XpP Technical Description

xpstorm is a complete software package for modeling Stormwater flows and pollutants. It is used by scientists, engineers and resource
and asset managers to simulate natural rainfall-runoff processes and the performance of engineered systems that manage our water
resources.

xpstormis used to develop link-node and spatially distributed models that are used for the analysis, design and simulation of
stormwater collection and conveyance systems. xpstorm also models flow in natural systems including rivers, lakes, floodplains with
groundwater interaction and with the optional Water Quality add-on module also routes pollutants and removal through these

systems. - — .
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Key
Features

Special
Applications

Overview

Included in Base Package
GIS Integration - connect to OBDC compliant databases, import and display ESRI shape files and Maplnfo files.

Scenario Manager - compare graphically and in tables model results for various scenarios. All model data is
available in the Scenario Manager

Global Storms - compare graphically and in tables model results for various rainfall events. Efficiently compare
multiple return period design storms and develop level of service assessments of the drainage network.

Dual Drainage - xpstorm dual drainage capabilities can simulate flow in conduits and in streets when flow is
limited by inlet capacity or undersized closed conduits.

Animations - review and present customizable animations including dynamic long section, color coded
dynamic plan view and the fully 3D perspective view.

EPA SWMM 5.0 Compatibility - xpstorm can import EPA-SWMM version 5.0 model and the earlier version 4 files.
Optional Add-ons

Real Time Control - expands the control capabilities for gates valves, flow regulators, moveable weirs and, and
telemetry-controlled pumps. It's sensors can be any combination of velocity, flow and water level at nodes,
conduits, pumps, weirs or orifices in the network

2 Dimensional Hydrodynamic Modeling - model overland flows, street flooding and floodplains using either
a 1D-2D integrated model or a complete 2D model.

XP Viewer - distribute your model to stakeholders in a read only format. Model simulations, including all
scenarios may be reviewed with the downloadable free XP Viewer software.

EPA SWMM 5 Exporter - convert any xpstorm model to an EPA SWMM Version 5 .inp file.

DTM Module - incorporates Digital Terrain Models (DTMs) as Triangular Irregular Networks (TINs) into any 1D
or 2D model.

Pumps & Orifices - used to model pumping stations and orifices. Pumps may operate base on dynamic head,
static head well volume or well depth. Orifices may be circular or rectangular and have time varying properties.

Water Quality - simulates the buildup and washoff of contaminants (non-point sources) in catchments, the
direct entry of pollutants into sewers (point sources), transport through collection and conveyance systems and,
treatment of stormwater and wastewater by natural and engineered processes .

BMP Evaluation - xpstorm can be used to analyze and design a wide variety of Best Management Practices for
reducing stormwater flows, improving stormwater quality, and reducing the magnitude and frequency of CSOs.

Overland Flow - xpstorm can simulate overland flows in dual drainage systems such as parallel street and pipe
systems as well as, integrated pipe and 2D overland flow routing.

LID - Low Impact Development, also known as Water Sensitive Urban Design (WSUD) or Ecologically Sustainable
Development (ESD) is a philosophy that focuses on specific sustainable water conservation goals. Its aim is to
minimize adverse impacts to the hydrologic cycle and water quality principles of low impact development
require that projects not increase peak flows.

FEMA Flood Studies - xpstorm is approved by US Federal Emergency Management Authority (FEMA) as meeting
the minimum requirements for models used to delineate flood plains and to support applications for revisions

to established maps.
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Hydrology

xpstorm simulates the complete hydrologic cycle in rural and urban watersheds. Beginning with single or multiple rainfall events and
base flows, it models flows through collection, conveyance and treatment systems to the final outfalls. All hydrologic processes in-
cluding snowmelt, evaporation, infiltration, surface ponding, and ground-surface water exchanges are included in the model.

Rainfall

Runoff

Users may select either design or actual storm events. Rainfall hyetographs may be linked to a model using off
line files or assigned from a global list to catchments. Continuous simulation is used to model catchment
response to long term rainfall records and can include multiple rainfall stations.

Design storms for any duration and return period may be
created from a library of rainfall patterns that includes:

® SCSTypes: |, IA, Il 1l Florida Modified, Ill, B

Each subcatchment can reference a separate hyetograph
enabling the modeling of radar rainfall data, localized storm
events or the timing of the hyetographs can be adjusted to

Huff Distributions
Chicago Storm
AR&R temporal patterns

User defined distributions

simulate movement of a storm across a watershed.

Rainfall Design Storm
SCS Type I1 24 Hour

> -

10 2 2!
Time ((hours))

xpstorm also models snowmelt using the Degree-Day method developed by the US National Weather Service.

Continuous and event simulations of snowmelt can be performed.

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

Non-linear Runoff Routing (US EPA Runoff Method)

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

Kinematic Wave

Snyder Unit Hydrograph

Snyder (Alameda County) Unit Hydrograph
Nash Unit Hydrograph

Santa Barbara Urban Hydrograph

Laurenson’s Non-linear Runoff Routing (RAFTS)
Rational Method

Colorado Urban Hydrograph Procedure (CUHP)
LA County F0601

Modified Rational Method

Sacramento Nolte Flows

Sacramento Method

Pervious Area Curve Mumber

Time of Concentration

Hydrograph Shape
Factor 236

@ Curvilinear

2 Triangular

rInitial Abstraction

D omn
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Non-Linear
Runoff
Routing

Groundwater
Interactions

Hydrology

The primary hydrograph generation method in the EPA SWMM
model is the non-linear runoff method. Overland flow
hydrographs are generated by a routing procedure using
Manning's equation and a lumped continuity equation. Surface
roughness and depression storage for pervious and impervious
area parameters further describe the catchment. The
subcatchment width parameter is related to the collection length
of overland flow and is easily calculated based on the watershed
area. Urban, suburban, and rural areas of any size may be
simulated using Non-linear reservoir routing.

