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INTEGRATED WATER ENGINEERING SOFTWARE

1 ABOUT GHI HYDROSUITE

GHI HydroSuite is an integrated water engineering software platform developed to assist engineers,
researchers, planners, students, and water-sector professionals with the analysis, assessment, design,
and evaluation of water infrastructure and water-resource projects.

The software brings together a range of commonly required hydrological, hydraulic, hydropower,
flood estimation, reservoir, and economic analysis tools within a single, user-friendly environment.
Rather than relying on a collection of separate spreadsheets, scripts, calculation packages, and plotting
applications, GHI HydroSuite provides a structured workflow in which project information, input data,
engineering calculations, results, graphs, and reports can be managed within one application.

GHI HydroSuite has been developed specifically with practical engineering applications in mind. The
software combines established engineering methods with automated calculations, graphical
presentation of results, data-management functionality, and project-based workflows. It is intended
to support both preliminary assessments and more detailed engineering investigations, while
maintaining transparency in the methods, assumptions, and input parameters used.

The software is organised into dedicated modules covering the principal stages of water engineering
analysis, including project management, data management, flow analysis, reservoir analysis,
hydropower assessment, flood analysis, pipeline assessment, pump station analysis, basic hydraulics,
economic analysis, and reporting. The modular structure allows users to make use of individual tools
independently or combine them as part of a broader project assessment.

& GHI HydroSuite - Version 1.1 = [m] X
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Some of the key features of GHI HydroSuite include:

1.1 Integrated water engineering analysis

GHI HydroSuite combines a wide range of engineering tools within a single software environment.

1.2 Flow-duration curve development and interpretation

e Reservoir and storage-related assessments

e Hydropower resource and project assessment

e Flood estimation using recognised engineering methods

e Design rainfall analysis and catchment rainfall estimation

e Basic pipe, channel, and weir hydraulic calculations

e Economic and financial evaluation of infrastructure projects

The integrated approach reduces the need to transfer information manually between multiple
independent programs and spreadsheets and provides a consistent environment for completing
engineering assessments.

13 Intuitive graphical user interface (GUI)

GHI HydroSuite has been developed primarily for engineers, researchers and water-sector
practitioners. A consistent graphical user interface provides structured access to the various
engineering modules and analysis methods.

e Clearly defined engineering modules and workflows

e Logical grouping of inputs, calculations, results, and graphs

e Tab-based analysis screens for more complex assessments

e Consistent presentation of engineering units and parameters

e Graphical presentation of calculated results

e Results viewers for reviewing important outputs

e Context-specific controls that guide users through individual analyses

The interface is intended to reduce the learning curve associated with specialised engineering
software while retaining access to the underlying engineering parameters required by experienced
users.

1.4 Integrated data management
Water engineering studies frequently require data from numerous sources and in different formats.

GHI HydroSuite provides dedicated data-management functionality for preparing, processing and
managing information required by the various analysis modules.
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Depending on the analysis being undertaken, this may include:
e Daily and monthly streamflow records
e Hydrological time-series data
e Design rainfall information
e Rainfall station and spatial rainfall data
e Catchment characteristics and location information
e Reservoir information
e Project-specific engineering data
e Imported and calculated datasets

Information processed within the Data Manager can be transferred to the relevant analysis modules,
reducing repetitive data entry and improving consistency between different stages of an assessment.

1.5 Flow and hydrological analysis

GHI HydroSuite includes tools for analysing observed and generated flow information and converting
hydrological datasets into information that can be used for engineering decision-making. Available
functionality includes:

e Flow-duration curve analysis

e Standard, annual, seasonal, and monthly flow-duration curves

e Flow exceedance statistics

e Stochastic flow generation

e Statistical analysis of hydrological datasets

e Graphical representation of hydrological datasets

e Export of calculated results for further analysis and reporting

These tools allow users to investigate the magnitude, frequency, and variability of available flows and
provide important input information for water-resource and hydropower assessments.

1.6 Reservoir and storage analysis

GHI HydroSuite provides functionality for evaluating reservoirs and water-storage systems and their
interaction with available inflows and downstream water requirements. Depending on the
assessment, the reservoir functionality can be used for:

e Reservoir level and storage analysis

e Processing reservoir-related datasets

e Assessment of inflow and storage behaviour

e Evaluation of reservoir operating conditions

e Integration of reservoir levels with hydropower assessments

e Graphical representation of reservoir behaviour

The reservoir tools provide an important link between hydrological analysis, available hydraulic head
and subsequent water-resource or hydropower assessment.
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1.7 Flood estimation and design rainfall

GHI HydroSuite provides an integrated environment for flood estimation, including tools for obtaining
and processing the rainfall information required by different flood-estimation procedures.
The flood-analysis functionality is being structured around recognised South African engineering
methods and provides workflows for:

e Design rainfall extraction

e Point rainfall analysis

e Catchment-average rainfall

e Area-weighted rainfall

e Rainfall station and Thiessen polygon approaches

e Rational Method flood estimation

e Selection and management of return periods

e Transfer of rainfall results directly to the applicable flood-estimation method

e Graphical and tabulated presentation of results

By linking design rainfall and flood estimation within the same application, HydroSuite reduces manual
transfer of rainfall information and provides a more consistent calculation workflow.

1.8 Basic Hydraulics analysis

GHI HydroSuite incorporates a range of commonly required hydraulic calculations to support routine
engineering assessment and a section on culvert-analysis for evaluating the hydraulic performance of
road and drainage culverts. The module provides functionality for:

e Hydraulic losses

e Open-channel and weir flow

o Weir flow

e  Culvert hydraulics

e Inlet- and outlet control analysis

e Determination of the governing headwater condition

e Roadway overtopping assessment

e Hydraulic cross-section visualisation

e Comparison of hydraulic conditions against selected design criteria

The basic hydraulics and culvert functionality incorporates established approaches used in SANRAL
and FHWA HY-8 methodologies, providing engineers with an integrated environment for assessing
culvert capacity and hydraulic performance.

1.9 Pipe analysis

GHI HydroSuite incorporates commonly required hydraulic calculations so that users can undertake
routine engineering assessments. It includes a dedicated thrust block design module for determining
hydraulic thrust forces and the required bearing area for common pipe fittings and changes in pipeline
geometry. These tools include calculations associated with:
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e Pressurised pipes
e Thrust block design for bends, t- or y-pieces and end caps.
e Hydraulic losses and related engineering parameters

The Basic Hydraulics module is intended to provide access to frequently used calculations during
preliminary design and engineering assessment.

1.10 Hydropower assessment

Hydropower assessment is one of the principal engineering applications incorporated into GHI
HydroSuite. The software provides tools for evaluating the relationship between available flow,
hydraulic head, energy generation, and project economics. Hydropower functionality can be used to
assist with:

e Preliminary hydropower resource assessment

e Flow-duration based energy calculations

e Assessment of alternative design flows

e Turbine and scheme parameter evaluation

e Annual and monthly energy estimates

e Technical comparison of development alternatives

e Preliminary project costing

e Economic and financial evaluation

This allows the technical and economic components of a hydropower assessment to be evaluated
within the same project environment.

1.11 Economic and financial evaluation

Engineering feasibility cannot be assessed solely on technical performance. GHI HydroSuite therefore
incorporates economic analysis tools that allow the financial implications of infrastructure projects to
be evaluated together with their technical performance. The economic analysis functionality includes
assessment of parameters such as:

e Capital expenditure (CAPEX)

e Operating expenditure (OPEX)

e Energy production and revenue

e Financing assumptions

¢ Net Present Value (NPV)

e Internal Rate of Return (IRR)

e Payback period

e Levelised Cost of Energy (LCOE)

e Cash flow

e Loan balance and debt-service indicators

e Sensitivity analysis
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Graphical dashboards and sensitivity tools assist users in understanding the variables that have the
greatest influence on project feasibility.

1.12  Graphical results and reporting

Engineering results are most useful when they can be interpreted and communicated clearly. GHI
HydroSuite therefore places significant emphasis on the graphical and tabulated presentation of
results. Depending on the analysis, users can:

e View calculated results in dedicated results panels

e Generate engineering graphs

e Compare alternative scenarios

e Copy selected graphs for use in other documents

e Export data for further analysis

e Produce analysis-specific PDF reports

e Produce project outputs suitable for engineering reports

e Review key technical and economic indicators through summary dashboards

This allows calculated information to move efficiently from engineering analysis to project
documentation and decision-making.

1.13  Project-based workflow

GHI HydroSuite is designed around individual engineering projects. Project information and analysis
inputs can be managed as part of a structured project rather than as unrelated calculations. This
approach allows users to progressively develop an assessment as additional information becomes
available. A project may, for example, begin with hydrological data analysis, progress to hydropower
or flood assessment, and subsequently incorporate hydraulic calculations and economic evaluation.

The project-based approach also assists with maintaining consistency between the assumptions,
datasets, and calculations used throughout an engineering study.

GHI HydroSuite is intended to support, rather than replace, professional engineering judgement.
The software provides engineers with an integrated implementation of established analytical
procedures, engineering relationships and published methodologies. Users remain responsible for
selecting appropriate methods, verifying input information, assessing the reasonableness of
calculated results and applying the relevant standards, guidelines and professional judgement to
each engineering application.
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GHI HydroSuite has been developed according to a user-centred engineering philosophy. The

intention is not to replace engineering judgement, but to provide engineers with an efficient and

transparent environment in which established engineering calculations can be performed, reviewed,

compared and documented. Input parameters, assumptions and intermediate information remain

accessible to the user, allowing the engineer to understand how results have been derived and to

assess their suitability for the particular application.

All-in-one water engineering platform

Bring hydrology, flood estimation, hydraulics, reservoirs,
hydropower and economic analysis together in one integrated
engineering environment.

Multi-method flood estimation

Apply and compare recognised South African flood-estimation
methods, including Rational Methods, SDF, SCS-SA, Unit Hydrograph,
empirical methods and Flood Frequency Analysis.

Integrated design rainfall

Determine point or catchment design rainfall and transfer the
results directly into applicable flood-estimation workflows, reducing
repetitive data entry and transcription errors.

Advanced hydraulic design tools

Analyse pipes, channels, weirs and culverts, including inlet and
outlet control, tailwater, roadway overtopping and thrust block
design, within the same engineering platform.

Hydropower from flow to feasibility

Progress from flow-duration analysis and available head through
energy assessment, project costing and detailed economic
evaluation, all within the same project.

Engineering-ready reporting

Convert analyses into structured PDF reports containing engineering
inputs, assumptions, methodology, tables, graphs and calculated
results ready for project documentation.
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The following system requirements apply to the installation and operation of GHI HydroSuite.

Operating System

GHI HydroSuite is designed for use on Microsoft Windows computers.

e Windows 10 or later, 64-bit
e Windows 11 recommended

macOS and Linux are not currently supported as native operating systems. Operation through

virtualisation or emulation may be possible but is not officially supported.

Hardware requirements

Component Minimum requirement Recommended requirement
Processor Dual-core 2.0 GHz Quad-core 3.0 GHz or higher
RAM 4 GB 8-16 GB

500 MB available space plus space | SSD with at least 2 GB available
Storage . .

for project files space

. . Dedicated graphics for large datasets
Graphics Integrated graphics . L
and complex visualisations

Display 1280x768 resolution 1920x1080 or higher

Actual storage requirements may increase depending on the number and size of projects, downloaded

datasets, generated reports, graphs and other project outputs.

