the Y -axis. For example, if you choose L eft from the Axis

L abeling drop-down menu then labels will appear on the |eft side of the profile. Y ou can choose for
the labels to also appear on the right side of the profile or on both sides of the profile.

Template Annotation Tab
Under the Annotation tab you can view the annotations selected for the current template, as well as each
annotation’ sinitial placement.

To open the Annotation Wizard to edit the template annotations click the Edit button.

Template Labels Tab
Under the L abels tab you can specify various labels associated with the profile, as well as an associated
height multiplier.

In the label fields you can put one of several dynamic parameters that will automatically update as the
model updates. The following table shows the list of available parameters and an example of their use.

Dynamic Function Label Input Label Output Example
Parameter Example
%s Displays the name of the Scenario: %s Scenario: Base
current scenario in the label.
%p Displays the profile name. Profile: %p Profile: Trunk Line
%t Displays the current time step Scenario: %s (%t) Scenario: Base (0.00 hr)

for the scenario.

%u Displays the units of the Station (%u) Station (ft)
appropriate attribute.

Template Layers Tab

From the Layer s tab you can set various properties for the different layers associated with a hydraulic
profile. You can click whether or not the layer isvisible. Y ou can also set the color for the layer. If you
click the ellipses (...) button from inside one of the Color fields you can select or create a customized
color.
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The properties established for the layers will remain if the profile is exported to a DXF or directly to
AutoCAD.

Sharing Templates Between Projects

All template information created at a computer is stored in the file called ProfileTemplates.L TM, located in
the product directory. So if you create several templates types that you wish to share between different
users, simply transfer the file to the other machines with the product installed, and copy over the existing
profile templatesfile.

Alternatively, you can export individual profile templates for import by other users by clicking the File
button on the Template Manager dialog and selecting Export Template from the pop-up menu. This
creates an .L TF file with a saved copy of the selected template.

To import the template, select Import Template after clicking the File button in the Template M anager .
Thiswill copy the template data to the ProfileTemplates.L TM file on that machine for reuse.

Profile Wizard

The Profile Wizard is provided to guide you through the profile generation process. Y ou will be asked to
specify aprofile start and stop node, as well as the horizontal and vertical axis scaling parameters.

Profile Wizard - Profile Elements

Thefirst step of the Profile Wizard alows you to specify the elements included in the hydraulic profile.
The specified elements will appear in thelist panein the dialog. Y ou can modify thelist by clicking the
following buttons:

Select From Drawing - Clicking this button will open the plan view of the hydraulic network. Simply
click the elements you wish to include in the profile. The profile must consist of a single path that can
go from upstream to downstream or downstream to upstream or in both directions. The elements can
include both gravity and pressure elements. Right click and select done when finished. In AutoCAD
mode simply click the drawing pane to return to the Profile Wizar d.

Remove All - Thiswill delete all the elements from the profile list.
Remove All Previous - Thiswill delete all elements above the selected element in the list.

Remove All Following - Thiswill delete all the elements below the selected element in the list.

In the first step of the Profile Wizard, you can also establish user-defined stationing for the node elements
in the profile, and weather the calculated Stationing Order isincreasing or decreasing.

To establish a user-defined station for anode in the list, click the User Defined Station checkbox in the
row occupied by the node. All stationing upstream of that node will be recal culated based on the entered
station if they are not specified as user defined.

Profile Wizard - Templates and Notes

The second step of the Profile Wizar d allows you to specify the template to be applied to the new profile.
Select it from the Template pull-down menu. Click the ellipses(...) button next to the Template pull-
down menu to open up the Profile Templates dialog. Y ou can also enter any notes about the profile in the
large text box below the notesicon.
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Templates are only used initially when defining the profile. Oncethe profileis created all
connectionsto the selected template are severed. Thereforeif you change a characteristic of the
template the change will not bereflected in the profile. This prevents undo modification.

You can reapply a template through the Profiles dialog. Click the Profile Management button
and select Apply Template.

Profile Wizard - Options

The third step of the Profile Wizard allows you to customize the horizontal and vertical axis scaling
parameters. Y ou can choose either automatic or user-defined axis scaling. Use automatic scaling to accept
the default scale for the profile axis. Choose user-defined scaling to specify the axis minimum, and
maximum values. The increment valueis accessible regardless of which option is selected. You can also
set the direction of the profile either from left to right or from right to left.

o
The Profile Wizar d can be accessed by clicking the Profile button , and then clicking the Profile
Management button and selecting add. Y ou can also right-click the node from which you would like to
begin profiling, and select Profile from the pop-up menu. In AutoCAD mode, this requires you to have the
Right-Click Context Menu toggled On in the Global Optionsdialog, which is accessed from Options/
Global Options.

Profile Window

The profile that you specified will be displayed in the Profile Plot window. The following functions are
available in the main toolbar.

File/ Export to Drawing - (AutoCAD mode only) Export the file to your AutoCAD drawing.
File/ Export to DXF - Export the profilein a .DXF format for use in AutoCAD.

Undo/ Redo - Click the left facing arrow to undo the previous command. Click the right facing arrow
to redo the command.

Pan - Move around in the profile window.
Zoom Support - Zoom in, Zoom Out, Zoom Extents, and Zoom Window.

Options - Opens the menu with the following items
- Find Element - Locate an element in the Profile Window.

- Profile Options - Set Axis and Drawing options and various other user-specified parameters.

- Annotation Manager - Set annotations for the elementsin the profile.

Print Preview - Preview the Profile view.
Close - Exit the Profile window. Any edits made in the Profile window will be lost when you exit.

Help - Opens the program's Help database.

In addition to the functions on the main toolbar, you can add your own text and graphic annotations to the
profile by clicking the representative buttons on the vertical side-toolbar of the Profile Plot window.
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You can make adjustmentsto your profile options after generating the profile by using the
Options button at the top of the Profile Window.

You can use the mouse to graphically drag and reposition the textual annotationsin the Profile
window.

TheHydraulic and Energy Grade Lineswill only be plotted if the calculated results are valid.
You may need to Compute your model to make suretheresults arevalid.

Usethe scroll barsalong theright and bottom of the Profile window to pan left, right, up, and
down.

Edit the outlet element to change the starting station used in profiling.

Use the Scenario control located at the top of the Profile window to see the profilesfor different
scenarios.

Usethe VCR Controlsto animate the hydraulic grade line for an EPS analysis.

=
The Profile window is accessed by clicking the Profile button and opening an existing profile in the
Profiles Manager. The Profile Window will also appear after completing the Profile Wizar d.

Profile Options Dialog

The Profile Options dialog allows you to customize the horizontal and vertical axis scaling parameters, the
line widths, text height, and layer visibility. The dialog is divided into four tabs:

Elements tab - Thistab is only available when you open the profile options by selecting Profile
Management / Edit from the Profiles dialog.

Axistab
Drawing tab
Layerstab
Background tab

Profile Elements Tab

Within the Elements tab you can specify the elements to include in the hydraulic profile. The specified
elements will appear in the list panein the dialog. Y ou can modify the list by clicking the following
buttons:

Select From Drawing - Clicking this button will open the plan view of the hydraulic network. Simply
click the elements you wish to include in the profile. The profile must consist of a single path that can
go from upstream to downstream or downstream to upstream or in both directions. The elements can
include both gravity and pressure elements. Right click and select done when finished. In AutoCAD
mode simply click the drawing pane to return to the Select Elements dialog.

Remove All - Thiswill delete all the elements from the profile list.
Remove All Previous - Thiswill delete al elements upstream of the selected node.

Remove All Following - Thiswill delete all the elements downstream of the selected node.
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Y ou can also establish user-defined stationing for the node elements in the profile, and weather the
calculated Stationing Order isincreasing or decreasing.

To establish a user-defined station for anodein the list, click the User Defined Station checkbox in the
row occupied by the node. All stationing upstream of that node will be recal culated based on the entered
station if they are not specified as user defined.

To access the Profile Elements tab, click the Profile Management button in the Profiles dialog and click
Edit. Then click the Profile Elements tab.

Profile Axis Tab

The Axis tab allows you to customize the horizontal and vertical axis scaling parameters. Y ou can choose
automatic or user-defined axis scaling. Use the automatic scaling to accept the default scale for the profile
axis. Choose user-defined scaling to specify the axis minimum, and maximum values by deselecting the
Automatic Scaling check box. You can also select the position of the labeling on the vertical axis. For
example, if you select L eft from the Axis L abeling drop-down menu, the elevation labels on the Y -axis
will appear on the left hand side of the profile. Y ou can aso choose for the labels to appear on the right
side of the profile, as well as on both sides of the profile.

Under the Axis tab you can also set the direction of the profile in the Direction field

Profile Drawing Tab

The Drawing tab allows you to set line widths for some of the profile figures, toggle layer visibility, and
adjust the size of the text in the profile.

To change the line widths for the ground elevation, the node structures, and the hydraulic grade and energy
grade linesin the profile, simply enter the desired size in their respective fields.

The Text Height Annotation Multiplier allows you to adjust the size of the text in the profile.

Y ou can also adjust the line widths for various graphic attributes presented on the profile such as:
Ground Elevation

Structures

Hydraulic Grade

Energy Grade

Profile Layers Tab

From the Profile Layers Tab you can set various properties for the different layers associated with
hydraulic profile. You can click whether or not the layer isvisible. You can also set the color for the layer.
If you click the ellipses (...) button from inside one of the Color fields you can select or create a
customized color.

The properties established for the layers will remain if the profile is exported to a DXF or directly to
AutoCAD.

Profile Background Tab
A .DXF image can be inserted as a background for the selected profile.

DXF Background Filename - Thisfield enables you to specify a.DXF file to be used as the
background for your project. Enter the drive, directory, and file name, or click the Browse button to
select afile interactively.

Show Background - If the background .DXF file is turned off, it will not be read from adisk or
displayed in the drawing pane.
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DXF Unit - The .DXF drawing unit conversion is used when importing .DXF background files, and
also when exporting a .DXF file from the project. Note that the value in this field governs the import
behavior for .DXF files saved in scientific, decimal, or fractional units, but not for .DXF files saved in
architectural or engineering units.

Insertion Point - These fields enables you to specify the point (X and Y coordinates) in the profile
where the drawing will be inserted.

.DXF file import behavior is governed by specific factors within the .DXF file. If afile does not import as
you expect, check the options used to generate it carefully. For example, try importing the .DXF back into
the original program or into another program that supports the .DXF format, such as AutoCAD or
MicroStation. If the file does not import into other applications, there may be an invalid or missing header,
invalid elements, or other errors.

Export Profiles
In AutoCAD mode, profiles can be exported to an AutoCAD drawing using the File menu on the Profile
Window. Profileswill be exported to an insertion point below the current drawing extents.

In Stand-Alone mode, profiles can be exported into a.DXF file. After performing afew preliminary steps
you can import the file into AutoCAD.

11.8 Diversion Network

11.8.1

The Diversion Networ k window provides a graphical view of the diversion links in the system. The flow
arrows on the links in the diversion network indicate the directions of diverted flow. The diversion network
is displayed with the existing network as the background.

After the moddl is calculated, diversion links will be annotated with the percent diverted out.

Diversion Network Window

The diversion network will be displayed in the Diver sion Networ k window. The following functions are
available in the Diversion Network window:

File/ Export to DXF - Export the network in a.DXF format for usein AutoCAD.

File/ Export to Drawing (AutoCAD mode only) - Export the network into your AutoCAD drawing.
Pan - Moves around the diversion network to change view.

Zoom Support - Zoom in, Zoom Out, Zoom Extents, and Zoom Window.

Options - Toggle background visibility, set background color, and find elements.

Print Preview - Preview the network.

Close - Exit the network window.

Y ou can specify the diversion target on the Diversion tab of the element's editor.

Usethe scroll barsalong theright and bottom of the Diversion Network window to pan up, down,
left, and right.

Use the Scenario control located at thetop of the Diversion Network window to see the gutter
network for different scenarios.
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Diversion Network Options

The Options button located at the top of the Diver sion Networ k window allows you to change the color of
the background drawing, toggle the visibility of the background drawing, and find elements.

Diversion Network Background Color

This dialog allows you to optionally display your background drawing in asingle color. To display the
background in asingle color, select the desired color from the list. To display the background using the
current background drawing colors select <Auto>.

11.9 Scenario Comparison

11.9.1

Ny

11.9.2

The data calculated in different scenarios can be compared through the use of the Scenario Comparison
window. Thisallowsyou to create an annotated drawing to display the differencesin the values for any
two scenarios.

Annotation Comparison Wizard

The Annotation Comparison Wizard is used to create a drawing that contains text elements displaying
the differences between specific attributes of two scenarios. The Annotation Comparison Wizard is
identical to the Annotation Wizard except it has one additional step. This step involves selecting the two
scenarios you wish to compare.

Scenario 1 - Choose the baseline scenario.

Scenario 2 - Choose the scenario you wish to compare to Scenario 1.

Thevalue in Scenario 1 is subtracted from the value of Scenario 2, and the differenceis displayed.
Therefore, if any specified attribute’ s value is greater in Scenario 2 than it isin Scenario 1, the difference is
displayed as a positive number. |If the value is smaller in Scenario 2 than in Scenario 1, it isdisplayed as a
negative number.

For example, suppose your model contains two scenarios. Oneis named 2002 Conditions, and the other is
named 2010 Conditions. To create a drawing that displays the difference in velocity in a pipe between the
2002 scenario and the 2010 scenario, you would use the Annotation Comparison Wizard. You could
choose the 2002 scenario as Scenario 1, and the 2010 scenario as Scenario 2. Y ou would then complete the
rest of the stepsin the wizard. The drawing produced would show positive values where the velocity
increased under 2010 conditions and negative values where the velocity decreased under 2010 conditions.

For applicationsthat support extended period simulations, you can choose the same scenario for
Scenario 1 and Scenario 2 to annotate the differ ences between two time steps of that scenario.

To access the Annotation Comparison Wizar d, open the Scenario Manager and click the Scenario
Comparison button.

Scenario Comparison Window

The Scenario Comparison window allows you to view, print, export, and modify scenario comparison
annotations.

Along the top of the window is arow of buttons that perform the various functions listed below:

File/ Export To DXF - Exports the drawing in the standard .DXF file format.
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File/ Export To AutoCAD (available only in AutoCAD mode) - Export the drawing to the current
AutoCAD drawing.

Zoom Tools - Provides standard zoom capabilities for navigating within the drawing.

Options/ Annotation Manager - Opens the Annotation Comparison Wizard to add, delete, or
modify the scenario comparison annotations.

Options/ Annotation Height Multiplier - Modifies the text height for the scenario comparison
annotations.

Options/ Find Element - Allows you to locate an element by its|abel.
Print Preview - Opensthe Print Preview window to view how the printed page(s) will look.
Close - Closes the Scenario Comparison window.

Help - Get quick access to this Help topic.
Several user interface elements are available to let you modify the scenarios that are being compared, and
to control when the scenario comparison annotations are updated. These interface elements are described
in more detail below.

Scenario 1 - Thisrow of controlsis similar to the Analysis Toolbar on the main window. Thisfield
allows you to choose, from the list of available scenarios, the one that will be the baseline in the
comparison.

Scenario 2 - Thisrow of controlsisidentical to those described above in Scenario 1, but instead of
defining the baseline for the comparison, the scenario you pick here will be compared to the baseline.

Update - Click this button to refresh the scenario comparison annotations. This button is used when
Auto Update (described below) is off, and you have changed either Scenario 1 or Scenario 2.

Auto Update - A check in this box indicates that Auto Update is on, and that the scenario comparison
annotations will be refreshed whenever Scenario 1 or Scenario 2 is changed. With Auto Update off,
you can select the desired combination of Scenario 1 and Scenario 2, then click the Update button.
With Auto Update on, the annotations will refresh automatically to every scenario or time step
change.
The Scenario Comparison window is accessed by clicking the Scenario Comparison button in the
Scenario Manager, and then completing the Annotation Comparison Wizard.

11.10 Graphic Annotation

In Stand-Alone mode, several Graphic Annotation tools are provided for enhancing the appearance of
your drawing. Graphic annotations can be manipulated like any other element in the Graphical Editor.
Y ou can add, move, and delete them just as you would with any network elements.

To add graphic annotation to your drawing, use the Tools\L ayout / Graphic Annotation menu item, or
use the tool-palette located along the Ieft side of the main window. The available tools are:

Line Tool - Add polylines or polygons such as drawing roads or catchment outlines.
Border Tool - Add rectangles to your drawing for creating borders such as property lines.

Text Tool - Add text to your drawing for adding explanatory notes, titles, or labels for non-network
elements.
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0= The program will calculate the area of a closed polyline. Right-click the polyline for which you
wish to determine the area and select Enclosed Area.

To open or close a polyline, right-click the polyline and select Close. A check will appear next to
the menu item to indicate that the polylineis closed.

To add bends or verticesto a polyline, right-click the polyline at the location you would like to
add a bend and select Bend/Add Bend.

Toremove bendsor vertices from a polyline, select the polylineg, right-click the bend you would
liketo remove, and select Bend/Remove Bend.

11.10.1 Legend

Legends are used to display the ranges of the active link and node color coding. The legend tool adds a
color coding legend to the drawing. Thislegend is automatically updated as the color coding is modified.

Editing of the legend figure is not required. In Stand-Alone mode, multiple legends may be placed in the
drawing to assist you when printing specified regions within the drawing.

:@i Y ou can double-click a color coding legend in the drawing to edit the associated color coding
parameters.

11.11 Preview Windows

This window provides you with a preview of what will be printed. The window contains the following
buttons:

Pg Up / Pg Dn - Navigate between pages of the report.
Copy - Copy the report(s) to the Windows Clipboard.
Print - Output the report to the printer.
Options
- Print Setup- Change printer options, such as portrait or landscape page layout.

- Fitto Page - The Fit to Page check box will not appear if the Print Preview window does not
contain adrawing, or if the drawing isin schematic mode. When checked, the drawing will be
scaled to fit within asingle page. When not checked, the drawing will be output using the
drawing scale.

Close - Close the Print Preview window.

Help - Provides access to help for the Print Preview window.
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11.12 Status Log

Several commands generate a status log showing the results of that command. For instance, astatuslogis
displayed when you calculate a scenario using the GO button. The status information is displayed at the
top of thedialog. The dialog contains the following buttons:

Save - Export the status log results as an ASCII file.
Print or Print Preview - Print or preview the status log results.
Close - Close the status log dialog after design calculations.

Help - Access context-sensitive online help.
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Chapter 12
Engineering Libraries

12.1 Engineering Libraries Overview

The Haestad Methods' Engineering Librariesand Library Manager s are powerful and flexible facilities
for managing specifications of common materials, objects, or components that are shared across projects.
Some examples of objects that are specified through engineering libraries include pipe materias, pipe
sections (in StormCAD and SewerCAD), and sanitary loads (in SewerCAD only). Y ou can modify
engineering libraries and the objects they contain by using the Tools/ Engineering Libraries option, or by
clicking the ellipsis (...) buttons available next to the fields in dialog boxes that make use of library objects.

The data for each engineering library is stored in atabular ASCI| file with the extension .HLB.

1/
N

PG We strongly recommend that you only edit these files using the built-in facilities available by
@ selecting Tools/ Engineering Libraries. If absolutely necessary, theselibrary files may be edited
or repaired using any ASCI| editor.

The standard set of engineering libraries shipped with your Haestad Methods product reside in the
product’s program directory. By default, each project you create will use the objects in these default
libraries. In special circumstances, you may wish to create custom libraries to use with one or more
projects. You can do this by copying a standard library or creating a new library, and setting the path in the
Engineering Library Manager to the path for the custom library.

When you change the properties for an object in an engineering library, those changes will affect all
projects that use that library object. At thetime aproject isloaded, all of its engineering library objects are
synchronized to the current library. Objects are synchronized based on their label. If the label isthe same,
then the object’ s values will be made the same. If any library referenced inaLibrary Manager path
cannot be found at the location specified, then the standard library in the program directory will be used.
Once aproject is created, it is not necessary to have access to the engineering library in order for that
project to be edited or analyzed.

12.2 Engineering Library Manager

The Engineering Library Manager dialog consists of atable of five columns: Library, Current Path,
Browse, Edit, and New. Thereisone row for each kind of engineering library used in your project. You
cannot create library types different from the set of standard libraries shipped with the product. The
columnsin the table are as follows:

Library - This column lists the kind of object stored in the referenced library.

Current Path - This column lists the path to the library to be used for objects of a certain kind within
the current project. By default, the path will reference the standard library shipped with your Haestad
Methods product. To browse for other libraries of the same type that you may have already created,
click the Browse column.
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Browse - Click this column and the button that appears if you wish to search your computer or
network and locate other engineering libraries. To reference alibrary in the path field, the library must
already exist. To createit you may copy a standard library using Windows File Manager or Explorer,
or click New as described below.

Edit - Click this column and the button that appearsif you wish to add, delete, or edit the objects
within a specific kind of engineering library.

New - Click this column and the button that appears if you wish to create anew library.

i Most usersdo not need to create custom libraries or edit thelibrary paths. You only need to
change path valuesif you wish to create and use custom libraries.

The Engineering Library Manager can be accessed by selecting Tools/ Engineering Libraries from the
pull-down menus.

12.3 Engineering Library Editor

The Engineering Library dialogs consist of atable with two columns:

Label - This column contains a textual description of the object. In general, objects are considered to
be the same if their labels are the same. For example, when a project is loaded, the engineering library
objects are synchronized to the current library based on label.

Availablein ... - This column contains a checkbox indicating whether the library object on the given
row is enabled for use by this application. If an object isenabled, it will appear in choice listsasa
candidate for usein the project. If an object is disabled, it will remain in the library and be editable,
but it will not be offered as a candidate for any operationsin the program. If a disabled object has
already been used in a project, then it will remainin use. Disabling it will not affect the existing
project in any way.

The following command buttons appear on the Engineering Library dialog:

Insert - Insert anew, unlabeled object into the current library. Y ou must then click the Edit button to
edit the label and add the appropriate values before the library will be valid. Library objectswill be
sorted by label in ascending a phabetical order the next time you open the Engineering Library
dialog.

Duplicate - Create a copy of the currently highlighted object at the bottom of the list.

Delete - Delete the object represented by the highlighted row. Note that this command always del etes
objects from the library, but never deletes an object from your current project if itisin use. To change
the library object that is currently in use by a project, proceed to the dialog containing the field where
the library object is referenced and select a different library object.

Edit - Access the object properties editor.
Usage - Only appliesto the material engineering library. Use this button to specify specific uses for

the material.

The Engineering Library Editors can be accessed by selecting Tools/ Engineering Librariesfrom the
pull-down menus and clicking the Edit column and the button that appears next to the Library you want to
edit.
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12.4 Usage

Thisdialog only appliesto the Material Library. Usageiswhat specifies the type of section or pipe that
will be available for each material. Use the following commands to select which sections you would like to
be available for each material:

[ >] Adds the selected item(s) from the Available Itemslist to the Selected Items list.
[>>] Adds al of theitemsin the Available Itemslist to the Selected Itemslist.

[ <] Removes the selected item(s) from the Selected Items list.

[<<] Removes all items from the Selected Itemslist.

12.5 Extreme Flow Factor Method Library

12.5.1

Extreme flow factors are generally used for computing peak discharges, and therefore are typically referred
to as peaking factors or peaking equations. However, since they can also be used to compute minimum
discharges, the term extreme flow factor is more accurate and will be used throughout the program and
documentation.

SewerCAD defines tabular and equation extreme flow factor methods in the editable Engineering
Libraries, thus allowing you to edit predefined methods and insert new ones. The extreme flow factor can
be user-defined with either of the following:

Equation extreme flow factor method
Table extreme flow factor method
In both cases, the extreme flow factor method can be a function of either of the following:
Contributing population
Base Load

Dischar ge based extreme flow methods can be used with any unit dry load. Population based
extreme flow methods can be used only with population-based unit sanitary and non-population-
based unit sanitary loadsthat have population equivalents specified.

Extreme Flow Factor Equation Properties

SewerCAD uses a generic exponential equation to define any extreme flow factor method. For population-
based extreme flow factor methods, the generic equation is:

c, +(m, +P)*
Cy +(m,P)*

EFF=c, +

where Pis population and c1, c2, c3, m1, m2, €1, and €2, are constants.

For discharge-based extreme flow factor methods the generic equation is:

c, +(m,Q)*
C; +(m,Q)*

where Q istotal sanitary (base) load and c1, c2, c3, m1, m2, €1, and 2, are constants.

EFF=c, +
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The Extreme Flow Factor Equation Method is defined by the following:

Label - The name of the extreme flow factor method as it will appear in choice lists.

Function of - The type of extreme flow factor method, population-based or discharge-based,
associated with the equation. The extreme flow setup function is selected when a new extreme flow
factor method is created.

Unit - The unit in which the formulais defined. The coefficients in the equation are dependant on this
unit.

Cutoff Value - The maximum possible extreme flow factor for peaking methods. Thisisused to
prevent unrealistically high values for small populations or land areas.

Equation coefficients- cl, ¢2, ¢3, ml, m2, €1, and €2

You can use the Plot option to see the extreme flow factor method range. Also, use the Notes tab
to enter any information relevant to the equation.

Extreme Flow Factor Table Properties
The Extreme Flow Factor Table Method is defined by:
Label - The name of the extreme flow factor method as it will appear in choice lists.

Function of - Type of the extreme flow factor method, population-based or discharge-based,
associated with the equation. The extreme flow setup function is selected when a new extreme flow
factor is created.

Extreme Flow Factor Table - EFF vs. base load (or total dry weather discharge) values.

Extreme flow factor valuesthat fall outside of the range of boundary valueswill be assigned the
closest in-range value, either thefirst (lowest) or last (highest) value. Also, usethe Notestab to
enter any information relevant to the table.

12.6 Section Size

12.6.1

Section Size Library

A listing of typical component sizes for specific material types used in storm and sanitary sewer designis
provided. Occasionally, there may be situations where specific component sizes or types will not be
physically available for a project. You may wish to remove these component types from the listing so that
they are not used during automatic design. Similarly, your project may require asize that is not in the list
provided.

This powerful engineering library system allows you to add and remove section sizes, or edit the properties
of an existing section size. The default list includes hundreds of predefined section sizesin five different
shapes. Each section size can be made available for any of the defined materials.

The five section shapes are:

Arch
Box

Circular
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Horizontal Ellipse

Vertical Ellipse
Section size properties are edited through the Engineering Library Manager and the Engineering
Library Editor.

To access the Section Size Propertiesdialog, select Tools/ Engineering Libraries from the pull-down
menus. Click the Edit column of the Section Size Library, and click the button that appears. Select a
section size from the list, and click the Edit button.

Arch Section Size Propetrties

The Arch Section Size Propertiestab in the Section Size Properties dialog is used to edit the physical
properties for arch sections. These properties control how the section is displayed, and define the hydraulic
parameters used during calculations.

US Labe - Enter the label for the section that will be used when the predominant unit system isUS
Customary.

Sl Label - Enter the label for the section that will be used when the predominant unit system is System
International ().

Span - Enter the span (width) of the arch shape.

Rise - Enter the rise (height) of the arch shape.

Full Area - Enter the full cross-sectional areafor the arch.
Bottom Radius - Enter the radius for the bottom curve of the arch.

Bottom Distance - Enter the distance from the bottom of the arch section to the pivot point for the top
curve.

Corner Radius - Enter the radius for the corner curves of the arch.

Top Radius- Enter the radius for the top curve of the arch.

To access the Arch Section Size Propertiesdialog, select Tools/ Engineering Libraries from the pull-
down menus. Click the Edit column for the Section Size Library, and click the button that appears.
Choose the desired arch size from the list, and click the Edit button.

Box Section Size Properties

The Box Section Size Propertiestab in the Section Size Properties dialog is used to edit the physical
properties for box sections. These properties control how the section is displayed, and define the hydraulic
parameters used during the calculation.

US Labe - Enter the label for the section that will be used when the predominant unit system isUS
Customary.

Sl Label - Enter the label for the section that will be used when the predominant unit system is System
International (S).

Span - Enter the span (width) of the box shape.
Rise - Enter the rise (height) of the box shape.

Full Area - The calculated full areafor the box.

To access the Box Section Size Properties dialog, select Tools/ Engineering Libraries from the pull-
down menus. Click the Edit column for the Section Size Library, and click the button that appears.
Choose the desired box size from the list, and click the Edit button.
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Circular Section Size Properties

The Circular Section Size Propertiesdialog is used to edit the physical properties for circular sections.
These properties control how the section is displayed, and define the hydraulic parameters used during the
caculation.

US Labd - Enter the label for the section that will be used when the predominant unit system isUS
Customary.

Sl Label - Enter the label for the section that will be used when the predominant unit system is System
International (S).

Diameter - Enter the diameter of the section.

Full Area - The calculated full cross-sectional areafor the circular section.

To access the Circular Section Size Properties dialog, select Tools/ Engineering Librariesfrom the
pull-down menus. Click the Edit column for the Section Size Library, and click the button that appears.
Choose the desired circular size from the list, and click the Edit button.

Ellipse Section Size Properties

The Ellipse Section Size Properties dialog is used to edit the physical properties for both horizontal and
vertical ellipse sections. These properties control how the section is displayed, and define the hydraulic
parameters used during the calculation.

US Labe - Enter the label for the section that will be used when the predominant unit system isUS
Customary.

Sl Label - Enter the label for the section that will be used when the predominant unit system is System
International (S).

Span - Enter the span (width) of the ellipse shape.
Rise - Enter the rise (height) of the ellipse shape.
Full Area - Enter the full cross-sectional areafor the ellipse.

a0, al, a2, a3, a4 - Enter the five coefficients to the 4" order polynomial equation, which describes the
relationship between the wetted perimeter (in inches) of the ellipse and the depth/rise ratio, as follows:

p=a,+ ai(%)Jf 2 (%)2 * as(%)g * ""4(%)4

Wetted Perimeter (in)

Water depth in the pipe (ft)

Pipe rise (ft)

Equivalent Diameter - Enter the diameter of a circular section that is equivalent to the ellipse.

Where: p
d
r

Flow Area Factor - Enter the flow area factor for the ellipse. Thisisthe ratio of the calculated full
area(p * rise* span/ 4) to the specified full area.

To access the Ellipse Section Size Properties dialog, select Tools/ Engineering Libraries from the pull-
down menus. Click the Edit column for the Section Size Library, and click the button that appears.
Choose the desired ellipse size from the list, and click the Edit button.

Available in Materials

Each section size is available in avariety of materias, which means you only have to define the physical
characteristics of the section once.
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Thistab in the Section Size Properties dialog is used to specify the materialsin which the section sizeis
available. Just add those materials to the table from the list provided. The list of materials, also accessible
inthe Material Library, can also be edited. See the Engineering Library Editor for more details.

Section size materials are edited through the engineering library system by using the Engineering Library
Manager and the Engineering Library Editor.

12.7 Material Properties

12.7.1

Material Library

A customizable library of materialsis provided. Pipes are constructed from various materials. It isoften
useful to specify the material of the pipes and channels/ditches in your hydraulic and hydrologic models.
Materials provide the pipe or channel with a default value for the roughness coefficient used in the friction
equations. Therefore, a material must be defined with the following properties:

L abel - Name of the material asit will appear in material selection lists.

Culvert Inlet Material Type - Limits the type of culvert inlets that are available when the material is
used as the culvert material (used in CulvertMaster). Theinclusion of this property allows the sharing
of libraries among Haestad Methods' products.

Manning's Coefficient - Default value for Manning'sn. Thisis anumber generally between 0.009
and 0.300.

Roughness Height - Default value for absolute roughness height. Thiswill be used in conjunction
with the Darcy-Weishach friction equation. The roughness height has units of length, typically mm or
ft.

Kutter'sn Coefficient (StormCAD and Sewer CAD) - Default value for Kutter’sformula. Thisisa
unitless number generally between 0.009 and 0.300.

C Coefficient - Default value for Hazen William's C. Thisis a unitless number generally between 60
and 150.

The check boxes next to each item specify whether the friction method will be available for the material.
For example, some materials, such as asphalt, only have Manning's n values defined.

12.8 Minor Loss

12.8.1

Minor Loss Properties

An editable library of minor lossesis provided. Minor losses are used on pressure pipes and valves to
model headlosses due to pipe fittings or obstructions to the flow. A minor lossis defined with the
following properties:

L abel - Name of the minor loss as it will appear in choicellists.

Type - General type of fitting or loss element. Thisfield is used to limit the number of minor loss
elements availablein choicelists. For example, the minor loss choice list on the valve dialog only
includes minor losses of type valve. Y ou cannot add or delete types.

K Coefficient - Headloss coefficient for the minor loss. This unitless number represents the ratio of
the headl oss across the minor loss element to the velocity head of the flow through the element.
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12.9 Unit Sanitary (Dry Weather) Load

12.9.1

12.9.2

SewerCAD defines unit sanitary loads in editable Engineering Libraries, allowing you to edit predefined
unit sanitary loads and insert new ones. A unit sanitary load is used to specify loads to a sewer system for a
user-selected loading unit. Unit sanitary loads can be either population-based or non-popul ation-based.
Population-based unit sanitary loads specify aload to the sewer system as a function of the contributing
population. Non-population-based loads specify |oads based on service area, discharge, or user-defined
counts.

Throughout the program and documentation, the term Unit Sanitary (Dry Weather) L oad(s)
may be abbreviated as Unit Dry L oad(s).

Population-Based Unit Sanitary (Dry Weather) Load Properties

The most common way of specifying sanitary loads to a sewer system isto make them proportiona to the
contributing population. Population-based unit sanitary loads define loads as a function of adjusted
contributing population. Y ou can select the population loading units that will be used and the unit load per
population unit. For example, the unit sanitary load, Home (Average), specifies Resident as the population
loading unit, and 280 I/d per Resident as the unit load per population unit.

The population-based unit sanitary load is defined by:
Label - The name of the unit sanitary load as it will appear in choicellists.

L oading Unit Type - Type of the unit sanitary load: population-based, area-based, discharge-based, or
used defined count-based. Loading Unit Typeis selected upon creation of a new unit sanitary load, and
therefore this field is not editable.

L oading Unit - The base unit used to define the unit load. Loading Unit Type definesthelist of available
loading units, such as resident, capita, guest, or employee.

Unit Load - The amount of flow contributed per loading unit.

Population-based sanitary loads can be peaked using any Extreme Flow Factor Method. Also,

use the Notes tab to enter any infor mation relevant to the unit sanitary load.

Non-Population-Based Unit Sanitary (Dry Weather) Loads

Non-popul ation-based unit sanitary loads can be area-based (function of contributing area), discharge-
based (function of direct discharge), or count-based (function of a user-defined count). In addition to
loading units and unit load per specified loading unit, non-popul ation-based unit sanitary loads are defined
by the following properties:

L abel - The name of the unit sanitary load as it will appear in choicellists.

L oading Unit Type - Type of the unit sanitary load: population-based, area-based, discharge-based, or
user-defined count-based. L oading Unit Typeis selected upon creation of a new unit sanitary load.