' Precipitation
Evaporation ‘

- L486¢W0(d—d:)5/3 NG

¢

n

Infiltration

The other hydrograph methods such as SCS, SBUH, Rational, etc. are primarily used for single event simulations.
The SWMM runoff method is a deterministic hydrologic method suitable for comprehensive analysis and design.

Subcatchment infiltration can be coupled to groundwater and is computed using the methods:

Horton ® |nitial and Continuing Loss
®  Green-Ampt ®  Proportional Loss
SCS Method ® |nitial and Proportion Loss
U —Enquation
.

(% 1 4]

Averags Capillary Suction inch
Impervious Area Pervious Area Initial Moisture Deficit

Saturated Hydraulic Conductivity

Depression storage . (inch) o7 | | 010 |
Manning's "n" | 0015 | | 015 |
Zero Detertion (%)

If groundwater is simulated then the unsaturated zone interacts with the infiltration from the watershed
surface. Decreased infiltration increases surface runoff. For example, the water table can rise to the ground
level from excessive infiltration and the infiltration rate will be reduced.

The recovery of depression storage between storms is achieved by means of evaporation as well as
exponential recovery of infiltration capacity. Sub-surface flow is routed through saturated and unsaturated
zones using the method of lumped storages. Sub-surface outflow is computed using a power equation.
Seasonal variation in groundwater levels drives base flows in streams and inflow in sewers.

Evapo-Tranzpiration

Iriltt-ation/Per colation
Wyater Takle ¥

|535

B Type
@ Use Conduit Depth

&) Constant BC:

Technical Description



Xp

Hydraulics

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

Node Data
Dialogs

Inlet Capacity
and
Dual Drainage

Conduit
Shapes

Data are easily entered and reviewed in graphically enhanced =
dialogs. Check boxes indicate which options are invoked. Radio
buttons are used for selecting a single option. Copy and paste tools

are used to replicate data between objects.
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xpstorm determines the captured flow for a range of inlet types including slot, grate and curb opening inlets.

Options for calculating the inlet capacity are:

Maximum capacity

Rated by approach flow
Rated by approach depth
HEC-22 hydraulics

Flow not captured by the inlet can be stored on the surface and lost from the system or diverted automatically
to overland flow conduits. Additionally with the optional xpstorm 2D module, surface flows are routed on a 2D

grid.

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

Gothic

Semi-Circular

Circular
Rectangular
Horseshoe Rectangular Round Bottom
Arch

Vertical Ellipse

Trapezoidal Channel
Rectangular Triangular Bottom
Baskethandle

Modified Baskethandle
Egg-shaped

Horizontal Ellipse
Rating Curve
Regulator

Power Function Channel Reaction Link

Catenary

User-Defined Closed Section

xpstorm can also accommodate channels and conduits having roughness changes as a function of depth and can

simulate sediment deposition and transport in all conduit shapes.
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Pumps

Control
Structures
and
Diversions

Pump

Hydraulics

ing of storm or wastewater is easily modeled in xpstorm. A pump station may be represented as either an

in-line lift station, or an off-line node representing a wet-well, from which the contents are pumped to another

node or outfall. Up to seven pumps may be assigned to a pump station. The pumps may be selected in any
order.
Pumps may be one of six types:
® Rated by Well Volume An in-line or off-line pump station with a wet well; the rate of pumping depends
upon the volume (level) of water in the wet well.
® Rated by Depth in Node An in-line or off-line lift station that pumps according to the level of the water
surface at the junction being pumped.
® Rated By Dynamic Head An in-line or off-line pump that pumps according to the depth (head)
difference over the pump using a multi point pump curve and starting and stopping control elevations.
® Rated By Static Head An in-line or off-line pump that pumps according to the head at the upstream
node using a multi point pump curve and starting and stopping control elevations.
® Special Dynamic Head These pumps use a rule curve to modify the behavior of the dynamic head pump
based on the depth at either an adjacent or non-adjacent node.
® Variable Speed These pumps are defined by pump curves that are based on wet well depth or other user
defined parameters.
o e
Description | Node Depth, 3 E
Pump Rated By —Pump Type: P | e valume. Pump Flow Rt 5352 Node D, Dynamic Head, Well Vohume. 1675
3 Dynamic Head @% = s | [ 1
Intial Depth [0 ] g A
Pumg Starls Pumis Speed Factar | g ;g :
Pump Stops in I 5
0 el Volume 2 o Z
Total Yolume é
Inttial Yolume g
3 Depth in Mode

In gravity conveyance systems, a variety of structures are used to measure, control and divert flows. In xpstorm all

diversi

ons occur at nodes and the complex hydraulics of flow regulation devices are easily modeled. User

defined diversion rules that direct flow to the appropriate node Control devices in xpstorm include:

Weirs: Orifices:
® Transverse ®  (ircular bottom
®  Side flow ® (Circular side
® |Inflatable ®  Rectangular bottom
® Bendable ®  Rectangular side
.