Software and Additional Requirements

e Administrator rights may be required for installation.

e An internet connection is required for initial software activation and may periodically be

required for licence verification.

e Aninternet connection is also required for functions that access online data sources or other

internet-based services.

e QGIS is optional and may be used for viewing and further processing of GIS information

exported from GHI HydroSuite.

All components required for normal operation of GHI HydroSuite are supplied with, or installed as part

of, the official software distribution unless otherwise indicated.
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Licensing and activation

GHI HydroSuite is licensed software and requires a valid software licence to access the functionality
associated with the applicable edition.

Software licences are electronically activated and issued by Green Hippo Innovations (Pty) Ltd.
Depending on the licence purchased, conditions may apply to the number of authorised computers,
concurrent users, licence duration and available software functionality.

GHI HydroSuite currently supports the following principal licensing arrangements:

e Trial Licence - provides access to the software for a limited evaluation period. Trial licences
expire automatically at the end of the applicable trial period, after which a commercial licence
is required for continued use.

e Individual Licence - issued to an individual user and permits activation on the number of
computers specified by the applicable licence conditions. Where permitted, a licence may be
deactivated on one computer and subsequently activated on another, allowing a user to
replace or change computers without purchasing a new licence.

e Floating Licence - intended for organisations requiring access from multiple computers. The
software may be installed on an authorised number of computers, while the number of users
able to use GHI HydroSuite simultaneously is controlled by the number of concurrent licences
purchased. Floating licences require access to the organisation's designated GHI HydroSuite
Floating Licence Server while the software is in use.

e Academic Licence - licensing arrangements may be provided to qualifying academic institutions
for teaching, research and educational use. The applicable installation and concurrent-user
limits are determined by the licence purchased.

An internet connection is normally required for the initial activation of an Individual or Trial Licence.
The software may subsequently operate without a continuous internet connection; however, periodic
online licence verification may be required to confirm that the licence remains valid.

Where online activation is not possible, offline activation or verification may be available for supported
licence types. Users requiring offline activation should contact Green Hippo Innovations for assistance.

Licence information and available licensing functions can be accessed from Help-About-License within
GHI HydroSuite. Depending on the licence type and current licence status, this interface may be used
to activate, verify or deactivate a licence.

The licence status displayed by GHI HydroSuite indicates whether the installation is operating under a
valid Trial, Professional or other authorised licence. If a licence expires, becomes invalid or cannot be
verified when required, access to some software functionality may be restricted until a valid licence is
restored. The use of GHI HydroSuite is subject to the applicable Software Licence Agreement and the
terms and conditions associated with the licence purchased. Licence keys and activation credentials
should be retained securely and should not be distributed to unauthorised users.
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3 INSTALLING THE PROGRAM

Step 1: Obtain the installation package
e Download the latest authorised version of the GHI HydroSuite installer from the official Green
Hippo Innovations website or obtain it directly from an authorised software provider.

e Only install GHI HydroSuite from a trusted source. Do not use installation packages obtained
from unauthorised third-party websites or file-sharing services.
Step 2: System preparation
Before installing the software:
e Confirm that the computer meets the minimum system requirements described in Section 2.
e Close any previous instance of GHI HydroSuite.

Ensure that sufficient disk space is available.

Ensure that you have the necessary Windows permissions to install software.
Ensure that an internet connection is available if an Individual or Trial Licence is to be activated

immediately after installation.

For a Floating Licence, ensure that the computer can communicate with the organisation's
GHI HydroSuite Floating Licence Server.

Step 3: Run the installer
e Double-click the GHI_HydroSuite_Setup.exe installation file.
e If Windows displays a security or User Account Control prompt, confirm that you wish to run
the installer.

Review and accept the Software Licence Agreement.

Select the installation location, if this option is provided.

Select any additional installation options presented by the installer.

Click Install and allow the installation process to complete.
e Once installation has been completed, launch GHI HydroSuite from the Windows Start menu
or desktop shortcut, where applicable.

Step 4: Activate the software
GHI HydroSuite must be activated or connected to an authorised licence before the licensed
functionality can be used. The activation procedure depends on the type of licence issued.

Individual and Trial Licences
When GHI HydroSuite is started on a computer that has not yet been activated, the licence interface
will indicate that no valid licence is currently available.
e Open Help-About-Licence, to access the licence management interface.
e Enter the licence information provided by Green Hippo Innovations and select Activate (see
Figure 3-1).
e Aninternet connection is normally required for initial online activation.
e Once the licence has been successfully validated, GHI HydroSuite will display the applicable
licence status and enable the corresponding software functionality.

GHI HydroSuite — User manual 10



GHI
1l#) HydroSuite

INTEGRATED WATER ENGINEERING SOFTWARE

e Where the licence conditions permit activation on more than one computer, the licence may
be activated on additional computers up to the permitted activation limit.
e If a computer is replaced or an activation is no longer required, the licence should first be
deactivated on that computer before being activated on another computer.
€ GHI HydroSuite Help & Support DG
Help

& Support

Unlicensed | V1

Floating

Licence Manager LIVE LICENSING

Licence status Trial expired
Licence type
Licence term

Updates & support

Professional licence key ||

Open the GHI HydroSuite user manual supplied with the application

Tutorial Videos Open the GHI HydroSuite tutorials and training webpage.

1 is installed. Online update validation will connect to the future GHI update

Information about GHI HydroSuite and Green Hippo Innovations

Licence method

@ Individual licence

€ Floating / network licence

licence server

Figure 3-1: License activation

Floating Licences

Floating Licences operate differently from Individual Licences. The licence is activated on a designated

GHI HydroSuite Floating Licence Server, rather than separately on each user computer.

The Floating Licence Server must first be installed and activated by the organisation's administrator.

Once configured, authorised computers running GHI HydroSuite connect to the licence server through
the organisation's network.

Install GHI HydroSuite normally on each authorised user computer.

Configure the software to connect to the designated Floating Licence Server, where required.
The user computer must be able to communicate with the Floating Licence Server when
obtaining a licence.

When GHI HydroSuite starts, an available licence is obtained from the server.

The number of users who may use GHI HydroSuite simultaneously is limited by the number of
concurrent licences purchased.

Closing GHI HydroSuite releases the floating licence so that it becomes available to another
authorised user.

Installation and activation of the Floating Licence Server should normally be undertaken by the

organisation's system administrator or IT personnel. Separate instructions are provided for configuring
and activating the server.
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Trial Licences

Where a Trial Licence has been issued, GHI HydroSuite may be used for the specified evaluation

period.

The Trial Licence provides access in accordance with the applicable trial conditions and expires

automatically at the end of the trial period. Continued use thereafter requires a valid commercial

licence.

Where supported, a Trial Licence may be replaced by a commercial licence without reinstalling GHI

HydroSuite. The commercial licence can be activated through the License interface.

Activation and Licence Problems

Individual licence problems

If activation is unsuccessful:

Confirm that the computer has an active internet connection.

Confirm that the licence information has been entered correctly.

Check that the permitted number of computer activations has not been exceeded.
Restart GHI HydroSuite and attempt activation again.

Floating licence connection problems

If a workstation cannot obtain a floating licence:

Confirm that the GHI HydroSuite Floating Licence Server computer is switched on and
accessible over the organisation's network.

Confirm that the Floating Licence Server service is running. If necessary, restart the service or
server computer.

Confirm that the correct server computer name or IP address has been entered.

Confirm that the workstation and server are using the same TCP port (default: 13).

Confirm that the selected TCP port is permitted through Windows Firewall and any corporate
firewall or network security system.

Confirm that a floating licence is currently available. If all concurrent licences are in use,
another user must close GHI HydroSuite or release their licence before another workstation
can obtain one.

For users working remotely, confirm that the workstation has access to the organisation's
network or VPN and can reach the Floating Licence Server.

If the server itself cannot be activated or reverified, confirm that the server has internet access
and that any corporate proxy, firewall or security software is not preventing the Floating
Licence Server from accessing the online licensing service.

If activation or licence verification remains unsuccessful, contact Green Hippo Innovations for licensing

assistance.

Step 5: Verify installation

After installation and activation:

Start GHI HydroSuite.
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e Confirm that the program opens without displaying an installation or licensing error.

e Confirm that the correct licence status is displayed.

e Create a new project or open an example project supplied with the software.

e Confirm that the modules included with your licensed edition are available.

e Perform a simple analysis and confirm that results can be generated.

e  Where applicable, confirm that graphs, reports and project files can be generated and saved
successfully.

The installation is complete once GHI HydroSuite starts successfully, recognises the applicable licence
and provides access to the functionality included with the licensed edition.
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4 PURCHASING THE SOFTWARE

GHI HydroSuite is available as a fully functional Trial Version and through a range of Professional and
Academic licence options. The appropriate licence depends on whether the software will be used by
an individual, by multiple users within an organisation, or within an academic environment.

Current licence options, pricing and order forms are available from Green Hippo Innovations.

4.1 Trial Version

The GHI HydroSuite Trial Version provides prospective users with an opportunity to evaluate the
software before purchasing a licence.

The Trial Version provides access to the full functionality of GHI HydroSuite for a limited evaluation
period (7-days). This allows users to explore the integrated water engineering environment, open or
create projects, and evaluate the available engineering analysis and design functionality.

The Trial Version is intended for software evaluation. On expiry of the trial period, a Professional or
Academic Licence is required for continued licensed use of the software.

Trial activation is managed electronically through the Licence Manager, available under Help-About-
Licence.

4.2 Professional Individual Licence

The Professional Individual Licence is intended for an individual professional user requiring full access
to GHI HydroSuite. It provides:

o  Full access to the available GHI HydroSuite engineering analysis and design modules.

e Project creation, saving, reporting and export functionality.

e Aninitial allocation of analysis credits.

e Software updates and standard technical support for the first 12 months.

e Electronic licence activation on one computer.
The Professional Edition incorporates the integrated engineering functionality available within GHI
HydroSuite, including data management, flow analysis, reservoir analysis, hydropower assessment
and design, flood estimation, design rainfall, basic hydraulics, pipe analysis and economic analysis.

4.3 Professional Floating Licence

The Professional Floating Licence is intended for companies and organisations that require GHI
HydroSuite to be available on multiple computers.

HydroSuite may be installed on an agreed number of company computers, while the number of users
able to use the software simultaneously is controlled by the number of concurrent licences purchased.
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For example, an organisation may install HydroSuite on several authorised computers while

purchasing only the number of concurrent seats required for its normal engineering workload. When
a user opens HydroSuite, a licence is obtained from the organisation's GHI licence server. When
HydroSuite is closed, the licence is returned to the pool and becomes available to another authorised
user.

Different Floating Licence configurations are available to accommodate organisations of different
sizes. These range from small installations with a single concurrent user through to larger team and
enterprise configurations. The appropriate option is determined by both:

e the maximum number of computers on which GHI HydroSuite will be installed; and

e the maximum number of users requiring simultaneous access.

Floating licences include an allocation of analysis credits appropriate to the selected licence package,
together with software updates and standard technical support for the first 12 months.

4.4 Academic Licence

The Academic Licence is intended for universities and recognised educational institutions using GHI
HydroSuite for teaching and academic purposes.