L oading Unit - The base unit used to define unit load. L oading Unit Type defines thelist of available
loading units.

Unit Load - The amount of flow contributed per loading unit.

Population Equivalent - Count of adjusted population per loading unit. Adjusted population is used with
popul ation-based extreme flow factor methods. For area based loads, thisis essentially a population
density, or population per unit area.
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Report Adjusted Population - If this option is toggled ON, the adjusted population will be reported with
other populations. If the option is OFF, adjusted population will be used only to calculate Extreme Flow
Factors and will not be reported as part of the total population.

Non-population-based sanitary loads are typically peaked using a dischar ge-based extr eme flow
factor method. If you wish to use a Population-Based Extreme Flow Factor M ethod with a non-
population-based sanitary load, the Population Equivalent must be specified.

Area-Based Unit Sanitary (Dry Weather) Loads

Area-based unit sanitary loads are commonly used to specify industrial 1oads and steady inflows. Use these
unit sanitary loads whenever your load is specified as a function of contributing area.

Discharge-Based Unit Sanitary (Dry Weather) Loads

Discharge-based unit sanitary loads are used to directly specify loads without specifying them on the basis
of some other count, such as population or area.

There are two general ways to use discharge-based loads:

Specify 1.0 discharge unit (e.g. I/day, gpd, cfs, etc.) asthe unit load. Then, when using the load,
specify the total desired load for the loading unit count. For example, you can create aload called Liter
per Day whose loading unit type is Discharge, loading unit is|/day, and unit load is 1.0. When you use
thisload at a manhole, awet well, or a pressure junction, you specify 50.0 as the loading unit count.
Thisyields a base load of 50 |/day.

Specify total desired load as the unit load. Then, when using the load, only specify 1.0 as the loading
unit count. For example, you can create aload called Industry XY Z whose loading unit typeis
Discharge, loading unit is |/day, and unit load is 2000.0. When you use this load at the manhole, wet
well, or pressure junction, you would specify 1.0 as the loading unit count. Thisyields a base load of
2000 |/day.

In other words, you can specify a unit load of 1.0 in the Unit Sanitary L oad Library and determine the
total load at each node through the loading unit count, or you can specify the total load in the Unit
Sanitary Load Library and then have aloading unit count of 1.0.

Count-Based Unit Sanitary (Dry Weather) Loads

Count-based unit sanitary loads should be used for any load that is not area, population, nor discharge-
based. These loads allow you to specify any loading unit such asloading per vehicle, machine, or anything
else.

Loading unitsin user-defined counts aretreated only aslabels. Conversion between these units
isalways1to 1.
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Chapter 13

GIS and Database Connections

13.1 Overview

Haestad Methods' Gl S/Database Connection feature provides the modeler with the ability to dynamically
exchange data with a variety of applications. Y ou can establish a"connection” between your hydraulic
model and relational and non-relational database management systems (RDBMS and DBMS),

spreadsheets, and ESRI Shapefiles. Throughout the rest of this chapter, the term "external file" will be used
to generically refer to any one of these types of files. Where information pertains to a specific type of
external file, that type will be used.

The Gl S/Database Connection system is extremely powerful. It can be used to update hundreds or
thousands of database records with afew clicks of the mouse. This chapter provides detailed information
on the structure and behavior of the system so that it can be used more effectively.

The purpose of the Gl S/Database Connection system is to provide you with a safe and convenient means of
exchanging data with external files. This system has several advantages over simply providing an open file
format for direct manipulation by the end user.

Generality - Open file formats have a specific form that must be adhered to. This restrictivenessis
problematic for both the developer and the end user. Developers are now under additional constraints when
modifying the software. They must be cognizant of the fact that users may depend on this format, and are
therefore less free to modify it. The end user, on the other hand, has no control over thisformat, and is at
the mercy of the developer. A new version may change the format completely, and all of your existing data
must be converted. In addition, the file format is rarely convenient for an end user sinceit istypicaly
chosen for efficient processing by the program. The Gl S/Database Connection system allows you to
exchange data between the model and any arbitrarily defined external files. This flexibility allows you to
set up a database or spreadsheet, and it frees the developer to use afile format that is most efficient for the
program.

Data Protection - Open file formats can typically be modified by anyone, often without the knowledge of
the modeler. By providing an interface to exchange data, the model is protected from inadvertent changes.
The modeler isin complete control of when and how the model or external files are updated.

Type Coer cion - Quite often the external files do not store the data using the format expected by the
hydraulic model. For example, a database may store the length of a pipe using single precision floating
point numbers, whereas the model works with double precision floating point numbers. When exchanging
data between the model and the external file using the Gl S/Database Connection system, the data is coerced
from one type to the other automatically.

Unit Conversion -The quantities used in hydraulic models almost always have some unit associated with
them. For example, pipe lengths are typically expressed in meters or feet. General purpose database and
spreadshest applications do not support the concept of unitized numbers. A pipe length, for example, is
simply represented as 100.0. Isthat 100.0 meters or 100.0 feet? The Gl S/Database Connection interface
allows you to specify the database unit so the numbers can be converted from the model unit to the
database unit and vice versa.
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Virtually al model inputs and cal culated results can be exchanged through the Gl S/Database Connection
system. The system not only supports the update of existing model elements and external file records, but
also the creation and deletion of these elements and records. For example, by performing aSync In
operation (explained in detail below), an entire hydraulic model can be built from data stored in a
spreadsheet. Likewise, an empty spreadsheet can be completely populated with data from an existing
hydraulic model by performing a Sync Out operation. The spreadsheet can be kept synchronized with the
hydraulic model over the course of a project as new elements are added or deleted, and the input and output
datais modified.

The Gl S/Database Connection system has a three-tiered architecture:

Connections
Table or Shapefile Links

Field Links

Thefirst tier is the Connection. Connections are organized and managed by Connection M anagers.
There are two types of Connection M anager s. a Database Connection M anager and a Shapefile
Connection Manager. Asthe namesimply, the first manages connections to databases and spreadsheets,
and the second manages connections to ESRI Shapefiles. The Connection Manager s are similar, and
provide an interface for adding, editing, deleting, duplicating, and synchronizing Connections.

To exchange data between the model and external files, a Connection must be created and then
synchronized. The two synchronization operations that can be performed on a Connection are Sync In and
Sync Out. Sync In synchronizes the model to the data contained in external files. In this case, the model
actsasa"consumer" of the data, and external files act as the data "provider". Sync Out synchronizes
external files to the data contained in the model. Thus, for Sync Out, the model is the data provider and
external files are the consumers. Exactly what datais exchanged during synchronization depends on how
the Connection is defined. Intuitively, a Connection must specify which files are to be connected to the
model, and what datain each file is to be exchanged.

The second tier isthe Table or Shapefile Link. A Database Connection uses these links to gather and store
information. Each Connection can contain one or more Table or Shapefile Links. Each of these links
specifies the type of externa file with which to exchange data (implied with Shapefile links), the name of
the file, and, if the file contains multiple tables, which table within the file is of interest.

The third tier of the systemisthe Field Link. Each Table or Shapefile Link uses one or more Field Linksto
specify exactly what datain the external file is going to be exchanged. A Field Link definesthe
fundamental mapping between afield in an externa fileand afield in the model. For example, afield link
may be used to "map" the GRND_FT field of an external database file to the Ground Elevation attribute of
the model.

In summary, a Connection defines a link between the model and external files. Table or Shapefile Links
and Field Links are used to specify files, tables, and fields to be linked. Once a Connection is created, it
can be synchronized in or out. The synchronization action will update models ("in" direction) or the
external files ("out" direction).

Therest of this chapter provides details on the dialogs and windows used to interact with the Gl S/Database
Connection system. Although Database Connections and Shapefile Connections are similar in concept,
there are differences in the interfaces and options. Therefore, they will be discussed in separate sections.
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13.2 Database Connections

13.2.1

13.2.2

Database Connection Manager
This manager, accessed by selecting File / Synchr onize / Database Connections from the pull-down

menu, helps you track and work with database connections. On the left side of thisdialog isalist of the

current database connections.

There are several options available in the Database Connection M anager, including:

Add - Creates a new database connection using the Database Connection Editor.

Edit - Changes the configuration of the currently selected connection. Thiswill open the Database
Connection Editor, where you can rename the connection, change the associated database files, and

perform other changes to the connection configuration.

Duplicate - Creates a connection identical to the selected one. Thisfeatureis very helpful when
defining two or more connections with many similar attributes.

Delete - Removes the selected connection from the list.

Synchronize I n - Updates the network attributes from the databases defined in the selected
connection.

Synchronize Out - Updates all databases in the connection from the current status of the model.

Reset - Returns the highlighted standard database import or export connection to default settings.
When synchronizing in, output fields such as hydraulic grade line or computed pipe flow will not be

updated. If an attempt is made to update an output field during a Synchronize I n operation, a"Read Only

Warning" will be issued in the status log, indicating which attribute could not be updated.

When synchronizing out, all mapped information will be overwritten in the database files, including input

and output conditions.

If you do not want your input values overwritten upon synchronizing out, ssmply duplicate the
connection. Then, edit one connection such that it includes only the values you want to
synchronizein, and one that includes only the values you want to synchronize out.

When synchronizing out, be surethat the model element labels are of the same data type asthe
database column to which you are mapping. Otherwise, synchronizing out to the database will
yield erroneousresults. For example, if you wereto synchronize in from a database wher e your
pipeidentifier was numeric, then any changes or additionsto the pipesin the model should also
use a numeric-labeling scheme. To assure the consistency in typein this case, select Element

L abeling from the Tools menu and remove the appropriate element prefixes before any changes

are made to the model.

To access the Database Connection M anager, select File/ Synchronize / Database Connections. From
this dialog, there are two ways to get to the Database Connection Editor. You can click Add to create a

new connection, or select Edit to change an existing connection.

Standard Database Import/Export

The Database Connection Manager isinitialized with four standard database connections for importing
and exporting model data using simple File menu commands. These standard connections are as follows:

[Project Export - Sl] - Used for the File/ Export / Database command when the global unit system

is set to System International.
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[Project Export - US] - Used for the File/ Export / Database command when the global unit system
is set to US Customary.

[Project Import - SI] - Used for the File/ Import / Database command when the global unit system
is set to System International.

[Project Import - US] - Used for the File/ Import / Database command when the global unit system
isset to US Customary.

The purpose of the standard database connectionsis to provide a powerful yet easy-to-use method of
exposing the model datato external applications using a standard database format, Microsoft Access
database (.mdb). This method is powerful because it provides you with all the flexibility and functionality
of auser-defined database connection, such as unit conversion and type coercion. It iseasy to use because
it is predefined with all of the standard model data, and requires nothing more than a file name to execute.

The standard database connections are almost identical to user-defined database connections with the
following exceptions:

Standard connections cannot be deleted.
Thelabel of a standard database connection cannot be changed.

The target database for a standard database connection is determined at the time it is synchronized.
During a Synchronize I n operation, you will be prompted to choose an existing Microsoft Access
Database (.mdb). During a Synchronize Out, you will be prompted for the name of anew Access
database. If an existing filename is chosen, awarning will indicate that the existing file will be
overwritten.

The field names of the external database tables are editable from within the Table Link Editor.
The Database Type on the Table Link Editor cannot be changed.

Standard connections can be reset to their factory default values. To do this, select a standard
connection from the list in the Database Connection Manager, and click the Reset button.

By default, the standard database connections include atable link for each element type, and field links for
all the attributes related to that element type, with some minor exceptions. The default units for the
specified unit system (S| or US) are used for unitized attributes. The Key Label field is designated as the
key field for each of the table links, and it is created as an index for the table during database creation. No
duplicates are allowed.

As noted above, the field links external field names can be edited directly within the Table Link Editor. It
isvalid to have more than oneinternal attribute "mapped" to asingle external field name. Although thisis

not the case for the standard connectionsin their factory default state, you can create this condition. Under

this condition, the following behaviors will be observed:

Import (Synchronize In) - All of the attributes will be populated with the value of the database field if
itisavalid value for the specified attributes.

Export (Synchronize Out) - The database field will be populated with the last non-blank attribute
value.

If an existing filename is chosen during export, the existing database file will be overwritten.
Therefore, any custom tables, queries, or forms present in that database will be lost.

Model datathat aretypically a collection of data (e.g. Sewer CAD unit sanitary loads, StormCAD
water shed areas and rational C coefficients, and Water CAD junction demands) cannot be
written to a singlerecord, and are therefore not exported to the database. However, if these
collections only contain a single item, that single item will betransferred to and from the
database during export and import.
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By default, the Standard Database Export creates Microsoft Office 2000 Accessfiles. These files cannot be
read with Office 97. If you want to use Office 97, you need to use atext editor to edit the HAESTAD.INI
file located in your HAESTAD directory, and replace the line:

ConnectionDatabaseFormat=0
with:
ConnectionDatabaseFormat=3

Basically, avalue of 3 resultsin the program creating an Office 97 Accessfile, whereas a value of 0 will
have the program generate an Office 2000 Access file.

Usethe File/ Import / Database menu item to import data using the standard database connections.
Usethe File/ Export / Database menu item to export data using the standard database connections.

Use the File/ Synchronize / Database Connections menu item to view or edit the standard database
connections.

Database Connection Editor

The Database Connection Editor isused for defining the group of table links to be included in the
connection. The Database Connection Editor has tabs for Database Connection and Synchronization
Options.

There are three standard operation buttons at the bottom of the dialog:

OK - Accepts the current condition of the connection, including any changes that have been made.
Cancel - Closes the Database Connection Editor without saving any changes.

Help - Opens the context-sensitive Help system.
To access the Database Connection Editor, select File / Synchronize/ Database Connections from the
pull-down menu. Thiswill open the Database Connection Manager. From this dialog, there are two
ways to get to the Database Connection Editor. You can click Add to create a new connection, or select
Edit to change an existing connection.

Database Connection Tab

The Database Connection tab of the Database Connection Editor provides an interface for the standard
attributes of a connection. It contains the following:

Connection Label - A required unique aphanumeric identification for the connection. Thisis the label
that appears in the list on the Database Connection Manager dialog.

Table Links - Provide basic information about each table link, such as the referenced database file, the
specific table within the database, and the type of table that isreferenced. A table link can be
highlighted from the list, at which point the following commands can be performed using the buttons
on the right side of the dialog:

- Add - Addsanew tablelink. If there are no table links currently defined for this connection,
thiswill be the only button available.

- Edit - Changes the characteristics of the selected table link, such as the referenced file or
table, or the mapping of the table'sfield links.

- Duplicate - Duplicates the selected table. This command is very helpful when defining two
or more table links with similar attributes.

- Delete - Deletes the selected table link from the connection.
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Synchronization Options Tab

The Synchronization Options tab of the Database Connection Editor provides an interface for some of
the behaviors of the connection. These options cannot be accessed until the Table Links are defined, and
are asfollows:

Add objectsto destination if present in source - If thisoption is selected, when performing a
Synchronize Out for example, elements that are present in the model but are not found in the database
file will be created in the database. If thisis not checked, only the elements that are present in both the
model and the database will be updated.

Prompt before adding object - If thisis checked, you will get a dialog notifying you of each
unmapped element in the source, and asking if you would like to create a new element in the
destination. If thisis not checked, the additional elementswill be automatically created in the database.

Remove objects from destination if missing from sour ce - If thisis checked when synchronizing
out, elements that are present in the database but not in the model will be deleted from the database. |If
thisis not checked, the unmapped elements will be ignored.

Prompt before remove - When this box is checked a dialog will appear notifying you of each
unmapped element in the destination and asking if you would like to remove that element. If the box is
not checked, the additional elements will be automatically removed from the database.

In order to be successfully created from the database, pipe elements must have a Start and Stop
node associated with them. This association can be established by mapping the ‘' + Start Nod€’
and ‘+ Stop Node' attributesin the pipetablelink, or by the‘+ In Link’ or ‘+ Out Link’ of a
node table link. Mapping both the pipe table and node table attributes may result in thereading
of redundant data causing the connection to fail.

By default, elements created from a database are located at coordinate (0,0). This behavior can
be overridden by mapping the X and Y or Northing and Easting attributes of the node elements.

Database Table Link Editor

The Table Link Editor isatool for defining or modifying atable link. Thisdialog is separated into two
groups, one dealing with the file and table information, and the other dealing with the field links (attribute

mapping).
The general table link information includes:

Database Type - Type of database to which the link will be made. There are many types of external
files that can be linked into the model. Among these are Btrieve, Dbase, Excel, FoxPro, Jet (.mdb
files, such as Access), Lotus, and Paradox, as well as Oracle, Sybase, SQL Server, or any other Open
Database Connectivity (ODBC) compliant database.

Database File - File referenced by the table link. To browse directories and specify afile path, click
the ellipsis(...) button.

Database Table - Once the external file has been selected, it will be scanned for tables (or
worksheets), which will then be available for selection from thisfield. Only one table can be linked
for each table link, but table links can be easily duplicated and edited from the Database Connection
Editor.

Table Type - Defines the type of datathat can be mapped for this particular table link. For example, a
Pipe type of table link means that the available model attributes to be mapped are items such as
material, roughness coefficient, flow rate, and velocity.

Key\Label Field - Key by which the entire database-model mapping is defined. The model references
each element by a unique aphanumeric label, and the database must contain the same labels in one of
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the columns. If the key field for you data type is numeric, you will want to be sure that your model
labels include numbers only. Make sure that there are no duplicate element label skeys within the data
source.

The Field Links group is a manager for the attribute mapping. The tabular list in this group has three field
columns:

Model (Sewer CAD, StormCAD, Water CAD) - Each item in this column is an attribute in the model
that is being mapped to the database. The list of available attributes depends on the type of the table.

Clicking the button :.i in the Field Links cell will open the Quick Attribute Selector. Thiswill
allow you select attributes from organized categoriesto more easily find needed attributes.

Database - Each item in this column is a heading from the database table, which correlatesto the item
in the model being mapped.

Unit - This column defines the units of the values in the database. During a synchronization operation,
the values will automatically be converted to the appropriate units to maintain the desired unit systems
in both the model and the database. No conversion on your part is required.

In addition to the standard table operations of Insert, Duplicate, and Delete, the Field Links M anager
offers the following additional operation:

Select - Opensthe Select Field Links dialog for an efficient method of selecting the fields of interest
from the available model fields.

To access the Table Links Editor, select File\ Synchronize\ Database Connections from the pull-down
menu. Thiswill open the Database Connection Manager. Click Add to create a new connection, or
select Edit to change an existing connection. From the Database Connection Tab of the Database
Connection Editor, click Add or Edit.

Select Field Links

The Select Fidld Links dialog provides an easy-to-use interface for populating the Field Links group of
the Table Link Editor or Shapefile Link Editor.

The dialog contains two lists:

Available Items - Model attributes that are available for mapping in the current Table or Shapefile
Link.

Selected Items - Modél attributes that have been selected for mapping.
The following buttons are provided to move items from one list to the other:
[>] - Moves the selected item or items from the Available Items list to the Selected Items list.
[>>] - Moves dl items from the Available Items list to the Selected Itemslist.
[<] - Moves the selected item or items from the Selected Items list to the Available [tems list.

[<<] - Moves dl items from the Items Selected list to the Available Items ist.

The Select Field Links dialog provides functions similar to the Table Setup dialog. Please refer to
Selected Table Columns help for information on topics such as selecting multiple attributes.
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ODBC

About ODBC

ODBC, which stands for Open Database Connectivity, is a standard programming interface developed by
Microsoft for accessing datain relational and non-relational database management systems (DBMS).
Using ODBC, applications such as Haestad Methods’ engineering software can access data stored in many
different PC, minicomputer, and mainframe DBMS, even though each uses a different storage format and
programming interface.

The ODBC architecture conceptually consists of three parts:

1. Theapplication program - The Haestad Methods product.
2. TheData Source Administrator Program - Embedded in Microsoft Windows.

3. Thelow-level driversfor accessing specific databases - Supplied by your database vendor.

Although most computers with Windows will have ODBC present, the exact databases you can interface
viaODBC will depend on the databases and driversinstalled on your computer.

ODBC is powerful becauseit is generic and can access many database systems, including mainframe, GIS,
and legacy systems. However, because ODBC must be general, it is slower, more complex, and more
difficult to use than working directly with a database. When you have the option to work directly with a
database, you will usually find it faster and easier than going through ODBC.

For specific information about ODBC in your environment, see your database vendor’ s documentation.
For general information on ODBC, see the online Help for the ODBC Data Source Administrator Program.
To find the Administrator Program, go to the Control Panel of your computer and double-click the ODBC
icon. Choose the Help button on the dialog that appears, and go to the Help Contents.

ODBC Database Type

Thefirst field of the database connection Table Link Editor isthe Database Type. Thelist box displays
the external databases and versions supported by the Database Connection feature. One of the Database
Typesyou can select is ODBC. This does not refer to a specific database or version. It isactualy alink to
the ODBC Data Source Administrator Program running on your computer. Thislink will provide an
interface between the Haestad Methods' Database Connection and a specific DBM S and source database
file.

ODBC Database File

If you have selected ODBC as the Database Type, when you click the ellipsis (...) button next to the
Database File field the ODBC Data Source Administrator Program will take over and offer alist of the
ODBC data sources installed on your computer. Depending on how your computer is configured, you may
see database systems or actual database files from which to choose.

You will also see database systems such as Microsoft Jet or Excel that are supported directly via
choicesin the Database Typelist. In general, the Database Connection feature will work faster
by choosing these database systems directly rather than going through ODBC.

If you choose a data source from the Administrator Program, upon returning to the Table Link Editor you
will see an ODBC "connect string" in the Database File field, rather than afile path. This connect string is
aseries of key = value pairs, separated by semicolons. It specifies the database location, security
parameters, and access options needed by the particular ODBC driver you are using. In general, you
should not edit this string in any way as you could introduce an error that would prevent the ODBC driver
from accessing the data source you have selected.
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If you are unableto successfully synchronize to the data sour ce using the default form of the
ODBC dtring, it is possible that you may need to add some parametersto the string that are
specific to your environment. See your database vendor’s ODBC documentation for details.

Synchronizing Via ODBC

Once you have successfully created and entered the data for a database connection that uses ODBC, the
Synchronize In and Synchronize Out operations perform as they do for any other database format.
However, ODBC databases are accessed with dightly different internal mechanisms, and thus may generate
different error conditions. If asynchronization failsto complete, see the statuslog for error messages.

Note the project or database object the program was processing when the error occurred. Refer to your
database vendor’ s documentation for detailed information on any errors reported.

Using ODBC to access SQL Server databases will result in an error #3197 if the synchronization attempts
to delete a database record. To avoid this error uncheck Remove Objects on the Synchronization
Optionstab of the Database Connection Editor.

ODBC Database Tables and Fields

There are many complexities in successfully accessing ODBC databases. Y ou will know if there are
problems on your machine because the Database Table or other database-related fields will not have any
entries in the associated drop-down lists.

If this happens, confirm that ODBC isinstalled and operating correctly on your computer. Double-check
that the ODBC data source you are trying to reference actually exists and is accessible by other programsin
your environment. Check the HAESTAD.LOG file for error messages pertaining to ODBC. |f none of
these steps helps you correct the problem, please call Haestad Methods Technical Support.

Given the diversity of ODBC database drivers and the difficulty of reproducing your networked computing
environment, we cannot guarantee that the Database Connection feature will function with all ODBC
databases. However, we will try to determine the source of your problem and offer a fix or workaround if
possible.

If you edit the connect string manually, you will need to re-enter the dependent fields such as Database
Tableand Field Links.

Sharing Database Connections between Projects

Sharing Database Connections between Some Projects, but Not All Projects

When SewerCAD works with database connections, it isusing afile with an ".HDC" extension, which
stores the information regarding database files, table links, and field mapping.

Upon opening a SewerCAD project file (SWR), SewerCAD first looks for afile in the same directory and
with the same filename as the ".SWR" file but with the".HDC" extension. If it findsthisfile, it usesthe
database connectivity information contained therein. If it does not find thisfile, then it defaultsto afilein
the installed SewerCAD directory called "SWRC.HDC".

Sharing Database Connections between Projects

If you are working on alocal drive, and you have several project files al of which reference common
connection information, let your project files automatically default to the "SWRC.HDC" file. Any
connectivity changes that you work on in one project will be automatically reflected when you open any
other project.

If there are several people working on different projects on different computers but still wishing to have
common connectivity information, the appropriate ".HDC" file can be copied (and renamed if necessary) to
theindividuals' local drives.



13.2.6

208 Chapter 13 — GI S and Database Connections

Preventing Database Connectivity Sharing between Projects

There are times when shared connectivity can be more cumbersome than helpful (such as when there are a
lot of projects, each with different database connectivity). At these times, it is more useful to have the
connectivity associated with one specific project, rather than with all projects. To do this, simply copy the
"SWRC.HDC" file from the installed SewerCAD directory to the same location as your project file, and
rename "SWRC.HDC" to have the same name as your ".SWR" file.

For example, if your SewerCAD project file is PROJECT1.SWR, rename SWRC.HDC to
PROJECT1.HDC. The connectionsin PROJECT1.SWR can then be modified without the effects being
reflected in any other projects, and without seeing the effects of changes made to other projects.

Database Connection Example
To connect your model to an external file, take the following steps:

From the File menu, select Synchronize / Database Connections to open the Database Connection Manager.
Click Add.
In the Database Connection Editor, type alabel for your Connection.
2. Click Add to create anew table link. Thiswill take you tothe Table Link Editor.

Select the type of file to which you would like to link, and then click the ellipsis (...) button to
browse for and select your database file.

4. Choose the table to which you would like to link, and the type of table.

Choose the K ey/L abel Field to define the column in the database that contains the labels of the
elements to be synchronized.

6. Define as many field links as you want by selecting the model attribute and the associated
database column and unit.

7. Click OK to exit the Table Link Editor.
Click OK again to exit the Database Connection Editor.

9. You should be back at the Database Connection Manager. You can leave thisdialog and return
to the model, or you can choose to Synchronize I n to the model from the database, or
Synchronize Out to the database from the model. Click OK to save changes and exit back to the
model. Click Cancel not to save changes and exit back to the model.

13.3 Shapefile Connections

13.3.1

Shapefile Connection Manager

This manager isidentical to the Database Connection Manager, except that it helps you to track and work
with Shapefile connections rather than database connections. Only abrief description of each dialog
control is presented here. Please refer to the Database Connection M anager topic for amore detailed
explanation.

Add - Creates a new Shapefile connection. Thiswill open the Shapefile Connection Wizard.

Edit - Changes the configuration of the currently selected connection. Thiswill open the Shapefile
Connection Editor.

Duplicate - Duplicates the selected connection.
Delete - Deletes the selected connection from the list.
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Synchronize In - Updates the network attributes from the Shapefiles linked to the selected connection.
Synchronize Out - Updates all Shapefiles within the connection from the current status of the model.

See the Overview at the beginning of this chapter for a general discussion of Shapefile
Connections.

To open the Shapefile Connection Manager, select the File \ Synchronize\ Shapefile Connections menu
item. If there are no existing Shapefile Connections you will be prompted to create a new Shapefile.
Click No if you wish to continue on to the Shapefile Connection M anager.

Shapefile Connection Wizard

The Shapefile Connection Wizard provides an easy-to-use interface for defining a new Shapefile
Connection. It issimilar to the Shapefile Import Wizard, but has afew additional steps. The major steps
in the wizard are as follows:

Label - Enters an alphanumeric label to uniquely identify the Shapefile Connection.
Select Element Types - Chooses the types of network elements you wish to connect to Shapefiles.
Shapefile Synchronization Options - Specifies the spatial data unit, and configures other options.

Import Shapefile Link Editor - Chooses the Shapefile to which you want to connect and specifies the
details of the link.

Synchronize Now - Choose whether you want to synchronize the Shapefile Connection when finished
with the wizard. Y ou can choose to synchronize in either direction.

Shapefile Connection Label

The Shapefile Connection L abel window allows you to enter a unique a phanumeric label for your
Shapefile Connection. Thiswindow is presented in the Import and Export Shapefile Connection
Wizards, aswell asthe Shapefile Connection Wizard.

Synchronize Now?

Thelast step in the Shapefile Connection Wizard, the Synchr onize Now? Window, allows you to specify
whether you wish to synchronize the Shapefile Connection immediately after editing it in the wizard. The
following options are available:

Synchronize Shapefile Connection - Check this box if you wish to synchronize the connection
immediately upon clicking the Finished button. By default this box is checked. If you uncheck it, you
will return to the Shapefile Connection Manager after clicking the Finished button.

In - Select this radio button if you wish to synchronize the connection in to the model. Thiswill
update the model data from the Shapefiles linked to the connection.

Out - Select this radio button if you wish to synchronize the connection out to the Shapefiles linked to
the connection. Thiswill update the Shapefiles from the model.

Shapefile Connection Editor

The Shapefile Connection Editor is similar to the Database Connection Editor. It offersthe tabs for
Shapefile Connection and Synchronization Options.

To use the Shapefile Connection Editor, do the following:

1. Select Synchronize/ Shapefile Connections from the File menu.
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2. If you do not currently have any Shapefile connections defined, you will be prompted to indicate if
you wish to create one now. If you answer Y es, you will be automatically taken to the Shapefile
Connection Wizard.

3. If there are connections already defined, or if you answer No to the prompt to create one now, you
will be taken to the Shapefile Connection Manager. Select Edit to open the Shapefile
Connection Editor.

Shapefile Connection

The Shapefile Connection tab of the Shapefile Connection Editor issimilar to the Database Connection
tab of the Database Connection Editor. It contains the following:

Connection Label - A unique a phanumeric identification for the connection. Thisisthe label that
appears in the list on the Shapefile Connection Manager dialog.

TableLinks- List that provides basic information about each Shapefile link, such as the referenced
Shapefile, the feature type of the Shapefile, and the type of element which isreferenced. Aswith the
other managers, a Shapefile link can be highlighted from the list, at which point the following
commands can be performed using the buttons on the right side of the dialog:

- Add - Defines anew Shapefilelink. If there are no table links currently defined for this
connection, thiswill be the only button available. Clicking this button invokes the Shapefile
Link Wizard.

- Edit - Changes the characteristics of the selected Shapefile link, such as the referenced file or
the mapping of the Shapefile' sfield links. Clicking this button also invokes the Shapefile
Link Wizard.

- Duplicate - Creates an identical Shapefile link to the selected one. Thisisvery helpful when
defining two or more Shapefile links with similar attributes.

- Delete - Removes the selected Shapefile link from the connection.

Shapefile Link Wizard
The Shapefile Link Wizard is used when adding new Shapefile Links to a Shapefile Connection, or when

edit

ing the existing links of a Shapefile Connection. The first step of the wizard is bypassed when editing

an existing link. The basic steps of the wizard are as follows:

Select Element Type - Similar to the Select Element Types window for importing Shapefiles, except
that radio buttons are used rather than check boxes. Thisis because a Shapefile Connection represents
asingle element type.

Import Shapefile - Choose the Shapefile to which you would like to connect, and the K ey/L abel
Field to specify the column in the Shapefile that contains the matching element labels in the network.
Define as many field links as necessary. For each link, specify the model attribute, the associated
Shapefile column, and the Unit in which the Shapefile attribute is stored.

Shapefile Link Summary - Quick review of the details specified in the wizard.

Aswith al wizards, you can move forward or backward through the process to make changes. Click the

Fin

ished button when you are done making changes to the Shapefile Link.

Shapefile Link Summary

The Shapefile Link Summary window provides an opportunity to review the details of the Shapefile Link
before completing the editing process. The following information is provided in the summary window:

Type - Type of element represented by this Shapefile Link.
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Shapefile - Full path and file name of the Shapefile referenced by this Shapefile Link.

Key/Label Field - Shapefile field used to map Shapefile records to their corresponding network
elementsin the model.

Attributes Mapped - Number of Field Links mapped in this Shapefile Link.

Import Shapefile Wizard

The Import Shapefile Wizard will guide you step-by-step through the process of importing ESRI
Shapefiles. These are the basic steps for importing Shapefiles:

Select Element Types - Select the type of network elements you wish to import.
Shapefile Synchronization Options - Specify the spatial data unit and configure other options.

Import Shapefile - Browse to and select the Shapefiles you would like to import, and select the
Key/L abel Field to specify the column in the Shapefile that contains the matching element labelsin
the network. Define as many field links as necessary. For each link, specify the network attribute, the
associated Shapefile column, and the Unit in which the Shapefile attribute is stored.

Create Shapefile Connection - Select whether you want to establish a Shapefile Connection. The
Shapefile Connection allows you to update the Shapefile with values from your model, or to update
your model from the Shapefile.

While using the wizard, you can move forward or backward through the process to make changes by
clicking the Next and Back buttons. Click the Finished button when you are done making changes to
import Shapefiles.

To access the Import Shapefile Wizard, select File/ Import / Shapefile from the pull-down menus.

Select Element Types

The Select Element Typeswindow is used for selecting the types of network elements that are of interest
when importing and exporting Shapefiles, or when creating a Shapefile Connection. The window contains
alist of network element types with a check box preceding each type.

To select an element type for Shapefile Import, Export, or Connection, put a check mark in the
corresponding box.

Shapefile Synchronization Options

Several options are available to customize the Shapefile synchronization process. The Shapefile
Synchronization Options are available for editing in the Import Shapefile Wizard or through the
Shapefile Connection Editor.

Thefirst group of optionsis only available when editing a Shapefile Connection. These options are exactly
the same as their counterparts in Database Synchronization Options, and are as follows:

Prompt before adding object

Prompt before removing object

Unlike the Database Synchronization Options, the Shapefile Synchronization Options do not alow for
optionally adding or removing elements. When synchronized, Shapefiles and the model will contain
exactly the same number of records for the specified element type. For example, suppose a Shapefile
contains arecord for the junction labeled J-1. When this Shapefile is synchronized into the model, the
model will automatically add ajunction labeled J-1 if none currently exists. Likewise, if J1isremoved
from the model and then synchronized out to the Shapefile, the record for J-1 will automatically be
removed from the Shapefile. Y ou have no control over this.
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Therest of the options are available during the Shapefile Import Wizard or through the Shapefile
Connection Editor.

Shapefile Unit - Choose a unit from the available list. Thisisthe unit of the spatial data in the Shapefile.
For example, if the X and Y coordinates of the Shapefile represent feet, choose feet from the list. If they
represent meters, select meters. This unit must be the same for every Shapefile in the Shapefile
Connection. If you wish to import Shapefiles that have different spatial data units, create a separate
connection for each unit.

When Missing Connectivity Data

Asnoted inthe Table Link Editor topic, to create a pipe from an external file it is necessary for a pipe to
have a start node and stop node associated with it. Typically, these "connectivity" associations are created
by synchronizing the ‘ + Start Node’ and ‘ + Stop Node' attributes of the pipe. Since a Shapefile contains
spatial data, it is also possible to establish these associations based on the location of nodes relative to the
end points of the pipe. The following options allow you to customize this behavior:

Establish By Spatial Data - Check this box to configure the synchronization so that any missing
connectivity data (start node, stop node, or both) for a pipe will be established from the spatial dataif
possible.