Diversion Mame

User defined geometr
d Y Orifices may have time dependant area and discharge
coefficients.

| - Orifice Type

Flan
@J Hydraulic Brakes =
. +: = Orifice Area 025
1 | ¢ r =%
Discharge Coeff. _1 o
|3 Reguistor LinkAnflatable Wieir | ]
el Orifice T
| L3 Bendable Veir 1 e [ ary with Time ]
|_&3 Special Pump (Pump 5) | q E [Orifice Pipe
(@ Circular
) Iser Defined Vair | s
- = (3 Rectangular
| 3 Internal Rating Curve | W | o
: 0 Bottom Outlet @) Sidde Outlet Crifice Height
| L3 cther ] ! 1

Xp

Technical Description



Xp

Real Time
Control

Detention
Storage

Hydraulics

xpstorm’s Real Time Control (RTC) optional module expands the control capabilities for gates valves, flow
regulators, moveable weirs and telemetry-controlled pumps. It extends RTC to a comprehensive management
and design tool. It's sensors can be any combination of velocity, flow and water level at nodes, conduits, pumps,
weirs or orifices in the network. The generic real time control option provides the ability to control any conduit,
pump, weir, orifice or rating curve from an unlimited number of sensors.

The types of elements subject to RTC and the Parameters capable of being controlled are:

Element Parameter

Conduit Flow, Roughness, Diameter (or Depth)

Node Depth, Elevation

Pump On Elevation, Off Elevation, Speed Factor, Pump Flow Rate, Well Volume
Weir Flow, Crest Elevation, Surface Elevation, Length, Discharge Coefficient
Orifice Area, Discharge Coefficient

Rating Curve Flow

Other control parameters include Start and Stop time of the control, ramp times, and a second set point.
Operators can be concatenated with Boolean operators, and parameters can be compared with other sensors or
with absolute values. Real time control can be activated only during certain hours of the day, and control can
turn on and/or off over a user-defined time period.

[¥ Enable RTC

e e ]

Sensor Popatties

Serzar  [Hode =]/ Nane [rhbl

| =l

[¥]%, RTC Element 1

F1cu Sensar] Patameter [i/aer Jepth -1 Condition | =]
| Senser Based On
© vake [2800
1 Sersor [Fode =] Mame [0 |
Paramets |- = |+ =l [o3ss
New RTC I New Sersor |
1~ Centrol Proparties
Twe [Condit = Mame [ =] Paraneter [Flow B =
CComolType
F = Time Start [2507 hre Time =nd  [5000 his
Gair 0.000
= Ramp On [5.00) mns  RamgOf [11000 s
Integral  [oO00
Derivative |0.000 Min Vake [30.010 Max Vahe [100.000

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

® (Constant surface area (tank)

® A power function

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

The routing of flows through the detention storage units is performed by:
e Modified Puls method in the kinematic wave of the Sanitary layer
e Dynamic flow equations (St Venant) in the Hydraulics layer
Interconnected ponds and detention basins can be modeled in either parallel or series. Storage can be assigned

from the invert of a node to represent typical detention ponds or for the ground surface to represent surface
storage such as trap lows, sag inlets or flooded inlets and intersections.
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2D
Hydrodynamic
Model

1D-2D
Integrated
Model

Graphic Tools
for 1D-2D Model
Building

2Dimensional Flow

Fully two-dimensional (2D) models have been widely used for modeling river and coastal hydraulics and recently
have become a viable practical option for modeling urban floods. As a stormwater management tool, 2D
models are more accurate and produce results that are far more readily accepted and understood by managers,
decision makers and other stakeholders.

The 2D modeling add-on utilizes the TUFLOW program developed by WBM Oceanics Australia and The
University of Queensland. xpstorm has incorporated the TUFLOW engine into a user-friendly graphical interface
which walks the user through preprocessing of input data and the calculation of the model. All of xpstorm's
familiar tools for generating tables, graphs, and animations are available for reviewing, analyzing and presenting
model results. New 2D and 3D animation tools make it easy to present results to managers and decision makers.

A powerful feature of xpswmm 2D is its ability to dynamically link to any 1D (quasi-2D) model in an integrated
fashion. The user sets up the model as a combination of 1D network domains linked to 2D domains as single
model.

Stormwater flows overland until it enters the
underground network. Surcharges may exit the
network and resume overland flow.

Small 10 elements 10 representation
representing cu\ver‘tg\ of open channel

] /

1D elements may be integrated into an 2D flow
I I, o area to accurately model 1D flow.

1D representation
of pipe network

1D-2D models are constructed with objects. These objects are represented as points, polylines and polygons.
xpstorm2D has a set of tools that allow the user to quickly lay out the model and manage the properties of the
objects.

The flood plain is represented as a Active 2D
Area polygon. It borders the 1D Open channel
which is represented as an 1D InActive Area. The
1D Underground Drainage Network is added to
the model.

Technical Description



Viewing
Model
Results

Polylines represent 2D Head Boundary and the
1D/2D Boundary. Raised areas in the flood plain
are represented as InActive 2D Area polygons.
The 2D Area Extent is defined by a rectangular

grid.

2 Dimensional Flow

Animations are used to view and present model results. Color coded maps display time series of water depth,
surface elevation or hazard. Scaled vectors display time series of flow or velocity. Scaling and color coding are
user defined. VCR-like buttons are used to run the animations which may be recorded as AV files.

“elocity
R
@ 1D Network [ sl
- 2D Domain i
@ Topography 0.0
- Diagnostics [
K
(@ ?Dvectors v
" Flows 8]
Welocity -
8@ 20 Maps v
Water Depth -
‘water Elevati L8
Hazard O
-{@ PlotOutputlines [V [ T
. Show Chars L]
- Show Lines v
£ i@ PlotOutputPoin... | [V v v
. Show Chans |
Bl Show Points v
- Lower I T T
Upper T T
Legends [ [0
- Backgraund Images | [
3D Paths [y i m|

‘Water Depth

—
Subset 1

000O00®D — |—— © Q0

—
Subset 2

UL i R R R R R EEE R R

150
Time Step

2

Time series plots of water depths at user defined points or water
profiles are easily generated. These plots may be displayed,
printed or exported as graphics files.