Floating/concurrent licensing can be configured to accommodate computer laboratories, lecturers
and students. The licence configuration is therefore based on the required number of installations and
the number of users who need simultaneous access.

Academic licences are intended for non-commercial educational use. Where HydroSuite is to be used
for commercial research, consulting or other professional engineering activities, a Professional Licence
may be required.

Academic licence requirements are assessed individually, and institutions should contact Green Hippo
Innovations to determine an appropriate configuration.

4.5 Annual Renewal

Professional licences include access to software updates and standard technical support for the initial
12-month period. Thereafter, an Annual Renewal may be purchased to provide a further 12 months
of:

e Software updates and improvements.

e New features and functionality introduced into the applicable edition.

e Standard technical support.

e An additional allocation of analysis credits.

e Access to user-requested enhancements incorporated into subsequent releases, where

applicable.
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Each annual renewal includes 50% of the analysis credits originally supplied with the applicable licence

package. The number of renewal credits therefore depends on the Professional Licence selected.

The underlying Professional Licence remains valid if the Annual Renewal is not purchased. However,
access to subsequent software updates, support and renewal credits will cease. A renewal therefore
maintains the software support and update service rather than requiring the Professional Licence itself
to be purchased again.

4.6 Analysis Credits

GHI HydroSuite uses an analysis-credit system for applicable analyses.

Analysis credits provide a simple usage-based mechanism for selected engineering analyses. Where
an analysis is credit-controlled, the required credit is deducted when the applicable analysis is
successfully performed.

Professional licence packages include an initial allocation of credits. Annual renewals provide a further
allocation equal to 50% of the credits originally included with the applicable licence package.

Additional analysis credits may be purchased separately at any time and do not affect the underlying
software licence. This allows users and organisations to increase their available analysis capacity
according to their requirements.

4.7 Ordering and Licence Activation

The current Pricing Schedule and Software Order Form should be consulted when selecting a licence.

For a Professional Individual Licence, the user selects the Individual Licence option. For a Professional
Floating Licence, the organisation should specify the required number of installations and number of
simultaneous users so that the appropriate floating licence configuration can be determined.
Academic users should similarly provide their anticipated installation and concurrent-user
requirements.

Following completion of the order and receipt of the required payment, the software is made available
for download and/or the applicable electronic licence key is issued. No physical licensing device is
required.

Licence activation and management are undertaken from the Licence Manager (see Figure 3-1).

The Licence Manager allows the user to select the applicable Individual licence or Floating/network
licence method and configure the licence accordingly.
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For current licence options, pricing, ordering information or assistance in selecting an appropriate
licence configuration, contact:

Green Hippo Innovations (Pty) Ltd
GHI HydroSuite Sales
Email: mailto: sales@greenhippo.co.za

GHI HydroSuite — Green Hippo Innovations

Licence options, credit allocations and commercial conditions may be amended from time to time.
Users should therefore refer to the current Pricing Schedule and Order Form or contact Green Hippo
Innovations for the latest information.
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5 DISCLAIMER

This software has been developed as a tool to assist users and is provided for convenience only. The
GHI HydroSuite software is provided "as is" without any expressed or implied warranties, including
but not limited to warranties of merchantability, fitness for a particular purpose or non-infringement.
While every reasonable effort has been made to ensure the accuracy and reliability of the calculations
and outputs, Green Hippo Innovations makes no warranties, express or implied, regarding the results
produced. Users are responsible for independently verifying all results and interpretations. Green
Hippo Innovations accepts no liability for any loss, damage, or consequences arising from the use of
this software or reliance on its outputs. Use of this software is entirely at the user's own risk.

Users are solely responsible for verifying the accuracy, adequacy, and applicability of the results for
their specific needs. Any reliance placed on the software outputs is strictly at the user’s own risk.

By installing or using the software, the user agrees to these terms and acknowledges that they have
read and understood this disclaimer.

Warning

This computer program is protected by copyright law and international treaties. Unauthorized
reproduction or distribution of this program, or any portion of it, may result in severe civil and
criminal penalties and will be prosecuted to the maximum extent possible under law.
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6 GETTING STARTED

Welcome to GHI HydroSuite — an integrated water engineering software platform developed to assist
engineers, researchers, planners, students and water-sector professionals with the analysis,
assessment, design and evaluation of water infrastructure and water-resource projects.

This chapter provides a brief introduction to starting GHI HydroSuite, navigating the main workspace

and creating or opening a project. Detailed descriptions of the individual analysis modules and their
functionality are provided in the subsequent chapters of this manual.

|_\_‘
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6.1 Starting GHI HydroSuite

GHI HydroSuite can be started by double-clicking the GHI HydroSuite program icon on the Windows
desktop or by selecting the application from the Windows Start menu.

When the program starts, the Home screen is displayed, as shown in Figure 6-1.

The Home screen provides the main point of access to the different HydroSuite modules. The available
modules are displayed in the main navigation area and can be selected according to the type of analysis
being undertaken.

The modules available to the user may depend on the installed software version and applicable licence.
6.2 The GHI HydroSuite Workspace

GHI HydroSuite uses a common workspace throughout the software. Although the information

displayed in the central working area changes according to the selected module, the principal
navigation and project controls remain consistent.
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INNOVATIONS

GHI HydroSuite

Professional Edition | V1.1

Available credits

T

HOME
PROJECTS
DATA MANAGER
7 FLOW ANALYSIS
RESERVOIRS
FLOOD ESTIMATION
BASIC HYDRAULICS
PIPE ANALYSIS
& PUMP STATION ANALYSIS
% HYDROPOWER
m ECONOMIC ANALYSIS

8 REPORTS

Home

GHI HydroSuite

Current Project: Projects

GHI

1l#) HydroSuite

INTEGRATED WATER ENGINEERING SOFTWARE

= o

Project folder: C:

1253107\Doc

Y - i - ()

Integrated water engineering software for hydrology, hydraulics, infrastructure design, analysis and reporting.

DATA MANAGER

Download DWS data, import text files, view
time-series records and extract rainfall data.

FLOOD ESTIMATION

L&)

Peak floods, frequency analysis and design-flood
estimation methods.

r'" L pume anaLvsis
( -

Pump selection, system curves, operating points
and pump-station analysis.

REPORTS

E*)

Export graphs, tables and report packages.

Figure 6-1: GHI HydroSuite home screen

Workspace area

Main navigation

Working area
Current Project
Save Project

Help

Description

f E FLOW ANALYSIS

Hydrographs, flow-duration curves, statistics and
seasonal analyses.

w BASIC HYDRAULICS

—_—

Open-channel flow, weirs, water-surface profiles
and culvert analysis.

4 HYDROPOWER

Power curves, energy analysis and turbine selection.

A7

RESERVOIRS

Water levels, spill, storage and reservoir analyses.

é PIPE ANALYSIS

Pipe flow, pipe systems, networks, life-cycle
costing and surge.

%{g;l ECONOMIC ANALYSIS

CAPEX, operating costs and project economic

assessment.

Provides access to the principal HydroSuite modules, including Data, Flow

Analysis, Reservoirs, Hydropower, Flood Analysis, Basic Hydraulics, Pipe

Analysis, Economic Analysis and Reports.

Displays the inputs, results, graphs and other controls associated with the

selected module.

Displays the name and working folder of the currently active project.

Provides quick access to saving the current project while working in any

module.

Provides access to assistance and supporting information where available.

Detailed descriptions of the HydroSuite workspace and the controls available within individual
modules are provided in the relevant chapters of this manual.

6.3 Starting a Project

Most work in GHI HydroSuite should be undertaken within a defined project. A project provides a

common location for storing project information and the applicable inputs and results generated by

the different HydroSuite modules.

The user can either create a new project or open an existing HydroSuite project.
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Project information

i s m

Project name Project number Client Designer

Culvert example 2026-001A SANRAL Marco van Dijk

Project date |2026-09-01 Select date

Project notes

This is an example project of a set of different culverts analysed.

Project folder

C:\GHI HydroSuite\Examples Open Folder

Project settings

¥ Show tooltips  Tumn explanatory tooltips on or off throughout HydroSuite

Figure 6-2: Creating and managing a GHI HydroSuite project

Creating a new project
To create a new project:
e Open the Projects screen.
e Select Start New Project button.
e Enter the project name and other relevant project information.
e Select the required Project folder.
e Select Save Project As and specify the project filename and location.
e Proceed to the required HydroSuite module.

The project information includes the Project name, Project number, Client, Designer, Project date and
optional Project notes. The project folder defines the working location associated with the project.

A complete description of the Projects screen is provided in Chapter 8.
Opening an existing project
To continue working on an existing project, select Open Project and browse to the required GHI

HydroSuite project file. The saved project information and applicable analysis data will be restored.

The name and folder of the active project are displayed in the Current Project panel at the top of the
workspace.

6.4 Typical HydroSuite Workflow

A typical GHI HydroSuite workflow consists of the following, Figure 6-3:
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Select Module
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/ Analyse

® Perform engineering
calculations

® Process data and
generate results

Review Results

® View and check
results

® Inspect tables,
graphs and maps

G

8 Project & Results Management

Figure 6-3: Typical HydroSuite Workflow

Iterate as required

RS,

Export Data /
Generate Reports

©® Export data and
figures

® Generate engineering
reports

Save Project

® Save project and
results

@ Project information
is retained

pdate inputs, re-analyse and refine results

B Data & Analysis Activities

GHI HydroSuite is designed as an integrated platform, and information generated or prepared in one

module may be used by subsequent analyses where applicable. For example, hydrological data

prepared using the Data Manager can be used for flow analysis, while design rainfall information can

be used in applicable flood-estimation procedures.

6.5

Where to Go Next

After creating or opening a project, proceed to the chapter corresponding to the required analysis:

e Data Manager — obtaining, importing and managing hydrological and design rainfall data.

e Flow Analysis — analysis of hydrological flow records and flow-duration characteristics.

e Reservoirs — reservoir-related analyses.

e Hydropower — hydropower assessment and design.

e Flood Analysis — design flood estimation using the available hydrological methods.

e Basic Hydraulics — hydraulic calculations and analysis of hydraulic structures.

e Pipe Analysis — pipe-system and associated engineering analyses.
e Economic Analysis — economic and financial evaluation of engineering projects.

e Reports —accessing and managing applicable project outputs and reports.
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7 GHI HYDROSUITE WORKSPACE

The GHI HydroSuite workspace provides a central interface from which users can create and manage
projects, access the different engineering analysis modules, monitor the current project and software
status, and save their work. The interface has been designed so that the principal functions remain
accessible from a consistent location regardless of the analysis being undertaken.

The main components of the GHI HydroSuite Home workspace are illustrated in Figure 7-1 and
described below.

89 GHI HydroSuite

= [u] X
Current Project: Projects @ @
&: Home Project foder ¢ e “ ®@

GREEN HIPPO

INNOVATIONS

GHI HydroSuite

GHI HydroSuite

Professional Edition

Integrated water engineering software for hydrology, hydraulics, infrastructure design, analysis and reporting.

Available credits
DATA MANAGER ]Aﬂ FLOW ANALYSIS @ RESERVOIRS

N
& HOME B
Hydrographs, flow-duration curves, statistics and

PROJECTS Download DWS data, import text files, view seasonal analyses.
time-series records and extract rainfall data.

Water levels, spill, storage and reservoir analyses.

