TECHNICAL DESCRIPTION

S

URBAN & RURAL RUNOFF ROUTING APPLICATION

%

8-10 Purdue Street
Belconnen ACT 2617
S ) Box 3064

‘Belconnen ACT 2616

P:+61 2 6253 1844
F:+612 6253 1847

ACN 078 971 990
ABN 83 078 971 990
Incorporated in the ACT



Graphical Expert Environment (XP) xpafts

The graphical EXPERT environment (XP), is a friendly, graphics-based environment utilised by a range
of software developed by XP Solutions. It encompasses data entry, run-time graphics and post-
processing of results in graphical form.

With xpraftghe EXPERT shell acts as an interpreter between the user and the model in the classical
style of an embedded expert system. The environment incorporates both pre-and post-processors
which use the expert knowledge of experienced users to filter the input data and to create and
interpret a valid and reasonable model of the system being simulated.

The EXPERT environment of X[raftSallows the engineer to devote more time to gaining an
understanding of the problem rather than devoting significant effort to the mechanical tasks of
entering and checking data, getting a program to run and interpreting reams of output.

xpraftswill revolutionise your Urban and Rural Stormwater Drainage practice. The program allows you
to quickly and confidently create and solve your drainage network. You will have answers in hours
instead of days.

xpraftsllows you to work with your CAD and GIS drawings to create a scaled view of the drainage
basin being considered. A detailed base map may be used and the drainage network created as a
layer on top of this map. Base maps may be used from every major CAD and GIS package.

Overview

xpraftsis a non-linear runoff routing model used
extensively throughout Australia and South East Asia.
xpraftshas been shown to work well on catchments
ranging in size from a few square meters to 1000's of
square kilometres of both urban and rural nature.
Xpraftscan model up to 2000 different nodes and
each node can have any size subcatchment attached
as well as a storage basin. Xfraftsises the Laurenson
non-linear runoff routing procedure to develop a
stormwater runoff hydrograph from either an actual
event (recorded rainfall time series) or a design storm utilising Intensity-Frequency Duration data
together with dimensionless storm temporal patterns as well as standard AR&R 1987 data. PMP
(Probable Maximum Precipitation) generation is also incorporated, which simulates PMP for Australia
for short or long durations.

Three loss models may be employed to generate excess rainfall. They are (1) Initial/Continuing, (2)
Initial/Proportional and (3) the ARBM water balance model. A reservoir (pond) routing model allows
routing of inflow hydrographs through a user-defined storage using the level pool routing procedure
and allows modelling of hydraulically inter-connected basins and on-site detention facilities.

Three levels of hydraulic routing are possible including simple Manning’s based lagging in pipes and
channels, the Muskingum-Cunge procedure to route hydrographs through channel or river reaches or
the hydrographs may be transferred to the X swmmx[stormydrodynamic simulation model.
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HYDROLOGY

Hydrograph Generation
The Laurenson runoff routing procedure is used in X[Faft$or the following reasons:

it offers the most flexible model to simulate both rural and urban catchments

it allows for non-linear response from catchments over a large range of event magnitudes

it considers time-area and subcatchment shape

it offers an efficient mathematical procedure for developing rural, urban, and mixed runoff
hydrographs at any subcatchment outlet.
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Data requirements for the Xraftgonsist of:

1 observed or design
rainfall

M catchment area 9 degree of urbanisation
M slope 9 loss rates

This data is used to compute the storage delay coefficient for each of the subcatchments and hence
to develop the non-linear runoff hydrograph. A default exponent is adopted although the user may
override this value with either a different non-linear exponent or a rating table of flow vs. exponent to
define different degrees of catchment non-linear response.

Each subcatchment is divided into 10 sub-areas.
Each of the sub-areas is treated as a cascading non-
linear storages obeying the relationship S=bQ" ,
where n by default is set to -0.285 and b is computed
from observed catchment event data or specified in

Subcatchment Data: Node noded (Subcatchment 1)
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terms of the catchment parameters. The rainfall is VectoedSipe 001
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the excess converted into an instantaneous inflow. [T

This instantaneous flow is then routed through the
subarea  storages to  develop individual
subcatchment outlet hydrograph.

Use non-standard Storage Exponent \

Any local Intensity-Frequency-Duration information

may be used to generate the hydrographs. Rainfall input can be of two types, either Design Rainfall or
Historic Events. Design rainfall may be entered as a dimensionless temporal pattern with average
rainfall intensity or in Australia may be extracted directly from AR&R 1987. With the Automatic Storm
Generator, the intensity information may be entered from Volume 2 of AR&R 1987 and the
appropriate intensity for the given ARI and duration will be computed automatically. The Zone may
be entered and the appropriate temporal pattern will be automatically selected from the inbuilt

standard temporal patterns from AR&R 1987.
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Historical events may be entered by the user in either
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fixed time steps or variable time steps allowing long
lengths of record to be defined relatively easily.
Alternatively the rainfall data may be read from an
external rainfall file. User defined file types can be
created to read text or spreadsheet data. Two ASCII text
formats are also supported, the HYDSYS file format or
the XPX file format.
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Loss Models
The rainfall excess may be computed using either of the following methods:

1 Initial/Continuing: The initial depth of rainfall which is lost is specified along with a continuing rate
of loss. For example 15mm initial loss plus 2.5 mm/hr of any further rainfall.

1 Initial/Proportional: The initial depth of rainfall which is lost is specified along with a proportion of
any further rain which will be lost. For example 15mm initial and 0.6 times any further rainfall.

1 ARBM Loss method: Infiltration parameters to suit Philip’s infiltration equation using
comprehensive ARBM algorithms are used to simulate catchment infiltration and subsequent
rainfall excess for a particular rainfall
sequence and catchment antecedent e
conditions. Data describing such things as e ———————
the sorptivity, hydraulic conductivity, upper N
and lower soil storage capacities, soil Evsporanspraion
moisture redistribution, groundwater runoff "
and catchment drying are required. Many of
these data may be found from field
measurements and this model allows for _%

ARBM Loss Process | Storage Capacites | Infitration. etc. | Evap! i 1

Interception Storage

__ Depression Storage
Evaporation
» Infiration

Upper Soil

more realistic modelling of catchment
response to storms especially with multiple
bursts. A proportion of the outflow from the

Lower Soil

ARBM loss method may be redirected as ok ) [ cad ] [_Heb
base flow in a given reach.

Storms

A number of storm events may be analysed in the
same run and the results displayed on screen to
determine quickly the critical duration for each
location in the drainage system. Simulation runs
of any length, from minutes to years, may be
accommodated.

The Automatic Storm Generator allows the
generation of storms with any durations and
return periods including PMP for the study area.
For Large to Extreme durations, either the 100
year ARl or PMP temporal pattern may be
selected.
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