Xp
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X'p Water Quality Modeling

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

Buildup and xpstorm provides a variety of tools for modeling ol ALt Buicup

Washoff the build up of any pollutant in a subcatchment. @ Power Linear
The buildup may be modeled using the US EPA oL A=
time dependent Dust and Dirt model. Buildup 7
parameters may be assigned for each pollutant = @ Exponertial
and landuse combination in the watershed. Fowertinear B0 = 4 A 1 ‘ 77

T @ michaelis - Menton

-
E:xponertial DD= DOLimit 3. (1-2

D= -Iclc-
Michaelis  pp DOLIME. At |
-Merton D+t
a
|4
Buildup Dependancy e
3 @ Catchment Area & Constant (¥ = 1.00 (& Catohment Curb Length
Washoff during rainfall events may be modeled Buildup Washaff
using:
9 2 None EMC

e  Event Mean Concentration (EMC)

e  Exponential: dependant on flow and @ Landuse | (3 Exponentisl |

availability

- - STme ] © Rating Curve__|
e Rating curve: relates concentration to flow

Erosion Managemert Factors
iﬂ:ar;”:' Soil erosion is modeled using the Modified
Crnupr:nanr:ge‘:; Universal Soil Loss Equation (MUSLE) and the
; erosion pollutant can be optionally added to
the TSS loads.
Fraction of Area Subject to Erosion 0A7
Sedimentin Residual bottom sediment in the pipes may be resuspended and deposited again due to the flushing action of
Pipes the conduit velocity. Scour and deposition is simulated in all conduits in the system.

The methodology uses a particle size distribution, and specific e S

: . . . . . Particle Specifi
gravity, for each desired pollutant, and maintains a time history for Size gl Gf:\f,'tf
each conduit of the maximum particle diameter in suspension and fo Hes |
the minimum particle size in the bed. Particles in motion are routed |D'4 IE |
downstream in each conduit by complete mixing, the same as other o5 [ |
water quality parameters. Mass-weighted values of the maximum [ [+ |
particle diameter in suspension are routed downstream for entry to i & |
subsequent conduits. [is 1[5 |
[65 |[5 |
[1o |[o |
Max Size for Dry Westher Flov

3
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Water
Quality
Routing in
Conduits

Water Quality
Modeling in
Storage Units

BMP Analysis

Dissolved
Oxygen
Cycle

Water Quality Modeling

Quality routing is performed by advection and complete mixing in conduits. Each constituent may be subjected
to first order decay during the routing process. The decay of one constituent has no effect on other constituents
present.

Unit

@ mat Daily Decay Rate
: - Unit Label

@ Other'n ] Add percent

: mi

Sk e —

Routing of quality parameters is performed by using the integrated form of the complete mixed conduit volume.
The routing becomes closer to pure advection (plug flow) as the number of conduits is increased.

Quality routing is performed as plug flow or complete mixing in storage units. Storage and treatment devices are
simulated as a series and/or parallel network of units each with optional flow-storage routing using the modified
Puls method.

The treatment simulation uses either user-defined removal equations (for example, removal as exponential
function of hydraulic residence time) or sedimentation theory coupled with particle size-specific gravity
distribution for constituents. The user may enter any valid equation to describe the treatment of the various
constituents and xpstorm will parse this equation and apply it to the simulation.

Best Management Practices (BMP's) and Low Impact Development (LID) strategies may be simulated using the
above procedures in xpstorm. The model will quantify the effect of the a BMP or LID technology in terms of

reduced flow (peak or total volume) and contaminant load. Street Sweeping Period
Marth Day
. . . Start date
Typical BMP and LID strategies simulated by xpstorm are: Fies
Rain gardens dry detention basins
Green roofs wet ponds
Rain barrels swales Street Svweeping Efficiency for "dust and dirt” 0.50 %

In addressing overflow problems, the software can identify the volume of spillage, flooding and the
concentration of any pollutants or sediment build-up. The modeler may evaluate solutions such as storage,
treatment and real-time control adjustments to prevent system failure.

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

Conduit - 300

— J— — —

CBOD Conc. NBOD Conc NO3-N Conc DO Conc

ES
(161 uoneAUEOUOD

1Sun 3AM BAM 9AM
Oct 1989 Time X-p
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)('p Building Your Model

xpstorm's graphical environment allows the modeler to create and modify the network interactively on the screen using a mouse and
graphic tools. Convenient graphical wizards guide the user through a range of required and optional data. The internal knowledge-
base “intelligently” reviews the input to prevent incorrect or inconsistent network structures or data from being created.

xpstorm also contains a variety of tools to jump-start model building by using data from other previous projects, other models and
external sources.

Digitizing xpstorm has tools for quickly laying out, navigating and, annotating networks. Layouts can be constructed on a
Networks scaled background or on a blank screen. The color and size of text labels can be adjusted for optimum
readability. Single elements or groups of nodes or links can be selected for editing.

H x|
X T[Oo]/ . oD v

Dialog boxes xpstorm has numerous dialog boxes that

assist data entry. Schematic diagrams -ﬁ.=‘4 R,
indicate the definition of various @ﬂ mEEEE [ e | Ooshvet
units and field definitions to assist the @ ) @ Length
users. !m \/ [ Soke ]
|928.5._| = — .