Tolerance - This value represents the distance to be searched when trying to locate nodes for
establishing connectivity for apipe. All nodes within the tolerance of a pipe’s end point will be
collected, and the closest node will be selected for connection.

Create Nodesif None Found - Check this box if you would like nodes to be created during the
synchronization when no nodes are found within the specified tolerance of a pipe’s end point. If this
box is not checked, and no nodes are found within the tolerance, the pipe will not be created because it
has insufficient connectivity data.

Import Shapefile Link Editor

The Import Shapefile Link Editor issimilar to the Database Table Link Editor. Refer to that topic for
detailed information on the following Shapefile Link parameters:

Shapefile - Location of thefile that is being referenced by the Shapefile link. Thisisidentical to the
Database File parameter of the Table Link Editor.

Key/Label Field - Key by which the entire Shapefile/model mapping is defined.
Field Links - Identical to the Field Links group of the Database Table Link Editor.

Create Shapefile Connection

The Create Shapefile Connection window provides an opportunity during a Shapefile Import or Export to
specify that a persistent connection containing the Shapefile Links and Synchronization Options be created.
This connection can be used at alater time to synchronize the model and the Shapefiles. The Create
Shapefile Connection window has the following parameters:

Add Shapefile Connection - Check this box if you wish to add a persistent Shapefile Connection to
the Shapefile Connection Manager. By default, this box is checked.

L abel - Specify an aphanumeric label for the connection. Thisfield is only editable when the Add
Shapefile Connection box is checked.

To access the Shapefile Import Wizard, select File/ Import / Shapefile from the pull-down menus.

Shapefile Import Example
Follow these steps to import one or more Shapefilesinto a new or existing model:

From the File menu, select Import / Shapefile to access the Import Shapefile Wizard.
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1. Choose the element types that you wish to import by selecting one or more of the check boxesin
thelist, and then click the Next button.

2. Configure the options for thisimport. First, select the unit for the spatial data of the Shapefile.
Then, if appropriate for your situation, click the Establish by Spatial Data check box in the
When Missing Connectivity Data group, and enter avalue in the Tolerance field. For more
information regarding these options, refer to the section on Shapefile Synchronization Options.
Click the Next button to proceed to the Shapefile Link Editors.

3. You will be presented with an Import Shapefile Link Editor for each element type you choose
to import. Perform the following steps for each Import Shapefile Link Editor:

a. Enter the name of the Shapefile you wish to import for the specified element type. Click the
dlipsis(...) button to interactively browse for and select your Shapefile.

b. Choosethe Key/L abel field to define the column in the Shapefile that maps to the element
labelsin the model.

c. Define as many field links as necessary by selecting the model attribute and the associated
Shapefile column and unit. Use the Select button for making the selection process more
efficient. Click the Next button.

4. Click the Add Shapefile Connection check box if you wish to create a persistent link between
the Shapefile(s) you are importing and the model. 1f you choose to create a Shapefile
Connection, enter an alphanumeric label to identify the connection. Click the Finished button to
import the Shapefiles.

Export Shapefile Wizard

This program has the capability of exporting network elementsin the ESRI Shapefile Format. The ESRI
Shapefile is actually three files that together define the spatial and non-spatial attributes of a map feature.
In the case of Haestad Methods hydraulic models, map features are network elements (e.g. pipes,
junctions). Exporting Shapefiles creates brand new files. If you are exporting a Shapefile to adirectory
that already contains a Shapefile of the same name, the existing Shapefile will be completely overwritten.
If you wish to update the Shapefile rather than overwriting it, use the Shapefile Connection feature.

The major components of the Wizard are as follows:

Select Element Types - Choose the type of network elements you wish to export. Each type of
network element will have its own Shapefile associated with it. This component isidentical to the
Import Wizard's Select Element Types component.

Export Shapefile Link Editor - Enter a name for each Shapefile you wish to create. Each Shapefile
name must be no more than eight charactersin length, and should not be duplicated. Define as many
field links as necessary. For each link, specify the network attribute. The Shapefile variable will
default to a preset value, which can be edited.

Create Shapefile Connection - Choose whether you want to establish a Shapefile Connection for this
Shapefile. The Shapefile Connection allows you to update the Shapefile with values from your model,
or to update your model from the Shapefile. This component isidentical to the Import Wizard's
Create Shapefile Connection component.
While using the Wizard, you can move forward or backward through the process by clicking the Next and
Back buttons. When you are finished defining it, click the Finished button to create the Shapefile.

To export a specific network element type as a Shapefile, choose File / Export / Shapefile from the pull-
down menus. This opens the Export Shapefile Wizard.
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Export Shapefile Link Editor

The Export Shapefile Link Editor is similar to the Database Table Link Editor, with the following
differences:

Shapefile - The name and location for the file that is being exported. The Shapefile nameis limited to
eight characters.

The Field Links group is used to specify the attributes and Shapefile column headings that you wish to
export, as follows:

Model - Each item in this column is an attribute in the model that is being exported to the Shapefile.
Thelist of available attributes depends on the type of table.

Shapefile - Each item in this column is a column heading in the Shapefile being created, which
correlates to the item in the model being mapped. By default, the headings are set to an all-capitals
abbreviation of the attribute name, with spaces and periods replaced by the underscore character. The
column heading can be changed, but must be less than ten characters long and cannot contain periods.

The spatial data in the Shapefiles being created will bein the current display unit for map
coordinates. For example, if the X and Y or Northing and Easting valuesin the model are
displayed in metersat the time of the export, then the spatial data in the Shapefiles created will
also bein meters.

Thevaluesfor the exported attributeswill be in the current display unitsfor that attribute. For
example, if ajunction elevation attribute is displayed in feet at the time of the export, the
Shapefile will contain that value in feet.

Shapefile Export Example
Follow these steps to export one or more Shapefiles from the model:

From the File menu, select Export / Shapefile to access the Export Shapefile Wizard.

1. Select the element types that you wish to export by selecting one or more of the check boxesin
thelist, then click the Next button.

2. You will be presented with an Export Shapefile Link Editor for each element type you choose
to export. Perform the following steps for each Export Shapefile Link Editor:

- Enter the name of the Shapefile you wish to create for the specified element type. Click the
elipsis(...) button to interactively browse for a directory in which to store the Shapefile.

- Defineas many field links as necessary by selecting the model attribute and providing a name
for the associated Shapefile column. Use the Select button for making the selection process
more efficient. Click the Next button to continue.

- Click the Add Shapefile Connection check box if you wish to create a persistent link
between the Shapefile(s) you are exporting and the model. If you choose to create a Shapefile
Connection, enter an alphanumeric label to identify the connection. Click the Finished button
to export Shapefiles.

Sharing Shapefile Connections between Projects
When SewerCAD works with Shapefile connections, it is using a file with an .HSC extension, which stores
the information regarding the Shapefiles and field mapping for each element type.

When you open a SewerCAD project file (SWR), SewerCAD first looks for afile in the same directory
and with the same filename but with the HSC extension. If it finds thisfile, it uses the Shapefile
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connectivity information contained therein. If it does not find thisfile, it defaultsto afileintheinstalled
SewerCAD directory called SWRC.HSC.

Sharing Shapefile Connections befween Projects

If you are working on alocal drive, and you have several project files that all reference common connection
information, let your project files automatically default to the SWRC.HSC file. Any connectivity changes
that you work on in one project will be automatically reflected when you open any other project.

If there are several people working on different projects on different computers, but they still wish to have
common connectivity information, the appropriate .HSC file can be copied (and renamed if necessary) to
the individual local drives.

Preventing Shapefile Connectivity Sharing between Projects

There are times when shared connectivity can be more cumbersome than helpful such as when there are
many projects, each with different Shapefile connectivity. At these times, it is more useful to have the
connectivity associated with one specific project, rather than with all projects. To do this, simply copy the
SWRC.HSC file from the installed SewerCAD directory to the same location as your project file, and
rename it to the same name as your .SWR file.

For example, if your SewerCAD project file is PROJECT1.SWR, rename SWRC.HSC to PROJECT1.HSC.
The connections in PROJECT1.SWR can then be modified without the effects being reflected in any other
projects.

Shapefile Format

An ESRI Shapefile actually consists of three separate files that combine to define the spatial and non-
spatial attributes of amap feature. The three required files are as follows:

Main File- A binary file with an extension of .SHP. It contains the spatial attributes associated with
the map features. For example, a polyline record contains a series of points, and a point record
contains X and Y coordinates.

Index File - A binary file with an extension of .SHX. It contains the byte position of each record in
the main file.

Database File - A dBase Il file with an extension of .DBF. It contains the non-spatial data associated
with the map features.

All three files must have the same file name with the exception of the extension, and be located in the same
directory.

Shapefile Connection Example
Follow these steps to connect one or more Shapefiles to the model:

1. Fromthe File menu, select Synchronize/ Shapefile Connections.

2. If you do not have any connections currently defined, you will be asked if you want to create a
new one now. Select Yes. If you already have one or more connections defined, you will go to
the Shapefile Connection Manager. Click Add to access the Shapefile Connection Wizard.

Provide an aphanumeric label to uniquely identify this new connection. Click the Next button.

4. Choose the element types that you wish to import by clicking one or more of the check boxesin
thelist, and click the Next button.

5. Configure the options for this connection. First select the unit for the spatial data of the
Shapefile. Then, if appropriate for your situation, click the Establish by Spatial Data check box
in the When Missing Connectivity Data group, and enter avaluein the Tolerance field. For
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more information regarding these options, refer to the section on Shapefile Synchr onization
Options. Click the Next button to proceed to the Shapefile Link Editors.

Y ou will be presented with an Import Shapefile Link Editor for each element type you chose to
import. Perform the following steps for each Import Shapefile Link Editor:

- Enter the name of the Shapefile to which you wish to connect for the specified element type.
Click the ellipsis (...) button to interactively browse for and select your Shapefile.

- Choose the Key\L abel field to define the column in the Shapefile that maps to the element
labels in the model.

- Defineas many field links as you want by selecting the model attribute and the associated
Shapefile column and unit if appropriate. Use the Select button for making the selection
process more efficient. Click the Next button.

Check the Synchronize Shapefile Connection box if you wish to synchronize the connection
immediately upon clicking the Finished button.

If the Synchr onize Shapefile Connection box is checked, choose whether you want to
Synchronize In to the model from a Shapefile, or Synchronize Out to the Shapefile from the
model.

Click the Finished button to synchronize the connection if the Synchronize Shapefile
Connection box is checked, or to return to the Shapefile Connection Manager .
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Chapter 14

Exchanging Data with CAD Software

N

and Autodesk Civil Design

AutoCAD Polyline to Pipe Conversion

This feature allows you to quickly construct a network based on the entities contained in an AutoCAD
drawing. Although thisfeatureiscalled Polyline to Pipe, Line and Block entities can be converted as well.
Polylines and Lines can be converted to pipes and Blocks can be converted to any available node type.

Building a model based on graphical elements can be an error-prone process. Thisis due to the fact that a
drawing can appear to be correct visually, but may contain problems that are not readily apparent. For
example, what appearsto be asingle linein adrawing could in fact be made up of many line segments, or
it could be made up of two lines, one directly on top of another.

To help aleviate some of the problems that you may encounter during the import process, a comprehensive
drawing review is also performed. During the conversion process, the network is analyzed and potential
problems are flagged for review. After performing the conversion, the Drawing Review window will
allow you to navigate to and fix any problems that are encountered.

The Poalyline to Pipe conversion cannot be undone. Be sureto save your project before you begin.

You can import entitiesinto an existing project. Polylineswill automatically be connected to
nodes within the specified Tolerance. You can add nodesto your project prior to performing the
import.

Stand-Alone mode - Y ou should take sometime to clean up your AutoCAD drawing prior to
performing the conversion. L ook for entitiesthat should not be converted, such asleader lines,
and movethem to their own layer. Turn off layersthat you do not wish to convert. Do a quick
review of your drawing and correct any potential conversion problemsthat you may find.

After performing the conversion, we recommend that you use the converted fileasa DXF
Background. Thiswill greatly enhance your review process. If you change the entitiesin your
background drawing to a gray color from within AutoCAD, it will makeit easier to distinguish
between foreground elements and background entities.

AutoCAD mode - You can interactively convert individual entitiesto pipes by using the L ayout
Tool.
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:@: Sewer CAD only - When importing a drawing that contains both pressure and gravity pipes you

should import your system in two passes. First, import the layer(s) that contain Gravity pipes,
then import the layer (s) that contain Pressure pipes. On thefirst pass create Manholes at pipe
endpoints, and on the second pass create Pressure Junctions at pipe endpoints. Thiswill ensure
that the correct element will be added where your system transitions from gravity to pressure.
Refer to the related information section on " Converting your drawing in multiple passes' for
mor e infor mation.

14.1.1 Polyline to Pipe Wizard
The Polylineto Pipe Wizard will guide you step-by-step through the process of converting your entitiesto
elements.

Step 1 - The import behavior depends on the mode in which you are working:
- Sand-Alone - Specify the .DXF file that you would like to import.

- AutoCAD - This step is skipped. You will be asked to select the entities to convert before
accessing the Wizard.

Step 2 - Specify the polyline to pipe conversion options.
Step 3 - Specify how T-intersections are to be handled.
Step 4 - Specify how blocks should be converted (for .DXF files that contain blocks).
Step 5 - Configure prototypes.
Step 6 - Specify the layers to be imported.
To access the Polyline to Pipe Wizar d:

Sand-Alone Select File/ Import / Polyline to Pipe from the main menu.

AutoCAD Select Edit / Change Entities to Pipes from the main menu.

14.1.2 Polyline to Pipe Wizard - Step 1 (Stand-Alone mode only)
This step alows you to specify the .DXF file to be imported.

T If you arerunning in AutoCAD mode, this step will be skipped. AutoCAD mode userswill be
asked to select the entitiesto be converted befor e accessing the Polyline to Pipe wizard.

DXF Filename - Specify the name of the .DXF file you would like to import. Use the Browse button
to select the file interactively.

DXF Unit - Specify the .DXF conversion unit (the unit that your .DXF fileisin). For example, if your
drawingisin Sl units, specify meters (m). If your drawing isin architectural units, specify inches (in).

14.1.3 Polyline to Pipe Wizard - Step 2
This step allows you to specify the following Polyline to Pipe conversion options:

Connectivity tolerance - Polylines whose endpoints fall within the specified tolerance will be
connected to the same node. A default tolerance is supplied based on the current scale. Thisis
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generally agood starting point, but you may wish to increase or decrease this default tolerance
depending on your particular drawing. If you complete the conversion process and find that the
tolerance was not correct (pipes that should be connected were not, or vise versa), you may wish to
repeat the conversion process using a new tolerance.

Specifying which entitiesto convert - Y ou can optionally convert Polylines, Lines, or both. You
generally want to convert both Polylines and Lines. However, if your drawing is set up so that
Polylines are aways used to represent pipes and Lines are used for annotation purposes, you may wish
to convert only Polylines.

Handling missing nodes at polyline endpoints - A pipe can only be created if thereis a node at both
endpoints. If anode cannot be found at a polyline endpoint, a node must be added. Otherwise, the
pipe cannot be converted. This option allows you to specify whether a node is created, and, if so, the
default type of element to create.

In general, you will want to create a default node at polyline endpoints. However, if your network already
contains nodes at polyline endpoints, or if your drawing contains blocks at polyline endpoints that are to be
converted to nodes, you may wish to specify that the polyline not be converted. Polylines that cannot be
converted, because one or both end nodes are missing, will be flagged for review at the end of the
Conversion process.

If the conversion does not yield the desired results, you can repeat the conver sion process using
different settings. Be sureto save your project before performing the conversion.

Polyline to Pipe Wizard - Step 3
This step alows you to specify how T-intersections (pipe split candidates) should be handled.

Nodes that fall within the specified tolerance of a pipe are referred to as pipe-split candidates. There are
two ways to handle these:

Join the pipes at the inter section - The pipe-split candidate will be used to split the intersecting pipe.

Do not join the inter secting pipes - Pipe-split candidates will be flagged for later review using the
Drawing Review window.

Thetolerance that you specify in Step 2 will also be used for T-inter section processing.

Polyline to Pipe Wizard - Step 4 (for .DXF files that contain blocks)

If your AutoCAD drawing contains blocks, this step will appear, allowing you to convert AutoCAD blocks,
if desired.

If you would like to convert blocks to nodes, activate the Yestoggle. A table with two columns will
appear, alowing you to map the AutoCAD blocks you would like to convert to any of the available node
element types. The AutoCAD block column provides you with alist of available blocksto convert. The
Element column provides you with alist of available node element types.

For each AutoCAD block you would like to convert, specify the type of node element you would like to
Cregte.

When you select an AutoCAD block, the preview pane will display the graphical representation
of that block. This step will be skipped if there are no AutoCAD Blocksin your drawing.
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Polyline to Pipe Wizard - Step 5
Before performing the conversion, you may wish to configure your prototypes with default data. During
the conversion process, elements will be created using the specified defaults.

Click abutton to configure the defaults for the associated element.

Polyline to Pipe Wizard - Step 6

Specify the layers that contain the entities you would like to convert. Use the Preview Drawing button to
preview the elements on the selected layers. This step can be used in conjunction with the Prototype step to
allow you to convert your drawing in multiple passes.

It isrecommended that you process your drawing prior to performing theimport. If your
drawing contains layersthat you do not wish to import, turn them off from within AutoCAD and
elements on those layerswill beignored during theimport process.

Drawing Preview
Use the Preview Drawing button to view the elementsin the .DFX file that will be converted.

Next to the Preview Drawing button is a checkbox labeled Only include elements that will be converted.

Turn the toggle on to preview the entities that will be converted. The entitiesto be converted are based on
the settings you specified in the Polyline to Pipe Wizar d, such as type of line entities, blocks, and layersto
be converted.

Turn the toggle off to preview all entities.

Polyline Conversion Problem Dialog

Thisfeature is present in Stand-Alone mode only. This dialog displays the reason that a polyline was not
converted after running the Polyline to Pipe Wizard.

Converting your Drawing in Multiple Passes
Depending on how your drawing layers are set up, you may be able to save yourself a considerable amount
of data entry time by converting your drawing in multiple passes.

For example, if your 12-inch pipes are located on a"12InchPipes’ layer, 18-inch pipesare on a
"18InchPipes" layer, etc., you can import layers one at atime. Just set up your prototypes prior to
importing that layer.

To assist you in this process, your conversion settings will be retained between imports. Therefore, on
subsequent passes you will simply need to revise your prototypes and specify the next layer to be imported.

This same technique can be used when importing blocks.

14.2 Land Development Desktop - Civil Design Connection

14.2.1

Land Development Desktop Import Wizard

Thisimport procedure allows you to construct a model based on your Land Development Desktop project
data. The Import Wizard will guide you step-by-step through the process of importing data from the Civil
Design module of AutoCAD’s Land Development Desktop.
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Following are the basic steps for importing a Land Development Desktop file containing the pipe data:

File Import Settings - Select the pipeworks.mdb file to import, the unit system in which it is stored,
and the connectivity tolerance.

Runsto Import - Pick the runs that you would like to import from the list of available runsin your
Land Development Desktop project file.

Import Structure Mappings - Specify the mapping between Land Development Desktop structure
names and this application's node types.

You can import a Land Development Desktop data file into an existing project to add new pipes
and structures.

File Import Settings

File Name - Enter the path and name of the file to import, or use the Browse button to select it
interactively. The Civil Design datais stored in a file named pipeworks.mdb located in the pipewks
directory of your Land Development Desktop project directory. For example, if your project is named
"myproject”, your data may be stored in C:\Land Projects\mypr oject\pi pewks\pi pewor ks.mdb.

Connectivity Tolerance - Runs whose end nodes fall within the specified tolerance will be connected to
the same node. A default tolerance is supplied; you may wish to increase or decrease this tolerance
depending on your particular project. If you complete the import process and find that the tolerance was
not appropriate (pipes that should be connected are not, or vice versa), you may wish to repeat the
conversion process using a new tolerance.

Land Development Desktop Unit System - Specify whether the Land Development Desktop project you
wish to import isin the SI or US Customary unit system. The imported data will automatically be
converted to your current project unit system.

Runs to Import

Land Development Desktop maintains network connectivity based on runs. Runs consist of reaches, and
reaches consist of an upstream node and a downstream pipe. A list of al runs present in your Land
Development Desktop file will be displayed. Toggle the check boxes to specify the runs you would like to
import.

Remember that you can always import more runsinto your project later.

Import Structure Mappings

A list of the structure labels in your Land Development Desktop file will be displayed. For each structure
label, specify the type of node element that you would like to create.

Land Development Desktop Export Wizard

The Land Development Desktop - Civil Design Export Wizard will guide you step-by-step through the
process of exporting part (or al) of your network to a database file. That database file can then be imported
into your Land Development Desktop project (using the Civil Design module).

Following are the basic steps for exporting datato a Land Development Desktop file:

File Export Settings - Select the name of the database file to which you would like to export your
data, and the unit system in which your Land Development Desktop data is stored.

Runsto Export - Specify runs containing the elements you would like to export.
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Export Structure Mappings - Specify the mapping between this application's node types and your
Land Development Desktop Structure names.

After exporting your data, you can use the Land Development Desktop to import that data into your Civil
Design project. From within the Land Development Desktop, use the Pipes/ Import-Export Run /
Import DB menu item to import the desired runs into your Land Development Desktop project. Usethe
Conceptual Plan / Import Run command from the Pipes main menu to display each run in aplan view.
Then use the Land Development Desktop functions to generate Plan and Profile sheets as well as
construction drawings.

Only Gravity Elements can be exported.

By default, the Land Devel opment Desktop Export Wizard creates an Office 97 Accessfile. If you want to
create an Office 2000 Access file, then you need to edit (with atext editor) the HAESTAD.INI file located
in your HAESTAD directory and replace the line:

PipeworksDatabaseFormat=3
With:
PipeworksDatabaseFormat=0

Basically avalue of 3 resultsin the program creating an Office 97 Access file (Jet versions), whereas a
value of 0 will have the program generate the default Office 2000 Accessfile.

File Export Settings

File Name - Enter the name of the database file to which you would like to export your data, or use the
Browse button to interactively specify the file name.

Land Development Desktop Unit System - Specify whether you want to export data to the Land
Development Desktop in the SI unit system, or in the US customary unit system.

Runs to Export

Land Development Desktop maintains network connectivity based on runs. Runs consist of reaches, and
reaches consist of an upstream and a downstream node. This export command allows you to specify the
runsto be exported. You can either specify the runs interactively, or you can automatically generate alist
of runsto represent the entire network, using the following commands:

Add Runs

Edit Runs

Delete Runs
Initialize Run List

Only gravity elements can be exported.

14.2.8 Add/Edit Pipe Run

Specify the description (or label) for the pipe run, and specify the upstream and downstream nodes that
define that run.
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Delete Runs
Removes the selected run from the list of runsto export.

Initialize Run List

Use this option to automatically generate alist of runs to represent your entire network. When you click
the I nitialize button, the Element L abeling dialog will appear, allowing you to customize the automatic
run label generation.

After building the run list, modify the default runs using the Add, Edit and Delete buttons.

Automatic Element Labeling

The Element Labeling dialog is used to specify the format of the numbering automatically generated by
the runs using the I nitialize button.

Next - Integer you want to use as the starting value for the ID number portion of the run label.
Increment - Integer that you want to be added to the current 1D number to build the next run label.
Prefix - Letters or numbers that you want to appear in front of the ID number for the run labels.
Digits - Total number of digits you want the ID number to have.

Suffix - Letters or numbers that you want to appear after the ID number for the run labels.

Preview - An example of what the label will look like, based on the information you have entered in the
fields described above.

Export Structure Mapping

A list of all node types to be exported will be displayed. For each node type, select the Structure label you
want to export to the Land Development Desktop database file. The labels should correspond to those you
are using in your Land Development Desktop Structure Library Editor.

Import/Export of DXF Files

Import a DXF from AutoCAD or MicroStation

To import background graphics in Stand-Alone mode from another drafting program, you must first export
a.DXF file from your CAD program. This step is usually as simple as selecting an item from a pull-down
menu in that program, such as File\Export\As DXF, or similar command. Once the .DXF file has been
created, it can be imported into this program as follows:

1. Select the File\import\DXF Background command from the pull-down menu to access the Import DXF
File dialog.

2. Select the .DXF file you wish to import, and click the Open button.

Exporting a DXF file
To export the drawing plan view, select File/ Export / DXF file from the pull-down menu.

You will be ableto redefine all elements, except pipes, as blocksin AutoCAD. Pipeswill be
exported as polylines, so you will be able to set their lineweight in AutoCAD.
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Redefining SewerCAD Blocks in AutoCAD

When exporting a .DXF file from SewerCAD, pipeswill be exported as POLY LINE entities allowing you
to change the line weights in AutoCAD. Nodes will be exported as BLOCK entities named after the
element, such asMANHOLE, PUMP, WETWELL, and OUTLET. Thisallowsyou to redefine them in
AutoCAD.

If you would like to change the appearance of these blocks in your AutoCAD drawing, you can redefine
them by performing the following steps:

1. Start AutoCAD and create separate drawing files named MANHOLE.DWG, PUMP.DWG,
WETWELL.DWG, OUTLET.DWG, etc. Savethese drawingsin your AutoCAD directory.

Open the existing drawing that contains the SewerCAD blocks.

At the AutoCAD command prompt, type MINSERT and press Enter.

At the "Block Name:" prompt, type MANHOLE=C:MANHOLE.DWG and press Enter.
Y ou may be prompted to verify that you want to redefine the block. Answer "Yes."

© o &~ WD

At this point, the block has been redefined and you can cancel this command.

7. Repeat these steps for PUMP, WETWELL, OUTLET, etc.
Refer to your AutoCAD documentation for more information on Redefining Blocks.

Advanced DXF Import Techniques

If you would like to import a SewerCAD .DXF file into an existing AutoCAD drawing file, you will have
to perform a couple of preliminary steps.

1. Inyour existing drawing at the AutoCAD command prompt, type (regapp " SWRC") and press
Enter. Thiswill register the SewerCAD application id, so be sure to include the parenthesis.

2. Define blocks named MANHOLE, PUMP, WETWELL, OUTLET, etc.
Y ou are now ready to import a SewerCAD .DXF fileinto your existing AutoCAD drawing.

To save time, you can perform the above stepsin a new AutoCAD drawing file and save it with the name
SewerCAD.DWG. Now, instead of performing the above steps, simply insert this new drawing into your
existing drawing file immediately before importing a SewerCAD .DXF file.

Refer to your AutoCAD documentation for more information on importing .DXF files.
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Chapter 15

Additional Features of the AutoCAD
Version

15.1 Overview

SewerCAD features optional support for AutoCAD integration. Y ou can determine if you have purchased
AutoCAD functionality for SewerCAD by using the Help / About Sewer CAD menu option. Click the
Registration button to view the feature options that have been purchased with your application license. If
AutoCAD support is enabled, you will be able to run your SewerCAD application in both AutoCAD and
Stand-Alone mode.

The AutoCAD functionality has been implemented to be essentially identical to that offered with the Stand-
Alone product. Once you obtain familiarity with the Stand-Alone mode, you will encounter few difficulties
utilizing the product in AutoCAD mode.

In AutoCAD mode, you will have access to the full range of functionality availablein the AutoCAD design
and drafting environment. The standard environment is extended and enhanced by an AutoCAD
ObjectARX SewerCAD client layer that allows you to create, view, and edit the native SewerCAD network
model whilein AutoCAD.

Some of the advantages of working in AutoCAD mode include:

Layout sanitary sewer pipelines and structures in fully scaled mode in the same design and drafting
environment that you use to develop your engineering plans. Y ou will have access to any other third
party applications that you currently use, along with any custom LI1SP, ARX, or VBA applications that
you have developed.

Use native AutoCAD insertion snaps to precisely position SewerCAD elements with respect to other
entitiesin the AutoCAD drawing.

Use native AutoCAD commands such as ERASE, MOVE, and ROTATE on SewerCAD model entities
with automatic update and synchronization with the model database.

Output profiles and schematics to your AutoCAD drawing.

Control destination layers for model elements and associated label text and annotation, giving you
control over styles, linetypes, and visibility of model elements.

15.2 SewerCAD Custom AutoCAD Entities (AutoCAD Mode)

Thisfeature is only availablein the AutoCAD mode of SewerCAD. The primary AutoCAD-based
SewerCAD element entities - gravity pipes, pressure pipes, manholes, junction chambers, wet wells,
pressure junctions and outlets - are all implemented using ObjectARX custom objects. Thus, they are
vested with a specialized "model awareness," which ensures that any editing actions that you make will
result in an appropriate update of the model database.



226 Chapter 15— Additional Features of the AutoCAD Version

This means that you can perform standard AutoCAD commands as you normally would, and the model
database will be updated automatically to reflect these changes.

This al'so means that the model will enforce the integrity of the network topological state. So, if you delete
anodal element such as a manhole, its connecting pipes will also be deleted.

Using ObjectARX enables the implementation of highly specialized editing actions that are not available
with standard AutoCAD entities. Two examples of this specialized behavior are element morphs, which
change a node from one element type to another, and pipe splits. Again, these modifications will trigger an
automatic update of the model network topology and associated element properties.

Using ObjectARX technology ensures that the database will be adjusted and maintained during Undo and
Redo transactions.

A custom model element has certain native text entities associated with it for displaying label and
annotated property values. These associated label and annotation entities may be edited separately from the
model element itself. However, most drawing edits made directly to a model element will also be applied
to its associated label and annotation entities. Thus, if you drag an element to a new location, the
annotation and label locations will update as well.

15.3 AutoCAD Environment

15.3.1

15.3.2

AutoCAD Mode Graphical Layout

In AutoCAD mode, Haestad Methods' products provide a set of extended options and functionality beyond
those available in Stand-Alone mode. This additional functionality provides enhanced user control over
general application settings and options and extends the command set, giving the user control over the
display of model elements within AutoCAD.

Key differences between AutoCAD and Stand-Alone mode include:

Element editing functionality has been extended by adding the Scale Elements and Rotate L abels
commands, accessible under the Edit / M odify Elements pull-down menu, and the Change Width
command under the Edit / Pressure Pipes pull-down menu.

Y ou can control the appearance and destination of all model elements using the Element Properties
command under the Tools pull-down menu. For example, you can assign a specific layer for all
outlets, as well as assign the label and annotation text style to be applied.

Though right-click context menus are now standard with AutoCAD 2000 and 2000i, a Right-Click
Context Menu Option has been added to provide optional conformity with the Stand-Alone mode of
operation in AutoCAD R14.

Toolbars
In AutoCAD mode, the following toolbars are available;

Command Tools - Enables the Command Toolbar for quick access to the main commands, including
computations, tables, graphic reports, Quick View, and direct access to the Haestad M ethods Web Site.

Layout Tools - Enables the Layout Toolbar for accessto the Tool Palette.

Analysis Toolbar - Enablesthe Analysis Toolbar to control the current scenario and provide quick
access to the Scenario Manager and Cost Manager, as well astime and animation controls.

To toggle the display of the Haestad Methods command and layout toolbars, select View / Toolbars from
the pull-down menu.
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156.3.3 Drawing Setup

When working in the AutoCAD mode, you may work with Haestad Methods' products in many different
AutoCAD scales and settings. However, Haestad Methods' product elements can only be created and
edited in model space.

15.3.4 Symbol Visibility

Thisisonly available in the AutoCAD mode of SewerCAD. Y ou can control display of element labels
using the Show L abels checkbox, found by selecting Tools/ Options from the pull-down menu and
choosing the Drawing tab.

The following commands allow you to customize the drawing by turning the visibility of flow arrows
and/or labels on or off without accessing the Options dialog.

To turn on the element labels, type: SWRCLABEL SON
To turn them off, type: SWRCLABEL SOFF

T In AutoCAD, it ispossible to delete element label text using the ERASE command. Y ou should
not use ERASE to controal visibility of labels. Instead, the command above. If you desireto
control the visibility of a selected group of element labels, you should move them to another layer
that can be frozen or turned off.

See Rebuild Figure Labelsfor moreinformation on restoring labels that have been erased using
the native AutoCAD command.

15.3.5 Rebuild Figure Labels

Thisisonly available in the AutoCAD mode of SewerCAD. It is possible to delete element label text
entities. Element labels which have been erased can be selectively undeleted using the command
SWRCREBUILDLABELS.

15.4 AutoCAD Project Files

When using SewerCAD in AutoCAD mode, it isimportant to remember that two files (file extensions
shown in parentheses) fundamentally define a SewerCAD model project:

Drawing File (.DWG) - The AutoCAD drawing file contains the custom entities that define the model,
in addition to the planimetric base drawing information that serves as the model background.

Model File ((SWR) - The native SewerCAD model database file contains all the element properties
along with other important model data. SewerCAD .SWR files can be loaded and run using the Stand-
Alone mode. These files may be copied and sent to other SewerCAD users who areinterested in
extending or running your project. Thisisthe most important file for the SewerCAD model.

T Thetwo fileswill have the same base name. It isimportant to understand that simply archiving
the drawing fileis not sufficient to reproduce the model. You must also preserve the associated
SWR file.

Since the .SWR file can be run and modified separately from the .DWG file using Stand-Alone mode, it is
quite possible for the two files to get out of sync. Should you ever modify the model in Stand-Alone mode
and then later load the AutoCAD .DWG file, the SewerCAD program will compare file dates and
automatically invoke its built-in AutoCAD Synchronization routine.
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15.4.1 Drawing Synchronization

Whenever you open a SewerCAD-based drawing file in AutoCAD, the SewerCAD model server will start.
Thefirst thing that the application will do isload the associated SewerCAD database (.SWR) file. If the
time stamps of the drawing and database files are different, SewerCAD will automatically invoke its
synchronization check. This protects against corruption that might otherwise occur from separately editing
the SewerCAD database file in Stand-Alone mode or editing proxy elements at an AutoCAD station where
the SewerCAD application is not |oaded.

The synchronization check will occur in two stages:

1. During thefirst stage of the check, SewerCAD will review all the drawing model elements and
compare their state with that held in the server model. Any differencesit discovers during this
check will be listed. SewerCAD enforces network topological consistency between the server and
the drawing state. If model elements have been deleted or added in the .SWR file during a Stand-
Alone session, or if proxy elements have been deleted, the application will force the drawing to
be consistent with the native database by restoring or removing any missing or excess drawing
custom entities.

2. After network topology has been synchronized, the application will compare other model and
drawing state such as location, labels, and flow directions. Again, it will list any differences
between the drawing client and server data, but a message box will pop up giving you an
opportunity to indicate which state, drawing or model server, should be adopted during the
second stage of synchronization.

Y ou can run the synchronization check at any time using the command SWRCSYNCSERVER.

15.4.2 Saving the Drawing as Drawing*.dwg

AutoCAD uses Drawing*.dwg as its default drawing name. Saving your drawing as the default AutoCAD
drawing name (for instance Drawingl.dwg) should be avoided, as it makes overwriting model data very
likely. When you first start AutoCAD, the new empty drawing istitled Drawing*.dwg, regardless of
whether one exists in the default directory. Since Haestad Methods' modeling products create model
databases associated with the AutoCAD drawing, the use of Drawing*.dwg as the saved name puts you at
risk of getting the AutoCAD drawing and Haestad Methods modeling files out of sync.