DATA MANAGER

FLOW ANALYSIS

FLOOD ESTIMATION \!Qf BASIC HYDRAULICS é PIPE ANALYSIS
B~

—_—

RESERVOIRS

o

Open-channel flow, weirs, water-surface profiles

Pipe flow, pipe systems, networks, life-cycle
and culvert analysis. P pipe sy ¥

FLOOD ESTIMATION Peak floods, frequency analysis and design-flood
costing and surge.

estimation methods.
BASIC HYDRAULICS

PIPE ANALYSIS

7 2 A4
@ PUMP STATION ANALYSIS = ‘!E PUMP ANALYSIS f HYDROPOWER '][I@ Il'©|l ECONOMIC ANALYSIS
% HYDROPOWER Pump selection, system curves, operating points CAPEX, operating costs and project economic
and pump-station analysis. Power curves, energy analysis and turbine selection. assessment.

m ECONOMIC ANALYSIS

8 REPORTS

AN
REPORTS

Export graphs, tables and report packages.

Figure 7-1: GHI HydroSuite Home workspace

@ Main navigation panel

The main navigation panel, located on the left-hand side of the workspace, provides permanent access
to the principal HydroSuite functions. The currently selected section is highlighted to assist the user in
identifying their location within the software.

The navigation panel provides access to:
e Home —returns the user to the main HydroSuite workspace.
e Projects — provides access to project creation, selection and management.
e Data Manager — manages hydrological, rainfall and other datasets used by the analysis
modules.
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e Flow Analysis — provides hydrological flow analysis, flow-duration curves, statistics and

associated analyses.

e Reservoirs — provides access to reservoir, water-level, spill, storage and related analyses.

e Flood Estimation — provides access to the design rainfall and flood-estimation methods
incorporated into HydroSuite.

e Basic Hydraulics — provides commonly required open-channel, weir, water-surface profile,
culvert and related hydraulic calculations.

e Pipe Analysis — provides access to pipe-flow, pipe-system and associated pipeline design
analyses.

e Pump Station Analysis — provides tools for pump selection, system curves, operating-point
and pump-station assessment.

e Hydropower — provides access to hydropower energy, turbine and related scheme-
assessment functionality.

e Economic Analysis — provides project costing, financial and economic assessment
functionality.

e Reports — provides access to available project reports and reporting outputs.

The navigation panel remains in a consistent position throughout the application, allowing users to
move between related engineering analyses without returning to the Home screen.

©) Software and licence information

The upper portion of the left-hand panel identifies the software as GHI HydroSuite and displays the
applicable edition of the software.

The licence information panel immediately below the logo displays information associated with the
current software licence, including the number of available analysis credits. Where applicable, the Buy
Credits button provides access to the facility for obtaining additional analysis credits.

This area allows the user to confirm the software edition and credit status directly from the main
workspace.

@ Current project information

The Current Project panel is displayed near the top-right of the workspace. This panel identifies the
project currently open in HydroSuite and displays its associated project folder.

When no project has been selected, this is clearly indicated in the panel. Once a project is opened or
created, the information is updated to identify the active project.

Users should confirm the current project before entering or modifying project-specific information,
particularly when working with several HydroSuite projects.
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@ Save Project As / Save Project

The Save Project As button is located adjacent to the Current Project panel and allows the current
HydroSuite project to be saved under a new project name or location.

The button changes to a Save Project button once a project name has been entered.

Project information should be saved regularly while working in HydroSuite.

®G Help and information

The Help (?) button in the upper-right corner provides access to help and supporting information
associated with HydroSuite.

Additional Help and About links are provided at the bottom of the main navigation panel. These
provide access to supporting information relating to the software and its use.

® Home dashboard

The central portion of the Home workspace contains the Home dashboard. This provides graphical
shortcuts to the principal engineering modules and presents the major capabilities of HydroSuite at a
glance.

Each module is represented by an identifiable engineering icon, module name and brief description.
Selecting a module tile opens the corresponding analysis environment.

The Home dashboard currently provides direct access to:

e Data Manager

e Flow Analysis

e Reservoirs

e Flood Estimation
e Basic Hydraulics

e Pipe Analysis

e  Pump Analysis

e Hydropower

e Economic Analysis

e Reports

The modaule tiles provide an alternative to the left-hand navigation panel. Users may therefore access
the principal modules using whichever navigation method is most convenient.
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Module workspace

When an engineering module is selected, the central Home dashboard is replaced by the applicable
module workspace. Depending on the type and complexity of the analysis, a module workspace may
contain:

e project or analysis-case selectors;

e input panels;

e tabbed analysis screens;

e engineering parameter fields;

e calculation and analysis controls;

e graphical displays and engineering schematics;

e results tables and results viewers; and

e report-generation or export controls.

Although individual modules contain different engineering inputs and functionality, a consistent
interface philosophy is maintained throughout HydroSuite. This allows users who become familiar
with one part of the software to navigate other modules more easily.

Typical workspace workflow

A typical HydroSuite workflow begins by creating or opening a project and confirming that the correct
project is shown in the Current Project panel. The required engineering module can then be selected
from either the left-hand navigation panel or the Home dashboard.

Depending on the assessment, information may subsequently be transferred between related
modules. For example, hydrological data may be processed in the Data Manager, analysed under Flow
Analysis, and subsequently used for a Hydropower assessment. Similarly, design rainfall information
can be used by the applicable Flood Estimation methods, with calculated flood discharges
subsequently available for hydraulic assessment.

Users are encouraged to save the project regularly as an assessment develops. The project-based
structure allows the relevant inputs, analysis cases and results to be retained together as part of the
engineering study.
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8 PROIJECTS

The Projects screen is used to create, open, save and manage GHI HydroSuite project files. It also
contains the general project information that is used throughout the software and, where applicable,
included in generated reports.

A HydroSuite project provides a common working environment for the different analysis modules.
Project information and applicable analysis inputs and results are stored with the project, allowing an
existing project to be reopened and continued at a later stage.

Current Project: Data extract
Proj ects Project folder: CAGHI HydroSuite\Examples [l Ly @

Project information

it i

Project name Project number Client Designer

Data extract 2026-0005 SANRAL Marco van Dijk

Project date | 2026-08-25

Project notes

This is an example project for the downloading of data from the Department of Water and Sanitations website and extraction
of design rainfall data for a catchment area.

Project folder

C:\GHI HydroSuite\Examples Open Folder

Project settings

¥ Showtooltips  Turn explanatory tooltips on or off throughout HydroSuite.
Figure 8-1: GHI HydroSuite Projects screen
8.1 Project information

The Project information section contains the general identification and administrative information
associated with the project. The available fields and controls are described in Table 8-1.

Table 8-1: Project information settings
Option Description
Opens an existing GHI HydroSuite project. The user is prompted to select a
Open Project previously saved HydroSuite project file. The project information and saved
data associated with the project are restored.
. Saves the current project and its associated information. Where the project
Save Project o . o
has already been saved, the existing project file is updated.
Saves the current project under a new file name or at a different location. This
Save Project As is useful for creating a copy of an existing project or developing alternative

analysis scenarios while retaining the original project.
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Description

Creates a new HydroSuite project. Existing project information and applicable
analysis selections and results are cleared so that a new project can be defined.
Descriptive name assigned to the project. The project name is used to identify
the project within HydroSuite and may also be included in generated reports.
User-defined project, contract or reference number. This field may be used to
associate the HydroSuite project with the organisation's internal project
numbering system.

Name of the client, organisation or authority for whom the analysis is being
undertaken.

Name of the engineer, designer or analyst responsible for the HydroSuite
project.

Date associated with the project. The date can be entered directly or selected
using the Select date button.

Opens the date-selection facility and allows the project date to be selected
rather than entered manually.

Free-text field for recording a description of the project or other relevant
information. This may include the purpose of the analysis, assumptions,
project background, data sources or other notes that should remain associated
with the project.

The current software implementation also stores the principal project information when a HydroSuite

project is saved and restores it when the project is subsequently opened.

8.2 Project folder

The Project folder identifies the working directory associated with the current HydroSuite project. This

directory provides the location in which project-related files and outputs generated by the various

HydroSuite modules are organised. The available fields and controls are described in Table 8-2.

Table 8-2: Project folder settings

Option
Project folder
Browse

Open Folder

Description

Displays the directory associated with the current project. Project data and
generated output files are organised relative to this working directory.

Allows the user to browse the computer and select the required project folder.
Opens the current project folder in Windows File Explorer, providing direct
access to files and output generated for the project.

The selected project directory forms an important part of the HydroSuite project structure. When an

existing project is opened, its saved project directory is restored.
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8.3 Project settings

The Project settings section contains settings controlling the general behaviour of HydroSuite for the
current working environment.

Show tooltips will enable or disable explanatory tooltips throughout GHI HydroSuite. When enabled,
positioning the mouse pointer over supported controls displays a short explanation of the function or
input. Tooltips are particularly useful for new users becoming familiar with the software.

8.4 Current project information

The upper-right corner of the HydroSuite workspace provides a permanent indication of the project
currently being used.

The Current Project panel displays the current project name and its associated project folder. This
provides a quick visual confirmation of the active project when moving between the different
HydroSuite modules.

The Save Project button in the upper-right corner provides convenient access to the project-saving
function without requiring the user to return to the Projects screen. This is particularly useful when
working through several analysis modules.

The Help ? button provides access to the applicable HydroSuite help facilities.

8.5 Recommended project workflow

When commencing a new HydroSuite analysis, the recommended procedure is:
1. Select Start New Project.
Enter the Project name, Project number, Client and Designer.
Select the appropriate Project date.
Enter any relevant information under Project notes.
Confirm or select the required Project folder.
Select Save Project or Save Project As and create the HydroSuite project file.
Proceed to the design/analysis module.

©® N v A~ wDN

Use Save Project regularly while working to retain the latest project information and analysis
data.
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9 DATA MANAGER

The Data Manager provides facilities for obtaining, importing, viewing and managing hydrological and
rainfall data used by the different analysis modules within GHI HydroSuite.

The Data Manager brings the principal data-management functions into a single workspace. Users can
download hydrological data directly from the Department of Water and Sanitation (DWS), import
existing data files, inspect time-series data, browse the available hydrological station catalogue and
extract design rainfall information from the South African design rainfall database.

The Data Manager contains the following tabs:
e Download DWS Data
e Import Files
e Data Viewer
e Station Catalogue
e Design Rainfall

The Show Engineering Reference Library option at the top of the screen provides access to the
Engineering Reference Library while working within the Data Manager.

9.1 Download DWS Data

The Download DWS Data tab allows hydrological records to be obtained directly from the Department
of Water and Sanitation data service. The user selects the required monitoring station, period of
record and datasets to be downloaded.

Station and period selection
The upper section of the screen, Figure 9-1 is used to identify the required DWS station and define the
period for which data are required, see Table 9-1.

Table 9-1: Station and period selection
Option Description
. Enter a DWS station number, or part thereof, to locate the required monitoring
Search station ]
station.
Search button Searches the available station information using the entered station number.
Station . . . . .
lecti Displays matching stations and allows the required station to be selected.
selection

. Confirms the station currently selected for downloading. The station number
Selected station . .
and station name are displayed.
Identifies the type of hydrological monitoring site. Available station types may
Site type include river, reservoir, canal, conduit or other station categories contained in
the DWS database.
Default start /

Displays the available period of record identified for the selected station.
Default end
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Option Description

Start date Defines the first date for which records are to be downloaded.