This dialog box displays the Solve ruf 100 giope M |%
feature which calculates and enters the [< Length ol
selected dependant variable. For Manningsn [oois | [T other serviesl]
example, knowing the upstream and MHE MH4
downstream inverts and the conduit
length, the slope is calculated.

XP Tables XP Tables offers an excellent complement to the dialog-based interface. XP Tables provides views of data and

results that can be quickly sorted, edited and copied to or from other applications such as Excel spreadsheets.
Filters can also, be applied to the table so that only the objects meeting specified criteria are displayed.

t! xpstorm, - [¥10.00c] [overland_with_inlet_rating.xp: 2] [XP Tables] g@gl
: File Edit View Options Format ‘Window Help - 8 X
ElIéI | ‘ ‘ ?T| 'z‘i'|ﬁi‘ 4 |E|| % |+ | - |%| R | |Base Scenario ~|| [[Active Subcatchments  |[Se
Subeatchmm |area Impervious Total Rainfall [Total Runoff |Taotal Surface Max Infil. Rate [Min Infil. Rate | Max Flow o
Hame il ha FPercentage {inches, mm) [Depth (in, Infiltration Evaparation  [{in./hr, mm/hry | {inhr, mmihr) | (%302, m*3rs)
% mrm mmj (inches, mmy | in, mmj mrn/hr mrn/hr cmg
-1 1 0870 0.000 90.000 34.042 55958 0.000 51033 0.000 0127
MH2 1 0.260 0.0o0 80.000 34.042 55858 0.000 81033 0.000 0.038
MHG 1 0.130 0.000 90.000 34.042 55,938 0.000 591.033 0.000 0.022
-4 1 0150 0.000 90.000 34.042 55958 0.000 51.033 0.000 0.022
MHS_Out 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ||
< [» [{ Rain + Infiltration_} Subcatchment Resutts £ Basic Conduit Data £ Conduit Factors £ ] 4 [
MUM |OVR
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Quick
Data
View

Global Data

Layer
Control

Building Your Model

Variable Name

nk Name

.Upstream MNode Name

Downstream Mode Name

Upstream Invert Elevation

Downstreamn Invert Elevation

Max Flow (ft*3/s. m*3/s)

Max d/D (depth/diameter)

- - The Quick Data View tool displays a user-defined set of input data and
Settings | Edit . . X .
results for any link or node in the model. It is effectively a custom
| 133 || dialog that dynamically displays current values of the defined set of
== parameters. The view may be docked or moved anywhere on the
A11-1 viewing pane and resized. The display is updated when a new link or
o node is selected. It is an excellent tool for reviewing the model data
combined with the results.
30.870
28.200
0.37
11936

The global data tool allows for the management of data that may be referenced from multiple nodes and links.
This reduces data redundancy dramatically and the associated problems of updating many locations when
changes are made. Examples of global data include rainfall, infiltration, pollutant description, cross sections, dry
weather flows and pump curves. A series of dialog boxes are used to assist editing and assigning global data to

the model.

The global database can be efficiently loaded by import,
merging models together and by using one or more of the
XP Software supplied template files.

x
Dela Base Type Record Name
(R) Groundwater - Captinar 'C" -~ 7

Culleoka 5" Ql

(R) Inial Loads J Donerail "C" J —
(R) Landuse Egam "C*
(R) Pollutant Fairmourt "D*
(R) Rainfall Hurtington "8
(R) Snow Melt v Lanton D" -
Description [Fiydrusic properties of ol seriss - USDA ol maps| |

Layers |

:

= {2 1D Network
Nodes
Node Labels
=g Links
B Cross-sections
Link Labels
Texts
=g 2D Domains
=@ Default Domain
[0 Extents
=l Regions
@ 1D/2D Connection
W 1D/2D Boundary
2D Head Boundary
M 2D Flow Boundary
2D Flood Plain
[ 1D Flood Plain
Flood Free
=12 Topography
=--f@ Ground Elevations
Fill Areas
DM
Breaklines
Roughness Categaries
Landuses
Catchments
Diagnostics
Results
= 1@ Data Encoding
Graphical Encoding
=12 DTM Layers
C\dtm\surface
=12 Background Images
C:\Lot_boundary.dxf
C\Aerial Photo jpg

O

AITATTAAA T I T T I I AT AT I T AT AT a9

The movable and dockable Layer Control Panel allows the user to manage the
graphical display of the model. The display of layers (model links and nodes,
text, topography, DTMs, and background images) may be switched off/on with
check boxes. Model layers may also be locked (from editing) or have their
selectable attribute switched off/on.

The layers are organized into an expandable/collapsible tree structure .

i A i A e A e e e
AT TETITET T TR TR RE T TR TR TR T ] e
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XT_] Building Your Model

Background xpstorm allows the user to layout the network over a CAD

Layers (.DXF or .DWG) drawing or a GIS layer (.SHP or .MIF). The
ability to include a background image also includes
georeferenced digital pictures such as .BMP, .JPG, .TIF
files.

Alternatively, schematic network layouts can be created
without the objects being georeferenced.