S If this situation isforced to occur (save on quit for example), simply restart AutoCAD, usethe
‘@' Open command to open the Drawing*.dwg file from its saved location, and use the Save As
command to save the drawing and model data to a different name.

15.5 Element Properties

When working in the AutoCAD mode, this feature will display atabbed dialog with tables containing
different model element types and their associated properties, along with the properties of the element’s
layer, label, and annotation. To modify an attribute, double-click each associated grid cell. Setting changes
made in this dialog will be used for any newly created elements. Property changes will be performed on all
elements of the given type. If the Apply to Existing Object box is checked, modifications made in this
dialog are performed on a global basis. To restrict global changesto a certain layer for a particular element
type, use the "* current*" option setting for the attribute of interest.

To change the layer, label, or annotation of an element, select Tools/ Element Properties from the pull-
down menu.
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Select Layer

When running in AutoCAD mode, this dialog appears when you double-click the layer name ("* current*"
by default) in the Layer column of the Element Propertiesdialog. Thisis accessed by selecting Tools/
Element Properties from the pull-down menu. It displaysalist of the available layers and their properties
from the current AutoCAD drawing. Click the appropriate field to select alayer. The"*current*" option
will use whatever layer is set to current in your AutoCAD drawing.

Select Text Style

When running in AutoCAD mode, this dialog appears when you double-click the text style name
("*current*" by default) in the Text Style column of the L abels and Annotation tabs of the Element
Propertiesdialog. Thisisaccessed by selecting Tools/ Element Properties from the pull-down menu. It
displays alist of the available text styles and their properties from the current AutoCAD drawing. Click the
appropriate field to select atext style. The "*current*" option will use whatever text styleis set to current
in your AutoCAD drawing.

15.6 Working with Elements

15.6.1

15.6.2

15.6.3

15.6.4

Edit Element

In AutoCAD mode, this menu selection will open an element editor for any specific element. Select Edit /
Edit Element, then select an element. This command is also available by choosing the Select tool, then
clicking an element in the drawing pane.

The Edit Element command works with the current selection to allow you to generate filtered reports.
Refer to Selecting Elements (AutoCAD Mode) for more information on working with selections.

Edit Elements

In AutoCAD mode, this menu command is used to open a spreadsheet FlexTable editor or a selection of
one or more network figures. Y ou are prompted to select figures on which to build a table.

Deleting Elements

In AutoCAD mode, this command removes all elementsin the current selection. Refer to Selecting
Elements (AutoCAD Mode) for more information on working with selections.

Modifying Elements

Modify Elements

In AutoCAD mode, these commands are selected from the Edit pull-down menu. They are used for scaling
and rotating model entities.

Scale Elements

In AutoCAD mode, this menu selection resizes an element based upon a scale factor. After choosing this
command, select an element or group of elements, and enter the scale factor to be applied.

To access the Scale Elements command, select M odify Elements from the Edit pull-down menu.
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Rotate Labels

In AutoCAD mode, this menu selection rotates the figure label. After choosing this command, select an
element or group of elements, and enter the desired rotation in degrees.

To access the Rotate L abels command, select M odify Elements from the Edit pull-down menu.

Modify Pressure Pipes

Pressure pipes have layout characteristics that are distinct from gravity pipes. The main difference is that
SewerCAD pressure pipes may follow anon-linear alignment (since in pressure systems, unlike gravity
runs, minor losses can be safely lumped with friction losses without significantly affecting model
accuracy). SewerCAD uses specialized commands for editing pressure pipesin AutoCAD.

Insert Bend - Use this command to add a bend to a pressure pipe. 1n AutoCAD, you will be prompted
to select a pipe to bend. Select the pipe and then select the location where you want the bend to appear.
The pipe alignment will automatically conform to this location.

Remove Bend - Use this command to remove a specific bend from a pressure pipe. In AutoCAD, you
will be prompted to select a pipe and, subsequently, the specific bend to remove.

Remove All Bends - Use this command to completely straighten a pressure pipe that contains bends.
In AutoCAD, you will be prompted to select a pipe and al bends will disappear.

Change Widths - This menu selection changes pipe widths. After choosing this command, select a
pipe or group of pipes and enter the desired width. Note that the width entered is equivalent to the
AutoCAD polyline width.

15.7 Working with Elements Using AutoCAD Commands

15.7.1

15.7.2

15.7.3

AutoCAD Commands

When running in AutoCAD mode, Haestad Methods' products make use of all the advantages that
AutoCAD has, such as plotting capabilities and snap features. Additionally, AutoCAD commands can be
used as you would with any design project. For example, Haestad Methods' elements and annotation can
be manipulated using common AutoCAD commands.

Explode Elements

In AutoCAD mode, running the AutoCAD Explode command will transform all Haestad M ethods custom
entities into equivalent AutoCAD native entities. When a Haestad M ethods custom entity is exploded, all
associated database informationislost. Be certain to save the exploded drawing under a separate filename.

Use Explodeto render adrawing for finalizing exhibits and publishing maps of the model network. Y ou
can also deliver exploded drawingsto clients or other individuals who do not own a Haestad Methods
Product license, since afully exploded drawing will not be comprised of any ObjectARX proxy objects.
See Working with Proxies for more information on this topic.

Moving Elements

When using AutoCAD mode, the AutoCAD commands M ove, Scale, Rotate, Mirror, and Array can be
used to move elements. Refer to Selecting Elements for more details on this topic.

To move a node, execute the AutoCAD command either by typing it at the command prompt or selecting it
from the pull-down menu. Follow the AutoCAD prompts, and the node and its associated label will move
together. The connecting pipes will shrink or stretch depending on the new location of the node.
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Moving Element Labels

When using AutoCAD mode, the AutoCAD commands M ove, Scale, Rotate, Mirror, and Array can be
used to move element text labels. Refer to the help topics Selecting Elements and Working with Selections
in AutoCAD.

To move an element text label separately from the element, click the element label you wish to move. The
grips will appear for the label. Execute the AutoCAD command either by typing it at the command prompt
or selecting it off the tool palette. Follow the AutoCAD prompt, and the label will be moved without the
element.

Snap Menu

When using AutoCAD mode, the Snap menu is a standard AutoCAD menu that provides options for
picking an exact location of an object. Refer to the standard AutoCAD help documentation for more
information.

15.8 Undo/ Redo

15.8.1

Undo and Redo Operations in AutoCAD

In AutoCAD, you have two types of Undo/Redo available to you. From the Edit menu, you have accessto
SewerCAD Undo and Redo. Alternatively, you can perform the native AutoCAD Undo and Redo by
typing at the AutoCAD command line. The implementations of the two different operation types are quite
distinct.

The menu-based undo and redo commands operate exclusively on SewerCAD elements by invoking the
commands directly on the model server. The main advantage of using the specialized command is that you
will have unlimited undo and redo levels. Thisisan important difference, since in layout or editing it is
quite useful to be able to safely undo back and then redo ahead an arbitrary number of transactions. If you
use the native AutoCAD undo, you are limited to asingle redo level. The SewerCAD undo/redo is also
faster than the native AutoCAD undo/redo. If you arerolling back SewerCAD model edits, it is
recommended that you use the menu-based undo/redo implementation.

Whenever you invoke a native AutoCAD undo, the model server will be notified when any SewerCAD
entities are affected by the operation. SewerCAD will then synchronize the model to the drawing state.
Wherever possible, the model will seek to map the undo/redo invocation onto the model server’s managed
command history. If the drawing state is not consistent with any pending undo or redo transactions held by
the server, SewerCAD will flush the command history. In this case, the model will synchronize the
drawing and server modelsin arigorous fashion.

It isimportant to note that if you undo using the AutoCAD command and you end up restoring SewerCAD
elements that have been previously deleted, morphed, or split, some model state such as diameter or
elevations may be lost, even though the locational and topological stateis fully consistent. Thiswill only
happen in situations where the SewerCAD command history has been flushed. In such cases, you will be
warned to check your data carefully.

15.9 Converting Native AutoCAD Entities to SewerCAD Elements

15.9.1

Converting Native AutoCAD Entities

SewerCAD features powerful tools dedicated to assisting the user in building SewerCAD models from
existing AutoCAD drawing information. In addition to the standard ESRI Shapefile conversion options,
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there are two specific commands available in the AutoCAD platform that will be especially useful to the
AutoCAD modeler:

Layout Pipe Using Entity
Change Entities to Pipes

Layout Pipe Using Entity
In addition to the standard options available under the Pipe layout command (accessed by clicking on the

El button in the SewerCAD Toolstoolbar or by selecting using Tools/ L ayout / Pipe from the pull-
down menu), you may elect to use an existing AutoCAD line, polyline, or arc as atemplate to define an
equivalent SewerCAD pipe or series of pipes.

While you are in the Pipe Layout command, you may invoke the Entity conversion option by using the
‘Entity’ keyword or by selecting ‘ Entity’ from the right-mouse button context menu. Once selected, you
will be prompted to select an entity to use as a basis for a new pipe and conditionally specify the type of
nodal SewerCAD element(s) to use at each end of the pipe.

Thiscommand is extremely useful for constructing pressure pipesthat follow a curved
alignment. In these casesuse an arc asthe defining template entity for the pipe creation.

Change Entities to Pipes

This special AutoCAD command allows you to use a selection of AutoCAD entities - arcs, lines, polylines,
and blocks - as a defining template set for the creation of equivalent SewerCAD elements. This command
performs the element generation in batch fashion. You are prompted for the selection of entities to convert,
and the selection is followed by the Polyline To Pipe Conversion Wizard that leads you through a
sequence of steps defining the basis of the batch conversion. The actual stepsto be followed in the Wizard
are fully described in the AutoCAD Polyline to Pipe Conversion topic in the "Exchanging Data with CAD
software and AutoDesk Civil Design” chapter.

It isimportant to note that thisis an automated batch process which requires some care and
attention with respect to the selection set that is going to be used as a basisfor generating actual
Sewer CAD model elements. Specifically, you probably want to process gravity sub-network
elements separately from pressure sub-network elements. It isalso desirable to select like-sized
pipe elements during each pass. Thisway, you can use the prototyping capabilitiesto their
greatest advantage. A little time spent in planning and strategizing a series of individual
conversion stepswill go along way toward preventing confusion, which could necessitate later re-
conversions.

15.10 Special Considerations

15.10.1

Import SewerCAD

Thisisonly available in the AutoCAD mode. This command imports a selected SewerCAD data (.SWR)
filefor use in the current drawing. The new project file now corresponds to the drawing name, i.e.
CurrentDrawingName.SWR. Whenever you save changes to the network model through SewerCAD, the
new associated .SWR datafile is updated and can be loaded into SewerCAD 5.0 or higher.

To import a SewerCAD model into AutoCAD, select File/ Import / Sewer CAD.
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Working with Proxies

If you open a SewerCAD drawing file on an AutoCAD workstation that does not have the SewerCAD
application installed, you will get an AutoCAD Proxy I nformation message box. Thisis because the
executable logic for managing the AutoCAD entities is not available, and the SewerCAD modeling
elements are not associated with the SewerCAD native database.

SewerCAD proxy objects can be moved and erased. But doing so will put the drawing state out of sync
with the model database should the drawing be saved with its original name. If this happens, and you later
reload the drawing on an AutoCAD station that is running a SewerCAD application, the application will
automatically attempt to reconcile any differences it finds by automatically loading its Database
Synchronization routine.
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Appendix A

Frequently Asked Questions

Overview
To make your work easier, SewerCAD and the Help system are designed to be used together.

If you have a high resolution display monitor, you will probably find it helpful to size the frames of both
the program and the Help windows so that they fit side by side. Then, while using the program, you can
use the Help button in any dialog to update the Help window.

If the information you need is not on the How Do | page, click the Sear ch button at the top of the Help
window to access the search index.

How Do | Control Element and Label Sizing?
To change the size of element symbols and labels:
Select Tools/ Options from the pull-down menus, and select the Drawing tab.

2. Inthe Annotation Multipliers group, change the Symbol Size Multiplier to modify the element
size, and the Text Height Multiplier to modify the label size. Smaller numbers will make the
element symbols and text decreasein size.

These changes will affect all symbols and text, including color coding legends, but will not have any effect
on pipe lengths.

How Do | Reuse Deleted Element Labels?
To make the program reuse the label for a deleted element:

1. Select Tools/ Element Labeling from the pull-down menu.

2. Enter the ID number for the deleted element in the Next field for the appropriate type of element.
3. Click OK.
4

Add anew element to the drawing.

How Do | Color Code Elements?

To color code elements:

1. Select Tools/ Color Coding... from the pull-down menu, or click the Color Coding (rainbow)
button on the toolbar.

2. Inthe Color Coding dialog, select the attribute you would like to color code.
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3. Click theInitialize button to automatically build arange of colors. Y ou may decide to modify
these default ranges.

4. Click OK to color code the drawing.

All link or node elements and their labels will be colored based on the specified ranges. Y ou can also use
the Initialize button to quickly set up and modify Color Coding Options. A Color Coding L egend may
be inserted into the drawing by using the L egend tool located on the Tool Palette.

How Do | Remove Color Coding from Labels Imported from
Pre-v3.5 AutoCAD Files?

Due to popular request, Haestad M ethods has implemented the separation of elements and their labels.
This gives you much more control over the placement and formatting of the labels, in addition to resolving
the problem of color coding labels with elements. However, if you open an old drawing (version 3.1 or
earlier) with existing color coding on the labels, this color coding will not dynamically update.

The solution to this problem is to move the labels to a different layer, and assign a neutral color to them.
To do this, select Tools/ Element Properties from the pull-down menus, and choose the L abels tab.
Assign anew layer to the labels for all the elements, and check Apply to Existing Objects.

How Do | Do a Profile Plot?

The Profile Plot window includes the selected upstream element and all elements linked in adirect
downstream path to the outlet. There are two waysto open a Profile Plot window:

Select Tools/ Profiling from the pull-down menu to open the Profiles Manager. From here you can
go through the Profile Wizard, by clicking the Profile M anagement button and selecting Add.

or

Right-click an element, and select Create Profile On... from the pop-up menu. Thiswill open up the
Profile Wizard with all elements downstream of the selected element included in the list of elements
to be profiled.

The Options button allows you to control the display of detail layersin the Profile Window.

How Do | Change Units in a Column?
In a Table you may change the units of all the data within any column. To change the units:
1. Select UseLocal Unitsfrom the Options menu in the Tabular Report diaog.
2. Right-click the column heading, or any data item within a column.
3. Select Properties from the pop-up menu.
4. Changethe unitsand select OK. All dataitemsin that column will change to the selected units.

The change of unitsaffectsonly the datain the Table. It DOES NOT change the unitswithin
your network design.
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How Do | Access the Haestad Methods Knowledge Base?

Y ou can access of hundreds of commonly asked questions at our online Knowledge Base.

The quickest way to access the Knowledge Base is to click the Globe Icon ﬁl in the product toolbars.
Thiswill automatically log you on to our website. Simply click the Knowledge Base icon next to the
Haestad product of interest.

If the computer you are using does not have internet access, you can log on to Knowledge Base at an
alternate computer by going to "http://www.haestad.com” and entering the ClientCare portion of the
website. You can then logon with the Product 1D located in the back of the User’s Manual or your PID
number.

How do | Model an Inverted Siphon (Depressed Sewer)?

Thereisno real trick to modeling an inverted siphon in SewerCAD. The inverted siphon consists of two or
more gravity pipes (depending on changes of slope) that will be surcharged. Simply create pipes sloping
downward and upward connected at a central junction. The gradually varied flow algorithm is robust
enough to handle adverse slopes.

Y ou can apply any bend losses to the central junction as a standard headloss. If you feel that friction losses
are the predominant loss you can assume no headloss at the central junction. The central junction on the
siphon (which may not be real) needs to be bolted or extend above the ground, so the hydraulic grade lineis
not reset if it exceeds the manhol€e' s top.

If the siphon has multiple barrelsin parallel, such that one takes the low flow and others come on line as
flow increases, then it may be necessary to create a different physical alternatives for each possible number
of pipes and replace the siphon by the equivalent pipe size in each alternative, or to use the diversion
feature. Seethe Gravity Flow Diversions Technical Supplement for more information on setting up
diversions and equivalent pipes.
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Appendix B

SewerCAD Theory

Overview

This appendix provides an overview of the methods that SewerCAD uses to compute flows and hydraulic
grades throughout the system, including both gravity and pressure computations.

Some of the basic concepts underlying the calculations are as follows:

SewerCAD can run both Steady State and Extended Period Analyses. Steady State Analyses model a
singleinstant in time and are generally used to model a network under peak loading conditions.
Extended Period Simulations model a network over a specified duration of time and can be used to
model hydrograph loading, wet well capacities, and automated pump behavior.

L oads are the sources of flow in the sanitary sewer system, and are categorized as sanitary (dry
weather) loads, wet weather loads, and known loads. The total load at any given point may be a
combination of these basic load types.

L oads can be adjusted through the use of fixed or variable peaking factors during a Steady State
analysisin order to analyze the system under a variety of conditions, such as daily average, minimum,
and maximum scenarios. Common pre-defined variable peaking methods are included, but you may
also specify your own astables or equations.

Loads can also be varied over time using loading patterns and hydrographs during an Extended Period
Simulation.

Gravity pipe headlosses are computed based on gradually varied flow profiles or approximate profiles.
Either of these profile methods allows for free-surface (open channel) flow, full flow (asfor a pipe that
is submerged), and mixed conditions. Pressure pipe headlosses are based strictly on full-flow
hydraulics.

Gravity structure losses may be based on several common methodologies. Where appropriate, these
calculations may account for pipe bend angles, structure benching, and other influential factors.

During an Extended Period Simulation hydrographs are routed through the gravity pipes to account for
translation and other effects.

All or portions of gravity systems may be selected for automatic design. This preliminary design can
be used to set pipe and structure elevations, as well as to size the pipes.

B.2 Loading

SewerCAD classifies loads as sanitary (dry weather) loads, wet weather |oads, and known |oads.

Sanitary loads correspond to loads that result from human activity, and are not weather-dependent.
Common sources of sanitary loads are various residential, commercial, recreational, and industrial usage.
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Wet weather loads are related to rainfall activity, such as groundwater infiltration (water leaking into a pipe
through cracks, joints, and other defects) and structure inflow (surface water entering a structure through
the cover).

Known loads are typically used to model flows that have already been gathered from some other source,
such as external calculations or field measurements.

In addition to these basic |oad types, there are also pumped loads. Pumped loads are special kinds of loads
that represent sewage pumped into the gravity system viaforce mains. Pumped loads are optionally
determined during calculations, and cannot be input directly.

Common Load Types
There are two different loading types that can be applied as both wet weather and sanitary loads. The
behavior of each loading type is the same regardiess of how it is applied. The two common loads are:

Hydrographs
Pattern Loads
Hydrographs

In SewerCAD you can enter time vs. flow data directly asaload. The hydrographs will then be directly
added to any other loads coming to that point and then routed downstream

During a Steady State analysis a hydrograph loaded can be converted into a single load based on one of the
following selected Steady State Loading options.

Peak - The peak of the hydrograph will be used as the Steady State load.

Average - The average of the hydrograph flows will be used as the Steady State load.
Minimum - The minimum flow of the hydrograph will be used as the Steady State load.
Zero - The hydrograph is disregarded during the Steady State run.

Thefinal flow of the hydrograph will remain constant for the duration of the simulation.

The Steady State L oading options ar e accessed by clicking the Options button on the Scenario /
GO dialog.

Pattern Loads
A pattern load is comprised of a base load and an associated loading pattern. The patternis a series of
multipliers, which describes how the base |oad varies over time.

During a Steady State Analysis the entered base load is used as the load regardless of the applied loading
pattern.

Extreme Flow Factors are not applied to entered base loads.

Hydrographs vs. Pattern Loads

Hydrographs and Pattern loads are two distinct ways to describe how flow varies over time. Ultimately,
you can attain the same results using either method but there are some behavioral and semantic differences
that should be noted.

Pattern loads consists of a single average base load and a series of dimensionless multipliers used to
delineate how the load varies over time. A hydrograph, smply, is atime-discharge series.
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Hydrographs are usually applied as wet weather loads, and are generated using hydrologic methods, while
patterns are more typically applied to sanitary loads. Patterns are devel oped based on predetermined
variations in loading over the course of aday. The patterns are then assumed to represent templates for
how the loads of asimilar type vary over time. These statements represent typical usage of both loading
types; they do not represent hard and fast rules.

During an Extended Period Simulation if the duration of the simulation exceeds the duration of a pattern
then the pattern will repeat itself. If the duration of the simulation exceeds the duration of a hydrograph the
last point of the hydrograph will remain constant for the extent of the remaining time.

Sanitary (Dry Weather) Loading

The total sanitary load may be comprised of an unlimited number of individual sanitary loads. For
example, the local load for a given manhole may be a combination of loads from an apartment building, a
gas station, and a film development store, each with different loading characteristics. They can either be
entered as:

Unit Sanitary Loads
Pattern Loads

Hydrographs
Unit sanitary loads and pattern loads are calculated or entered as a base |oad, which represent the average
loading on the system at that point. During a Steady State analysis the unit sanitary loads can be adjusted
to represent peak or minimum loads using the Extreme Flow Factor methods. During an Extended Period
Simulation aloading pattern can be applied to both the unit sanitary loads and pattern loads to described
how the base |oad varies over time.

Hydrographs can also be applied as sanitary loads. They are meant to represent actual measured flow or
hydrographs generated from other programs, and SewerCAD does not apply peaking factors or patterns to
them.

Unit Sanitary (Dry Weather) Loads

Unit sanitary (dry wesather) loads are entered based on a number of contributing units, with a specified
average load per unit, such as X-amount of flow per apartment resident. With each load type, you can then
associate a peaking factor method or aloading pattern, allowing you to account for the knowledge that
peaking factors and patterns are most likely different for residential and commercia areas.

Peaking factors are applied only during the Steady State analyses. During Extended Period Simulations
loading patterns can be applied to the base |oads generated from the unit sanitary loads to account for
variations in sanitary inflow over time.

Extreme Flow Factor

Sewer design and analysis generally considers avariety of loading conditions, such as minimum, average,
and peak conditions. Base (average) sanitary loads are transformed into minimum or peak loads using an
Extreme Flow Factor.

The most common type of Extreme Flow Factor (EFF) is the Variable Peaking Factor (PF).
Qpeaked = Qbase * EFF

Where: Qpeaked
Qbase
EFF

Transformed flow (l/s, gpm)
Base flow (I/s, gpm)
Extreme Flow Factor (unitless)
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Extreme Flow Factor methods are only used during Steady State analyses. During Extended
Period Simulations loading patterns can be applied to the Unit Dry Weather base loads.

Common Variable Peaking Factors
Some of the most common variable peaking factor (PF) calculation methods are:

Babbitt
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Fedorov
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Where: Q = Basesanitary load (I/9)

The Babbit peaking method does not convergeto 1. For populationslarger than 3,125,000 the
peaking factor will become smaller than 1.

B.2.3 Wet Weather Loading
The Wet Weather Load represents the intrusion of rainfall water into the sewer system. Wet weather loads
consist of groundwater infiltration, rainfall inflow, and illegal sump pump connections. Groundwater
infiltration occurs in gravity pipes, while inflow occurs at manholes, pressure junctions, and wet wells.
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Infiltration loads refer to wet weather |oads entering pipes, where water leaks into the system through
joints, cracks, and other defects. Inflow loads refer to wet weather loads entering structures, typically
surface water entering through a structure's cover.

Infiltration
Infiltration resulting from the presence of groundwater can be modeled for gravity pipes. It iscombined
with the loads at the upstream end of the pipe to determine the pipe's Total Wet Weather Flow.

There are several common methods of determining infiltration based on pipe characteristics, which iswhy
SewerCAD alows infiltration to be defined with any of the following methods:

Proportional to Pipe Length - Theinfiltration is specified as an Infiltration Rate per Unit of Pipe
Length.

Proportional to Pipe Diameter-L ength - The infiltration is specified by an Infiltration Rate per Unit
of Pipe Diameter times Pipe Length. The amount of infiltration is proportional to the pipe length and
to the pipe diameter.

Proportional to Pipe Surface Area - Theinfiltration is specified by an Infiltration Rate per Unit of
Pipe Surface Area, where the pipe's surface areais calculated asits length multiplied by its full
perimeter. The amount of infiltration is proportional to the pipe length and the pipe diameter.

Proportional to Count - Theinfiltration is specified by count value, which may be the number of
defects in the pipe, and the Infiltration Rate per Unit of Count.

Additional Infiltration - Fixed amount of infiltration that is added to the total wet weather load. This
value is constant regardless of the pipe's characteristics.

Hydrographs - Theinfiltration is specified as a table of flow vs. time.

Pattern Loads - Theinfiltration is specified as an average base load and aloading pattern.

During an Extended Period Simulation the five non-time-based methods will generate a single straight-line
hydrograph producing a constant load for the duration of the simulation.

Inflow

Inflow loads refer to wet weather loads entering structures, which are typically from surface water entering
through a structure's cover, or pumped illegally into aforce main system. Inflows can be entered as the
following loading types:

Hydrographs

Pattern Loads

During Steady State analysis these |oads can be modeled, and are combined with upstream wet weather
loads to determine the Total Wet Weather Flow.

During Extended Period Simulations the loads are not classified once they enter the system they are added
to together as a single lump hydrograph.

Inflows can be applied to manholes, wet wells, and pressure junctions.

Known Loading
Known loads are a specia type of fixed load. Aswith other fixed loads, known loads remain constant as
they progress downstream and combine directly as a simple sum.

The special behavior of known loads occurs during a Steady State Analysis when another known load is
specified at a downstream location. While most fixed |oads combine directly under any circumstances, a
non-zero known load at any location replaces al upstream known loads.
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For this reason, known loads may be desirable for modeling loads that originate from external calculations
or field measured data (loads that do not require SewerCAD to generate or sum them in any way).

During Extended Period Simulations, Known Flows are modeled as a single constant flow hydrograph over
the duration of the simulation. They are added directly to the existing flows coming from upstream sources
and are all lumped together as a single hydrograph for routing. The Known Flows ar e additive and do
not replace each other during Extended Period Simulations.

Gravity Pipe Hydraulics

Basic Concepts

This documentation is intended to familiarize you with some of the methods used in this program’s
calculations. However, there is not agreat deal of time spent on common hydraulic terms and equations,
such as determination of wetted perimeter, hydraulic radius, hydraulic depth, and Reynolds number.

Hydraulics and Energy Grades

The Energy Principle

Thefirst law of thermodynamics states that for any given system, the change in energy is equal to the
difference between the heat transferred to the system and the work done by the system on its surroundings
during a given time interval.

The energy referred to in this principle represents the total energy of the system minus the sum of the
potential, kinetic, and internal (molecular) forms of energy, such as electrical and chemical energy. The
internal energy changes are commonly disregarded in water distribution analysis because of their relatively
small magnitude.

In hydraulic applications, energy is often represented as energy per unit weight, resulting in units of length.
Using these length equival ents gives engineers a better feel for the resulting behavior of the system. When
using these length equivalents, the state of the system is expressed in terms of head. The energy at any
point within a hydraulic system is often represented in three parts:

Pressure Head: p/g
Elevation Head: z
Velocity Head: V?2g

Where: p = Pressure (N/m? Ib/ft?)
g = Specific weight (N/m?, 1b/ft)

z = Elevation (m, ft)

V = Veocity (m/s, ft/s)

g = Gravitational acceleration constant (m/s?, ft/s)

These quantities can be used to express the headloss or head gain between two locations using the energy
equation.

The Energy Equation

In addition to pressure head, elevation head, and velocity head, there may also be head added to the system,
by a pump for instance, and head removed from the system due to friction. These changesin head are
referred to as head gains and headl osses, respectively. Balancing the energy across two pointsin the
system, we then obtain the energy equation:
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2 2

&+21+VL+hp =&+z2 +VL+hL

g 29 g 29
Where: p = Pressure (N/m? Ib/ft?)

g = Specific weight (N/m?, Ib/ft®)

z = Elevation at the centroid (m, ft)
V = Vdocity (m/s, ft/s)
g = Gravitational acceleration constant (m/s?, ft/s?)
hp = Head gain from a pump (m, ft)

hL = Combined headloss (m, ft)
The components of the energy eguation can be combined to express two useful quantities, which are the
hydraulic grade and the energy grade.

Hydraulic and Energy Grades

Hydraulic Grade

The hydraulic grade is the sum of the pressure head ( p/g) and elevation head ( z). The hydraulic head
represents the height to which awater column would rise in a piezometer. The plot of the hydraulic grade
in aprofile is often referred to as the hydraulic grade line, or HGL.

Energy Grade

The energy grade is the sum of the hydraulic grade and the velocity head ( V/2g). Thisisthe height to
which a column of water would rise in a pitot tube. The plot of the hydraulic grade in a profile is often
referred to as the energy grade line, or EGL. At alake or reservoir, where the velocity is essentially zero,
the EGL isequal to the HGL, as can be seen in the following figure.

EGL and HGL

Friction Loss Methods
There are many equations that approximate friction losses associated with the flow of liquid through a
given section. Commonly used friction methods include:

Chezy's Equation
Kutter's Equation

Manning's Equation
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Darcy-Weishach Equation
Colebrook-White Equation

Hazen-Williams Equation

Friction losses are generally based on the rel ationships between fluid velocity, section roughness, depth of
flow, and the friction slope (headloss per unit length of conduit).

Chezy's Equation

Chezy’s equation israrely used directly, but it is the basis for severa other methods, including Manning's
equation and Kutter's equation. Chezy’s equation is:

Q=CxAx/R>S

Where: Q = Dischargein the section (md/s, cfs)

C = Chezy'sroughness coefficient (m%s, ft'%s)
A = Flow area (m?, ft3)

R = Hydraulic radius (m, ft)

S = Friction slope (m/m, ft/ft)

Kutter's EQuation

Kutter’' s equation can be used to determine the roughness coefficient in Chezy’ s formula, and is most
commonly used for sanitary sewer analysis. Kutter’s equation is as follows:

kl + & + &
C= S n
n k, 0
1+ &, + 29
JR &' Sg
Where: = Chezy’sroughness coefficient(m"%/s, ft“?/s)

= Hydraulic radius (m, ft)

= Kutter’s roughness (unitless)
k; = Constant (23.0 for S, 41.65 for US)
k, = Constant (0.00155 for SI, 0.00281 for US)
Constant (1.0 for S, 1.811 for US)

C
S = Friction slope (m/m, ft/ft)
R
n

W
&
1

Kutter’sroughness coefficients are the same as M anning’ s roughness coefficients.

Manning's Equation

Manning's equation is one of the most popular methods in use today for free surface flow (and, like
Kutter's equation, is based on Chezy’ s equation). For Manning's equation, the roughness coefficient in
Chezy’s equation is calculated as:

1/6
C:ka_

Where: C = Chezy'sroughness coefficient (m“?/s, ft*%/s)
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R
n

Hydraulic radius (m, ft)
Manning’ s roughness (¥m
Constant (1.00 m“3/m'*3, 1.49 ft3/m"?)

]J3)

Substituting this roughness into Chezy’ s equation, we obtain the well-known Manning’ s equation:

0 =K xa xR2/3 xs1/2
n

Where: Q = Discharge (md/s, cfs)
k = Constant(1.00 m*¥/m™, 1.49 ft**/m"3)
n = Manning s roughness (¥m"?)

A = Flow area (m?, ft3)

R = Hydraulic radius (m, ft)

S = Friction slope (m/m, ft/ft)

Manning’'sroughness coefficients are the same as the roughness coefficients used in Kutter’s
equation.

Darcy-Weisbach Equation

Because of non-empirical origins, the Darcy-Weisbach equation is viewed by many engineers as the most
accurate method for modeling friction losses. It most commonly takes the following form:

Where: hf = Headloss (m, ft)
f = Darcy-Weishach friction factor (unitless)
D = Pipediameter (m, ft)
L = Pipelength (m, ft)
V = FHow velocity (m/s, ft/s)
g

= Gravitationa acceleration constant (m/?, ft/s?)
For section geometries that are not circular, this equation is adapted by relating a circular section’s full-
flow hydraulic radius to its diameter:

D=4R
Where: R = Hydraulic radius (m, ft)

D = Diameter (m, ft)
This can then be rearranged to the form:

Q:Ax/89x¥
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Where: = Discharge (m3s, cfs)

Flow area (mz, ft?)

= Hydraulic radius (m, ft)

= Friction slope (m/m, ft/ft)

= Darcy-Weishach friction factor (unitless)

Gravitational acceleration constant (m/s?, ft/s?)
The Swamme and Jain equation can then be used to calculate the friction factor.

- nw x>0
I

«
1

Swamme and Jain Equation:

_ 1.325
f= 2
é QU
anck +5.7% 0o
Where: f = Friction factor (unitless)

k = Roughness height (m, ft)
D = Pipediameter (m, ft)
Re Reynolds number (unitless)

The friction factor is dependent on the Reynolds number of the flow, which is dependent on the flow
velocity, which is dependent on the discharge. Asyou can see, this process requires the iterative selection
of afriction factor until the calculated discharge agrees with the chosen friction factor.

TheKinematic Viscosity isused in determining the friction coefficient in the Dar cy-Weisbach
Friction Method. The default unitsareinitially set by Haestad M ethods.

Colebrook-White Equation
The Colebrook-White equation is used to iteratively calculate for the Darcy-Weisbach friction factor:

Free Surface

L oog K+ 251

NG 14.8R R, f

Full Flow (Closed Conduit)

)

Lo ojog K4+ 251,
Jt 12.0R  Rg+f

Where: Re Reynolds Number (unitless)
k = Darcy-Weisbach roughness height (m, ft)
f = Friction factor (unitless)
R = Hydraulic radius (m, ft)
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Hazen-Williams Equation

The Hazen-Williams Formulais frequently used in the analysis of pressure pipe systems (such as water
distribution networks and sewer force mains). The formulais as follows:

Q = k>C xA R0-63 xg0-54

Where: Q = Dischargein the section (md/s, cfs)

C = Hazen-Williams roughness coefficient (unitless)
A = Flow area (m?, ft3)

R = Hydraulic radius (m, ft)

S = Friction slope (m/m, ft/ft)

k

= Constant (0.85for SI, 1.32 for US).

B.3.4 Flow Regime
The hydraulic grade in aflow section depends heavily on the tailwater conditions, pipe slope, discharge,
and other conditions. The basic flow regimes that a pipe may experience include:

Pressure Flow

Uniform (Normal) Flow
Critical Flow
Subcritical Flow
Supercritical Flow

T Based on the gradually varied flow analysis, different portions of any given pipe may be under
different flow regimes.

Pressure Flow

When apipeis surcharged, headlosses are simply based on the full barrel area and wetted perimeter.
Because these characteristics are al functions of the section shape and size, friction loss calculations are
greatly simplified by pressurized conditions.