End date Defines the final date for which records are to be downloaded.

Data Manager it e R .- o~ [€)

™ Show Engineering Reference Libra

Download DWS data directly
Search station: [T3H00d || Q| T3H006- Tsitsa River @ Xonkonxa [River] -

Selected station: T3H006 - Tsitsa River @ Xonkonxa

Site type Default start: 1951-10-16 Default end: 2026-09-01

River v 1951-10-16 2026-09-01
Datasets to download

¥ Daily average flow ¥ Monthly data ¥ Primary data

Download Dataset(s) Open Output Folder

Figure 9-1: Data Manager — Download DWS Data

Datasets to download
The Datasets to download panel allows one or more available datasets to be selected, as listed in Table
9-2.

Table 9-2: Datasets to download
Option Description
. Downloads the available daily average flow records for the selected
Daily average flow . .
station and period.
Monthly data Downloads the available monthly data.
Downloads the available primary hydrological data associated with the

Primary data .
selected station.

The availability of particular datasets depends on the selected DWS monitoring station and the
information available from the source database.

Download controls
The download controls are listed in Table 9-3.
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Table 9-3: Download controls
Option Description
Download Initiates the download of all selected datasets for the specified station and
Dataset(s) period.
Open Output Opens the folder containing the downloaded data files in Windows File
Folder Explorer.

Progress indicator = Displays the progress of the data download operation.
Displays information, messages and the status of the download process,

Information panel oo
example shown in Figure 9-2).

Download Dataset(s) Open Output Folder _ No data returned

Downloading data for T3H006 - Tsitsa River @ Xonkonxa
Requested period: 1951-10-16 to 2026-09-01

Daily average flow: no data returned for the requested period.
No data was returned for the requested period. This can occur when the selected dates fall outside
the available record, when recent observations have not yet been published by DWS, or when the DWS
website/service is temporarily unavailable. No credit has been deducted.

Figure 9-2: Information panel
9.2 Import Files

The Import Files tab provides a facility for importing hydrological data that have already been
downloaded or otherwise obtained as a compatible text file, see Figure 9-3.

It is particularly useful for converting DWS-format text data into a CSV format that can subsequently
be used within HydroSuite and other applications.

" I~ Show Engineering Reference Libra

Import DWS text file

I N T

Figure 9-3: Data Manager — Import Files

The Import file options are listed in Table 9-4.
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Table 9-4: Import file options
Option Description
File selection field Displays the path and filename of the text file selected for import.
Browse Opens a file-selection dialogue from which the required text file can be
selected.
Imports the selected text file, processes the available data and saves the
Import and save CSV . .
resulting dataset in CSV format.
Displays information relating to the imported file, processing operation

Information panel .
and resulting output.

The imported CSV data can subsequently be inspected using the Data Viewer (see Figure 9-4).
9.3 Data Viewer
The Data Viewer tab, Figure 9-4, allows time-series data to be loaded and inspected directly within

HydroSuite. It provides a convenient means of checking the contents, period of record, data values
and associated quality information before the dataset is used in an analysis.

s I= Show Engineering Reference Libs
Download DWS Data | Import Files [CGEALELS Design Rainfall R IR ey

Data Viewer
Daily data: showing 5,000 of 27,206 records
Date | Value Quality Quality description =

1951-11-01 19.022 1 Good continuous data

1951-11-02 15.315 1 Good continuous data

1951-11-03 12.609 1 Good continuous data

1951-11-04 10.515 1 Good continuous data

1951-11-05 9.462 1 Good continuous data

1951-11-06 8.750 1 Good continuous data

1951-11-07 7.797 1 Good continuous data

1951-11-08 7.014 1 Good continuous data

1951-11-09 6.639 1 Good continuous data

1951-11-10 6.359 1 Good continuous data

1951-11-11 5.861 1 Good continuous data

1951-11-12 5.710 1 Good continuous data

1951-11-13 4.747 1 Good continuous data

1951-11-14 3.886 1 Good continuous data

1951-11-15 3.389 1 Good continuous data

1951-11-16 3.102 1 Good continuous data

1951-11-17 2911 1 Good continuous data

1951-11-18 2.903 1 Good continuous data =
4 »

Figure 9-4: Data Manager — Data Viewer

The Data Viewer Loading data options are listed in Table 9-5.
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Table 9-5: Data Viewer Loading data
Option Description
Load text file Loads a supported text-format dataset into the Data Viewer.
Load CSV Loads a previously created or compatible CSV dataset into the Data Viewer.

Displays information about the loaded dataset, including the type of data and
Data information = the number of records currently displayed relative to the total number of
records.

For large datasets, only a portion of the complete dataset may initially be displayed in the table to
maintain responsive operation. The loaded records are presented in tabular form (Figure 9-4 and Table

9-6).

Table 9-6: Data table

Column Description

Date Date associated with the individual data record.

Value Recorded hydrological value for the corresponding date.
Quality Numerical quality code associated with the record.
Quality description Description of the applicable data-quality classification.

The horizontal and vertical scroll bars can be used to navigate through the displayed dataset.

The Data Viewer is useful for identifying the available period of record and examining data quality
before undertaking subsequent flow or hydrological analyses.

9.4 Station Catalogue
The Station Catalogue tab provides access to the hydrological monitoring-station information
available within HydroSuite. It can be used to identify suitable stations and inspect their location,

status and available period of record.

The number of stations currently available in the catalogue is displayed at the top of the screen, Figure
9-5.

Station type filters
The check boxes can be used to control which station types are included in the catalogue, see Figure

9-5 and Table 9-7. More than one station type can be displayed simultaneously.

Table 9-7: Station type filters

Option Description

Eye Displays monitoring stations classified as eyes or springs.
Conduit Displays stations associated with conduits.

Canal Displays canal monitoring stations.

River Displays river monitoring stations.

Reservoir Displays reservoir monitoring stations.
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: I Show Engineering Reference Lib
Download DWS Data | Import Files Station Catalogue [ VRE-JORY APl EErE Ly

Station Catalogue
Stations loaded: 3,149 v -Ey‘e‘ ¥ Conduit [ Canal [ River [ Reservoir
Station nr. | Station name Status Start date End date Drainage region l Latitude l =
ATH001 Upper Eye Dinokana @ Dinokana Active 1960-05-10 A10A -25.44569 25.
A1H002 Lower Eye Dinokana @ Dinokana Inactive 1960-05-10 A10A -25.44861 25.
ATH003 Upper Eye@At Tweefontein @ Tweefontein Inactive 1960-06-27 1993-06-22 A10A -25.54556 259
ATHO04 Lower Eye@At Tweefontein @ Tweefontein Inactive 1960-06-24 1993-06-16 A10A -25.54472 25.¢
ATHO005 Skilpad Eye @ Moilwas Inactive 1960-09-30 A10A -25.33169 25.7
ATHO006 Skilpad-Eye @ Moilwas Inactive 1969-10-28 1999-06-09 A10A -25.33167 25.7
A1H007 Pipeline From Dam @ Moilwas (Gopane) Inactive 1996-07-01 A10B -25.19828 25.
A2H001 Krokodil River @ Hartbeespoort Inactive 1904-08-01 1922-09-30 A21H -25.73386 27.8
A2H002 Magalies River @ Hartbeespoort Inactive 1904-08-01 1942-08-02 A21H -25.74497 27.8
A2H003 Hex River @ Olifantspoort Inactive 1904-09-01 1930-01-02 A22H -25.77944 27.4
A2H004 Plat River @ Roodepoort Inactive 1903-10-01 1946-07-20 A23G -24.87003 28.2
A2HO005 Hennops River @ Zwartkop Inactive 1904-11-16 1950-10-01 A21B -25.82947 28.1
A2H006 Pienaars River @ Klipdrift Active 1905-03-01 A23B -25.38022 28.3
A2H007 Apies River @ Daspoort Inactive 1905-12-01 1951-08-01 A23D -25.72889 28.1
A2H008 Elandsfontein-Eye @ Elandsfontein Inactive 1917-10-03 A21A -25.98583 28.3
A2HO009 Hennops River @ Rietvlei Inactive 1918-06-01 1989-06-12 A21B -25.87694 28.2
A2H010 Maloney's-Eye @ Steenekoppie Active 1908-08-20 A21F -26.02236 27.5
A2HO11 Apies River @ Bon Accord Inactive 1919-12-20 1921-12-01 A23E -25.62558 28.1
A2H012 Krokodil River @ Kalkheuwel Active 1924-08-01 A21H -25.81056 274
A2HO013 Magalies River @ Scheerpoort Active 1922-10-01 A21F -25.77703 27,4
A2HO14 Hennops River @ Skurweberg Active 1922-11-12 A21H -25.79828 2045
< >

Figure 9-5: Data Manager — Station Catalogue

Station information
The catalogue provides information for each available monitoring station, including:

Table 9-8: Station information

Column Description

Station nr. Unique DWS identification number assigned to the monitoring station.
Station name Name and/or location of the monitoring station.

Status Indicates whether the monitoring station is recorded as active or inactive.
Start date Date from which records are available or the station commenced operation.

End date End date of the available record where applicable. An active station may not
have an end date.

Drainage region Drainage-region designation associated with the station.

Latitude Geographic latitude of the monitoring station.

Longitude Geographic longitude of the monitoring station.

The table, Figure 9-5, can be scrolled horizontally and vertically to inspect all available station
information.

Export catalogue
The Export catalogue CSV button exports the station catalogue to a CSV file. This allows the station
information to be viewed or processed in spreadsheet, GIS or other compatible software.
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9.5 Design Rainfall

The Design Rainfall tab provides access to the South African design rainfall database and allows design
rainfall depths to be extracted for use in hydrological and flood-estimation analyses.

Rainfall information can be obtained using different spatial extraction methods. The required storm
durations and return periods can be selected, and the location of interest can be identified using
coordinates, a rainfall station, a catchment centroid, catchment area or other options applicable to
the selected extraction method.

The Design Rainfall Spatial Viewer provides a graphical representation of the rainfall stations,
catchment boundary, rainfall grid cells or Thiessen polygons used in the extraction.

ian Rai I~ ShowE Ref Lib
Design Rainfall Rainfall grid extraction from the South African design rainfall database
Rainfall i ive map
Extraction method 3946 rainfall stations displayed. Double-click a station to select it
cint rainfall
Sing| infall grid cell R
Design Rainfall Spatial Viewer
Point location method
224 Rainfall stations
@ Latitude/longitude € Rainfall station ¢ Catchment centroid
Grid block size arc-minutes each side
Coordinate format =24
€ Degrees and minutes & Decimal degrees ¢~ Minutes only
Latitude Longitude 5
o -8
3
2
Ready 3
=30
Storm duration Return period—
W 5min W 4hour ¥ 1day F 12 &
¥ 10min ¥ 6hour [ 2day P 15
¥ 15min ¥ 8hour ¥ 3day F 110
¥ 30min W 10hour W 4day P 1:20 —344
W 45min ¥ 12hour ¥ 5day P 1:50
¥ 1thour W 16hour W 6day M 1:100 16 18 20 22 24 26 28 30 32
Longitude (*E)
¥ 15hour ¥ 20hour [ 7day P 1:200
¥ 2hour W 24hour W ANl P Al
-— o
acs #=ma [z |
Clear selections Export CSV Proceed
|'Results Viewer |

Figure 9-6: Data Manager — Design Rainfall

The user selects an appropriate spatial extraction method, identifies the required location or
catchment, selects the required storm durations and return periods, and proceeds with the rainfall
extraction.