. . - . B8 Data Link P i X
GIS xpstorm is streamlined to utilize GIS and CAD data for modeling. —me=SEitEizE X
. K . Provider | i Al o | Al
Integration It has the ability to display raster and vector files as background | comecton| Advencea |
images from commercial drawing and GIS applications without SElEEHIE CDy - Gt
P OLE DB Provider(s)

the purchase of additional software. B8 BCREREEONE{DE Pt
MediaCataloghergedDB OLE DB Provider
MediaCatalogvWebDB OLE DB Provider

i i i i Microsoft Jet 4.0 OLE DB Provider

Wlth its integrated GIS link xpstorm enables you to exchange data e B Pra e - Miing Snices

with other external databases such as ArcGIS, Mapinfo, Asset Microsoft OLE DE Pravider for Indexing Service
Microsoft OLE DB Provider for Internet Publishing

Management Software, Access and Excel or any other ODBC Micrasot OLE DE Provicter far ODEC Drivers

. Microsoft OLE DB Provider for OLAF Services 8.0

compliant database. Microsoft OLE DB Provider for Oracle
Microsoft OLE DB Providet for Qutlook Search
Microsoft OLE DB Provider for SOL Server

y Microsoft OLE DB Simple Provider

xpstorm’s  layer control panel allows the management of MSDataShaps

geospatial data sets including visualization and direct import of St L R R A e

geometric objects such as polygons, polylines and points to the

appropriate xpstorm layer.

Lyers o & d~
| = 1D Network L1 L] i[] A right click launches a pop-up dialog for directly
LB Blodes e importing nodes or links from a GIS or CAD file.

Labels

W Catchment C..
=g Links Delete Al
B Cross-sectio.. [ T T
Labels v v ‘
Exchanging Existing information may be imported into xpstorm from Version 4 through 5 EPA SWMM data files. Any xpstorm
data with model may exported to an EPA SWMM Version 5 .inp file.
EPA SWMM
Text Files Data may also be imported from an ASCII text file in out proprietary XPX file format. XPX files are free format and
use a simple script to allow import of all required data. Comma Separated Values (CSV) files can be included in
XPX files to allow import of multiple input variables to a range of objects and links. This allows the user to create
new data and objects as well as update and add to existing xpstorm networks. Large data sets exceeding 10,000
conduits can be managed easily using XPX files.
Network Numerous zoom and pan tools allow the user to quickly navigate across the model. Other icons in the tool strip
Navigation aid in creating a network layout and there are icons to the Show/Hide All Node and Link Names and select All

Links and Nodes. Simply depressing the icon will toggle on/off the labels for node and links.

B x
+-BEs PO
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X'p Digital Terrain Models

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

DTM Builder The DTM builder constructs a TIN from a x, y, z text file. w1 v Iz Is [

1 742995 288000 5737284 83900 222 4760
ugn . . . T
The “S” column is used to designate break lines. [EW72500.531000 5727291 51100 2202120
H 742996669000 573730144800 | 224.3000
Mu|tip|e DTMs can be tiled together' 4 |742922.440000 5737325.42600 |210.2500
5 |742903.518000 5737330.03100 209.8500 ridge’ A
B 742912.031000 5737335.13400 |213.0850 ridge1
. . . . 7 |742903.502000 573735070900 215.5000 ridge’
Additional options include creating a DTM from: B |742505.355000 573735, 01800 215 2550
.. . g 742907 674000 6737367 74800 215 6850
[ Existing node grou nd elevations 10 |742999.495000 5737380.14700 218.6750
" 742972071000 573739672200 215 9050 From External File:
° . 12 |742990923000 573741271900 2135450
Maplnfo MIF files 13_|742943.947000 5737315.95600 210.9500 Read X1Z3 il

=

742922.440000 5737325,42600 | 210,2500 ditch2

742924.306000 673732717700 | 2109650 ditch3
742505 440000 5737457 76300 188.5750

742677 276000 5737451 85100 184 4250

742530.352000 5737458.54000 187 4850 g chekfr

. Duplicate Points

®  ESRI shape files and ESRI Grid files

o

@

=

@

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

@

Processed 417 KB / 459 KB

INENENENERENENEEEER
Manage DTM
Display The color scale, transparency and contour line format of the
TIN can be adjusted or toggled on/off with the display
properties dialog in the Layer Control Panel.
The elevation of the mouse location is displayed in the
status bar.
Using DTM After the DTM has been incorporated into the model a variety of tools are available to perform such tasks as:
Data ®  Generating node ground elevations from the DTM

® (Creating cross section shape files along open channels

® (Creating cross section profiles along any user defined polyline.

Cross-Section

A0 e
Generate Cross-section Layout/Shape g‘ L
38|
Apply To L
@ celected Links @ AllLinks 364-
Create: ‘Shape and Layaout from DT j Eah
Cross-section S ol
Settings: ]
z |
Cross-gection Location  |Upstream Node R w 104
Offset Percentage |50 % [
284

Cross-section Width: L

Left | 100 26+
I i
Right |200 7705 IS A S SN ISR S .

L P
ﬂO\rer’wriheesttingcross—sect\on Bl vt i i 1)
il 100 200 a0a 400 500 600 7an aan aoa 1000 1100
True Distance
‘ oK | ‘ Cancel |
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Xp

Running Your Model

Running xpstorm is more than clicking on the calculate button. When using xpstorm, the modeler can monitor the calculating engine
and the hydraulics at selected locations, make adjustments and rerun the calculations. After the simulation xpstorm offers a variety of
tools that assist in calibrating, adjusting designs and producing final output.

The Scenario Manager allows you to create multiple scenarios. A scenario can have different configurations,

storms, control strategies or boundary conditions. The modeler can easily analyze the networks performance

direction up [Max 180.696]

12PM

Scenarios

BN uk=]Base Scenario 0

7[] static storm
@ALD direction up

Cancel

Help

Delate

Rename

7
= -

Propetties

A run time graphing tool aids in monitoring the progress of the analysis engine. During a run the user can select

Scenarios
under different storm events and future development conditions.
Conduit 373
Base Scenarmmax 180.079] static s‘torrmax 178.297]
180
160
140
120
100
3
= 80
60
40
20
0
BAM 9AM
1 Mon Jan 2001 Time
Run Time
Graphing

a link or node and then the Graph button. Then while the simulation is being executed the selected object’s

flow or water level will be displayed and continuously updated in a graphing window. A sample of this graph is

shown below for link L6

XPS - 1D Simulation E@g|

Engine Mame: CPSupswmmiSWhMEN~1 EXE ~ Graph

Configuration Parameter; EXTERNAL_CSY

Writing connectivity information.