Uniform Flow and Normal Depth

Uniform flow refers to a hydraulic condition where the discharge and cross-sectional area, and therefore the
velocity, are constant throughout the length of the channel or pipe. For a pipe flowing full, all that this
requiresis that the pipe be straight and have no contractions or expansions. For anon-full section,

however, there are a few additional points of interest:

In order for the cross-sectional areato remain the same, the depth of flow must be constant throughout
the length of the channel. This requires that the friction slope equal the constructed slope. This depth
is called normal depth.

Since the hydraulic grade line parallels the invert of the section and the velocity does not change, the
energy gradelineis parallel to both the hydraulic grade line and the section invert under uniform flow
conditions.

In prismatic channels, flow conditions will typically approach normal depth if the channel is sufficiently
long.
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Critical Flow, Critical Depth, and Critical Slope

Critical flow occurs when the specific energy of the section isat aminimum. This condition is defined by
the situation where:

A3 QZ
T g

Where: A = Areacof flow (n?, ft?)
T = Topwidth of flow (m, ft)
Q = Section discharge (m?/s, ft3/s)

g = Gravitational acceleration (m/s3,ft/s?)
Thisisarelatively simple computation for simple geometric shapes, but can require iterative calculation for
more complex shapes (such as arches). Some sections may even have several valid critical depths, making
numerical convergence more difficult.

Critical depth refersto the depth of water in achannel for which the specific energy is at its minimum.
Critical slope refers to the slope at which the critical depth of a pipe would be equal to the normal depth.

Subcritical Flow

Subcritical flow refersto any flow condition where the Froude number islessthan 1.0. For this condition,
the depth is above critical depth, and the velocity is below the critical depth velocity.

Supercritical Flow

Supercritical flow refers to any condition where the Froude number, or the ratio of internal forcesto gravity
forces, is greater than 1.0. For this condition, the depth is below critical depth, and the velocity is above the
critical depth velocity.

Gradually Varied Flow Analysis

For free surface flow, depth rarely remains the same throughout the length of a channel or pipe. Starting
from a boundary control depth, the depth changes gradually, increasing or decreasing until normal depth is
achieved (if the conduit is sufficiently long). The determination of a boundary control depth depends on
both the tailwater condition and the hydraulic characteristics of the conduit. The areas of classification for
gradually varied flow analysis are:

Slope Classification
Zone Classification
Profile Classification

Slope Classification

The constructed slope of a conduit is avery important factor in determining the type of gradually varied
flow profile that exists. Slopesfall into one of five types, al of which are handled by the program:

Adverse Slope

Horizontal Slope
Hydraulically Mild Slope
Critical Slope
Hydraulically Steep Slope
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Any pipe can qualify as only one of these slope types for a given discharge. For differing flows, though, a
pipe may change between qualifying as amild, critical, and steep slope. These slopes do not relate to just
the constructed slope, but to the constructed slope relative to the critical slope for the given discharge.

Adverse Slope

Adverse slope occurs when the upstream invert elevation of a pipeis actually below the downstream invert
elevation. Normal depth is undefined for adverse slopes, since no amount of positive flow would result in a
rising friction lope. Most flow conditions for adverse sloping pipes are subcritical .

Pipes are typically not designed to be adverse, so most situations with adverse slopes are due to
construction errors or other unusual circumstances. Adverse pipes may cause some concern beyond the
hydraulic capacity of the system, because stagnant water, excessive clogging, and other non-desirable
conditions may result.

Horizontal Slope

As the name suggests, a horizontal slope results when a pipe' s upstream and downstream invert elevations
arethe same. Normal depth for a horizontal pipeistheoretically infinite, although critical depth may still
be computed. Like adverse slopes, most flow conditions for horizontal pipes are subcritical.

Hydraulically Mild Slope

A hydraulically mild slope is a condition where the constructed slope is less than the critical slope. For this
condition, the section’s normal depth is above critical depth, and the flow regime is usually subcritical.

Critical slope

A pipe or channel may have exactly the same slope as the critical slope for the discharge it carries. Thisis
avery uncommon occurrence, but it is possible and the program does calculate it appropriately. Critical
depth is an inherently unstable surface, so flow is most likely to be subcritical for these slopes.

Hydraulically Steep Slope

A hydraulically steep slope is a condition where the constructed slope is greater than the critical slope.
For this condition, the section’s normal depth is below critical depth, and the flow regimeis usually
supercritical. However, high tailwater conditions may cause flow to be subcritical.

Zone Classification
There are three zones that are typically used to classify gradually varied flow:

Zone 1 iswhere actual flow depth is above both normal depth and critical depth.
Zone 2 iswhere actual flow depth is between normal depth and critical depth.
Zone 3 iswhere actua flow depth is below both normal depth and critical depth.

Profile Classification

The gradually varied flow profile classification is simply a combination of the slope classification and the
zone classification. For example, a pipe with a hydraulically mild slope and flow in zone 1 would be
considered a Mild-1 profile (M1 for short). The program will analyze most profile types, but will not
analyze certain flow profile types that occur rarely in conventional sewer system such as H3, M3, and S3.
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Profile Classification
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B.3.6 Energy Balance
Even for gradually varied flow, the solution is till a matter of balancing the energy between the two ends
of apipe segment. The energy equation asit relates to each end of a segment is as follows (note that the
pressures for both ends are zero, sinceit is free surface flow):

2 2
Z, +—+ Vi o =Z, iV H,
29 29
Where: Z; = Hydraulic grade at upstream end of the segment (m, ft)

V= Veocity at the upstream end (m/s, ft/s)

Z, = Hydraulic grade at the downstream end of the segment (m, ft)
V, = Veocity at the downstream end (m/s, ft/s)

H, = Lossdueto friction - other losses are assumed to be zero (m, ft)

g = Gravitational acceleration constant (m/<?, ft/s?)
Thefrictionlossis computed based on the average rate of friction loss along the segment and the length of
the segment. Thisrelationship is asfollows:
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+
H, =S, Dx= 215 252 Dx
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Where: H, = Loss across the segment (m, ft)
Swg =  Averagefriction slope (m/m, ft/ft)
S; = Friction slope at the upstream end of the segment (m/m, ft/ft)
S, = Friction slope at the downstream end of the segment (m/m, ft/ft)
Ax = Length of the segment being analyzed (m, ft)
The conditions at one end of the segment are known through assumption or from a previous calculation
step. Sincethefriction slopeis afunction of velocity, which is a function of depth, the depth at the other

end of the segment can be found through iteration. There are two primary methods for this iterative
solution, the Standard Step method and the Direct Step method.

Standard Step Method

The standard step method of gradually varied flow energy balance involves dividing the channel into
segments of known length and solving for the unknown depth at one end of the segment, starting with a
known or assumed depth at the other end. The standard step method is the most popular method of
determining the flow profile because it can be applied to any channel, not just prismatic channels.

Direct Step Method

The direct step method is based on the same basic energy principles as the standard step method, but takes
adlightly different approach towards the solution. Instead of assuming a segment length and solving for
the depth at the end of the segment, the direct step method assumes a depth and then solves for the segment
length.

Because it generates better resolution within the changing part of the profile, the gravity flow algorithm of
StormCAD and SewerCAD primarily use the direct step method to compute gradually varied flow profiles.

Mixed Flow Profiles
Although the hydraulic slope of a pipe will be the same throughout its length, a pipe may contain several
different profile types. The transitions that may be encountered include:

Sealing (Surcharging) Conditions
Rapidly Varied Flow (Hydraulic Jumps)

Sealing (Surcharging) Conditions

There may be conditions such that part of the section is flowing full, while part of the flow remains open.
These conditions are called sealing conditions, and the sections are analyzed in separate parts. For sealing
conditions, the portion of the section flowing full is analyzed as pressure flow, and the remaining portion is
analyzed with gradually varied flow techniques.

Rapidly Varied Flow

Rapidly varied flow is turbulent flow resulting from the abrupt and pronounced curvature of flow
streamlinesinto or out of a hydraulic control structure. Examples of rapidly varied flow include hydraulic
jumps, bends, and bridge contractions.

The hydraulic phenomenon that occurs when the flow passes rapidly from supercritical to subcritical flow
is called a hydraulic jump. The most common occurrence of this within a gravity flow network occurs
when there is a steep pipe discharging into a particularly high tailwater, as shown in the following figure.
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Hydraulic Jump

Hydraulic Jump
—

—— Critical Depth

—_—

= Normal Depth

There are significant losses associated with hydraulic jumps, due to the amount of mixing and hydraulic
turbulence that occurs. These forces are also highly erosive, so engineers typically try to prevent jumps
from occurring in gravity flow systems, or at least try to predict the location of these jumpsin order to
provide adequate channel, pipe, or structure protection. The program does not perform any specific force
analyses that seek to precisely locate the hydraulic jump, nor does it identify the occurrence of jumps that
might happen as flows leave a steep pipe and enter amild pipe. Rather it performs analyses sufficient to
compute grades at structures.

Backwater Analysis

The classic solution of gravity flow hydraulicsis via a backwater analysis. Thistype of analysis starts at
the network outlet under free discharge, submerged, or tailwater control, and proceeds in an upstream
direction.

Steep pipes tend to "interrupt” the backwater analysis, and reset the hydraulic control to critical depth at the
upstream end of the steep pipe. A frontwater analysis may be needed for a steep profile (such as an S2),
with the backwater analysis recommencing from the upstream structure.

Free Outfall

This program lets you define the tailwater condition at the outlet as either Free Outfall, Crown Elevation or
User-Specified.

For a pipe with a hydraulically steep slope, the Free Outfall condition will yield a starting depth equal to
normal depth in the pipe. For a pipe with a hydraulically mild slope, the Free Outfall condition will yield a
starting depth equal to critical depth. When an outlet has multiple incoming pipes, the Free Outfall
condition yields a starting elevation egual to the lowest of the individual computed elevations.

The Crown condition should be used when the pipe discharges to an outlet where the water surface
elevation is equal to the elevation of the top of the pipe.

Structure Flooding

Flooding at manholesin SewerCAD and inletsin StormCAD occurs whenever the elevation of water is
above the structure rim elevation. When this occurs, the backwater analysis will continue by resetting the
hydraulic grade to the structure rim elevation or ground elevation, whichever is higher. However, if a
structure is defined with a bolted cover, the hydraulic grade is not reset to the rim elevation.

In actua flooding situations, flows may be diverted away from the junction structure and out of the system,
or attenuated due to surcharged storage. In this program, even though the governing downstream boundary
for the next conduit is artificially lowered to prevent the propagation of an incorrect backwater, the peak
discharges at the structure are conserved and are not reduced by the occurrence of flooding at ajunction.

Frontwater Analysis

The program will perform afrontwater analysisin a steep pipe operating under supercritical flow, since
these pipes are typically entrance controlled. The hydraulic control is at the upstream end of the conduit,
and the gradually varied flow analysis will proceed in a downstream direction until either the normal depth
is achieved, a hydraulic jump occurs, or the end of the pipe is encountered.
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The program’salgorithm is fundamentally based on backwater analysis. Asaresult, a
continuous frontwater analysisisnot performed through two or mor e consecutive steep pipes.
Thisisa performance trade-off that haslittle impact in evaluating perfor mance of the collection
system in most situations. The assumption of critical depth at the upstream end resultsin a
conser vative depth in all cases, and is exactly correct at the point of the steep run furthest
upstream.

Pipe Average Velocity
Average Velocity Methods

Several common methods for computing a pipe' s average velocity are available:
Uniform Flow Velocity
Full Flow Vel ocity
Simple Average Velocity
Weighted Average Vel ocity

Uniform Flow Velocity

The uniform flow velocity of a pipeis obtained by calculating the velocity in the pipe at normal depth. If
the normal depth corresponds to a surcharged condition, the full flow velocity is used instead.

Full Flow Velocity

The full flow velocity corresponds to the velocity when the pipeis flowing full. The flow areais equal to
the entire cross-sectional area of the pipe.

Simple Average Velocity
The simple average velocity is computed by:

V = VLJ + Vd
2 2
Where: V. = Averagevelocity (m/s, ft/s)
Vy = Upstream velocity (m/s, ft/s)

Vq = Downstream velocity (m/s, ft/s)

The Simple Average Velocity method does not account for any depth changes between the two
ends of the pipe asthe weighted aver age velocity method does.

Weighted Average Velocity

To compute the weighted average vel ocity, the simple average velocity of each profile segment is
considered and given aweight based on its length:
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Where: V.= Average velocity for the pipe (m/s, ft/s)
V= Upstream velocity for segment i (m/s, ft/s)
Vqg= Downstream velocity for segment i (m/s, ft/s)
L; = Length of the profile segment i (m, ft)
L, = Total length of the pipe (m, ft)

Pipe Average Velocity and Travel Time
The travel time though each pipe is computed as:

t=L/V

Where: t

Time of travel through the pipe (s)
Average velocity though the pipe (m/s, ft/s)
Length of the pipe (m, ft)

- <
I

Capacity Analysis (Approximate Profiles)

Traditionally, gravity pipe analyses and designs have not included the cal culation-intense process of
estimating a gradually varied flow profile. With this program, you have the option of determining
discharge using gradually varied flow, or using the more traditional Capacity Analysis option. Capacity
analysis still uses a backwater approach, with the profile type for a pipe being primarily dependent on the
pipe's full flow capacity and downstream hydraulic grade.

The capacity analysisis advantageous over the gradually varied flow analysisin terms of processing time.
If you are dealing with arelatively large network and you wish to arrive quickly at reasonable
approximation then the capacity analysisisthe way to go. The gradually varied flow a gorithms are more
rigorous and generate solutions that more closely reflect reality.

There are two basic approximate profile cases. the Full Capacity Profile and the Excess Capacity Profile.

Full Capacity Profiles

Full capacity profiles occur when the pipe's actual discharge is greater than or equal to the pipe's full flow
capacity. In these cases, the downstream depth istaken as the greater of the actual downstream hydraulic
grade or the free discharge tailwater elevation. The free discharge tailwater depth is commonly
approximated as halfway between the crown of the pipe and the pipe's critical depth (in accordance with the
U.S. Federal Highway Administration's HDS-5).

Starting from the tailwater elevation, the pipe's full flow friction slope is used to determine the hydraulic
grade at the upstream end of the profile.

Excess Capacity Profiles

Excess capacity profiles occur when the full flow capacity of the pipeis greater than the actual flow in the
pipe. For these profiles, there are three basic tailwater conditions:

Case 1 - Hydraulic grade downstream |ess than or equal to normal depth.
Case 2 - Hydraulic grade downstream greater than normal depth, and less than or equal to pipe crown.

Case 3 - Hydraulic grade downstream greater than or equal to pipe crown.
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Excess Capacity Profile, Case 1 (Hydraulic Grade <= Normal Depth):
If the downstream depth in the pipeis at or below the pipe’s normal depth, normal depth is assumed for the
pipe's entire length.

Excess Capacity Profile, Case 1

— — — Normal Depth
HGL

TW

Excess Capacity Profile, Case 2 (Normal Depth < Hydraulic Grade <= Pipe Crown)
When the hydraulic grade is above the pipe' s normal depth but below the top of the pipe, afriction slope of
zero isassumed until it either intersects the pipe’ s normal depth or reaches the end of the pipe.

Excess Capacity Profile, Case 2

TW Zero Slope

—
—

— — — Normal Depth
HGL

—

—

Excess Capacity Profile, Case 3 (Hydraulic Grade >= Pipe Crown)

If the hydraulic grade is above the pipe crown, the hydraulic grade continues upstream following the pipe's
full flow friction slope. This slope will continue until it either intersects the pipe crown or reaches the end
of the pipe.

If thefull friction slopeintersectsthe crown of the pipe, the profile will continue with a Case 2
profile analysis.
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Excess Capacity Profile, Case 3

Full Flow Friction
Slope

TW

— — — Normal Depth
HGL

Composite Excess Capacity Profiles

An excess capacity profile may actually be a composite of two more simple profiles. Consider the case
below, where the tailwater is above the crown of the pipe. In this case, the profile begins as a Case 3
profile. Where the full flow friction dope intersects the crown of the pipe, the profile changes to a Case 2
profile, following aflat ope until it reaches normal depth. Where normal depth isintersected, a Case 1
profile begins, extending all the way to the upstream end of the pipe.

Composite Excess Capacity Profile

Full Flow /
Friction Slope Zero Slope
¢ / -

— — — Normal Depth
HGL

Junction Headlosses and Minor Losses

Junction Headlosses

Structure Headloss

When water flows through a junction structure, there are headl osses associated with mixing, change of
direction, and so forth. This section deals with the computation of these losses based on the following
popular methods:

Absolute
Standard
HEC-22 Energy
AASHTO

Generic



Appendix B — Sewer CAD Theory 259

Structure headlosses are used to determine the hydraulic grade to use as the tailwater condition for
upstream pipes during the backwater analysis. With the exception of the HEC-22 Energy method, the
headl oss through the structure is assumed to be the same for each incoming pipe.

Headloss - Absolute Method

The absolute method is the simplest of the headloss methods. The structure headl oss becomes an editable
value, which is then used during calculations. No computations relating to velocity, confluence angle, or
other factors are needed.

Headloss - Standard Method

The standard method cal culates structure headl oss based on the exit pipe' s velocity. The exit velocity head
is multiplied by a user-entered coefficient to determine the loss:

Where: hs = Structure headloss (ft, m)
Vo= Exit pipe velocity (ft/s, m/s)
g = Gravitational acceleration constant (ft/s?, m/s?)

K = Headloss coefficient (unitless)
For suggested coefficient values for various structure configurations, see the Typical Headloss Coefficient
table at the end of this chapter.

Headloss - Generic Method

The generic method computes the structure headloss by multiplying the velocity head of the exit pipe by
the user-entered downstream coefficient and then subtracting the velocity head of the governing upstream
pipe multiplied by the user-entered upstream coefficient.

2 2
hS=K0><V—°— lev_l
29 29

Where: hs = Structure headloss (ft, m)
Vo= Exit pipe velocity (ft/s, m/s)
Ko= Downstream coefficient (unitless)
V= Governing upstream pipe velocity (ft/s, m/s)
Ky = Upstream coefficient (unitless)

g = Gravitationa acceleration constant (ft/s, m/s)
If there are multiple upstream pipes entering the junction then the program must choose one of the pipesto
use in the calculation. The pipe that is chosen is considered the governing upstream pipe. The governing
upstream pipeis selected based on one of the following methodologies:

The upstream pipe with the maximum flow times vel ocity
The upstream pipe with the maximum velocity head

The upstream pipe with the minimum bend angle
The default method for selecting the governing upstream pipe is to choose the pipe with the maximum flow
times velocity. However, the user can select one of the other options through the generic structure loss
options.
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Headloss-HEC-22 Energy Method

Similar to the standard method, the HEC-22 Energy method (from the FHWA’ s Urban Drainage Design
Manual, Hydraulic Engineering Circular No. 22) correlates structure headloss to the velocity head in the
outlet pipe using a coefficient. Experimental studies have determined that this coefficient can be
approximated by:

K =K,CpCyCqCpCe

Where: K = Adjusted headloss coefficient
Ko= Initial headloss coefficient based on relative junction size
Cp= Correction factor for the pipe diameter
Cq = Correction factor for flow depth
Co= Correction for relative flow
Cp = Correction for plunging flow
Cg = Correction factor for benching

Special Assumptions

The HEC-22 Energy method documentation is written with alimited range of applicability. Many of the
equations are written on the basis of pipe diameter, structure diameter, and so on. Since StormCAD and
SewerCAD offer non-circular pipes and non-circular structures, this creates the need for some
interpretation of the term "diameter.”

In some cases, the intent of the methodology is to compare the size of one pipe to ancther pipe, or to the
size of astructure. In these cases an equivalent diameter is used, which is computed from the full area of
the pipe or structure. Equivalent diameter is the diameter of a circle with the area equal to the area of the
examined pipe or structure.

In other cases, the intent of the methodology is to compare depths within the structure. For these cases, the
rise (height) of the pipesis used in place of "diameter."

Pressure Flow, Free Surface Flow, and Transitional Flow
Throughout the documentation for HEC-22 Energy losses, you will see references to "pressure flow", "free
surface flow", and "transitional flow".

Pressure flow (submerged flow) is assumed to be any condition for which the depth of water above the
outlet pipeinvert is greater than 3.2 times the height of the outlet pipe.

Free surface flow (unsubmerged flow) is assumed to be any condition for which the depth of water above
the outlet pipe invert isless than the height of the pipe.

Transitional flow is any condition between pressure flow and free surface flow.

Initial Headloss Coefficient
Theinitial headloss coefficient, which is based on relative junction size, is calculated as:

0.15
A 1 e A @b o _
K, =0. o ;(1 smq)+1.4§—Dea sing

ed

Where: g = Deflection angle between inflow and outflow pipes
b = Equivaent diameter of the structure (m, ft)
D. = Equivaent diameter of the outlet pipe (m, ft)
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Theangle used in thisequation isa deflection angle, so a straight run has a deflection angle of
180°. Thebend anglein thiscaseis 0°.

Correction for Pipe Diameter

The correction factor due to differencesin pipe size is calculated only for pressure flow situations. For
non-pressure situations, avalue of 1.0 is used.

.3
o =§°‘;° 2

Where: Do= Outlet piperise (m, ft)
D; = Inflow piperise (m, ft)

2 for pressure flow; Cp = 1.0 for non-pressure flow

Correction for Flow Depth

The correction factor for flow depth is used only in cases of free surface flow or transitional flow. For
pressure flow, avalue of 1.0 is used.

..0.6
C — waho 9
d — =
De o for pressure flow; Cy = 1.0 for pressure flow
Where dao = Water depth in the structure (m, ft)

De = Outlet piperise (m, ft)

Correction for Relative Flow

The correction factor for relative flow is calculated only when the invert elevation for the pipe in question
is approximately equal to the invert elevation of the outlet pipe and at least one other pipe. Otherwise, a
value of 1.0 isused.

e

Co =(1- Zsinq)g - 8—
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Where: q =  Deflection angle between inflow and outflow pipes
Q =  Flow intheinflow pipe (m?/s, cfs)
Qo =  Flow inthe outflow pipe (m3s, cfs)

Theterm " approximately equal" isquite a vague definition for when to userelative flow
corrections. StormCAD and Sewer CAD enable you to change the tolerance for " approximately
equal" elevations so that you can use your judgment to fine-tune the HEC-22 methodology.

Correction for Plunging Flow

The correction factor for plunging flow accounts for the effect that flow plunging into a junction from
another inflow pipe has on the inflow pipe for which the headlossis calculated. It iscalculated only when
vertical distance from the invert of the plunge pipe to the center of the outflow pipe is greater than the
depth in the structure relative to the outlet pipe invert. Otherwise avalue of 1.0 is used.
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Where: h = Vertical distance from invert of the plunge pipe to the center of the outflow
pipe (m, ft)
De = Ouitflow piperise (m, ft)
dao =  Water depthin the junction relative to the outflow pipe invert (m, ft)

Correction for Benching

The correction factor for structure benching is similar to the shaping correction factor used in the AASHTO
structure loss method. The correction accounts for smoother transitions from the inflow pipe to the outflow
pipe based on the presence (or lack) of shaping in the bottom of the structure.

The following figure represents the four types of benching:

Types of Benching
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By default, the program uses the values documented in HEC-22 (and presented in the following table) for
pressure and free surface flow, but the user can change these values. For transitional flow, the program
interpolates from the table linearly, based on the actua ratio of depth in the access hole to the height of the
outflow pipe.
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Bench Type Correction Factor, CB
Pressure * Free Surface
* ok
Flat Floor 1.00 1.00
Depressed Floor 1.00 1.00
Half Bench 0.95 0.15
Full Bench 0.75 0.07

* pressure flow, dao/ De > 3.2
** free surface flow, dye/ De < 1.0

(dao 1S the water depth in the structure above the outlet pipe invert and Do is the outlet pipe diameter. )

Headloss-AASHTO Method

Headloss - AASHTO Method

The AASHTO method (as defined in the AASHTO Model Drainage Manual) for structure headlossis
based on power-loss methodol ogies. This method can be summarized by the following equation:

hs =(hc +hb +he)>Cn >Cs

Where: hs = Structure headloss (m, ft)
hec = Contraction loss (m, ft)
hy, = Bendloss(m, ft)
he = Expansion loss (m, ft)
C, = Correction factor for non-piped flow (unitless)
Cs= Correction factor for shaping (unitless).
AASHTO Contraction Loss

The contraction loss is due to flow transitioning from large-area, low-velocity flow to small-area, high-
velocity flow, such as flow exiting a structure and entering a downstream pipe. Thislossis calculated
based on the exit pipe’ s velocity and a contraction coefficient, as follows:

V2

Where: h. = Contraction loss (m, ft)
K. = Contraction coefficient (unitless)
Vo= Exit pipe velocity (m/s, ft/s)

g = Gravitational acceleration constant (m/s?, ft/s?)
The contraction coefficient defaults to the AASHTO documented value of 0.25, but can be changed by the
user.
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AASHTO Bend Loss

_VZ o €1- K)Q V2
ae( )Q
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Where: hy = Bendloss(m, ft)
Vo = Outflow pipe velocity (m/s, ft/s)
Qo= Outflow pipe velocity (m/s, ft/s)

Vi = Inflow pipe velocity (m/s, ft/s)
Qi = Inflow pipe flow (m3s, cfs)
g = Gravitational acceleration constant (m/<?, ft/s?)

K; = Bend factor

The previous equation is a generalized version of the equation asit appearsin the AASHTO
manual.

The program automatically computes a bend factor based on the angles at which the pipes come together.
The program’ s default bend factors are based on Figure 13-12 of the AASHTO manual, but these values, as
with other AASHTO coefficients and corrections, can be changed by the user.

AASHTO Bend Loss Original Equation

The structure bend loss is computed for each incoming pipe using the following equation from the
AASHTO manual. Losses are computed for each incoming pipe, and the greatest value is used.

=k, L
29
Where: hy, = Bendloss(m, ft)
K; = Bend loss coefficient (unitless)
Vo= Incoming pipe s velocity (m/s, ft/s)
g = Gravitational acceleration constant (m/s?, ft/s?)

The AASHTO manua also documents another bend loss method shown in the following equation. The
authors of the AASHTO manual agree that either equation is acceptable. Because of the following
equation’s tendency to compute negative bend losses in certain cases, we decided to use the above equation
exclusively within this program.

_ Q4V42 - Q1V12 - szz2 +KQqV12
. 29Q,
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Inflow
Q,

I N

Lateral

Outflow
Q,

AASHTO Expansion Loss

Expansion losses are encountered when small-area, high-velocity flow meets alarge-area, low-velocity
flow, such as a pipe discharging into a structure. To compute this loss, the following equation is used:

2

V.
h, = K x>
29
Where: he = Expansion loss (m, ft)

Ke = Expansion coefficient (unitless)
Vs = Most significant incoming pipe's velocity (m/s, ft/s)
g = Gravitational acceleration constant (m/s?, ft/s?)
The most significant pipeis the pipe that has the greatest product of velocity and discharge, omitting any

pipes that have a discharge less than 10% of the structure’s outflow. The expansion coefficient defaults to
the AASHTO documented value of 0.35, but can be changed by the user.

AASHTO Correction For Non-Piped Flow

If non-piped flow accounts for 10% or more of the total structure outflow, a correction factor is applied to
the total loss. By default, this value is a 30% increase in headloss (a factor of 1.3) as documented in the
AASHTO manual, but can be changed by the user.

AASHTO Correction for Shaping

If the bottom of the structure is shaped to facilitate smoother transitions from inflow pipes to the discharge
pipe, acorrection factor can be applied to the total loss. By default, this value is a 50% reduction (a factor
of 0.5) as documented in the AASHTO manual, but can be changed by the user.
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B.4.2 Minor Losses
Minor losses in pressure pipes are caused by localized areas of increased turbulence that create adrop in
the energy and hydraulic grades at that point in the system. The magnitude of these lossesis dependent
primarily upon the shape of the fitting, which directly affects the flow linesin the pipe.

The eguation most commonly used for determining the lossin afitting, valve, meter, or other localized
component is:

2
hm :KV_
29

Where: h, = Loss due to the minor loss element (m, ft)
V = Veacity (m/s, ft/s)
g = Gravitational acceleration constant (m/s?, ft/s)
K = Loss coefficient for the specific fitting

Typical values for the fitting loss coefficient are included in the Fittings Table at the end of this chapter.

Generally speaking, more gradual transitions create smoother flow lines and smaller headl osses. For
example, the figure below shows the effects of aradius on typical pipe entrance flow lines.

Flow Lines at Entrance

f

|

Fitting Loss Coefficients
For similar fittings, the K-value is highly dependent on things such as bend radius and contraction ratios.
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Typical Fitting K Coefficients

Fitting K Value Fitting K Value
Fipe Entrance 90° Smooth Bend
Bellmouth 0.03-0.05 Bend radius f D=4 016-0.18
Founded 0.12-0.25 Bend radius r0 =2 0.19-0.25
Sharm Edged 0.a0 Bend radius f D=1 0.35-0.40
Projecting 0.e0
Mitered Bend
Contraction - Sudden g=14" 0.05
DDy =0.80 n.1a a= 30" 010
DDy =0.40 0.37 a6=45" n.z20
D2iDq =020 0.449 a=a0" 0.34
Contraction - Canical g =40° 0.80
DDy =0.80 0.0a
DDy =0.40 0.o7 Tee
DDy =0.20 0.0a Line Flow 0.30-0.40
Branch Flow 0.75-1.80
Expansion - Sudden
DDq = 0.80 0.16 Cross
D/Dy =0.40 0.57 Line Flow 0.50
D20 =020 n.&z2 Branch Flow 074
Expansion - Conical
DDy =0.80 n.03 45 Wilye
D/Dy =0.40 0.0a Line Flow 0.20
D20y =020 013 Branch Flow 0.a0

Pumping Stations and Pressure Sewers

Pump Theory
Pumps are an integral part of many pressure systems. Pumps add energy, or head gains, to the flow to
counteract headlosses and hydraulic grade differentials within the system.

A pump is defined by its characteristic curve, which relates the pump head, or the head added to the
system, to the flow rate. This curveisindicative of the ability of the pump to add head at different flow
rates. To model behavior of the pump system, additional information is needed to ascertain the actual point
at which the pump will be operating.

The system operating point is based on the point at which the pump curve crosses the system curve
representing the static lift and headlosses due to friction and minor losses. When these curves are
superimposed, the operating point can easily be found. Thisis shown in the figure below.
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System Operating Point

Purip-Curve

Clperating Point

FLOWRATE

Aswater surface elevations and demands throughout the system change, the static head (Hs) and
headlosses (HL) vary. This changes the location of the system curve, while the pump characteristic curve
remains constant. These shiftsin the system curve result in a shifting operating point over time.

HEAD

Hg

Variable Speed Pumps

A pump’s characteristic curve is fixed for a given motor speed and impeller diameter, but can be
determined for any speed and any diameter by applying the affinity laws. For variable speed pumps, these
affinity laws are presented as:

2
Q1 _n hy a0
Qy ny and h, Ny g

Where: Q = Pump flowrate (m?/s, cfs)
h = Pump head (m, ft)
n = Pump speed (rpm)

Effect of Relative Speed on Pump Curve

H2= 4H1

HEAD

Hi

0]
\& Q= 20)

FLOWRATE
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Constant Hor sepower Pumps

During preliminary studies, the exact characteristics of the constant horsepower pump may not be known.
In these cases, the assumption is often made that the pump is adding energy to the water at a constant rate.
Based on power-head-flowrate relationships for pumps, the operating point of the pump can then be
determined. Although this assumption is useful for some applications, a constant horsepower pump should
only be used for preliminary studies.

Pump Type
This software currently models six different types of pumps:

Design Point (One-Point) - A pump can be defined by a single design point (Hd @ Qd). From this
point, the curve's interception with the head and discharge axesis computed as Ho = 1.33*Hd and Qo =
2.00-Qd. Thistype of pump is aso useful for preliminary designs, but should not be used for final
analysis.

Standard (Three-Point) - This pump curve is defined by three points - the shutoff head (pump head at
zero discharge), the design point (as with the single-point pump), and the maximum operating point
(the highest discharge at which the pump performs predictably).

Standard Extended - The same as the standard three-point pump, but with an extended point at the
zero pump head point. Thisisautomatically calculated by the program.

Custom Extended - The custom extended pump is similar to the standard extended pump, but alows
you to enter the discharge at zero pump head.

Multiple Point - This option allows you to define a custom rating curve for a pump. The pump curve
is defined by entering points for discharge rates at various heads. Since the general pump equation,
shown below, is used to simulate the pump during the network computations, the user-defined pump
curve points are used to solve for coefficients in the general pump equation:

Y=A-(B" Q)
Y=A- (8" Q%)
Where: Y =  Head (m, ft)
Q =  Discharge (ms, cfs)

A,B,C=  Pump curve coefficients
The Levenberg-Marquardt Method is used to solve for A, B and C based on the given multiple-point rating
curve.

Constant Power - These pumps may be useful for preliminary designs and estimating pump size, but
should not be used for any analysis for which more accurate results are desired.

Whenever possible, avoid using constant power or design point pumps. They are often enticing
because they requirelesswork on behalf of the engineer, but they are much less accurate than a
pump curve based on several representative points.

It isnot necessary to place a check valve on the pipe immediately downstream of a pump,
because pumps have built in check valvesthat prevent reverse flow.
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Conservation of Mass and Energy
Conservation of Mass

At any node in a system containing incompressible fluid, the total volumetric or mass flows in must equal
the flows out, less the change in storage. Separating these into flows from connecting pipes, demands, and
storage, we obtain:

[o] [o]
a QinbDt = QoutDht +DVg

Where: QIN =  Total flow into the node (m®/s, cfs)
QOUT =  Total demand at the node (m*/s, cfs)
DVS =  Changein storage volume (m?, ft°)
Dt =  Changeintime(s)

Conservation of Energy

The conservation of energy principle states that the headl osses through the system must balance at each
point. For pressure networks, this means that the total headloss between any two nodes in the system must
be the same regardless of what path is taken between the two points. The headloss must be sign consistent
with the assumed flow direction (i.e. gain head when proceeding opposite the flow and lose head when
proceeding with the flow).

Conservation of Energy
—-. I
The same basic principle can be applied to any path between two points. As shown in the figure above, the

combined headloss around aloop must equal zero in order to achieve the same hydraulic grade as at the
beginning.

| 1
—

The Gradient Algorithm

The gradient algorithm for the solution of pipe networks is formulated upon the full set of system equations
that model both heads and flows. Since both continuity and energy are balanced and solved with each
iteration, the method is theoretically guaranteed to deliver the same level of accuracy observed and
expected in other well known algorithms such as the Simultaneous Path Adjustment Method (Fowler) and
the Linear Theory Method (Wood).

In addition, there are a number of other advantages that this method has over other algorithms for the
solution of pipe network systems:

The method can directly solve both looped and partly branched networks. Thisgivesit a
computational advantage over some loop-based algorithms, such as Simultaneous Path, which require
the reformulation of the network into equivalent looped networks or pseudo-loops.