Four rainfall extraction methods are available:
e Point rainfall
e Catchment average grid rainfall
e Area-weighted grid rainfall
e Thiessen polygon rainfall
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The appropriate method depends on whether rainfall is required for a specific location or as a

representative rainfall estimate over an entire catchment.
9.5.1 Point Rainfall

The Point rainfall method extracts design rainfall information for a single specified location or selected
rainfall grid cell.

Three methods are available for identifying the point:
e Latitude / longitude
e Rainfall station
e Catchment centroid

The Grid block size can be specified in arc-minutes where applicable to define the rainfall grid area
associated with the selected point.

9.5.1.1 Latitude / Longitude
The Latitude / longitude option allows the user to specify the required rainfall extraction point directly
using geographic coordinates, Figure 9-7.

rRainfall extraction
Extraction method
1. Point rainfall %
Single entered point or selected rainfall grid cell
Point location method
@ Latitude / longitude ¢ Rainfall station ¢ Catchment centroid
Grid block size arc-minutes each side
Coordinate format
@ Degrees and minutes ¢ Decimal degrees ¢ Minutes only

Latitude (S) : Longitude (E)

Ready

Figure 9-7: Point rainfall extraction using latitude and longitude

The available inputs are described below, Table 9-9.

After defining the location, the required storm durations and return periods are selected in the main
Design Rainfall screen before proceeding with the extraction.

GHI HydroSuite — User manual 37



Table 9-9: Point rainfall extraction using latitude and longitude
Option Description
Extraction method Select 1. Point rainfall.
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Select Latitude / longitude to define the extraction location using

Point location method ) .
geographic coordinates.

Defines the rainfall grid block associated with the selected location,

Grid block size . . .
expressed in arc-minutes on each side.

Specifies the format in which coordinates are entered. Available

Coordinate format formats include Degrees and minutes, Decimal degrees and Minutes
only.

Degrees and minutes Coordinates are entered as separate degree and minute values.

Decimal degrees Coordinates are entered directly in decimal-degree format.

Allows coordinates to be specified using the applicable minutes-only

Minutes only

format.
Latitude (S) Specifies the latitude of the required point.
Longitude (E) Specifies the longitude of the required point.
Status indicator Displays the current status of the rainfall extraction process.

9.5.1.2 Rainfall Station

The Rainfall station option allows a rainfall station contained in the design rainfall database to be used

to define the point of interest, Figure 9-8.

rRainfall extraction

Extraction method

1. Point rainfall v
Single entered point or selected rainfall grid cell

Point location method

€ Latitude / longitude @ Rainfall station ¢ Catchment centroid

Grid block size arc-minutes each side

Rainfall station number or name

Ready.

Figure 9-8: Point rainfall extraction using a rainfall station

The available inputs are described below, Table 9-10.
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Table 9-10: Point rainfall extraction using a rainfall station
Option Description
Point location method Select Rainfall station.
Defines the rainfall grid block associated with the selected station
where applicable.

Grid block size

Rainfall station number or | Allows the user to enter a complete or partial rainfall station number
name or station name.
Searches the rainfall station database for the specified station

Search . .
information.

Rainfall stations can also be investigated spatially using the Design Rainfall Spatial Viewer, Figure 9-9.
The map displays the available rainfall stations across South Africa.

Design Rainfall Spatial Viewer

-224 + Rainfall stations MIDDELKOP
Station: 0550817_W
T%| Latitude: -25.111700°
Longitude: 28.468300°
MAP: 544 mm
—24 Altitude: 1060 m
Record: 39 years
-26 -
E —28 A 7 G
"25 C S
|
-30 4 \.%
\* %
\%" 3 o
e | on
\.l‘.‘. s
...32 _ " .04‘1
9 .o. O‘:"’
ﬁ.:a ‘.. ® o
"‘Q'.""‘f.“' e
-34 - m&’ 2
...0 o P Y
e
] ] ] ] ] ] ] ]
16 18 20 22 24 26 28 30 32

Longitude (“E)

Figure 9-9: Design Rainfall Spatial Viewer showing rainfall stations

Individual rainfall stations are represented by points on the map. When a station is interrogated,
information associated with the station is displayed. As illustrated in Figure 9-9, this may include:

e rainfall station name;

e station number;

e |atitude;
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e Mean Annual Precipitation (MAP);

e altitude; and

e available record length.

This facility assists the user in evaluating the location and characteristics of available rainfall stations

before selecting a station for rainfall extraction.

9.5.1.3 Catchment Centroid

The Catchment centroid option determines the point rainfall location from the geometric centroid of

a user-supplied catchment polygon, Figure 9-10. The available inputs are described below, Table 9-11.

rRainfall extraction
Extraction method

1. Point rainfall

Point location method

Catchment polygon for centroid

Centroid: -30.747416°, 28.838289°

Ready.

Single entered point or selected rainfall grid cell.

€ Latitude / longitude ¢ Rainfall station ¢ Catchment centroid

Grid block size arc-minutes each side

C:/GHI HydroSuite/Examples/Data_file “

v

Figure 9-10: Point rainfall extraction using a catchment centroid

Table 9-11: Point rainfall extraction using a catchment centroid input requirement

Option
Point location method

Grid block size
Catchment polygon for
centroid

Browse

Clear

Centroid

Description

Select Catchment centroid.

Defines the rainfall grid block associated with the calculated centroid
where applicable.

Displays the selected catchment polygon file. The format of the
polygon that can be loaded could be a Shapefile (*.shp) or
GeoPackage (*.gpkg).

Opens a file-selection dialogue from which the required catchment
polygon can be selected.

Removes the currently selected catchment polygon.

Displays the calculated latitude and longitude of the catchment
centroid after a valid polygon has been loaded.
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Design Rainfall Spatial Viewer

_28 e
Catchment polygon

“ Catchment centroid
_29 =

_30 —

-31 - . ‘ " By

-32

Latitude (°)

-33

_34 —

-35 <

T T T T T T T T

22 24 26 28 30 32 34 36
Longitude (°E)

Figure 9-11: Spatial viewer showing catchment polygon and calculated centroid

Once the catchment polygon is loaded, HydroSuite calculates its centroid and uses this location as the
point for the design rainfall extraction, as depicted in Figure 9-11. The Design Rainfall Spatial Viewer
displays the catchment polygon together with the calculated catchment centroid. This provides a
visual check of the catchment geometry and the point being used for the rainfall extraction.

This method is particularly useful where a representative point rainfall is required for a catchment and
the user wishes to use the catchment centroid rather than manually determining coordinates.

9.5.2 Catchment Average Grid Rainfall

The Catchment average grid rainfall method calculates representative catchment rainfall by applying
equal weighting to all rainfall grid cells within the catchment, Figure 9-12. A catchment polygon is
required to define the spatial extent over which the rainfall information is extracted, Figure 9-13. The
available inputs are described below, Table 9-12.

Table 9-12: Catchment Average Grid Rainfall input requirements
Option Description
Extraction method Select 2. Catchment average grid rainfall.
Catchment polygon Displays the polygon file defining the catchment boundary.

Browse Allows the user to select the required catchment polygon file.

Clear Removes the selected catchment polygon and allows another catchment to
be selected.

Status indicator Displays the status of the selected extraction method and subsequent

rainfall processing.
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rRainfall extraction
Extraction method
-
Equal weighting of all rainfall grid cells \.u:nthln the catchment.

Catchment polygon
C:/GHI HydroSuite/Examples/Data_files/Catchment_Polygon.gpkg

Browse... Clear

Ready for the selected extraction method.

Figure 9-12: Catchment average grid rainfall input

Design Rainfall Spatial Viewer

(¢
&

-

GHI
1l#) HydroSuite

-22 4

—24

-26 , I

-28 4 . & _’(/“

Latitude (°)

-32

—-34 < e

-30 N

Catchment polygon

24 26 28
Longitude (*E)

Figure 9-13: Spatial viewer for catchment average grid rainfall

30 32

INTEGRATED WATER ENGINEERING SOFTWARE

Under this method, the rainfall grid cells contained within the catchment are treated equally when

determining the representative catchment rainfall.
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The Spatial Viewer displays the selected catchment polygon in its geographic position. This allows the
user to confirm that the correct catchment has been loaded before proceeding with the rainfall
extraction.

This method differs from the area-weighted approach described in Section 9.5.3 because each
contributing rainfall grid cell receives equal weighting rather than being weighted according to the
proportion of its area falling within the catchment.

9.5.3 Area-Weighted Grid Rainfall

The Area-weighted grid rainfall method determines representative catchment rainfall using the
rainfall grid cells intersecting the catchment boundary, Figure 9-14. Each grid cell is weighted
according to the proportion of the cell that falls within the catchment.

This provides a spatially weighted estimate of rainfall over the catchment and accounts for partially
intersecting cells along the catchment boundary, see Figure 9-15. The available inputs are described
below, Table 9-13.

~Rainfall extraction
Extraction method
> evegnes oot
Grid cells weighted by the proportion of each cell inside the catchment
Catchment polygon
C:/GHI HydroSuite/Examples/Data_files/Catchment_Polygon.gpkg

Browse. - “

Ready for the selected extraction method

Figure 9-14: Area-weighted grid rainfall input

Table 9-13: Area-weighted grid rainfall input requirements
Option Description
Extraction method @ Select 3. Area-weighted grid rainfall.

Catchment polygon | Displays the polygon file defining the catchment boundary.

Browse Allows the required catchment polygon to be selected.
Clear Removes the currently selected catchment polygon.
Status indicator Displays the status of the rainfall extraction procedure.
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Area-weighted grid rainfall completed: 6807 contributing cells; average MAP 819.2 mm.

Design Rainfall Spatial Viewer

Catchment polygon
. Partially contributing cell
~29.5 - Contributing grid cell
=30.0 A
-30.5 \Jj S S
LY
©
g :
L] =31.0 - \
=31.3 -
=32.0
=32.5
T T T T T T T T
27.0 27.5 28.0 285 29.0 295 30.0 30.5

Longitude (*E)

Figure 9-15: Spatial viewer showing contributing cells for area-weighted grid rainfall

The map distinguishes between:
e the catchment polygon;
e contributing grid cells; and
e partially contributing grid cells along the catchment boundary.

Cells lying completely within the catchment contribute their full area, whereas cells intersected by the
catchment boundary contribute according to the proportion of their area located inside the
catchment.

The results information displayed above the Spatial Viewer also provides a useful check on the
extraction. In the example shown, HydroSuite reports the number of contributing cells and the
calculated average MAP for the catchment.

This visualisation provides an important means of checking that the rainfall grid has been correctly
intersected with the selected catchment.
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9.5.4 Thiessen Polygon Rainfall

The Thiessen polygon rainfall method determines representative catchment rainfall from surrounding
rainfall stations using Thiessen polygon area weighting, Figure 9-16.

Each rainfall station is associated with a Thiessen polygon representing the area considered to be most
representative of that station. The polygons are intersected with the catchment, and the contribution
from each rainfall station is weighted according to the area of its Thiessen polygon falling within the
catchment.

rRainfall extraction

Extraction method

4. Thiessen polygon rainfall =

Rainfall stations weighted by Thiessen polygon area.
Catchment polygon
C:/GHI HydroSuite/Examples/Data_files/Catchment_Polygon.gpkg

Browse‘ N “

Ready for the selected extraction method

Figure 9-16: Thiessen polygon rainfall input

The available inputs are described below, Table 9-14.