Courant Factor hd

[v Show Status Messages

Max. # Time Steps: 5760
Finished Reading Input File

Stop |

Cantinue |

Input File : CRPShpswmmiTomsDemostWo-ExtCE\Alexatl 1 » D3

P w Link
Engine Wersion: 10.55

===> Enteting Runoff Block L& hd
Entering input subroutine

Al Graph
Reading Rainfall infarmation.

Reading Rainfall infarmation. 13.883, 0000
Reading Channel/Pipe infarmation.

Reading Subcatchment information. [ 127 2 Exit on End of
Setting up connectivity information. Simulation

writing inlet infareation. Time Step # [1941
Reading water quality information. Time (hrs)[32.4
Entering input subroutine Time Used|1.3
Entering hydro subroutine F
Reninning time aten lnnn Fnd at 480 000 hnors Fin b i et BEEH)
Efficiency [1525.544

Courant Factor | 1.00000 Apply

Mazx. MNode lterations |1 Made [MH1 # Modes Not Converged E
Mazx. Flow Change FEI 00005 Caonduit jexfil Surcharged E
Min. Time Step B0.00 Caonduit L4 Flooded 1

# Conduits with Marmal Flowﬁ

11
3370 %

4. e-004

3.e-004

2.e-004

1.e-004

0.e+000

0000 1888 3111 4BE7  BZ22 778 9333 10889 12444 14000

Time

Xp
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X

Proprietary
Dynamic Wave
Routing

Model
Calibration

Spatial
Reports

Model
Summary

Running Your Model

xpstorm uses a proprietary dynamic wave routing procedure. The solution method is inherently stable and has a
fast run time by using a self modifying time step. Throughout the simulation, the time step is adjusted to insure
stability and flow balance. There are several techniques available to improve the performance of the calculating
engine. Additional simulation parameters allow optimization of the solution. They include:

PerformanceiStability Factors

® Global settings for minor losses, flow multipliers, | Uner-felexation Parameter

Time Weighting Factor
roughness factors ity
Conduit Roughness Factor
®  Courant time step factors Flow Mdjustment Factor ]
®  User defined fixed and relative tolerances Infial Goncition Smosthing o ]
L. . Minitnum Courant Time Step Factor

®  Minimum time step v ;
2. Time Step tterstions

®  Automatic modification of short conduits Hydragraph Methad

B oynaric Wave
For compatibility with older EPA SWMM models the three | | & Knemsticave
Version 4 solutions are also available in xpstorm. Routing of
the flows may also be accomplished using the kinematic
and diffusive wave solutions.

ﬂ Report Mon-convergence

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

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

MH4
GrdEl= 839001 /Og | MH3
Inv= 830.00 7 ] =
MaxEl = 938,00 1
=100
0014 Grd B 930,001
Max 0 = 3,80 ofs Inv=93200 1
MacEI= 933,001
)
e 01e
Max 0 = 7.70 ofs
[=s500n
n=0.014
MaxQ = 400¢fs
MH2
L1 MH1
GrdEl= 841,00 1
e s

Max El = 940,481
Grd EI=842.00 f
pas ]
MaxEl=841.361

A comprehensive output file is also created similar to the output in EPA SWMM. This output file is the *.OUT text
file and contains extensive input and output information. During scenario runs or when simulating multiple
rainfall events with global storms, multiple output files are generated.

Xp
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Xp

Viewing and Reporting Results

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

XP Tables

Graphical
Encoding

Hydrographs

The XP Tables tool will generate customized tables of both input data and results. Tables may be easily
formatted by font, alignment and numeric format. Tables may be easily exported as text files or to publishing
software.

1 xpstorm - [¥10.00c] [overland_with_inlet_rating.xp:2] [XP Tables]

:F\Ie Edit View Options Format SWindow Help

[Ei=1[E

E|§\ ‘|@| ?” '%~L|,Z;J,‘ '-'| |E” @|+|— ‘R| [Base Scenario ~| I |[ Al Objects in Mo
-
Conduit Data Conduit Results
Hame Conduit Factors £ A 3 Upstream | Downstream HDR Link Results
@ Diameter @
= a2 Heighty £ Invert Inwvert
= 2 =] Elevation Elevation
Numberof | Sediment 5 & m E m " Mt o ey | e logity WX
Barrals Depih = (gapthidiameter) | M35, M*3/E) | (US, mis) BTSRRI
cms mfs Flow fraction
pipea 1.000 0.000 100.000 Circular 0.500 03 97.000 96.500 0.424 0.050 0.960 0187
streeta 1.000 0.000 100000 |Trapezoi  |0.250 0014 93750 95.750 0101 0.090 0640 0013
pipe2 1.000 0.000 100000 |Circular 0,500 0M3 98500 95.000 0.551 0100 1.210 0.375
street2 1.000 0.000 100.000 Trapezoi  |0.250 0014 93.750 98.250 01m 0.050 0.330 0on
stormpipel 1.000 0.000 100.000 Circular 0.500 03 96.000 95.500 0652 0180 1.380 0.656
stormpipe2 1.000 0.000 100000 |Circuler  |0.500 0013 95500 95.000 0652 0.200 1.500 0731 1
-
« [+ [{ Node Inflow Sources £Node Flooding £ Continuity Balance j, Conduit / L] | v
HUM [ovR