Using the method avoids the post-computation step of loop and path definition, which adds
significantly to the overhead of system computation.
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The method is not numerically unstable when the system becomes disconnected by check valves,
pressure regulating valves, or modeler’ s error. The loop and path methods fail in these situations.

The structure of the generated system of equations alows the use of extremely fast and reliable sparse
matrix solvers.

The derivation of the Gradient Algorithm starts with two matrices and ends as a working system of
equations.

Derivation of the Gradient Algorithm
Given anetwork defined by N unknown head nodes, P links of unknown flow, and B boundary or fixed
head nodes, the network topology can be expressed in two incidence matrices:

_A T
Atz = Az (Px N) Unknown head nodes incidence matrix

and

_ T
A0 =An (P x B) Fixed head nodes incidence matrix

The following convention is used to assign matrix values:

Ar2(i.) = 1,0,0r-1 if flow of pipei enters, is not connected, or leaves node j,
respectively.

Assigned nodal demands are given by:

T_
q' =[0,dz,--,AN] (1x N) nodal demand vector

Assigned boundary nodal heads are given by:

T _
He' =[HiHr2Hiel g B) fixed nodal head vector

The headloss or gain transform is expressed in the matrix:

TiAY =
F Q=T Tp] (1 x P) non-linear laws expressing headlossesin links

fi =f(Qj)

These matrix elements that define known or iterative network state can be used to compute the final steady-
state network represented by the matrix quantities for unknown flow and unknown nodal head.

Unknown link flow quantities are defined by:

T _
Q" =[Qu.Q2.--.Qp] (1 x P) unknown link flow rate vector

Unknown nodal heads are defined by:
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T_
HY =[HyHa,... Hy] (1 x N) unknown nodal head vector

These topologic and quantity matrices can be formulated into the generalized matrix expression using the
laws of energy and mass conservation:

A1oH+F(Q) = - AjpHs

ApQ=q

A second diagonal matrix that implements the vectorized head change coefficientsisintroduced. Itis
generalized for Hazen-Williams friction losses in this case:

2?1|Q1|n1_ !

R2|Qz|nz-l

|
D> D> D> D> D> (D>

Thisyields the full expression of the network response in matrix form:

€A11 A QU _ & AgoHrl
e g=eé a
BAx 0 HD € a9 4

To solve the system of non-linear equations, the Newton-Raphson iterative scheme can be obtained by
differentiating both sides of the equation with respect to Q and H to get:

NAp ApUedQu_ & dEu
e ve ., u—e u
éA21 0 p&dHg é&da g

with
én, u
é U
N = é n2 u
é U
é G
é Np{

The final recursive form of the Newton-Raphson algorithm can now be derived after matrix inversion and
various algebraic manipulations and substitutions (not presented here). The working system of equations
for each solution iteration, k, is given by:

Hk+1 -_ (AZlN'1A11'1A12)'1{A21N_1(Qk +A11_1A10Hf ) + (q- AZle)}

Qk+l = (1' N_l)Qk - N_lAn_l(AlekJrl +A10Hf)
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The solution for each unknown nodal head for each time iteration is computationally intensive. This high
speed solution utilizes a highly optimized sparse matrix solver that is specifically tailored to the structure of
this matrix system of equations.

Sources.

Todini, E. and S. Pilati, "A gradient Algorithm for the Analysis of Pipe Networks', Computer Applications
in Water Supply, Vol. 1 - Systems Analysis and Smulation, ed. By Bryan Coulbeck and Chun-Hou Orr,
Research Studies Press LTD, Letchworth, Hertfordshire, England.

The Linear System Equation Solver

The Conjugate Gradient method is one method that, in theory, converges to an exact solution in alimited
number of steps. The Gradient working equation can be expressed for the pressure network system of
equations as:

Ax=b

where:

x =HK*L

— -1 k -1 k

b=- {Ale Q +Ay ApH; )+(q- A21Q )}

The structure of the system matrix A at the point of solution is:
A=An(NAy) PA =AyDA,

and it can be seen that the nature of the topological matrix components yield atotal working matrix A that
is:

Symmetric

Positive definite

Stieltjestype
Because of the symmetry, the number of non-zero elements to be retained in the matrix equals the number
of nodes plus the number of links. Thisresultsin alow density, highly sparse matrix form. It follows that

an iterative solution scheme would be preferred over direct matrix inversion, in order to avoid matrix fill-in
which serves to increase the computational effort.

Because the system is symmetric and positive definite, a Cholesky factorization can be performed to give:

A=LLT

where L islower triangular with positive diagonal elements. Making the Cholesky factorization allows the
system to be solved in two steps:

y:L'lb

x=(L")ty
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The use of this approach over more general sparse matrix solvers that implement traditional Gaussian
elimination methods without consideration to matrix symmetry is preferred, since performance gains are
considerable. The algorithm utilized in this software solves the system of equations using a variant of
Cholesky’s method which has been optimized to reduce fill-in of the factorization matrix, thus minimizing
storage and reducing overall computational effort.

Extended Period Simulations

Extended Period Simulations Overview

The Extended Period Simulation (EPS) models how a sewer network will behave over time. Thistype of
analysis allows the user to model wet wells filling and draining, how pumps toggle on and off, and how
pressures, hydraulic grades, and flow rates change throughout the system in response to varying loading
conditions and in response to automatic control strategies formulated by the modeler. 1n SewerCAD the
algorithm proceeds in a general downstream direction proceeding towards the outfall and occursin the
following steps:

1. Theanalysisbeginsin the gravity portion of the network. All hydrographs are generated entering
into the gravity system and successively routed and summed as the flows approach the bounding
wet well. Ultimately, the total inflow hydrograph to the wet well is determined.

2. Knowing the inflow to the wet well, the pressure calculations for the force main system bounded
by the wet well are performed. In addition to flow velocities and pressures, the levels in the wet
well are determined over time.

3. SewerCAD then returns to the gravity portion of the network discussed in step 1. The hydraulics
and HGL profiles are calculated throughout the gravity system for each time step using the
known level of the wet well as the boundary condition for the backwater analysis.

The process then repeats, continuing to the systems downstream of the pressure network until an outlet is
reached.

Routing Overview
As a hydrograph flows through a conduit it undergoes changes in shape and temporal distribution caused
by trandlation and storage effects.

SewerCAD uses two methods to determine the shape and distribution of a hydrograph routed through a
gravity pipe.
Convex Routing

Weighted Trandation Routing

Convex Routing
The underlying assumption of the convex routing method is that the routed outflow for atime step is based
on the inflow and outflow for the previous time step. Each outflow ordinate is calculated as:

Q. =Cl + (1' C)Ot

Where: O+ at = Outflow at timet + At
t Current time (s, min)
At Hydrologic time step (s, min)
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c = Convex routing coefficient
Iy = Inflow at timet (I/s, gpm)
(oX = Outflow at timet (I/s, gpm)

The convex routing coefficient is essentially aratio of the hydrologic time step and representative flow
travel time through the pipe and is calculated as follows:

vV Dt
c=Dt—=—
L t
Where: At =  Hydrologic time step (s)
t; = Travel time(s)
\% =  Veocity established for representative flow. (m/s, ft/s)

L = Length of pipe (m, ft)
The velocity used to calculate the coefficient is either the normal velocity or full flow velocity generated
for a user-specified percentage of the peak of the inflow hydrograph. In other words, if the percentage of
the peak flow is greater than the capacity of the pipe then the full-flow velocity is used. If the percentage
of the peak flow isless than the capacity the flow velocity for normal depth is used.

i Y ou can specify the percentage of the peak flow, which is used to calculate the Convex Routing ¢
coefficient for each pipe, by clicking the Go button and then clicking the Options button. Then
click the Convex tab of the Calculation Options dialog. The valuestypically range between 50%
and 75%.

The higher the percentage of flow the faster the velocity used to cal culate the convex routing coefficient,
hence the closer the routed hydrograph will be to a pure translation of the inflow hydrograph.

The user-specified percentage can be modified in the calculation options. A typical valueisaround 75 %
but can be modified for oddly shaped hydrographs with sharp uncharacteristic peaks or for calibration
purposes.

B.6.4 Weighted Translation Routing
The Convex Routing method is only valid when the Convex Routing coefficient, c islessthan 1 or when
the hydrologic time step isless than the calculated travel time. In certain cases where the travel time
exceeds the hydrologic time step, SewerCAD automatically uses an alternate method of routing.

Each ordinate of the outflow hydrograph is derived from a weighted average of the ordinates for the current
and previous time steps of the inflow hydrograph. The weights are cal culated based on the Convex
Routing coefficient.

Each ordinate of the outflow hydrograph is calculated as follows:

1 16
O ==, 4 tol- =4
t C t- Dt ? Cﬂt
Where O = Outflow at current time step (I/s, gpm)
c =  Convex Routing coefficient
li.ae = Inflow at previoustime step (I/s, gpm)

l¢ = Inflow at current time step (I/s, gpm)
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Hydrologic and Hydraulic Time Steps
SewerCAD uses two distinct time steps when running an Extended Period Simulation.

Hydrologic Time Step - Thistime step is used to calculate the routed hydrographs and represents the
time increment of all hydrographs generated during the analysis. The hydrologic time step is also used
as the calculation increment for the pressure calculations.

Hydraulic Time Step - Thistime step represents how often the hydraulic calculations are performed.
Flows are interpolated off the previously generated hydrographs using the hydraulic time step and are
used to perform the gradually varied flow analyses for that time step.

The hydrologic time step should be less than or equal to the hydraulic time step. The hydraulic time step
should be a multiple of the hydrologic time step.

The Hydrologic and Hydraulic Time Steps can be modified in the Extended Period Simulation
section of the Scenario/ Go dialog.

Transitioning Between Gravity and Pressure Networks

Overview

This section describes the major distinctions between gravity pipes and force mainsin SewerCAD. It also
describes how flow and the hydraulic grade transition between force mains and gravity pipes and vice
versa

Identifying Gravity Pipes and Force Mains
Superficially, SewerCAD depicts aforce main (pressure pipe) as asingle line, and a gravity pipe astwo
parallel lines.

The difference can a so be recognized by the pipe’ s context in the network. The pipesin agravity system
must all converge on a single termination point in a classic tree structure. Multiple pipes can enter into a
single gravity node, but only one may exit. The gravity subnetwork can either terminate on awet well, or
an outlet.

The force mains can be much more complex with loops and multiple outlet points. The pressure
subnetwork can terminate on an outlet, a manhole, or ajunction chamber.

Direction of Flow in Gravity and Pressure Systems

In gravity pipes flow will always travel towards the termination point of the gravity network. Once the
gravity pipes are drawn in the network and connected to an outlet or wet well, al the pipes will orient
themselves such that downstream points toward the termination point.

Pressure systems are usually designed such that flow will travel from the wet well to an outfall point at
either an outlet or agravity system. If the elevation istoo high at that point, SewerCAD will allow flow to
travel backwards from the gravity system to the pressure network. There are no programmatic limitations
asto the direction of flow in the force main system.



B.7.4

B.7.5

Appendix B — Sewer CAD Theory 277

Transitioning From Gravity Pipes to Force Mains

Overview

The only way to transition between a gravity pipe and aforce main in SewerCAD is through an
intermediate wet well. This establishes a boundary condition for both the connecting systems. During a
Steady State analysis the wet well level can be calculated based on generating the required HGL for the
outflow to either match or exceed the inflow, or the wet well level can be fixed to a user-specified level.

During an Extended Period Simulation the wet well level is determined for atime step by calculating the
change in storage over time.

Theinflow into the wet well is determined by summing all loads flowing to that wet well.

Hydraulic (HGL) Transition from Gravity to Pressure Network

Gravity hydraulic calculations upstream of awet well are based on the wet well hydraulic grade, just as
they are for standard cal cul ations within gravity systems.

During a Steady State analysis there is a difference, however, in determining the hydraulic grade within the
wet well itself. The wet well level may be set by the user to either be fixed or not fixed.

Fixed Wet Well Level during Steady State Analysis

If the wet well level isfixed, the wet well’ s starting hydraulic grade is used for pressure calculations. No
adjustments are made, and this grade is used as the tailwater grade for the upstream gravity systems.

Non-Fixed Wet Well Level during Steady State Analysis

If the wet well level is not fixed, the pressure calculations will attempt to balance the wet well level such
that the total flow out of the wet well is equal to or greater than the total flow into the wet well.

The wet well’s starting grade is used for the first iteration. If the calculated flows out of each wet well are
greater than or equal to each wet well’ sincoming flow, the iterations stop there. If not, the wet well levels
are increased by the increment specified in the calculation options, and the pressure subnetwork is
recalculated. When the wet well level isincreased, it changes the static heads and increases the discharge
for connected pumps, and may also trigger additional pumpsto turn on.

This process continues until the level in each non-fixed wet well either meets the flow criteria, or is
prevented by rising to the maximum elevation of the wet well.

Wet Well Level During Extended Period Simulations

During an Extended Period Simulation the fixed wet well level options are not available. The wet well
level for atime step is actually determined by the change in storage due to inflows and outflows over a
single time step.

Hydrologic (Flow) Transition from Gravity to Pressure Network

The hydrologic transition from a gravity system into a pressure system is quite simple. Gravity loads
upstream from the wet well are accumulated and combined with the wet well’ s local 1oad to determine the
total load entering the pressure system at that location. This can be imagined as the total 1oad "dumping
into" the wet well.

Transitioning From Force Mains to Gravity Elements

Overview

Force mains can empty directly into the gravity system viaamanhole, or ajunction chamber, or they can
terminate at an outlet. During a Steady State analysis the flow entering the gravity system can either be
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only the specified sanitary and wet weather loads, or the load generated based on the pumps, the wet well
level and the hydraulic characteristics of the force main system.

During an Extended Period Simulation flows to the gravity system are solely determined based on the
hydraulic characteristics of the force main system.

If the force main emptiesinto an outlet the HGL boundary is determined by the elevation of the user
specified-tailwater. The HGL boundary between the force main and gravity system is determined by the
elevation of the force main at the boundary point.

Hydraulic (HGL) Transition from Pressure to Gravity Network

If the force main empties into and outlet element, then the hydraulic grade will be the higher of the set
tailwater elevation or the crown of the pressure pipe.

The hydraulic grade at a manhole or a junction chamber downstream from a discharging force main is not
considered when performing pressure calculations. Instead, the boundary hydraulic grade is assumed to be
equal to the crown elevation of the discharge pipe.

For example, if a150 mm pipe discharges at an invert elevation of 10.000 m, the hydraulic grade that is
used as the boundary condition for the pressure system is 10.150 m.

This assumption is absolutely valid and conservative when the hydraulic grade line in the gravity element is
below the crown of the pipe.

Thisis generally avalid assumption when the hydraulic grade line is above the crown of the pipe asthe
head at the entrance of the gravity network is often insignificant compared to the friction losses incurred
through the force mains.

Hydrologic (Flow) Transition from Pressure to Gravity Network

The hydrologic transition from a pressure system into a gravity system during a Steady State analysisis
somewhat complicated, with different desired behaviors for different analysis purposes. |f the model is
built for direct analysis of flowsin the system, it is most likely that instantaneous pumped flows are
important, and the downstream gravity loads should include the pumped discharge from the pressure
system. If the analysisisfor large-scale planning purposes, however, it is more likely that instantaneous
pumping rates are not as important. 1n these cases, the downstream gravity system should be analyzed
based on the total contributing population, area, or other factors for determining peak flows.

Hydrologic Transifion from Pressure to Gravity During Steady State Analysis

Conserving Pumped Flow

When instantaneous pumped flows are a concern in the downstream gravity system, the calculation option
to conserve pumped flow should be used. Thisisfound on the Pressure Hydraulics Options tab of the
Calculation Options dialog. When this option is used, the contributing load components from the pressure
system are ignored, and aload of type "Pumped" is added to the gravity system with the magnitude of the
flow in the discharging pressure pipe. If the flow in the pressure pipe is such that the gravity system would
be draining into the pressure system, no load is transferred to that gravity node.

Conserving Load Components

When instantaneous pumped flows are not a concern in the downstream gravity system, the calculation
option to conserve load components (not pumped flow) should be used. When conserving load
components, the total contributing components to the pressure system (population, area, and so forth) are
considered. Thetotal contributing load is distributed to the downstream gravity systems proportionally to
the pressure pipe discharge rates. If the flow in a pressure pipeis such that the gravity system would be
draining into the pressure system, no load is transferred to that gravity node.
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Comparison of Pressure Load Routing
Consider the system below with the following load equivalents:

300 people=1001/s
200 people=701/s
100 people=501/s

Network System

L FVi2 , 01
300 people A 200154
100 I/ &
VA1
PvP-2 A00 155
F\vi4 Q2

Thetotal load population contributing to the load entering the pressure system is 300 people, equivalent to
aflow of 100 liters per second. The operating points of each pump are such that the discharges into the
downstream gravity systems are 200 liters per second and 400 liters per second. Thisis more than the rate
of flow entering the wet well.

When conserving pumped flow, the flows in each discharging force main are transferred directly to the
downstream gravity system, resulting in a pumped load of 200 I/s at O-1 and a pumped load of 400 I/s at O-
2.

When conserving load components, the 300 people contributing to the load at the wet well are split
proportionally to the downstream gravity systems (1/3 and 2/3). Thisresultsin aload of 100 people (50
I/s) at O-1, and 200 people (70 I/s) at O-2.

The differences can a so be seen for the following system, with the same load equivalents as above.
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Network System

WY - 1 P P-1 fH-1 i2-1
FM-1 pt FM-2 it
= & C A
200 people 400 /s 100 people

When conserving pumped loads, the downstream gravity load is computed as:
400 |/s + 100 people = 400 /s + 50 I/s= 450 I/s

When conserving load components, the downstream gravity load is computed as:
200 people + 100 people = 300 people = 100 I/s

Note that for this piping configuration (one source of loading for the pressure system, one possible
discharge point for the pressure system), the downstream load will always be 100 /s (300 people)
regardless of the actual pump operating point.

Hydrologic Transition from Pressure to Gravity During Extended Period Simulations

Since the wet well level will vary over time, based on the inflow and outflow, no distinction is made
between standard |oads and pumped |oads during an Extended Period Simulation. The loads will be
transferred through the force main system based on the hydraulic characteristics of the pumps and the
system headl osses.

If the elevation of the force main emptying into the gravity system is high enough that flow goes backward
from the gravity element during an Extended Period Simulation, the negative portion of the hydrograph
going through the gravity system at that point will be truncated. Only positive flows are analyzed in the
gravity system. Negative flows are assumed to be 0. (See the Hydraulic Transition from Pressure to
Gravity Network for more information)

Constraint Based Automatic Design

Gravity Pipes and Structures Design

This program allows you to automatically design gravity piping and structures. The design isflexible
enough to allow you to specify the elements to be designed, from a single pipe size to the entire system, or
anything in between.

The design algorithm adjusts invert elevations and the section size of the pipe to meet several constraints,
such as allowable ranges of slope, velocity and cover. In general, the design algorithm attempts to
minimize pipe size and excavation, which is typically the most expensive part of installing sewer piping
and structures.

Some of the other things that are considered include:
Pipe Matching
Offset Matching
Drop Structures
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Structure Sump Elevations

The designed pipe will be the smallest available section size from the Engineering Library that meets the
congtraints and has a capacity greater than its discharge. In a situation where there are no pipe sizes with
adequate capacity, the largest available size will be used.

Part Full Design

Pipes are designed such that the capacity is greater than the calculated discharge. For standard designs, this
capacity is based on full pipe, normal depth - that is, the flow in the pipe when the depth is 100% of the
piperise.

With partially full design, the designed capacity of the pipeisfor a design depth that is only a portion of the
piperise. In other words, a pipe that is designed for 50% full will be selected based on a depth of half of
the pipe'srise.

For example, consider a circular pipe with the following characteristics:
Slope =0.01 m/m

Roughness n = 0.013

Required flow = 100 I/s

The following table presents severa typical section sizes, with their capacities at various depths.

Flow Capacities

Circular Section 100% Full 80% Full 50% Full
Size
Nominal Depth Capacity Depth Capacity Depth Capacity
Diameter (mm) (I/s) (mm) (I/9) (mm) (I/9)
300 mm 300 101 240 99 150 50
375 mm 375 183 300 179 188 91
450 mm 450 297 360 291 225 149

Depending on the selected percent-full, the smallest available pipe could be for any of the bold values
above. Obviousdly, if the design percentage were something different, an even larger section may be
required.

Hydraulically, the capacity at a percentage of pipe rise is generally not equal to that percentage of the full
pipe capacity. As can be seen in the table above, 80%-full capacity does not equal 80% of the 100%-full

capacity.

For sections that are vertically symmetrical, 50% full is a specia case where the wetted perimeter and area
are both half that of full flow. This means that the hydraulic radius and velocity are the same for half-full
and full flow, resulting in a highly special condition where the 50%-full capacity is actually equal to one
half of the 100%-full capacity.

Allow Multiple Sections

Situations may be encountered where the desired capacity cannot be met with asingle pipe, dueto a
limiting maximum section rise, alack of larger available pipes, or other restrictions. For these situations,
the pipe can be designed with multiple barrels. All barrels will have the same physical characteristics.
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Multiple barrels will only be used if the design cannot be met by a single available section size, and the
pipe allows multiple sections for design. In these cases, the design will increase the number of barrels and
attempt to find a section size that meets the capacity, continuing until the capacity is met or the maximum
number of barrelsis reached.

For example, consider a circular pipe with the following characteristics:
Slope =0.01 m/m

Roughness n = 0.013

Required flow = 750 I/s

Maximum Design Section Rise = 700 mm

Assume that the design is for 100% full capacity, allowing up to three barrels of the following section sizes:

Design with Multiple Sections

Circular 1Barrel 2Barrels 3Barrels
Section Size

Nominal Capacity M eets Capacity M eets Capacity M eets
Diameter (I/9) Flow? (I/9) Flow? (I/9) Flow?
300 mm 101 No 202 No 203 No
375 mm 183 No 366 No 549 No
450 mm 297 No 595 No 892 Yes
525 mm 449 No 897 Yes 1346 Yes
600 mm 641 No 1281 Yes 1922 Yes

For these conditions, the selected design would use two 525 mm barrels - the smallest section size within
the least number of barrels to meet the capacity criteria.

Limit Section Size

There may be situations in design where it is desired to limit the size of the designed pipe. This may be
done to avoid conflicts with obstructions or other utilities, for example. For these situations, The program
enables you to limit the maximum section rise that will be selected. A smaller size will be used if possible.

If none of the available design sections have a small enough rise, the smallest one will be used.

Pipe Matching

When pipes meet at a structure, it is often desirable to have the pipes at approximately the same elevation.
To do this, the program allows you to design your pipes to match inverts or crowns. This means that when
the design isdone (if avalid design was found), al of the designed pipes entering a structure will have the
same invert elevation or crown elevation.

Offset Matching

If an offset value is specified, it represents the desired drop across the structure. The design incorporates
this offset, resulting in upstream pipes that are higher than the downstream pipe by the specified offset.
Note that all designed upstream pipes will have the same invert or crown elevation.
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For example, an offset of 0.1 meter could result in a downstream pipe with an invert of 100.0 meters, and
several upstream pipes with invert elevations at 100.1 meters.

Drop Structures

Drop structures are structures at which the incoming pipes are not all at the same elevation, nor do any of
them necessarily match the downstream pipe. Including these structures may help to reduce excavation,
since the entire upstream system does not need to be as deep.

The program will only use drop structuresif you have chosen to allow them, and if a pipe’'s maximum
dlope constraint cannot be met. Otherwise, the upstream system will be designed as needed to maintain the
desired slope and velocity constraints, which may require significantly lower pipe elevations.

Structure Sump Elevations
The program can adjust structure sump elevations to account for the invert elevations of newly designed
pipes, and any desired additional sump depth.

For example, if astructure isto be adjusted with a sump depth of 0.5 meters and the lowest pipeinvert is
100.0 meters, the structure sump elevation would be set to 99.5 meters.

Design Priorities

Unfortunately, it is not always possible to automate a design that meets all desired constraints. With thisin
mind, there are certain priorities that are considered when the automated design is performed. These
priorities arein place to try to minimize the effect on existing portions of the system while providing
appropriate capacity in the designed pipes.

While this sequence does not go into compl ete detail regarding the design process, it does indicate the
general priorities for the automated design. The priorities, of course, only deal with elements that are being
designed. If apipe hasfixed invertsor is not to be designed at all, some or al of these criteria obviously do

not apply.

A Designed Pipe Should Fit within Adjacent Existing Structures

If a pipe connects to an existing structure, the pipe rise should be completely within the existing structure.
The only time this may be violated isif there are no available section sizes that would not violate that
condition (i.e., the existing structure height is so small that all available pipes have rises too big). In this
very unlikely condition, the smallest available section size will be selected, with the invert elevation placed
at the bottom of the structure.

A Designed Pipe Should Not Have a Crown Above an Adjacent Designed Structure

Where pipeinverts are fixed, it is possible that the required section size would cause the pipe crown to be
higher than the top elevation of an adjacent designed structure. If all available pipe section rises are greater
than the depth of the pipe invert, the smallest pipe size will be chosen.

This situation will only be encountered in situations where the structur €' stop elevation is set
equal to the ground elevation - otherwise, the structure will be designed with a higher top
elevation.
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Pipe Capacity Should Be Greater Than the Discharge

If the pipeisnot limited by adjacent structures, the pipe should be sized such that the design capacity is
greater than the calculated discharge in the pipe. The design capacity may be based on one or more pipes,
flowing full or part-full, depending on user-set design options. If site restrictions or available section
limitations result in a situation where no sections meet the required capacity, the largest available size and
number of barrels will be chosen.

Downstream Pipes Should Be at Least as Large as Upstream Pipes

Designstypically avoid sizing downstream pipes smaller than upstream pipes, regardless of differing slope
and velocity requirements. One of the primary reasons for thisis debris that passes through the upstream
pipe could become caught in the connecting structure, clogging the sewer.

Sizing of Pipes

Good Design (Downstream Pipe’s Diameter > Upstream Pipe Diameter)

Debris

———

Bad Design (Downstream Pipe’s Diameter < Upstream Pipe Diameter)

\)
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Pipe Matching Criteria Downstream Should Be Met

Whenever possible, the designed pipe should have its downstream invert set such that the pipe meets the
matching criteria, such as matching inverts or crowns. Note that because of higher design priorities, such
as the pipe fitting within existing structures, the matching criteria may not always be met.

Minimum Cover Constraint Should Be Met

Pipe inverts should be set such that the upstream and downstream crowns of the pipe are below the ground
elevation by at least the amount of the minimum cover. Note that higher design priorities, such as existing
structure locations and matching criteria, may prevent the minimum cover constraint from being met.

Pipe Matching Criteria Upstream Should Be Met

The upstream invert of the designed pipe should be set to meet the matching criteria of the upstream
structure. Higher design priorities, such as minimum cover constraints, may result in a pipe that does not
match upstream as desired.

Maximum Slope Constraint Should Be Met

Wherever possible, the designed pipe should not exceed the desired maximum slope. In some situations,
elevation differences across the system may result in a case where a drop structure can be used to offset
pipes. Thisisused instead of a pipe that istoo steep, or instead of upstream piping that would require
much more excavation. Note that the maximum slope constraint may be violated if higher priority design
considerations, such as existing structure location or pipe matching criteria, governs.

Other Constraints and Considerations

There are many degrees of freedom when designing a piping system. Several constraints that are not
mentioned above, such as minimum velocity constraints and minimum slope constraints, may also result in
adjustments to the designed pipe. Other constraints may be too limiting, such as maximum cover constraint
and maximum velocity, resulting in designed pipes that could violate too many other constraints.

This wide range of choices and priorities emphasizes the need for careful review of any automated design
by aprofessional. It isnot always possible to meet every desired condition, so it is very much the
responsibility of the engineer to make final judgments and decisions regarding the best design for the client.

Automatic Design with Hydrograph and Pattern Loads

Automatic designs are run only during a Steady State analysis, which examines only asingle instant in
time. There are some key behaviors attributed to time-based loads that you may wish to take into account
when designing the system.

As described in the Common Load Types section of the help, hydrographs can be applied as stead state
loads in four different ways (Peak, Average, Minimum, and Zero). If you have hydrograph loading applied
to the gravity model, the selected steady state loading option could have a dramatic effect on the ultimate
design. For example, when running a design, you may get larger pipes when the inflow loads are based on
the peak flows of the hydrographs vs. if they are based on the minimum flows of the hydrographs.

To accessthe Steady State L oading options, click the Go button. Then click the Options button.
Click the Steady State L oading tab in the Calculation Options dialog.

Pattern Loads generally consist of an average base load and a diurnal pattern. During a Steady State
Analysis, and hence the Design, the pattern is disregarded and the base load is used as the | oad.
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Constraint Based Warning Messages
The calculated properties of the pipe such as flow velocity, slope, and cover are aways being checked
against the design constraints regardless of the type of simulation being run.

During adesign, you will get warning messages associated with a particular pipeif the algorithm could not
attain a solution where al the constraints are met.

If you are running aregular Steady State analysis or an Extended Period Simulation, however, and the
constraints are violated (i.e. avelocity in a pipe is higher than the maximum velocity constraint), then, like
in Design mode, a warning message will also be generated stating a violation as occurred.

These types of warning messages are generated based entirely on the on the user-specified design
congtraints, and have no affect on the results or the analysis. These constraints are setup as either default
design constraints through the Analysis menu, or aslocal constraints through the element editor or the
Design Alternative. Thelocal design constraints have precedence over the default design constraints.

Special Considerations

There are afew specia considerations that should be realized when analyzing a sewer system. These are
conditions where special assumptions need to be made, or where cal culations may seem counter-intuitive at
first glance. These considerations include:

Energy Discontinuity
Structure Energy Grade

Design Considerations

Energy Discontinuity

The program by default uses hydraulic grade as the basis for its hydraulic computations. Energy grade at
any given point is then computed by adding the velocity head to the hydraulic grade. Because of this
standard practice, energy discontinuities may occasionally occur, such as when pipe size decreases in the
downstream direction, or pipe slope increases.

If you wish the calculations to be based on the energy grade line you can modify the Haestad.ini file
located in the base Haestad directory. Find [SWRC] or [STMC] in the file depending on which product
you are using, and create a new line below the heading. In the new line enter in the following text typed
exactly as printed below.

Structurel ossM ode=EGL

Save and close the Haestad.ini file and reopen the program. To revert back to an HGL based analysis;
simply remove the line from the Haestad.ini file and save.

Flow discontinuities can also be responsible for energy discontinuities. Since a structure is analyzed based
on adifferent system time than a pipe, a direct comparison of energy grades is not reasonable.

Structure Energy Grade

The energy grade line (EGL) at the upstream side of a structure is computed based on the characteristics of
the structure and its upstream pipes. The reported EGL is generally reported as the lowest EGL of all non-
plunging upstream pipes, based on normalized flow values. If there are no non-plunging pipes upstream,
the structure's upstream EGL is taken as the higher of the structure's downstream EGL and upstream
hydraulic grade line (HGL).

In situations where the structure's upstream EGL is lower than its downstream EGL or upstream HGL , the
highest value governs. This rare condition may indicate that the presumed headloss in the structure is not
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significant enough to produce the expected energy loss. The modeler may accept this as aminor limitation
of the hydraulic theory, or may choose to use different structure headloss methods or values.

The reported upstream velocity and velocity head for the structure are based on the difference between the
structure's upstream EGL and HGL .

Design Considerations

As with any automated design, the program’s design is intended only as a preliminary step. It will select
pipe sizes, inlet lengths (StormCAD only), and pipe invert el evations based on the input provided, but no
computer program can match the skills that an experienced engineer has. The modeler should always
review any automated design, and should make any changes required to adjust, improve, and otherwise
polish the system.

Reporting Flow Attributes

SewerCAD has many attributes available in the FlexTables, Annotations, Color Coding, and Database/GIS
connections on different aspects of flow in a sanitary sewer system. During a Steady State analysis the
flow is broken down into categories, (1.e. wet weather, sanitary, known flow and so on). Thisis done so
the program can apply the correct extreme flow methods. During an Extended Period Simulation
essentially all the different flows are lumped together into a single hydrograph and the initial categories are
disregarded.

In the gravity portion of the system there are two variables that can be used in both Extended Period
Simulations and Steady State analyses. These are valuable to know if you are switching back and forth
between the two analysis modes, and would like to maintain the same reports, color coding, etc...

Total Flow - Isavailable for gravity pipes and gravity nodes. In gravity nodesit represents the sum of
all the flow exiting the node. In gravity pipes during a Steady State analysisit represents the sum of all
the flow entering into the pipe. 1n an Extended Period Simulation it represents the flow used during a
time step’ s hydraulic analysis and represents a flow point on the pre-routed hydrograph.

Diverted Flow Out - Isavailable for gravity nodes. Represents the flow exiting the node viaa
diversion.

In the pressure portion of the system, the Pressure Flow attribute for the pressure pipes shows the total
amount of flow going through the pipe for atime step, and is available for both Extended Period
Simulations and Steady State analyses.

Engineer's Reference
Coefficients
Headl oss Coefficients for Manholes and Junctions

Roughness Values

Roughness Vaues, Manning's Equation
Roughness Values, Kutter's Equation
Roughness Values, Darcy-Weisbach (Colebrook-White) Equation

Roughness Vaues, Hazen-Williams Equation
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B.10.1 Default Kinematic Viscosity
The Kinematic Viscosity is used in determining the friction coefficient in the Darcy-Weishach Friction
Method. The default units are initially set by Haestad Methods.

To override the default value used by Haestad Methods, follow these steps:

1. SAVE your project and Close your application.

2. Using the Notepad Accessory in Windows, Open the HAESTAD.INI file located in the
HAESTAD directory created when you installed the product.

Edit the following line in the section of the HAESTAD.INI file.
4. DefaultKinematicViscositylnM etersSquaredPer Second=

The entry must look exactly as shown above with no spaces between attached words and the
indicated letters of each word capitalized.

6. Thevaueyou wish to use to override the default kinematic viscosity should be inserted after the
= sign and must be in meters squared per second.

7. Savethe HAESTAD.INI file and exit Notepad.
8. Open the program and proceed with your design.

i Changing the default kinematic viscosity value in the HAESTAD.INI file will not change any
valuesfor pipesin existing drawings. Thisvalue should only be changed befor e beginning new
drawings. Do not use a hew value when editing an existing project created with a different
kinematic viscosity.

The program will reset the default value if this entry isleft blank in the HAESTAD.INI file.



B.10.2

Appendix B — Sewer CAD Theory

289

Headloss Coefficients for Junctions

These are typical headloss coefficients used in the standard method for estimating headl oss through

manholes and junctions.