Table 9-14: Thiessen polygon rainfall input requirements

Option Description

Extraction method Select 4. Thiessen polygon rainfall.

Catchment polygon Displays the polygon file defining the catchment boundary.
Browse Allows the user to select the required catchment polygon.
Clear Removes the selected catchment polygon.

Status indicator Displays the status of the Thiessen polygon rainfall calculation.

Following processing, HydroSuite identifies the rainfall stations contributing to the catchment and
constructs the applicable Thiessen polygons.
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76 contributing stations; weighted MAP 840.1 mm.

Design Rainfall Spatial Viewer

-29.5 4
dundpnn_w
-30.0 4
5w
209039_W
\ 139 W
— 9173_W
° o
v =305 4~/ 3Jo_w
© J praya
;‘3_, 21 W anno v
L] 6177085 WM 17”44 181073~ w )
7@17950! w 9 Mdnonz 5
70 180537_W0
-31.0 - " dxszwm V‘dxsuix W
@150635_W d‘“‘“ 153875_W \|
GrsosaLw &> -‘8?&995&
<\ >
151623, LW & G w
150779_W 151839V =
-31.5 é = o] 3 @280 w
Catchment polygon
Clipped Thiessen areas
T T T T T T
275 28.0 285 29.0 29.5 30.0

Longitude (*E)

Figure 9-17: Spatial viewer showing rainfall stations and clipped Thiessen polygons

The Spatial Viewer shows:
e the catchment polygon;

o the rainfall stations considered in the analysis;

e the spatial distribution of the Thiessen polygons; and

e the clipped Thiessen areas contributing to the selected catchment.

Each contributing rainfall station is represented spatially together with the area over which its rainfall

information is applied.

The results information displayed above the map reports the number of contributing rainfall stations
and the resulting weighted MAP. In the example shown, 76 rainfall stations contribute to the

calculation.

The Thiessen method is useful where the spatial distribution of observed rainfall stations is to form
the basis of the representative catchment rainfall rather than rainfall-grid cells.
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955 Storm Durations and Return Periods

The Storm duration and Return period panels define the rainfall information to be extracted.

Storm duration

The user can select one or more storm durations. Available durations extend from short-duration
events to multi-day rainfall events and include:

5, 10, 15, 30 and 45 minutes; 1, 1.5, 2, 4, 6, 8, 10, 12, 16, 20 and 24 hours; and 1 to 7 days.

The All option selects all available storm durations.

Return period
One or more design return periods may be selected:

1:2,1:5, 1:10, 1:20, 1:50, 1:100 and 1:200 years.

The All option selects all available return periods.

Selecting only the durations and return periods required for a particular analysis reduces unnecessary
output and makes the resulting rainfall tables easier to review.

9.5.6 Rainfall Results and Export

Once the location or catchment has been defined and the required storm durations and return periods
selected, the Proceed button initiates the rainfall extraction, Table 9-16.

Table 9-15: Rainfall extraction controls
Option Description

. Clears the current rainfall extraction selections and allows a new analysis to
Clear selections

be defined.

Export CSV Exports the available rainfall results to a CSV file.

Proceed Performs or advances the rainfall extraction using the selected location,
durations, return periods and extraction method.

Zoom Full Restores the interactive map to its full extent.

. Displays the design rainfall information obtained from the selected
Results Viewer .
extraction method.

The resulting design rainfall information is displayed in the Results Viewer at the bottom of the Design
Rainfall tab.

Where the design rainfall information is required by one of the HydroSuite flood-estimation methods,
the extracted information can subsequently be used as part of the applicable hydrological analysis.
Spatial Viewer Controls
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The toolbar located below the Design Rainfall Spatial Viewer provides standard controls for navigating,
adjusting and exporting the displayed map, Table 9-16.

Table 9-16: Spatial Viewer Navigating Controls

Control

Home

Back

Forward

Pan

Configure
subplots

Save

Zoom

¥ >R

it

=
Q

Description
Restores the Spatial Viewer to its original or default map extent.

Returns to the previous map view or extent. This is useful after zooming
or panning to another location.

Returns to the next map view after the Back function has been used.

Allows the map to be moved horizontally or vertically. Select the tool
and drag the map to reposition the displayed area.

Opens the plot-layout adjustment controls. This is primarily a standard
plotting function and will generally not be required during normal
HydroSuite operation.

Saves the current Spatial Viewer display as an image file.

Allows a selected portion of the map to be enlarged. Select the tool and
define the area of interest on the map.

Note: The Spatial Viewer toolbar provides standard graphical navigation functions. The separate Zoom
Full button provided by GHI HydroSuite restores the viewer to the full spatial extent relevant to the

current rainfall analysis.
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10 FLOW ANALYSIS
10.1 Overview of the Flow Analysis module

The Flow Analysis module provides a set of tools for the assessment and analysis of historical flow
records. It allows flow data to be evaluated, processed and analysed within a single environment, with
results presented through tables, graphs and reports.

The main Flow Analysis screen is shown in Figure 10-2. The module includes separate analysis tabs
for:
e Data quality - assessment of gaps, consistency, outliers and other potential data-quality
concerns;
e Statistics - calculation of statistical characteristics of the selected flow record;
e Time series - evaluation and visualisation of flows over time;
e Flow duration curve - assessment of the relationship between flow magnitude and
exceedance probability;
e Volume analysis —assessment of the relationship between volume magnitude and exceedance
probability as well as volume frequency analysis;
e Low/High Flow Analysis - analysis of low- and high-flow characteristics;
e Flood frequency analysis - frequency analysis of flood events and estimation of flows
associated with selected return periods;
e Seasonality analysis - assessment of the seasonal distribution and variability of flows;
e Stochastic flow generation — generation and assessment of synthetic flow sequences; and
e Report generation - compilation of the Flow Analysis results into a report.

The different analyses operate on a common selected flow record and analysis period. This allows the
user to move between the individual analysis tabs without repeatedly selecting the underlying flow

dataset.

The general Flow Analysis workflow is, Figure 10-1:

5 5

>

Review Generate
results and graphs report

Select Define Select Run
flow record analysis period analysis options Flow Analysis

Figure 10-1: Flow Analysis workflow

The available inputs and analysis options depend on the selected tab and are described in the
following sections.
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Current Project: Flow analysis example project
FIOW Ana Iysis Project folder: C:\GHI HydroSuite\Examples\Flow analysis

Select the flow record and choose the analysis to run.

Ci/GHI HydroSuite/Examples/Flow analysis/Data files/T3H006_Primary_data.tt m

Record: T3H006 - Tsitsa River @ Xonkonxa | High-definition primary data | 1951-10-16 to 2026-05-18 Analysis start: 1951-10-16 Analysis end: |2026-05-18

Data quality assessment

¥ Gap detection Results viewer

W Infilling Results will be shown here after the analysis is run. R
¥ Consistency checks
¥ Outlier detection

IV Rating/capacity exceedance check

Measuring structure capacity

| [ —_— >

Figure 10-2: Flow Analysis screen
10.2  Flow record selection and analysis period

The upper section of the Flow Analysis screen provides the controls used to select the flow record and
define the period to be analysed, as shown in Figure 10-2. These settings provide the common basis
for the analyses undertaken within the different Flow Analysis tabs.

The currently selected flow-data file is displayed in the file-path field near the top of the screen. The
Browse button can be used to locate and select a different flow record.

Once avalid flow record has been selected, information describing the record is displayed immediately
below the file path. This includes the record/station identifier and name, the type of flow record and
the full period for which flow data are available.

The Analysis start and Analysis end fields allow the user to specify the portion of the available flow
record that is to be included in the analysis. By default, these may correspond to the beginning and
end of the available record, but the dates can be adjusted where only a particular period is to be
considered.

It is important to distinguish between the two periods displayed on the screen:
e The available record period represents the full period covered by the selected flow dataset.
e The analysis period represents the user-selected portion of that record that will be used for
the current analysis.
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Changing the Analysis start or Analysis end date therefore does not modify the original flow record. It

limits the data considered by the Flow Analysis calculations to the specified period. This allows, for
example, a particular historical period to be assessed without having to create a separate flow-data
file.

The selected analysis period should be checked before running an analysis, particularly where the
results are sensitive to record length or the period of record used.

10.3  Main Flow Analysis controls

A number of controls are provided near the top of the Flow Analysis screen and are common to the
different analysis tabs (Figure 10-2), see Table 10-1.

Table 10-1: Main Flow Analysis controls

Option Description

RUN Fl executes the analysis using the selected flow record, analysis period and
un Flow

Analvsi options specified within the relevant analysis tabs. The results generated
nalysis

depend on the analyses and options selected by the user.

o Outout Opens the folder in which Flow Analysis outputs are stored. This provides
en Outpu
P P direct access to generated files without requiring the user to navigate

Folder . .
manually to the project directory.
View Graphs Provides access to graphical outputs generated during the analysis.
. Provides access to the user to inspect the underlying or processed flow data
View Data

associated with the analysis.
Progress/status = An indicator is provided alongside the main controls to indicate progress while
bar an analysis is being performed.
This is displayed within the individual analysis tabs, presents the principal
. numerical and text-based results associated with the selected analysis. The
Results viewer . ] ) ] . . .
information displayed in the Results viewer changes according to the active tab

and the analysis performed.

Together, these common controls provide a consistent workflow across the Flow Analysis module as
depicted in Figure 10-1.

10.4 Data Quality

The Data quality tab provides tools for assessing the quality and completeness of the selected flow
record before undertaking the subsequent flow analyses. The assessment can be used to identify
missing data, potential inconsistencies, unusual values and possible limitations associated with the
measuring structure.

The available data-quality assessment options are shown in Figure 10-3. Individual checks can be
enabled or disabled using the corresponding selection boxes, allowing the user to determine which
assessments are performed when the flow analysis is run.
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Complete

w Open Output Folder View Graphs

Data quality assessment

[ Gap detection Results viewer
v Infilling DATA QUALITY ASSESSMENT: completed before this analysis.
R DATA QUALITY ASSESSMENT RESULTS
W Consistency checks Station: T3Heee - Tsitsa River @ Xonkonxa
Input file: T3Heee_Primary_data.txt | Data type: HD
¥ Outlier detection
Record coverage - Start date: 1951-10-16
Record coverage - End date: 2026-05-18
Record coverage - Calendar days: 27244 days
Record coverage - Days represented: 21967 days

V' Rating/capacity exceedance check

Measuring structure capacity m/s Gap detection - Number of gap periods: 1025 periods

Gap detection - Total gap days: 5279 days
Optional. Used to detect capped/flat-topped records at the consistency checks - Negative flow values: @ records
structure capacity. consistency checks - Potential duplicate records: @ records

outlier detection - Potential outliers beyond *3 SD: 397 records
Capacity check - Status: No valid capacity entered
Infilling - Status: Placeholder only - no values are changed in this version

Figure 10-3: Flow Analysis - Data quality assessment

Five data-quality assessment options are available:
e Gap detection
o Infilling
e Consistency checks
e OQutlier detection
e Rating/capacity exceedance check

The required checks are selected before running the Flow Analysis. Where applicable, additional
information such as the Measuring structure capacity can be entered. The findings from the selected
assessments are displayed in the Results viewer after the analysis has been completed. The available

options are described in Table 10-2.