TEGER

Wods Calor

HDR:Tim Floodad (min) e
04

- o2
Node Size
HOR:Max Water Depth (1, m) (1]
o odsa
MH4

°

Link Cator T
HOR:M i Flowm (315, m3ss) o] !
07

- |
- a2

Graphing of results for flow, velocity, concentration and
load may be displayed for any point in the system with
anywhere from 1 to 16 graphs displayed on a single
page. The scales, series symbols, grids and fonts of
these graphs can be easily adjusted to meet publication

Blue Lagoon

requirements. Parameters that may be graphed include:

Flow
Velocity
Infiltration
Snowmelt

Groundwater stage

Groundwater flow

Flow (cfs)

Hydraulic grade line

Often also called thematic viewing or plotting,
this tool allows variables (or themes) to be
displayed using graphical entities of objects.
Currently six entities are supported, 3 for both
links and nodes. These are; Color, Size or Width,
and Text Label Size. The variables (or themes)
include input data plus calculated results.

—
Upstream Elevation

Conduit L6 from MH10 to MH11
[Mas Flow = 31.8245][Max Velocity = 10.41]

Downstream Elevation

Flow

Velocity

(su) Auoosp

Rainfall excess
Soil moisture

Pollutant load
Pollutant concentration

Storage node inflow and
outflow

187
Jun 1992

hu 3AM

12PM
Time

3PM

19 Fri
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Animations

Dynamic Plan
Plotting

Dynamic
Section
View

Dynamic
Long
Profile

Viewing and Reporting Results

Model results for the entire simulation period may be viewed in any profile, plan or section view. The

display of

the animation is controlled by a set of VCR like buttons. At any time step the animation may be printed or

exported as a graphic file.

The results may also be replayed on
the plan view with the size and color of
the nodes and links changing to reflect -
changes in the Flow, Velocity and! i
Depth during the simulation period. - %
Instantaneous direction of flow is also #
indicated.

Scaled plan drawings, including the
base map of information, may be
generated and output to DXF files,
printers and plotters.

The results may also be replayed ona m
hydrographs.  Dynamic  Sections

segment of the network.

information, may be generated and outp
files, printers and plotters.

éif
1

Floodiny
: Ground Level
Freeboard
A Crown
| | B nvert Level

Flow (m3fsec)

woe e
Lok

ulti-panel

view presenting a profile, cross sections and
can be
construction for a single link or contiguous

Scaled plan drawings, including the base map of

ut to DXF

A profile for any contiguous segment of the network may be selected for animation of the HGL. The profile
displays pipe, manhole and ground geometry and the water levels and HGL over the course of the simulation.

The display width of the manhole and other labeling may be adjusted to improve visualization.

Scaled plan drawings, including the base map of information, may be generated and output to DXF files,

printers and plotters.

Urtid
Day D] Trme 05:34:00 Step 04
20 1940 2400 a0 100 w0 140 o500 760

e n h I
a1 s iz 0:sn
0:2m 0:2m 0:2m

it i w11 —
am 20 T8
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XpSthITI Viewing and Reporting Results

Perspective The Perspective View allows model results to be viewed in 3 dimensions. Users may navigate the view by

View zooming or changing the viewing location. If a DTM is included in the model, it may be viewed in the wire mesh
or the shaded mode. Background aerial photos may also be included. The view may be easily manipulated to
best view the changing water level during the simulation period.

8 xpswmm - [Perspective View]
") DM Suface Water Ppes Camera Drive Through Sewp

000000 Y————p- OO F

XP Viewer The XP Viewer allows data files to be opened and viewed but not modified. The model may be freely distributed
to anyone associated with your project. Recipients will have the ability to view and generate all model output

including animations of your xpstorm models without the ability to change the model(s) integrity or redoing the
simulation.

This is an excellent tool for those customers who need to share their data with others who do not own a license
of the software, but wish to view the model(s) data and results.

Technical Description 20



X'p System Requirements

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

Minimum Recommended
Processor Pentium Pentium Ill and higher
RAM 256 MB 1GB
Operating System Windows 2000, Windows XP Windows 2000, Windows XP, Vista
Hard disk 500 MB 2GB
Display 1024 x 768 256 color 1920 x 1200 32 bit color
For 3D viewer 64 MB ram For 3D viewer 256 MB ram
Video Card Vertex shader version 1.0 or greater Vertex shader version 1.0 or greater

Pixel shader version 1.4 or greater
DirectX 9.0

Pixel shader version 2.0 or greater
DirectX 9.0

XP Software offers the ability to run your xpstorm programs over your single location Local Area Network. This
enhanced functionality provides you with a network hardware lock which enables any user on your network to
run the program from their workstation without the tedium of sharing a hardware key. Alternatively, using the
stand-alone hardware lock that is provided with your license the software can be installed on multiple
workstations. Your users will be able to access the program according to who has possession of the hardware
lock.

Network
Capabilities

XP Software North America
700 NE Multnomah St., Suite 230
Portland, Oregon, 97213, USA
Tel: +1-888-554-5022

Fax: +1-888-554-5122

Email: sales@xpsoftware.com
www.xpsoftware.com

XP

MODEL WITH CONFIDENTCE

XP Software Australia

PO Box 3064

Belconnen, ACT 2616

Tel: +61-(02)-6253-1844

Fax: +61-(02)-6253-1847

Email: sales@xpsoftware.com.au
www.xpsoftware.com.au
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