Typical Headloss Coefficients

Type of Manhole Diagram

Trunkline only with no bend
at the junction

Trunkline only with 45 degree
bend at junction

Trunkline only with 90 degree
bend at junction

Trunkline with one lateral

Two roughly equivalent
entrance lines with angle < 90
degrees between lines

Two roughly equivalent
entrance lines with angle > 90
degrees between lines

Three or more entrance lines

Lo e EOE-oR olé

2\
=@=
&

Headloss Coefficient

0.5

0.6

0.8

Small 0.6
Large 0.7

0.8

0.9

1.0
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B.10.3 Roughness Values - Manning's Equation
Commonly used roughness values for different materials are:

Manning’s Coefficients n for Closed Metal Conduits Flowing Partly Full

Channel Type and Description Minimu  Normal Maximu
m m
a. Brass, smooth 0.009 0.010 0.013
b. Steel
1. Lockbar and welded 0.010 0.012 0.014
2. Riveted and spiral 0.013 0.016 0.017
c. Castiron
1. Coated 0.010 0.013 0.014
2. Uncoated 0.011 0.014 0.016

d. Wrought iron

1. Black 0.012 0.014 0.015

2. Galvanized 0.013 0.016 0.017
e. Corrugated metal

1. Subdrain 0.017 0.019 0.021

2. Stormdrain 0.021 0.024 0.030

B.10.4 Roughness Values - Kutter's Equation
The roughness values for closed metal conduits flowing partly full for Kutter's Equation are the same as for
Manning's Equation.

Some commonly used roughness values for non-metal materials are:

Kutter's Coefficients n for Closed Non-Metal Conduits Flowing Partly Full

Channel Type and Description Minimu Normal Maximu
m m
a Lucite 0.008 0.009 0.010
b. Glass 0.009 0.010 0.013
c. Cement
1. Neat, surface 0.010 0.011 0.013
2. Mortar 0.011 0.013 0.015
d. Concrete
1. Culvert, straight and free of debris 0.010 0.011 0.013
2. Culvert with bends, connections, and some 0.011 0.013 0.014

debris
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Channel Type and Description Minimu Normal  Maximu
m m
3. Finished 0.011 0.012 0.014
4. Sewer with manholes, inlet, etc., straight 0.013 0.015 0.017
5. Unfinished, steel form 0.012 0.013 0.014
6. Unfinished, smooth wood form 0.012 0.014 0.016
7. Unfinished, rough wood form 0.015 0.017 0.020
e. Clay
1. Common drainagetile 0.011 0.013 0.017
2. Vitrified sewer 0.011 0.014 0.017
3. Vitrified sewer with manholes, inlet, etc. 0.013 0.015 0.017
4. Vitrified subdrain with open joint 0.014 0.016 0.018
f. Brickwork
1. Glazed 0.011 0.013 0.015
2. Lined with cement mortar 0.012 0.015 0.017
g. Sanitary sewers coated with sewage slimes, 0.012 0.013 0.016
with bends and connections
h. Paved invert, sewer, smooth bottom 0.016 0.019 0.020
i. Rubble masonry, cemented 0.018 0.025 0.030

B.10.5 Roughness Values - Darcy-Weisbach Equation (Colebrook-White)
Commonly used roughness values for different materials are:

Darcy-Weisbach Roughness Heights k for Closed Conduits

Pipe Material k (mm) k (ft)
Glass, drawn brass, copper (new) 0.0015 0.000005
Seamless commercial steel (new) 0.004 0.000013
Commercial stedl (enamel coated) 0.0048 0.000016
Commercial steel (new) 0.045 0.00015
Wrought iron (new) 0.045 0.00015
Asphalted cast iron (new) 0.12 0.0004
Galvanized iron 0.15 0.0005
Cast iron (new) 0.26 0.00085
Concrete (steel forms, smooth) 0.18 0.0006
Concrete (good joints, average) 0.36 0.0012
Concrete (rough, visible, form marks) 0.60 0.002
Riveted steel (new) 0.9~9.0 0.003 - 0.03

Corrugated metal 45 0.15
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B.10.6 Roughness Values - Hazen-Williams Formula
Commonly used roughness values for different materials are:

Hazen-Williams Roughness Coefficients C

Pipe Material C

Asbestos Cement 140
Brass 130-140
Brick sewer 100
Cast-iron

New, unlined 130

10yr. Old 107-113

20yr. Old 89-100

30yr. Old 75-90

40yr. Old 64-83
Concrete or concrete lined

Steel forms 140

Wooden forms 120

Centrifugally spun 135
Copper 130-140
Galvanized iron 120
Glass 140
Lead 130-140
Plastic 140-150
Steel

Coal-tar enamel, lined 145-150

New unlined 140-150

Riveted 110
Tin 130
Vitrified clay (good condition) 110-140
Wood stave (average condition) 120
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Typical Roughness Values for Pressure Pipes
Typical pipe roughness values are shown below. These values may vary depending on the manufacturer,
workmanship, age, and many other factors.

Comparative Pipe Roughness Values

Material Manning's | Hazen- Dar cy-Weisbach
Coefficient | Williams Roughness Height
n C k (mm) k (ft)
Asbestos Cement 0.011 140 0.0015 0.000005
Brass 0.011 135 0.0015 0.000005
Brick 0.015 100 0.6 0.002
Cast-iron, new 0.012 130 0.26 0.00085
Concrete:
Steel forms 0.011 140 0.18 0.006
Wooden forms 0.015 120 0.6 0.002
Centrifugaly spun | 0.013 135 0.36 0.0012
Copper 0.011 135 0.0015 0.000005
Corrugated metal 0.022 --- 45 0.15
Galvanized iron 0.016 120 0.15 0.0005
Glass 0.011 140 0.0015 0.000005
Lead 0.011 135 0.0015 0.000005
Plastic 0.009 150 0.0015 0.000005
Stedl:
Coal-tar enamel 0.010 148 0.0048 0.000016
New unlined 0.011 145 0.045 0.00015
Riveted 0.019 110 0.9 0.003
Wood stave 0.012 120 0.18 0.0006
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Appendix C

Importing Loading Data

Importing Loading Data Overview
SewerCAD has the capability of reading in loading data from atext file. Thisdataincludes:

Pattern data
Hydrograph data
Multiple unit sanitary loads into the same hydraulic element

Pattern loads

The format of the file format is quite flexible, and can be easily created by copying and pasting the data
from the source application into a text editor such as Notepad.

The following help topics contain detailed information on the creation and import of the datafile.

Import Loading Data Dialog

From thisdialog afile is selected for import, and import parameters are specified.

To import afile:

Click on the Browse button in the File Name section to select the ASCII file to import.

Select either to Add or Replace loads.
- Add Loads- If thisoption is toggled the imported |oads will be added to the list of loads
already applied at the specified element.

- Replace Loads - If this option istoggled the imported loads will overwrite any loads already
applied at the specified element.

Input data for the following options:
- Flow Units - Select the units of the flow data in the import file.

- Pattern Type - When importing patterns, choose whether the imported patterns are of type
Continuous or Stepwise.

- Pattern Time Step - Specify the time increment of the pattern data setup in the Constant
Increment Pattern section.

- Hydrograph Time Step - Specify the time increment of the hydrograph data setup in the
Constant Increment Hydrographs section.
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C .3 Loading Data Text File Format

C.3.1 ASCIl Loading Data Format
SewerCAD has the ahility to import various loading data from an ASCI| text file. Thefileisdivided into
sections based on the type of information being imported.

A section begins with a header, which is the name of the section typed exactly in brackets. The header is
followed by the data to be imported.

The following data sections can be imported:

[Constant Increment Patterns]
[Variable Increment Patterns]
[Sanitary Pattern Loads]

[Wet Pattern Loads]

[Constant Increment Hydrographs]
[Variable Increment Hydrographs]
[Sanitary Hydrograph Loads]
[Wet Hydrograph loads]

[Sanitary Unit Loads]

[Optiong]
Y ou do not have to enter all these sections in the import file, just the sections you are interested in
importing.

Comment lines can be placed anywhere in the file by putting a™;" at the beginning of the line.

C.3.2 Constant Increment Patterns Section
From this section of the dataimport file you can import pattern data directly into the Pattern Manager for
usein the model. In this section the pattern data should have a constant time increment. Thistime
increment is established either in the Pattern Time Step field in the Import L oading Data dialog or in the
Options section of the import file.

The format of the datais very flexible but must obey the following rules:

Thefirst row of the section contains [ Constant Increment Patterns] and nothing else.

Thefirst column of each successive row of data must contain the name of the pattern for the associated
data. For example Pattern-1, Pattern 1 etc.

If the pattern name contains a space it must be surrounded by quotation marks. For example Pattern 1
should be typed as "Pattern 1."

The following columns contain the actual pattern multipliers. They can be placed in as many columns
following the pattern name as desired until you decide to go to the next row. So you could have a
single column of multipliers or a single long row of multipliers or any combination of the two.

C.3.3 Variable Increment Patterns Section
From this section of the dataimport file you can import pattern data directly into the Pattern Manager for
useinthe model. In this section the pattern data can have a variable time increment.
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The format of the datais very flexible but must adhere to the following rules:

Thefirst row of the section contains [ Variable Increment Patterns] and nothing else.

Thefirst column of each successive row of data must contain the name of the pattern for the associated
data. For example Pattern-1, Patternl etc.

If the pattern name contains a space it must be surrounded by quotation marks. For example Pattern 1
should be written as " Pattern 1"

The following columns are entered in sets of two. The first value entered is the Time from Start and
the second value isthe Multiplier. These pairs can be placed in as many columns following the
pattern name until you decide to go to the next row. So you could have two columns in addition to the
pattern name for each row, or you could have along row of time multiplier time multiplier etc... You
could also, have any combination of the two.

C.3.4 Sanitary Pattern Loads Section

From this section of the dataimport file you can import information pertaining to individual sanitary (dry-
weather) pattern loads and apply them to hydraulic elements.

The format of the data must adhere to the following rules:

Thefirst row of the section contains [ Sanitary Pattern Loads] and nothing else.

The first column of each successive row contains the name of the hydraulic element to import the
pattern datainto. The elements must already exist in the model.

i Sanitary Pattern L oads can only be imported into manholes, wet wells, and pressure junctions.

The second column of each successive row contains the base flow associated with the pattern load.
The unit of the flow is specified upon import in the Import L oading Data dialog.

The third column of each successive row contains the name of the pattern that is to be applied to the

pattern load. The patterns must already exist in the model or be imported in the same file as the pattern
load information.

If the names of the hydraulic elements, or the patterns contain a space then those names must be
surrounded by quotation marks. For example, Manhole 1 should be typed as "Manhole 1", and Pattern
1 should be written as " Pattern 1".

C.3.5 Wet Pattern Loads Section
From this section of the data import file you can import information pertaining to individual wet weather
(infiltration and inflow) pattern loads and apply them to appropriate hydraulic elements.

The format of the data must adhere to the following rules:

Thefirst row of the section contains [Wet Pattern Loads] and nothing else.

The first column of each successive row contains the name of the hydraulic element to import the
pattern datainto. The elements must already exist in the model.

T Wet Pattern L oads can only beimported into manholes, pressur e junctions, wet wells, and into
gravity pipes.




C.3.6

C.3.7

298 Appendix C —Importing L oading Data

The second column of each successive row contains the base flow associated with the pattern load.
The unit of the flow is specified upon import in the Import L oading Data dialog, or in the Options
section of the import file.

The third column of each successive row contains the name of the pattern that is to be applied to the
pattern load. The patterns must already exist in the model or be imported in the same file as the pattern
load information.

If the names of the hydraulic elements, or the patterns contain a space then those names must be
surrounded by quotation marks. For example, Manhole 1 should be typed as "Manhole 1", and Pattern
1 should be written as "Pattern 1".

Constant Increment Hydrographs Section

From this section of the dataimport file you can import hydrograph data into the model to be applied to a
hydraulic element. In this section the hydrograph data should have a constant time increment. Thistime
increment is established either in the Hydrograph Time Step field in the Import L oading Data dialog or
in the Options section of the import file.

The format of the datais very flexible but must adhere to the following rules:

Thefirst row of the section contains [ Constant Increment Hydrographs] and nothing else.

Thefirst column of each successive row of data must contain the name of the pattern for the associated
data. For example Hydrograph-1, Hydrograph 1 etc.

If the hydrograph name contains a space it must be surrounded by quotation marks. For example,
Hydrograph 1 should be written as "Hydrograph 1."

The following columns of each successive row contain the actual flows. They can be placed in as
many columns following the hydrograph name desired until you decide to go to the next row. So you
could have a single column of flows, asingle long row of flows or any combination of the two. The
unit of the flow is specified upon import in the Import L oading Data dialog, or in the Options section
of the import file.

Hydrograph information isimported through this section. You specify where the hydrographs
are applied through the Sanitary Hydrograph L oads and Wet Hydr ograph L oads sections.

Variable Increment Hydrographs Section
From this section of the data import file you can import hydrograph data directly into the program for
distribution to various hydraulic elements.

The format of the datais very flexible but must adhere to the following rules:

Thefirst row of the section contains [ Variable Increment Hydrographs] and nothing el se.

The first column of each successive row of data must contain the name of the hydrograph for the
associated data. For example Hydrograph-1, Hydrograph 1 etc.

If the hydrograph name contains a space it must be surrounded by quotation marks. For example
Hydrograph 1 should be written as "Hydrograph 1."

The following columns are entered in sets of two. The first value entered is the Time from Start and
the second value isthe Flow. These pairs can be placed in as many columns following the hydrograph
name until you decide to go to the next row. So you could have two columnsin addition to the
hydrograph name for each row, or you could have along row of time flow time flow etc... You could
also, have any combination of the two. The unit of the flow is specified upon import in the Import
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L oading Data dialog, or in the Options section of the import file.

Hydrograph information isimported through this section. Y ou specify where the hydrographs
are applied through the Sanitary Hydrograph L oads and Wet Hydr ograph L oads sections.

Sanitary Hydrograph Loads Section

From this section of the dataimport file you specify to what hydraulic elements the hydrographs entered in
the Variable Increment Hydrographs and Constant Increment Hydrographs sections of the import file are
applied.

The format of the data must adhere to the following rules:

Thefirst row of the section contains [ Sanitary Hydrograph Loads] and nothing else.

The first column of each successive row contains the name of the hydraulic element to import the
pattern datainto. The elements must already exist in the model.

Sanitary Hydrograph L oads can only beimported into manholes, wet wells, and pressure
junctions.

The second column of each successive row contains the name of the hydrograph that isto be applied to

the hydraulic element. The hydrographs referred to in this section must be imported in the samefile as
the hydrograph load information.

If the names of the hydraulic elements or the hydrographs contain a space then those names must be
surrounded by quotation marks. For example, Manhole 1 should be written as "Manhole 1", and
Hydrograph 1 should be written as "Hydrograph 1".

Wet Hydrograph Loads Section

From this section of the dataimport file you can attribute the hydrographs entered in the Variable

Increment Hydrographs and Constant Increment Hydrographs sections of the import file to different
hydraulic elements.

The format of the data must adhere to the following rules:

Thefirst row of the section contains [ Wet Hydrograph Loads| and nothing else.

Thefirst column of each successive row contains the name of the hydraulic element to import the
hydrograph datainto. The elements must already exist in the model.

Wet Hydrograph L oads can only be imported into manholes pressure junctions, and gravity
pipes.

The second column of each successive row contains the name of the hydrograph that isto be applied to

the hydraulic element. The hydrographs referred to in this section must be imported in the samefile as
the hydrograph load information.

If the names of the hydraulic elements, or the hydrograph contain a space then those names must be
surrounded by quotation marks. For example, Manhole 1 should be written as "Manhole 1", and
Hydrograph 1 should be written as "Hydrograph 1".
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Sanitary Unit Loads Section

From this section of the dataimport file you can import specific unit loads and attribute them to specified
hydraulic elements.

The format of the data must adhere to the following rules:

Thefirst row of the section contains [ Sanitary Unit Loads] and nothing else.

Thefirst column of each successive row contains the name of the hydraulic element to import the
sanitary unit load into.

Sanitary Unit L oads can only be imported into manholes, wet wells, and pressure junctions.

The second row of each successive column contains the name of the Unit Sanitary (Dry Weather)
Load. For example, Airport, Home (Residential), etc... The Unit Sanitary L oad must already be
specified in the Engineering Libraries for it to be correctly applied.

The third row of each successive column contains a number, the Unit Load count.

If the names of the hydraulic elements, or the Unit Sanitary L oad contain a space then the name must

be surrounded by quotation marks. For example, Manhole 1 should be written as "Manhole 1", and
Bar per Customer should be written as "Bar per Customer™.

Options Section
From this section you can initialize the option parameters on the Import L oading Data dialog. This
initialization occurs upon selection of the import file in the dialog.

Y ou can read in data for the following parameters:

Pattern Time Step - set to a positive numerical value.
Hydrograph Time Step - set to a positive numerical value.

Flow Units - set to one of the units selectable from the Flow Unitsfield in the Import L oading Data
dialog.

If the flow unit contains a super script such asm®/s, you can add the superscript by using
Character Map, which isa standard Windows application, which can be opened through the
Accessoriesdirectory in the Start menu. Otherwise simply select the unit in the Flow Unitsfield
on the Import L oading Data dialog.

Pattern Type - set to either Continuous or Stepwise.
The format of the data must adhere to the following rules:
Thefirst row of the section contains [ Options] and nothing else.
Each successive row of the section (up to four) contains the name of the parameter typed exactly as

presented above; followed by a space; followed by an equal sign; followed by a space, and then the
value of the parameter.

The Options section is not required for the dataimport to run successfully, and beyond that you
only have of specify parametersfor the optionsthat you require.

The Options section only initializes the values on the Import L oading Data dialog. If you change
the valuesin the dialog after specifying theimport file, the valuesin the dialog will be used.
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C.3.12 ASCIl Loading Data Example
This help topic contains a sample ASCII Loading File, and contains sample data for al the different
sections that are capable of import. Note the variability in the way columns and rows can be setup, and
how items can be named.

[Constant Increment Patterns]
Pattern-1 1.02.03.0
Pattern-1 3.02.01.0

[Variable Increment Patterns]

; Thisisinformation about

; thispattern set on two comment lines.
"Pattern2" 1.51.0 252.0 3.03.0
"Pattern 2" 4.02.0 551.0

[Sanitary Pattern Loads]
MH-1 1000 "Pattern-1"
MH-1 2000 "Pattern?2"

[Wet Pattern Loads]
"MH-1" 100.0  Pattern-1
"MH-1" 200.0 "Pattern 2"

[Constant Increment Hydrographs]
"Hydrograph 1" 1.0 2.0 3.0
"Hydrograph 1" 3.0 2.0 1.0

[Variable Increment Hydrographs]
Hydrograph-2 0.25 0.501302
Hydrograph-2 0.50 1.002604
Hydrograph-2 1.00 2.005208
Hydrograph-2 1.50 3.007813
Hydrograph-2 2.00 3.007813
Hydrograph-2 2.50 2.005208
Hydrograph-2 3.00 1.002604

[Sanitary Hydrograph L oads]
MH-1  "Hydrograph 1"
MH-1  Hydrograph-2

J1 "Hydrograph 1"
[Wet Hydrograph Loads]
"MH-1" "Hydrograph 1"
"MH-1" Hydrograph-2
"P-1" “Hydrograph 1"

[Sanitary Unit Loads]

"MH-1" "Airport" 53.0
"MH-1" "Apartment" 500.0
"J1"  “Airport" 53.0
[Optiong]

Pattern Time Step = 0.25
Hydrograph Time Step = 0.5
Flow Units = cfs

Pattern Type = Continuous
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Appendix D

Scenario Management
Reference Guide

Overview

Haestad Methods' scenario management feature can dramatically increase your productivity in the "What
If?" areas of modeling, including calibration, operations analysis, and planning.

By investing alittle time now to understand scenario management, you can avoid unnecessary editing and

data duplication. Take advantage of scenario management to get a lot more out of your model, with much
less work and expense.

In contrast to the old methods of scenario management (editing or copying data), automated scenario
management using inheritance gives you significant advantages:

A single project file makesit possible to generate an unlimited number of "What 1f?" conditions
without becoming overwhelmed with numerous modeling files and separate results.

Because the software maintains the data for all the scenariosin a single project, it can provide you with
powerful automated tools for directly comparing scenario results. Any set of resultsisimmediately
available at any time.

The Scenario / Alternative relationship empowers you to mix and match groups of data from existing
scenarios without having to re-declare any data.

With inheritance, you do not have to re-enter dataif it remains unchanged in anew alternative or
scenario, avoiding redundant copies of the same data. Inheritance also enables you to correct a data
input error in a parent scenario and automatically update the corrected attribute in al child scenarios.

These advantages, while obvious, may not seem compelling for small projects. It is as projects grow to
hundreds or thousands of network elements that the advantages of true scenario inheritance become clear.
On alarge project, being able to maintain a collection of base and modified alternatives accurately and

efficiently can be the difference between evaluating optional improvements and being forced to ignore
them.

About this Guide

The depth of scenario management as implemented by Haestad Methods is probably far beyond what you
have ever seen before. With that in mind, this guide is intended as an introduction to the philosophy and
terminology upon which scenario management is based.

Thisisnot intended as a step-by-step guide to using the software. If you are amoderately experienced
Windows software user, you should have no difficulty learning and exploring the scenario management
interface.
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Excellent tutorials and context-sensitive on-line help are also available within the software itself. These
learning tools will prove to be of tremendous assistance to you for all aspects of the software, and should
certainly not be ignored if you are having difficulty. For moreinformation, just click the Help button,
which is available from anywhere within the program. In addition, contact Haestad Methods for the
schedule of the workshops that are held around the country.

Before Haestad Methods: Distributed Scenarios

Let us begin by understanding the approaches that have historically been used to attempt "What f?"
analyses. Traditionally, there have only been two possible ways of analyzing the effects of change on a
software model:

Change the model, recalculate, and review the results

Create acopy of the model, edit that copy, calculate, and review the results

Although either of these methods may be adequate for arelatively small system, the data duplication,
editing, and re-editing becomes very time-consuming and error-prone as the size of the system - and the
number of possible conditions - increase. Additionally, comparing conditions requires manual data
manipulation, because all output must be stored in physically separate datafiles.

Before Haestad Methods: Distributed Scenarios

Build Model Build Model
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With Haestad Methods: Self-Contained Scenarios

Effective scenario management tools need to meet these objectives:

Minimize the number of project files the modeler needs to maintain (one, ideally).

Maximize the usefulness of scenarios through easy access to things such as input and output data, and
direct comparisons.

Maximize the number of scenarios you can simulate by mixing and matching data from existing
scenarios (data reuse)

Minimize the amount of data that needs to be duplicated to consider conditions that have alot in
common

The scenario management feature devel oped by Haestad Methods successfully meets all of these
objectives. A single project file enables you to generate an unlimited number of "What 1f?" conditions, edit
only the data that needs to be changed, and quickly generate direct comparisons of input and results for
desired scenarios.

The Scenario Cycle

The process of working with scenariosis similar to the process of manually copying and editing data, but
without the disadvantages of data duplication and troublesome file management. This process allows you
to cycle through any number of changes to the model, without fear of overwriting critical data or
duplicating important information. Of course, it is possible to directly change data for any scenario, but an
"audit trail" of scenarios can be useful for retracing the steps of a calibration series or for understanding a
group of master plan updates.

With Haestad Methods: Self-contained Scenarios

Single Model File,
Multiple Sets of Results

S

Build Model (Base Scenario)
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Calculate Scenario
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Edit Scenario Review Results
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Scenario Anatomy: Attributes and Alternatives

Before we explore scenario management further, afew key terms should be defined:

Attribute - An attribute is afundamental property of an object, and is often a single numeric quantity. For
example, the attributes of a pipe include diameter, length, and roughness.

Alternative - An alternative holds afamily of related attributes so pieces of data that you are most likely to
change together are grouped for easy referencing and editing. For example, aphysical properties
alternative groups physical datafor the network’ s elements, such as elevations, sizes, and roughness
coefficients.

Scenario - A scenario has alist of referenced alternatives (which hold the attributes), and combines these
alternatives to form an overall set of system conditions that can be analyzed. This referencing of
alternatives enables you to easily generate system conditions that mix and match groups of data that have
been previously created. Note that scenarios do not actually hold any attribute data - the referenced
alternatives do.

A Familiar Parallel

Although the structure of scenarios may seem a bit difficult at first, anyone who has eaten at a restaurant
should be able to relate fairly easily. A meal (scenario) is comprised of several courses (alternatives),
which might include a salad, an entrée, and a dessert. Each course hasits own attributes. For example, the
entrée may have a meat, avegetable, and a starch. Examining the choices, we could present amenu asin
the following figure:

A Restaurant Meal "Scenario”

Salad 1 <_L Meal XYZ Dessert 1
Lettuce & Carrots Salad 1 Entree 1  Dessert 2 Apple Pie
No Dressing No Topping
Salad 2 Dessert 2
Lettuce & Carrots Apple Pie
Thousand Island Ice Cream
Entree 1 Entree 2 Entree 3
Salad 3 Beef Chicken Fish Dessert 3
Lettuce & Carrots Baked Potato Rice Rice Chocolate Cake
Blue Cheese Green Beans Green Beans Green Beans Whipped Cream

The restaurant does not have to create a new recipe for every possible meal (combination of courses) that
could be ordered. They can just assemble any meal based on what the customer orders for each aternative
course. Salad 1, Entrée 1, and Dessert 2 might then be combined to define a complete meal.

Generalizing this concept, we see that any scenario simply references one alternative from each category to
create a "big picture” that can be analyzed. Note that different types of alternatives may have different
numbers and types of attributes, and any category can have an unlimited number of aternativesto choose
from.
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Generic Scenario Anatomy

Scenario XYZ
1B 2A ni
i
ﬁ $ ““““““““““““““ >
1A 1B 2A 2B 2(
Attribute Attribute Attribute Attribute Attribute
Attribute Attribute Attribute Attribute Attribute
Attribute Attribute
Alternative Category 1 Alternative Category 2

Scenario Behavior: Inheritance

The separation of scenariosinto distinct alternatives (groups of data) meets one of the basic goals of
scenario management: maximizing the number of scenarios you can develop by mixing and matching
existing alternatives. Two other primary goals have also been addressed: a single project fileis used, and
easy access to input data and calculated resultsis provided in numerous formats through the intuitive
graphical interface.

But what about the other objective: minimizing the amount of data that needs to be duplicated to consider
conditions that have alot of common input? Surely an entire set of pipe diameters should not be re-
specified if only one or two change?

The solution is afamiliar concept to most people: inheritance.

In the natural world, a child inherits characteristics from aparent. This may include such traits as eye-
color, hair color, and bone structure. There are two significant differences between the genetic inheritance
that most of us know and the way inheritance isimplemented in software:

Overriding inheritance

Dynamic inheritance

Overriding Inheritance

Overriding inheritance is the software equivalent of cosmetics. A child can override inherited
characteristics at any time by specifying a new value for that characteristic. These overriding values do not
affect the parent, and are therefore considered "local" to the child. Local values can aso be removed at any
time, reverting the characteristic to itsinherited state. The child has no choice in the value of hisinherited
attributes, only in local attributes.

For example, suppose a child has inherited the attribute of blue eyes from his parent. Now the child puts on
apair of green- tinted contact lensesto hide his natural eye color. When the contact lenses are on, we say
his natural eye color is"overridden" locally, and his eye color is green. When the child removes the tinted
lenses, his eye color instantly reverts to blue, as inherited from his parent.
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D .10 Dynamic Inheritance

Dynamic inheritance does not have a parallel in the genetic world. When a parent’s characteristic is
changed, existing children also reflect the change. Using the eye-color example, this would be the
equivalent of the parent changing eye color from blue to brown, and the children’s eyes instantly inheriting
the brown color also. Of course, if the child has already overridden a characteristic locally, as with the
green lenses, his eyes will remain green until the lenses are removed. At this point, his eye color will revert
to the inherited color, now brown.

This dynamic inheritance has remarkabl e benefits for applying wide-scale changes to a model, fixing an
error, and so on. If rippling changes are not desired, the child can override all of the parent’s values, or a
copy of the parent can be made instead of a child.

D .11 When are Values Local, and When are They Inherited?

Any changes that are made to the model belong to the currently active scenario and the alternatives that it
references. If the alternatives happen to have children, those children will also inherit the changes unless
they have specifically overridden that attribute. The following figure demonstrates the effects of a change
to amid-level alternative. Inherited values are shown as gray text, local values are shown as black text.

A Mid-level Hierarchy Alternative Change

Alternative Hierarchy Value Alternative Hierarchy Value
Condition 1 100 Change Condition 1 100
L Condition 2 Condition 3 L Condition 2 200
L Condition 3 Value to L Condition 3
L Condition 4 150 200 L Condition 4 150
Condition 5 L Condition 5

D .12 Minimizing Effort through Attribute Inheritance

Inheritance has an application every time you hear the phrase "just like x except for y". Rather than
specifying al of the data from x again to form this new condition, we can simply create a child from x and
change y appropriately. Now we have both conditions, with no duplicated effort.

We can even apply thisinheritance to our restaurant analogy as follows. Inherited values are shown as gray
text, local values are shown as black text.

Attribute:
Dressing

Attribute:
Vegetables

Salad Alternative
Hierarchy

Salad 1
Salad 2
Salad 3

Lettuce & Carrots

No Dressing
Thousand Island
Blue Cheese

"Salad 2 isjust like Salad 1, except for the dressing."”

"Salad 3isjust like Salad 1, except for the dressing."”

dressing.”

Salad 3 could inherit from Salad 2, if we prefer: " Salad 3isjust like Salad 2, except for the
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Entree Alternative Attribute: Attribute: Attribute:
Hierarchy Meat Starch Vegetable
Entree 1 Beef Baked Potato Green Beans
L Entree 2 Chicken Rice
- Entree 3 Fish

"Entrée 2 isjust like Entrée 1, except for the meat and the starch.”

"Entrée 3 isjust like Entrée 2, except for the meat."

If the vegetable of the day changes (say from green beansto peas), only Entrée 1 needsto be
updated, and the other entrées will automatically inherit the vegetable attribute of " Peas'
instead of " Green Beans'.

Dessert Alternative Attribute: Attribute:
Hierarchy Bakery Item Topping
Dessert 1 Apple Pie No Topping

~ Dessert 2 Ice Cream
Dessert 3 Chocolate Cake Whipped Cream

"Dessert 2 isjust like Dessert 1, except for the topping.”

Dessert 3 has nothing in common with the other desserts, so it can be created asa " root" or
"base" alternative. It doesnot inherit its attribute data from any other alternative.

Minimizing Effort through Scenario Inheritance

Just as a child alternative can inherit attributes from its parent, a child scenario can inherit which
alternatives it references from its parent. Thisisessentially still the phrase "just like x except for y", but on

alarger scale.

Carrying through on our meal example, consider a situation where you go out to dinner with three friends.
Thefirst friend places his order, and the second friend orders the same thing except for the dessert. The
third friend orders something totally different, and you order the same meal as hers except for the salad.

The four meal "scenarios' could then be presented as follows (inherited values are shown as gray text, local

values are shown as black text):

Meal Scenario Salad Entree Dessert

Hierarchy Alternative Alternative Alternative

Meal 1 Salad 1 Entree 2 Dessert 3
L Meal 2 Dessert |

Meal 3 Salad 3 Entree 3 Dessert 2
L Meal 4 Salad 2

"Meal 2 isjust like Meal 1, except for the dessert." The salad and entrée alternatives are inherited from

Meal 1.

"Meal 3isnothing like Meal 1 or Mea 2." A totally new "base" or "root" is created.
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"Meal 4isjust like Meal 3, except for the salad." The entrée and dessert alternatives are inherited from
Mea 3.

A Water Distribution Example

Let us consider afairly simple water distribution system: a single reservoir supplies water by gravity to
three junction nodes.

Example Water Distribution System

Although true water distribution scenarios include such alternative categories asinitial settings, operational
controls, water quality, and fire flow, we are going to focus on the two most commonly changed sets of
alternatives: demands and physical properties. Within these alternatives, we are going to concentrate on
junction baseline demands and pipe diameters.

Building the Model (Average Day Conditions)

During model construction, probably only one alternative from each category is going to be considered.
Thismodel is built with average demand calculations and preliminary pipe diameter estimates. At this
point we can name our scenario and alternatives, and the hierarchies look like the following (showing only
the items of interest):

Demand Alternative Hierarchy J-1 J-2 J-3

Average Day 100 gpm 500 gpm 100 gpm

Physical Alternative Hierarchy P-1 P-2 P-3 P-4
Preliminary Pipes 8 inches 6 inches 6 inches 6 inches
Scenario Hierarchy Demand Alternative Physical Alternative
Avg. Day Average Day Preliminary Pipes
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Analyzing Different Demands (Maximum Day Conditions)

In our example, the local planning board also requires analysis of maximum day demands, so a new
demand alternative isrequired. No variation in demand is expected at J-2, which isan industria site. Asa
result, the new demand alternative can inherit J-2's demand from "Average Day" while the other two
demands are overridden.

Demand Alternative Hierarchy J-1 J-2 J-3
Average Day 100 gpm 500 gpm 100 gpm
L Maximum Day 200 gpm 200 gpm

Now we can create a child scenario from "Average Day" that inherits the physical alternative, but overrides
the selected demand alternative. Asaresult, we get the following scenario hierarchy:

Scenario Hierarchy Demand Alternative Physical Alternative
Avg. Day Average Day Preliminary Pipes
L "Max Day Maximum Day

Since no physical data (pipe diameters) have been changed, the physical alternative hierarchy remains the
same as before.

Another Set of Demands (Peak Hour Conditions)

Based on pressure reguirements, the system is adequate to supply maximum day demands. Another local
regulation requires analysis of peak hour demands, with slightly lower allowable pressures. Since the peak
hour demands also share the industrial load from the "Average Day" condition, "Peak Hour" can be
inherited from "Average Day". Inthisinstance, "Peak Hour" could inherit just as easily from "Maximum

Day".

Demand Alternative Hierarchy J-1 J-2 J-3

Average Day 100 gpm 500 gpm 100 gpm
Maximum Day 200 gpm 200 gpm
Peak Hour 250 gpm 250 gpm

Another scenario is also created to reference these new demands, as shown below:

Scenario Hierarchy Demand Alternative Physical Alternative
Avg. Day Average Day Preliminary Pipes
Max. Day Maximum Day
Peak Peak Hour

Note again that we did not change any physical data, so the physical aternatives remain the same.
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D .18 Correcting an Error
Thisanalysis results in acceptable pressures, until it is discovered that the industrial demand is not actually
500 gpm - it is 1,500 gpm! Because of the inheritance within the demand alternatives, however, only the
"Average Day" demand for J-2 needs to be updated. The changes will ripple through to the children. After
the single change is made, the demand hierarchy is as follows:
Demand Alternative Hierarchy J-1 J-2 J-3
Average Da 100 gpm 1,500 gpm 100 gpm
Magximu¥n Day 200 gm & 200 gm
Peak Hour 250 gpm 250 gpm
Notice that no changes need to be made to the scenarios to reflect these corrections. The three scenarios
can now be calculated as a batch to update the results.
When these results are reviewed, it is determined that the system does not have the ability to adequately
supply the system as it was originally thought. The pressure at J-2 istoo low under peak hour demand
conditions.
D .19 Analyzing Improvement Suggestions

To counter the headloss from the increased demand load, two possible improvements are suggested:

A much larger diameter is proposed for P-1 (the pipe from the reservoir). This physical aternativeis
created as a child of the "Preliminary Pipes' aternative, inheriting all the diameters except P-1's,
which is overridden.

Slightly larger diameters are proposed for all pipes. Since there are no commonalities between this
recommendation and either of the other physical aternatives, this can be created as a base (root)
aternative.

These changes are then incorporated to arrive at the following hierarchies:

Physical Alternative Hierarchy P-1 P-2 P-3 P-4

Preliminary Pipes 8 inches 6 inches 6 inches 6 inches
“ Larger P-1 18 inches

Larger All Pipes 12 inches 12 inches 12 inches 12 inches

Scenario Hierarchy Demand Alternative Physical Alternative

Avg. Day Average Day Preliminary Pipes
ax. Day Maximum Day
Peak Peak Hour
Peak, Big P-1 Larger P-1
Peak, All Big Pipes Larger All Pipes

Thistime, the demand alternative hierarchy remains the same since no demands were changed. The two
new scenarios ("Peak, Big P-1", "Peak, All Big Pipes") can be batch run to provide results for these
proposed improvements.

Next, features like Scenario Comparison Annotation (from the Scenario Manager) and comparison Graphs
(for extended period simulations, from the element editor dialogs) can be used to directly determine which
proposal resultsin the most improved pressures.
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D .20 Finalizing the Project

It is decided that enlarging P-1 is the optimum solution, so new scenarios are created to check the results
for average day and maximum day demands. Notice that this step does not require handling any new data.
All of the information we want to model is present in the alternatives we already have!

Scenario Hierarchy Demand Alternative Physical Alternative
Avg. Day Average Day Preliminary Pipes
ax. Day Maximum Day
~ Max. Day, Big P-1 Larger P-1
Peak Peak Hour
Peak, Big P-1 Larger P-1
Peak, All Big Pipes Larger All Pipes
Avg. Day, Big P-1 Larger P-1

Also note that it would be equally effective in this case to inherit the "Avg. Day, Big P-1" scenario from
"Avg. Day" (changing the physical alternative) or to inherit from "Peak, Big P-1" (changing the demand
aternative). Likewise, "Max. Day, Big P-1" could inherit from either "Max. Day" or "Peak, Big P-1".

Neither the demand nor physical aternative hierarchies were changed in order to run the last set of
scenarios, so they remain as they were.

Demand Alternative Hierarchy J-1 J-2 J-3
Average Day 100 gpm 1,500 gpm 100 gpm
Maximum Day 200 gpm 200 gpm
Peak Hour 250 gpm 250 gpm
Physical Alternative Hierarchy P-1 P-2 P-3 P-4
Preliminary Pipes 8 inches 6 inches 6 inches 6 inches
Larger P-1 18 inches
Larger All Pipes 12 inches 12 inches 12 inches 12 inches

D .21 Summary

In contrast to the old methods of scenario management (editing or copying data), automated scenario
management using inheritance gives you significant advantages:

A single project file makesiit possible to generate an unlimited number of "What 1f?" conditions
without becoming overwhelmed with numerous modeling files and separate results.

Because the software maintains the data for all the scenarios in a single project, it can provide you with

powerful automated tools for directly comparing scenario results. Any set of resultsisimmediately
available at any time.

The Scenario / Alternative relationship empowers you to mix and match groups of data from existing
scenarios without having to re-declare any data.

With inheritance, you do not have to re-enter dataif it remains unchanged in a new alternative or
scenario, avoiding redundant copies of the same data. Inheritance also enables you to correct a data
input error in a parent scenario and automatically update the corrected attribute in al child scenarios.
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These advantages, while obvious, may not seem compelling for small projects. It is as projects grow to
hundreds or thousands of network elements that the advantages of true scenario inheritance become clear.
On alarge project, being able to maintain a collection of base and modified alternatives accurately and
efficiently can be the difference between evaluating optional improvements and being forced to ignore
them.

Conclusion

These are the fundamental concepts behind the architecture of Haestad Methods' scenario management. To
learn more about actually using scenario management in Haestad Methods software, start by running the
scenario management tutorial from the Help menu or from within the scenario manager itself. Then load
one of the SAMPLE projects and explore the scenarios defined there. For context-sensitive help, press F1
or the Help button any time there is a screen or field that puzzles you.

Haestad Methods' scenario management feature gives you a powerful tool for modeling real-world
engineering scenarios when analyzing system response to different demands, reviewing the impacts of
future growth, and iterating to find the least expensive design. That means you will be able to finish your
projects faster, spend less money, and improve your bottom line.
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Appendix E

Haestad Methods Software

Overview

Haestad Methods offers software solutions to civil engineers throughout the world for analyzing, modeling,
and designing all sorts of hydrologic and hydraulic systems, from municipal water and sewer systemsto
stormwater ponds, open channels, and more. With point-and-click data entry, flexible units, and report-
quality output, Haestad Methods is the ultimate source for your modeling needs.

In addition to the ability to run in Stand-Alone mode with a CAD-like interface, three of our products -
WaterCAD, StormCAD and SewerCAD - can be totally integrated within AutoCAD. These three
programs also share numerous powerful features, such as scenario management, unlimited undo/redo,
customizable tables for editing and reporting, customizable GI S, database and spreadsheet connection, and
annotation.

Be sure to contact us or visit our web site at www.haestad.com to find out about our latest software, books,
training, and open houses.

WaterCAD

WaterCAD isthe definitive model for complex pressurized pipe networks, such as municipal water
distribution systems. Y ou can use WaterCAD to perform avariety of functions, including steady-state and
extended-period simulations of pressure networks with pumps, tanks, control valves, and more.

WaterCAD' s ahilities also extend into public safety and long-term planning issues, with extensive water
quality features, automated fire protection analyses, comprehensive scenario management, and enterprise-
wide data sharing faculties.

WaterCAD is available with your choice of a Stand-Alone graphical user interface, an AutoCAD integrated
interface, or an ArcView or Arclnfo integrated interface.

SewerCAD

SewerCAD is apowerful design and analysis tool for modeling sanitary sewage collection and pumping
systems. With SewerCAD, you can develop and compute sanitary loads, tracking and combining loads
from dry-weather and wet-weather sources. Y ou can aso simulate the hydraulic response of the entire
system (gravity collection and pressure force mains), observe the effects of overflows and diversions, and
even automatically design selected portions of the system. Output covers everything from customizable
tables and detailed reports to plan and profile sheets.

SewerCAD can be run in a Stand-Alone graphical user interface, an AutoCAD integrated interface, or an
ArcView or Arclnfo integrated interface.
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StormCAD

StormCAD is a highly-efficient model for the design and analysis of storm sewer collection systems.
From graphical layout and intelligent network connectivity to flexible reports and profiles, StormCAD
covers all aspects of storm sewer modeling.

Surface inlet networks are independent of pipe connectivity, and inlet hydraulics conform to FHWA HEC-
22 methodologies. Gradually varied flow algorithms and a variety of popular junction loss methods are the
foundation of StormCAD’s robust gravity piping computations, which handle everything from surcharged
pipes and diversions to hydraulic jumps.

StormCAD is available with your choice of a Stand-Alone graphical user interface, an AutoCAD integrated
interface, or an ArcView or Arclnfo integrated interface.

PondPack

PondPack is a comprehensive, Windows-based hydrologic modeling program that analyzes a tremendous
range of situations, from simple sites to complex networked watersheds. The program analyzes pre- and
post-devel oped watershed conditions, and estimates required storage ponds. PondPack performs
interconnected pond routing, and also computes outlet rating curves with tailwater effects, multiple outfalls,
pond infiltration, and pond detention times.

PondPack builds customized reports organized by categories, and automatically creates section and page
numbers, tables of contents, and indexes. Y ou can quickly create an executive summary for an entire
watershed, or build an elaborate drainage report showing any or all report items. Graphical displays, such
as watershed diagrams, rainfall curves, and hydrographs are fully compatible with other Windows's
software, such as AutoCAD.

CulvertMaster

CulvertMaster hel ps engineers design new culverts and analyze existing culvert hydraulics, from single
barrel crossings to complex multi-barrel culverts with roadway overtopping. CulvertMaster computations
use FHWA HDS-5 methodologies, and allow you to solve for whatever hydraulic variables you don’t
know, such as culvert size, peak discharge, and headwater elevation. Output capabilities include
comprehensive detailed reports, rating tables, and performance curves.

FlowMaster

FlowMaster is an efficient program for the design and analysis of awide variety of hydraulic elements,
such as pressure pipes, open channels, weirs, orifices, and inlets. FlowMaster's "Hydraulics Toolbox" can
create rating tables and performance curves for any variables, using popular friction methods. Inlet
calculations follow the latest FHWA guidelines, and irregular section roughness can be weighted based on
any popular techniques.



Glossary 317

Glossary

AASHTO Headloss M ethod - Automatic Computation of the junction loss based on the geometry of the
junction, which accounts for bend loss, based on the upstream pipes angle, as defined in the AASHTO
Model Drainage Manual (1991).

AASHTO Shaping Method - Specifies whether the junction bottom is designed with a partial diameter
shaping or not. See Headloss - AASHTO Method.

Absolute Headloss - A user specified headloss - See Absolute Headloss M ethod.
Absolute Roughness - Average height of roughness particles in the channel.
Additional Infiltration - Lumped infiltration amount.

Average Velocity - Average water velocity in the pipe. The following methods are available for
calculating the average velocity: Uniform Flow, Full Flow, Simple Average and Weighted Average.
Refer to the theory chapter for explanations.

Base Load - Average local sanitary load calculated by multiplying the Unit Base Load by the Loading
Unit Count for every Unit Sanitary Load category (for instance Apartment or Airport) at aloading point.

Bend L oss Coefficient - Bend Loss Coefficient K used in AASHTO equation for structure headloss
calculations.

Bend Angle -Angle between the pipe and the downstream pipe, measured as a deflection angle. Note that
thisangle is used in the HEC22 and AASHTO junction loss methods.

Bolted Cover - Indicates whether a manhole is bolted. If the manholeis bolted, then the hydraulic grade
lineis not reset to the rim elevation at the downstream end of the upstream pipe(s) in the case of a
flooding situation (the calculated HGL being higher than the rim elevation).

Calculated Hydraulic Grade - Hydraulic Grade in the wet well calculated as explained in the Hydraulic
Transition from Gravity to Pressure Network section in the Theory chapter.

Cancel Button - When you click on this button, it cancels the command you chose and closes the dialog.

Capacity - The effective carrying ability of adrainage structure. The discharge of the pipe or closed
channel under the filled condition computed with the friction slope equal to the constructed slope. For
discharges greater than the capacity, the friction slope exceeds the constructed slope.

C Coefficient - Roughness coefficient used in the Hazen-Williams Equation.

Channel Invert - Lowest point on the surface of a channel cross section.



318 Glossary

Channel Slope - Longitudinal slopein the channel. Also the vertical drop divided by the channel length.
Inirregular channels, the vertical drop is measured from low point to low point.

Check Valve - When this check box istoggled, flow can only travel from the From Node to the To Node
in a pressure pipe.

Click - To quickly press and release one of the mouse buttons.
Closed Channé - A channel with a perimeter that forms a continuous closed boundary.

Constructed Slope - The average slope of the pipe inverts. The differencein the invert elevations
between the upstream end and downstream end of the pipe divided by its length.

Context Menu - A pop-up menu opened by aright mouse click on a project element or data entry field.
Commands on the context menu are specific to the current context state of the selected item.

Contraction - Adjustment coefficient used in the AASHTO equation to account for contraction of the
flow at the entrance in the outlet pipe.

Control Status - A pressure pipe can be either Open or Closed. Open means that flow occurs in the pipe
and Closed means that no flow occursin the pipe.

Conveyance Element - A pipe or channel used to transport water.
Cover - Distance between the crown (soffit) of the pipe and the ground surface elevation.

Critical Depth - Depth of water in the channel for which the specific energy is at its minimum.

Rectangular:

2Q? 0

Ye :§9T2§

Non-rectangular (implicit solution, solving for Y ):

Y. =gA®- QT
Where: A = Flow Area(n?, ft?)
g = gravitational acceleration (M/<, ft/<?)
Q = discharge (m3s, cfs)
T = Top Width (m, ft)

Y Critical Depth (m, ft)

Critical Flow - Flow through a channel for which the specific energy is at its minimum.
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Critical Slope - Channel or pipe slope for which the uniform flow is critical.

Crosshair - Shape of the cursor that looks like aplussign ( +).

Crown (or Soffit) - Top edge or the highest point of the pipe opening.

Cutoff Value - The cutoff value defines the maximum possible extreme flow factor for peaking methods
or the minimum possible extreme flow factor for daily minimum methods. The generic equation used to

calculate the extreme flow factor converges towards infinity as the population approaches 0. The cutoff

value prevents unreasonably large extreme flow factors. The figure shows a cutoff value of 2.
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For minimum daily flows, extreme flow factor methods cutoff value limits how small an extreme
flow factor can be.

Database Connections - A connection represents a group of database links. There may be just asingle
linked external file within a connection, or there may be hundreds of external file links within asingle
connection.

DBMS - An acronym which stands for Database Management System. These systems can be relational
(RDBMS) or non-relational .

Depth - See flow depth.

Design Point - The design point of a pump is the point at which the pump was originally intended to
operate, and istypically the best efficiency point (BEP) of the pump. At discharges above or below this
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point, the pump is not operating under optimum conditions.

Design Sump Depth - A positive value will design a gravity structure with a sump elevation the Design
Sump Depth below the downstream pipe invert elevation. In other words, the design sump depth is the
distance below the lowest pipe invert that you wish to set the sump.

Diameter - Inside diameter of acircular channel, unless stated otherwise.

Dischar ge - Volumetric rate of flow given in units of length3/Time.

Display Precision - In worksheets, rating tables, curves, and cross sections, the rounding of numbers and
the number of digits displayed after the decimal point.

Diversion - A gravity node that diverts a portion of the flow out. A diversion element has two outlets
while standard gravity elements have only one downstream pipe.

Diversion Rating Curve Table - A table that defines diverted flows as a function of total upstream flow.

Diversion Target - Destination for flows diverted out of a diversion element.

Double-Click - To click one of the mouse buttons (usually the left button) twice in rapid succession.

Drag - To hold down one of the mouse buttons (usually the left button) while you move the mouse.

Duration - The amount of time modeled during an Extended Period Simulation.

Element - An object, such as a manhole, outlet, or gravity pipe in a drawing.

Elevation - The elevation of an element is the distance from the datum plane to the center of the element.
Elevations are often referenced with mean sealevel as the datum elevation.

Elevations Considered Equal Within - The correction factor for relative flow (CQ) is applied only to
situations where there are two or more pipes entering the structure at approximately the same elevation.
Elevations Considered Equal Within is used to determine the maximum differencesin pipe elevation for
which the pipes are still considered approximately the same elevation.

Energy - Tota energy of flow with reference to adatum. Computed for closed channels as the sum of
channel centerline height above datum, piezometric height, and the velocity head. Computed for open
channels as the sum of channel invert height above datum, the flow depth, and velocity head.
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Energy Equation - The energy relationship between the downstream and upstream end of a pipeis:

v/ R vV P

2—(3+—?+z1 +hg :2—2+—?2+z2 +h,
Where: = fluid velocity (m?/s, ft3/s)

\Y,

g = gravitational acceleration (M/<, ft/<?)

P = pressure (N/m?, Ib/ft?)

g = specific weight of the fluid (N/m3,Ib/ft3)

z = €levation at the centroid (m, ft)

hg = head gain, such as from a pump (m, ft)

h, = combined headloss (m, ft)

Energy Grade Line- Sum of datum (base elevation), velocity head, and pressure head at a section.

Ener gy Slope - The energy grade at each end of the pipe is computed by adding the velocity head
component to the hydraulic grade. The energy slopeis calculated by dividing the change in energy grade
by the length of pipe.

Exit Discharge - Discharge in the pipe downstream of the structure.
Exit Velocity - Velocity at the upstream end of the pipe downstream of the structure.
Exit Velocity Head - Velocity head at the upstream end of the pipe downstream of the structure.

Expansion - Adjustment coefficient used in AASHTO equation to account for expansion of the flow on
the exit from an incoming pipe.

Extended Period Simulation (EPS) - A calculation type where the model is analyzed over a specified
duration of time. See also Steady-State Analysis.

Extension - The period and up to three characters at the end of afilename. An extension usually
identifies the kind of information the file contains. For example, files you create in AutoCAD have the
extension *.DWG.

External Files- Any file outside of the program that can be linked to. These include database files (such
as FoxPro, Dbase, or Paradox), spreadsheets (such as Excel or Lotus), and ODBC connect strings.
Throughout the documentation, all of these file types will be referred to as "databases" or "externa files'
interchangeably.



322 Glossary

Extrapolate - Infer avalue based on other valuesin an interval asin interpolation, with the value lying
outside the known range of values.

Y, - Y, X - X,
Yz'Yl xz'xl

Where: Yy= unknownvaueinY
Xk = knownvauein X
X1, X2, Y1, Y= known table values

Field Links - Within each database table, the field links define the actual mapping between model
element attributes and columns in the database.

Flow - Volumetric rate of flow given in units of length? / time in the pipe or channel. Common units of
flow are cfs, gpm, liters/sec, and cms.

Flow Area - Cross sectional area of flow.

Flow Depth - Distance from water level to low point of channel bottom.

Flow Type - The flow is defined as:

Supercritical if F> 1
Subcritical if F<1
Critical if F=1

Where:  F = Froude number.

Friction Factor - Friction Coefficient used in the Darcy-Weisbach Formula.

Friction Slope - Given a depth, roughness, section shape, friction method, and discharge, the friction
dlopeis the computed slope that would be required to convey the specified discharge under uniform flow
conditions. Under uniform flow conditions, depth and flow area are constant and the friction slope, the
actual or constructed slope, and the energy slope are all equal.

Under gradually varied flow conditions, the depth of flow is changing along the channel and the friction
dopeisalso varying. Inthe model’s gradually varied flow solution, the friction slope between an upstream
and downstream location along a prismatic channel is computed by taking the average of the uniform flow
based friction slopes calculated at the beginning and ending stations of the sub-reach.
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Froude Number - The Froude number is a unitless value representing the ratio of actual fluid velocity to
wave celerity. Itiscomputed as:

HE

Where: = Froude number (unitless)

F

V = velocity (ms, ft/s)

D = Hydraulic depth (m, ft)

9 = Gravitationa acceleration (m/<?, ft/<?)
At critical depth, the Froude number is equal to 1.0.

Full Flow - Closed channel is flowing full, or entire channel perimeter istouched by flowing water
(wetted).

Full Flow Capacity - The computed discharge when a closed channel is flowing full.
Full Flow Slope - The computed channel slope that would produce full flow.

Global Diverted Flow - The diverted flow entering a gravity node from one or more nodes located in
other networks.

Gravity - Our products use these constants for all equations with g, gravity.

us: 32.174 ft/<
Metric: 9.81 m/s?

Ground Elevation - The elevation of the ground surface at a node.
Headloss - Loss of energy due to friction and minor losses.
Headloss Coefficient - See Headloss Coefficient - Standard Method.

Headloss Gradient - Headloss in a pipe or channel represented as a slope, or gradient. This allows you
to more accurately compare headlosses for pipes of different lengths.

Headloss M ethod - This program use one of the following methods to calculated headloss across a
structure: Standard Headloss Method, Absolute Headloss Method, HEC-22 Energy Headloss Method or
AASHTO Headloss Method.

HEC-22 Benching Method - Specifies which correction factor for benching is to be used, as specified in
table 7-6 p. 7-19 of the FHWA HEC-22 manual used in the HEC-22 Energy Method.

HEC-22 Energy L oss Method - See Headloss HEC-22 Energy Method.

HGL - See hydraulic grade line.
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HGL In/Out

- HGL In: The hydraulic grade at the downstream end of the incoming pipe section.
- HGL Out: The hydraulic grade at the upstream end of the outgoing pipe section.

Hydraulic Grade - See hydraulic grade line.

Hydraulic Grade Line - Hydraulic grade is computed using Gradually varied flow analysisin free
surface conditions or by computing a pressure backwater starting from the submerged hydraulic grade at
the downstream end of the pipe to the upstream end of the pipe, or a combination of free-surface and
pressure. In open channels the hydraulic grade is equal to the water surface elevation.

Hydraulic Radius - Flow area divided by wetted perimeter.

Hydraulic Time Step - The time increment between hydraulic backwater analyses in the gravity portions
of the system during an Extended Period Simulation.

Hydrograph - A graph of discharge vs. time.

Hydrologic Time Step - The time increment used when routing hydrographs in the gravity portion of the
network, as well as the time increment used when running the pressure calculations.

Inflow - The Inflow is specified at a manhole or wet well as the total amount of wet weather inflow.
Together with the infiltration along the pipes, the inflow forms the wet weather part of the sewer load.

Interpolate - A way of estimating a value between two known values assuming alinear relation.

Yo- Y, X=X,

u

Yz'Yl xz'xl

Where: Yy = unknownvaueinY
Xk = knownvauein X
X1, X5, Yq, and Y, = known table values

Invert - Bottom edge (lowest point) of the pipe opening. Sometimes referred to as the flow line.

Invert Elevation - The elevation at the bottom of the pipe. Theinvert elevation isthe lowest point of the
pipe opening.

Junction - Two or more pipes coming together.

Kinematic Viscosity - Viscosity divided by the mass density given in units of length®/time, thus the term,
kinematic.

Known Flow - Use the Known Flow field to model discharges at locations in the network where you
have computed the hydrology using an external method (e.g. TR-55 tabular method).
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During a Steady State analysis known flows are not additive except at network junctions. The Known
Flow component will remain constant until it encounters a downstream Known Flow of a different value.

During an Extended Period Simulation known flows are treated as a constant inflow hydrograph and
lumped in with other hydrographs entering at the same point. Known Flows are additive during Extended
Period Simulations.

Kutter's n Coefficient - Roughness coefficient used in Kutter’s Formula.

Label - A label isthe reference by which an element will be referred to in reports, error messages, tables,
etc. Itisthe unique "name" for your element.

Length - Distance from one end of the pipe to the other end of the pipe.

L oading Pattern - A series of multipliers over time which when applied to a single base load generate a
hydrograph load.

Local Diverted Flow - Flow entering a gravity node that was diverted to that node from another node in
the same network.

Local Infiltration - Infiltration entering the pipe as defined in the infiltration and rate sections.

Local Total Infiltration - Sum of the additional infiltration and local infiltration.

Log Axis Scaling - Compresses the values on the X and/or Y axisto the nearest power of 10. The
numbers shown on the axes are common logarithms of the given variable.

Manning's Coefficient - Roughness coefficient used in Manning’'s formula.

Material - The material field is for selecting the pipe's construction material. This material will be used to
determine a default value for the pipe's roughness.

Matchline Offset - Used to design invert elevationsin and out of a gravity structure. The specified value
will produce a corresponding drop between the upstream pipe invert elevations and the downstream pipe
invert. A drop suchasO0.1 ftistypically used to compensate for the junction headloss. Thisdropis
applied either at the crown or at the invert of the pipes, depending on the pipe matching option you
selected (crowns or inverts).

Maximum Dischar ge - The maximum theoretical discharge that could occur for a closed channel using a
given hydraulic computation method. For closed circular channels, this discharge occurs at 0.938 x
Diameter. Any increase in depth will decrease the discharge, which iswhy the full flow dischargeisless
than the maximum discharge for a circular channel. For a detailed explanation of this effect, see Ven Te
Chow’ s Open-Channel Hydraulics.

Maximum Extended Operating Point - This point is the absolute maximum discharge at which the
pump can operate, adding zero head to the system. This value may be computed by the program, or
entered as a custom extended point.
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Maximum Oper ating Point - The maximum operating point of a pump is the highest discharge for
which the pump is actually intended to run. At discharges above this point, the pump may behave
unpredictably, or the pump's performance may just decline rapidly.

Minor L oss Coefficient - Coefficient K used in the equation below, which is the equation most
commonly used for determining the headloss in afitting, valve, meter, or other localized component:

2
h, =K
29

Where: h, = Loss due to the minor loss element (m, ft)
V = Veocity (m/s, ft/s)
g = Gravitational acceleration (m/<?, ft/s?)

K Loss coefficient for the specific fitting

M ouse Buttons - The left mouse button is the primary button for selecting or activating commands.

The right mouse button is used to activate (pop up) context menus and help.

Mouse button functions can be re-defined using the Windows Control Panel.

Normal Depth - For a prismatic channel section under a given constant discharge, the depth of flow that
results for a specific channel slope. In subcritical flow conditions, the normal depth is greater than the
critical depth. In supercritical flow conditions the normal depth is less than the critical depth.

Number of Sections - Number of parallel pipes of the same size and type.

Object - Anicon on the tool palette that represents an element, such as a pipe, outlet, or junctionin a
drawing.

ODBC - ODBC (which stands for "Open Database Connectivity") is a standard programming interface
developed by Microsoft for accessing datain relational and non-relational database management systems
(DBMS's).

OK Button - When you click on this button the command chosen is carried out or modifications to data
in dialog boxes are subsequently stored.

On/Off Status - The status of a pump can be either on or off. On means that flow will occur in the
downstream direction, and the pump will add head to the system according to it's characteristic curve. Off
means that no flow will occur, and no head will be added.

Open Channél - A channel with afree top surface.

Open/Closed Status - The status of a pipe can be either open or closed. Open means that flow can occur
in either direction. Closed means that no flow will occur through the pipe.

Opening Area - Area of the orifice opening.
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Outflow - Calculated flow being pump out of the wet well.

Overflow Diversion Target - Flow diverted out of an element can be transferred to another element in
the system or lost from the system. Overflow indicates that the flow diverted out of the element is lost
from the system.

Patterns - See Loading Patterns.

Pattern Loads - A type of load that consists of asingle base load and aloading pattern that describes
how that load varies over time.

Percent Full - Used in closed channels as a measure of flow depth divided by maximum depth.

Piezometric Height - Height that liquid risesto in a piezometric tube installed at the centerline of a
closed channel.

Pipe Crown Elevation - Elevation of the crown of the pipe calculated as pipe invert elevation plus the
height or diameter of the conduit. Also called crown (or soffit).

PipeInvert Elevation - Elevation at the bottom of the pipe or channel.
Point - To move the mouse until the pointer on the screen is where you want it to rest.
Population Equivalent - Count of adjusted population for each loading unit of the load.

Power - A pump's power represents the water horsepower, or horsepower that is actualy transferred from
the pump into the water. Depending on the pump's efficiency, the actual power consumed (brake
horsepower) may vary.

Pressure - Pressure measured at the specified elevation of an element.

Pressure Head - Energy due to the pressure of aliquid. For open channel flow, this value is zero.

p
9

Where: p Pressure (Pa, psi)

Specific weight (N/m3, 1b/ft3)

Profile Description - Specifies the type of flow profilein the pipe (such as S2 curve, M1 curve, etc.).

Pull-down Menu - A menu of available commands or actions you can carry out. A pull-down menuis
usually selected from the menu bar at the top of the main program window.

Pumped Flow - Portion of the total flow that comes from a pump located in the upstream network.



328 Glossary

Pump Status- A pump can have two different status conditions: On (normal operation), Off (no flow
under any condition).

RDBMS - An acronym, which stands for Relational Database Management System.

Relative Speed Factor - The pump's relative speed factor defines the characteristics of the pump relative
to the speed for which the pump curve was entered (in accordance with the affinity laws). A speed factor
of 1.00 would indicate pump characteristics identical to those of the original pump curve.

Reynold's Number -

n = kinematic viscosity (m?s, ft/s)
R = hydraulic radius (m, ft)
Re = Reynold’s number
V = veocity (m/s, ft/s)

A high Reynold's number (larger than 4000) indicates turbulent flow, while alow one (between 0 and
2000) indicates laminar flow. The range 2000-4000 corresponds to a transitional regime.

Rim Elevation - The top elevation of a manhole structure. This elevation istypicaly flush with the
ground surface. In some cases, the rim elevation may be slightly below the ground surface elevation
(sunk) or dlightly above the ground surface elevation (raised).

Roughness - The roughness coefficient based on the roughness method used.

Roughness Coefficient - Roughness value for the channel or pipe. With the exception of the Manning’s
Roughness Coefficients, the default values used are estimates. Most numbers that we show can be traced
to literature; however, the values shown for methods other than Manning’s are Haestad Method's
estimates. Little information is available for these values and engineering judgment should prevail.

Algorithm by which aflow hydrograph is transformed to account for the transforming affects caused by the
hydrograph traveling through a conduit or an open channel.

Scientific Notation - Numbers expressed as products consisting of a number between 1 and 10 multiplied
by an appropriate power of 10.

Section - A cross section perpendicular to the flow through a channel or pipe.

Section Shape - The section type or geometric shape of the pipe. Haestad Methods supports circular
pipes, box pipes, arch pipes, horizontal and vertical ellipses.

Select - To click the mouse button while pointing the cursor at an element in alist or at acommand
button.

Service Area - Total area contributing to sanitary loads at anode. The contributing areais specified
through area-based unit sanitary load.
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Shaping Adjustment - Adjustment coefficient used in the AASHTO equation for structure headloss
calculation (refer to the equation in the Help) to account for partial diameter structure shaping (equivalent
to Half and Full in HEC-22). If structure shaping is used then the headloss is decreased by this factor
(50% default).

Shortcut Keys - Combination of keys allowing you to carry out menu commands instead of using the
mouse.

Shutoff Point - The shutoff point isthe point at which the pump will have zero discharge, and istypically
the maximum head point on a pump curve.

Size - Inside diameter of a pipe section for acircular pipe. Dimensions of abox section or pipe arch
(width x height).

Slope - Longitudinal slopein the channel. Non-uniform flow may have two types of slopes: friction slope
and construction slope.

Specific Energy - Sum of the elevation head and velocity head as related to the section of a channel bed.

2
E:Y+V_
29
Where: g = gravity (m/s?, ft/s?)
V = veocity (m/s, ft/s)
Y = depth (m, ft)

Specific Weight - The weight of a unit volume of a substance.

Standard Headloss M ethod - The Standard Method estimates headl oss through junction chambers or
manholes of a sanitary sewer system. See Headloss Coefficient - Standard Method.

Station Number - Station numbers are cal culated from the network outlet, moving upstream along the
pipe lengths. The Station Number format is specified by right clicking in the Station Number field and
selecting Station Number Properties.

Status Line - The pane at the bottom of the window that shows information such as the coordinates for
the current location of your cursor and the toolbar command being used.

Steady State Analysis - A calculation type where the model is analyzed for asingle instant in time. See
also Extended Period Simulations.

Sump Elevation - Elevation of the bottom of a manhole or outlet structure.

Sub Menu - A Sub Menuisalist of related options that is typically reached by selecting a pull-down
menu item.

Sump - Elevation at the lowest point in a manhole or outlet structure.
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System Additional Infiltration - Cumulative additional infiltration resulting from the upstream pipe
network.

System Infiltration - Cumulative infiltration resulting from the upstream pipe network.

System Total Infiltration - Cumulative total infiltration resulting from the upstream pipe network.

TableLinks- A table link must be created for every database table (or spreadsheet worksheet) that isto
be linked to the model. Any number of Table Links may reference the same database file.

Tailwater Elevation - Water elevation downstream of the outlet.

Task List - A list of al the applications that you are currently running in Windows. The Task List lets
you switch among applications, rearrange their windows, or quit them altogether.

Tick Interval - Distance between ticks on a graph.

Top Width - Length of the "free" top surface on the flowing cross section. For a cross section flowing
full, thisvalueis zero.

Total Adjusted Population - Non-population-based sanitary loads can be peaked by population-based
extreme flow factor methods using Adjusted Population. Adjusted Population is specified based on
Population Equivalent defined in a non-popul ation-based unit sanitary load. It isa product of total non-
population loading unit count and Popul ation Equivalent.

For example, ‘Industry ABC’ defines unit sanitary loads as a function of unit serviceareain
hectares. For each unit service area Population Equivalent is 1000 capita. If a node has service
area of, say, 25.3 hectaresthen the equivalent population used for peaking of thisload is 25,300

capita.

Total Base Load - Total base load is the sum of base loads of all sanitary loadsin the sanitary load
collection. Base load represent the average sewer sanitary load before it is transformed (peaked) using an
extreme flow factor method.

Total Diverted Flow - The sum of the global and local diverted flow entering a gravity node.

Total Flow - Total Flow at the structure going through an element of the network.

Total Population - Population resulting from loads that are population based.

Total Sanitary Flow - Total Flow at a node resulting from sanitary sewage generated during dry weather
from the network upstream of a given node.

Total Wet Weather Flow - Total Flow at a node resulting from the intrusion of rainfall water into the
sewer system from the upstream network. Wet weather load consists of groundwater infiltration and
rainfall inflow. Groundwater infiltration occursin gravity pipes while inflows occur at manholes and wet
wells.
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Uniform Flow - Equilibrium flow for which the slope of total energy equals the channel slope.

Unit Sanitary L oad - Loading unit count representing the local count of loading units for a specified unit
sanitary load.

Unit Load - Sewage flow generated by one loading unit.

Units - Type of measurement displayed in worksheets, rating tables, curves, and cross sections.

User Specified Tailwater Elevation - A tailwater condition that typically occurs when the collection
system discharges to a pond or other receiving body of water whose water surface elevation is greater
than the pipe's crown elevation. he tailwater elevation for the network can be specified directly in the
Tailwater Elevation field. Although it istypically greater than the crown elevation, it can be any value.

Velocity - Linear measure of flow rate given in units of length/time.

For weir and orifices, the velocity field isfor the velocity of the water through the hydraulic
structure.

Velocity Head - Energy dueto the velocity of aliquid:
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velocity (m/s, ft/s)
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Viscosity - Property measuring the fluid resistance to shear. Molasses and tar have relatively high
viscosity and water and air have relatively low viscosity.

Water Elevation - Elevation of the water surface, also called the hydraulic grade in open channel flow.

Water Surface Elevation - Elevation of the channel's flowing surface, usually given in mean sealevel
(MSL).

Weight - The mass of a substance times the gravitational acceleration.

Wetted Perimeter - Perimeter of flow that travels against a solid boundary. For apartially full pipe, the
wetted perimeter includes all of the flow perimeter except for the top segment, which has a"free" surface.

X Coordinate - Coordinates are distances perpendicular to a set of reference axes. Some areas may have
predefined coordinate systems, while other coordinate systems may be arbitrary.

Coordinates may be presented as X and Y values, or may be defined as Northing and Easting values
depending on individual preferences.
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Y Coordinate - Coordinates are distances perpendicular to a set of reference axes. Some areas may have
predefined coordinate systems, while other coordinate systems may be arbitrary.

Coordinates may be presented as X and Y values, or may be defined as Northing and Easting values
depending on individual preferences.
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