Table 10-2: Data quality assessment options
Option Description
. Checks the selected flow record for periods where flow data are missing
Gap detection . . . . .
and identifies gaps in the time series.
Enables the infilling of missing values in the flow record where the
Infilling applicable infilling procedure can be applied. This provides a more
complete time series for subsequent analyses.

. Performs checks on the flow record to identify potential inconsistencies
Consistency checks . . .
in the data or time series.
Identifies flow values that differ substantially from the general
. . characteristics of the record and may warrant further investigation. An
Outlier detection . . o . .
identified outlier is not necessarily an incorrect value and should be
considered in the context of the flow record.
Checks for flow values that may be affected by the capacity of the
measuring structure. This can assist in identifying potentially capped or

flat-topped high-flow records.

Rating/capacity
exceedance check
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Option Description
Specifies the estimated maximum capacity of the measuring structure in
Measuring structure m3/s. The value is optional and is used with the rating/capacity
capacity exceedance check to identify records that may be capped or flat-topped

at the structure capacity.

Displays the results of the selected data-quality assessments after the

Results viewer .
Flow Analysis has been run.

The data-quality assessment should preferably be undertaken before interpreting the statistical, flow-
duration, flood-frequency or other analyses derived from the flow record. Identified data-quality
concerns do not necessarily mean that the record is unsuitable for analysis; rather, they provide
information that should be considered when evaluating and interpreting the subsequent results.

10.5  Statistics

The Statistics tab provides a summary of the principal statistical characteristics of the selected flow
record over the defined analysis period. The analysis provides a quantitative overview of the
magnitude, variability and distribution of flows and calculates selected runoff-volume and trend
statistics.

The available statistical analyses are shown in Figure 10-3. Individual analyses can be enabled or
disabled using the corresponding selection boxes.

Open Output Folder View Graphs View Data | Complete

Summary statistics

¥ Basic statistics Results viewer

- ATA - - MENT i ysis.
M Flow quantiles DATA QUALITY ASSESSMENT: completed before this analysis

Basic statistics Station: T3Heee - Tsitsa River @ Xonkonxa -

W' Runoff volumes Basic statistics | Data type: HD -
Basic statistics | Analysis start: 1951-10-16 date
V¥ Trend statistics Basic statistics | Analysis end: 2026-85-18 date

Basic statistics | Number of valid records: 21965 records
Basic statistics | Average: 26.99 m%/s

Basic statistics | Median: 9.77 m/s

Basic statistics | Wighest: 966.89 m®/s

Basic statistics | Lowest: .ee m/s

Basic statistics | Standard deviation: 51.31 m3/s

Basic statistics | variance: 2632.54 (m%/s)?

Basic statistics | Coefficient of variation: 1.%e1 -
Basic statistics | Skewness: 6.107 -

Basic statistics | Kurtosis: 62.481 -

Flow quantiles | Q1@: 69.02 m3/s

Flow quantiles | Q2e: 37.94 m/s

Flow quantiles | Q3@: 23.81 m3/s

Flow quantiles | Q40: 15.e8 m3/s

Flow quantiles | Qse: 9.77 m3/s

Flow quantiles | QS5: 7.66 m3/s

Flow quantiles | Qe@: 5.79 m3/s

Flow quantiles | Q65: 4.34 m%/s

Flow quantiles | Q7e: 3.38 m3/s

Flow quantiles | Q75: 2.8¢ m3/s

Flow quantiles | Qse: 2.29 m3/s

Flow quantiles | Q85: 1.81 m3/s

Flow quantiles | Q9e: 1.38 m3/s

Flow quantiles | Q95: @.92 m3/s

Runoff volumes | Total runoff volume: 51225.09 million m?
Runoff volumes | Average annual runoff volume: 692.23 million m*/year
Runoff volumes | Average monthly runoff volume: 62.55 million m?/month
Trend statistics | Linear trend slope: -©.e2e9 m*/s/year
Trend statistics | Linear trend intercept: 27.e296 m®/s
Trend statistics | R?: e.eeee -

Trend statistics | Trend direction: Decreasing -

Figure 10-4: Flow Analysis - Statistics
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Four groups of statistical analyses are available:
e Basic statistics
e Flow quantiles
e Runoff volumes
e Trend statistics

The required analyses are selected before running the Flow Analysis. Results are displayed in the
Results viewer and are also available for use in subsequent graphical outputs and reporting. The
available options are described in Table 10-3.

Table 10-3: Statistical analysis options
Option Description
Calculates the principal descriptive statistics for the valid flow records within
. o the selected analysis period. These include the number of valid records,
Basic statistics . . L .
average, median, highest and lowest flow, standard deviation, variance,
coefficient of variation, skewness and kurtosis.
Calculates selected flow quantiles expressed as exceedance flows. The results
Flow quantiles include flows from Q10 to Q95, where the Q-value represents the percentage
of time that the corresponding flow is equalled or exceeded.
Converts the analysed flow record into volumetric runoff statistics, including
Runoff volumes the total runoff volume, average annual runoff volume and average monthly
runoff volume.
Evaluates the long-term linear trend in the flow record. The results include
Trend statistics the linear trend slope, intercept, R? value and an indication of whether the
calculated trend is increasing or decreasing.
Displays the calculated statistical results for the selected flow record and

Results viewer ) )
analysis period.

The statistical results provide useful context for the subsequent analyses. For example, the flow
guantiles provide characteristic exceedance flows that can be compared with the Flow Duration Curve,
while the runoff-volume statistics provide an indication of the overall water resource represented by
the flow record.

Trend statistics should be interpreted with appropriate consideration of the length and completeness
of the record. A calculated increasing or decreasing linear trend describes the fitted trend over the
selected analysis period and does not, on its own, establish the cause or statistical significance of
changes in the flow regime.

10.6 Time Series

The Time series tab provides tools for examining how flow varies with time and for evaluating
temporal patterns within the selected flow record. The analysis converts the underlying flow data into
a series of hydrographs and temporal summaries that can be used to investigate short-term variability,
long-term changes and seasonal flow behaviour.
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The available Time Series options are shown in Figure 10-5.

Five time-series analyses are available:
e Daily hydrograph

e Monthly hydrograph
e Annual hydrograph
e Moving averages

e Periodicity analysis
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The required outputs are selected before running the Flow Analysis. Where Moving averages is

selected, the Moving average window (days) specifies the period over which the moving-average flow

is calculated.

After completion of the analysis, the Results viewer provides a summary of the principal results. The

associated hydrographs can be accessed using View Graphs.

Time series analysis

¥ Daily hydrograph Results viewer

¥ Monthly hydrograph
TIME SERIES ANALYSIS RESULTS

W' Annual hydrograph Station: T3Hees - Tsitsa River @ Xonkonxa
Input file: T3Heee6_Primary_data.txt | Data type: HD
M Moving averages Analysis period: 1951-1-16 to 2026-85-18

W Periodicity analysis DAILY HYDROGRAPH
valid daily records: 21965
. . Mean flow: 26.99 m3/s
Moving average window (days) |30 Median flow: 9.77 m®/s
Maximum flow: 966.89 m*/s
Minimum flow: ©.00 m*/s

MONTHLY HYDROGRAPH

Months analysed: 819

Highest monthly mean: 1976-83 = 238.54 m/s
Lowest monthly mean: 1995-87 = ©.20 m3/s

ANNUAL HYDROGRAPH
Hydrological years analysed: 73

Highest mean annual flow: 1975/76 = 86.85 m*/s

Lowest mean annual flow: 1982/83 = €.49 m?/s
MOVING AVERAGES

Window: 3@ days

Moving average maximum: 247.51 m3/s

Moving average minimum: ©.0@ m*/s

PERIODICITY ANALYSIS

Highest climatological month: 2
Average summer mean flow: 41.16 m*/s
Average winter mean flow: 11.22 m*/s

Figure 10-5: Flow Analysis - Time series analysis

The available options are described in Table 10-4.

Table 10-4: Time-series analysis options

DATA QUALITY ASSESSMENT: completed before this analysis.

Option Description

Plots the available daily flow values over the selected analysis period. The graph
Daily provides the highest temporal resolution of the flow record and is useful for
hydrograph identifying individual high-flow events, low-flow periods, gaps and longer-term

changes in flow behaviour.
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Option

Monthly
hydrograph

Annual
hydrograph

Moving
averages

Moving average
window (days)

Periodicity
analysis

Results viewer
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Description

Aggregates the flow record to monthly mean flows and plots their variation
through time. This reduces short-term daily variability and provides a clearer
indication of medium- and long-term changes in the flow regime.

Calculates and plots mean annual flows for each hydrological year represented
within the selected analysis period. The graph provides an overview of inter-
annual variability and highlights relatively wet and dry hydrological years.
Calculates a moving average through the daily flow record using the user-
defined averaging window. The moving-average series is plotted together with
the underlying flow record to smooth short-term variability and make broader
flow patterns easier to identify.

Defines the number of consecutive days used to calculate the moving average.
For example, a value of 30 days generates a 30-day moving-average hydrograph.
Evaluates the recurring seasonal characteristics of the flow record. Monthly
climatological mean flows are calculated to illustrate the typical distribution of
flow through the year and to identify the months associated with higher and
lower flows.

Summarises the principal results of the selected time-series analyses, including
record statistics and selected temporal characteristics.

The Time Series analysis produces a range of graphical outputs that provide different views of the

same underlying flow record. Examples of these outputs are presented in Table 10-5.

Table 10-5: Time-series graphical outputs

Graphical output

Description

1600 <

200

Y

1950 1960 1970 1980 1990 2000 2010 2020 203¢

Daily hydrograph
T3HOO6 - Tsitsa River @ Xonkonxa

Daily hydrograph
Displays the daily flow record over
the selected analysis period. This

of flow variability and individual

M provides a detailed representation

high- and low-flow periods.

Fow

Merthly mzan

Al

J‘H

Monthly hyzragrzp
TIHO06 - Taitzz

Monthly hydrograph

Displays the monthly mean flow
through time, reducing short-term
variability and providing a clearer

flow behaviour.

‘ A I kl""”d H‘ ‘). lh W‘ representation of longer-term
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Graphical output Description

Annual hydrograph (hycrological-year mean flow)
T3H006 - Teitsa River @ Xonkenxa

Annual hydrograph

Displays the mean flow for each
hydrological year, allowing year-
to-year variability and relatively

III IIII IL' | “I \II. ||I III'III IL‘ wet or dry years to be readily
. ll Il I HHTAE llll"l Il I | identified.

ATy

wu

Moving average hydroqraoh 130 day's)
T2K006 - Tsitsa River @ Xonkorxa

e Moving-average hydrograph
Displays the original flow series
‘ together with the calculated
c - moving average. The averaging
1 window is defined by the user and
| ML, 1L A | | e

" < | representation of the flow record.

216265 mas et | Eatariie 1D

Monthly climatology

T3HO006 - Tsitsa River @ Xonkonxa

Monthly climatology

Displays the long-term mean flow
for each calendar month. This
illustrates the typical seasonal
flow regime and identifies the
months during which higher and

Mean Fow (mjs)

lower flows generally occur.

Irout e T3HOD6_Pimary_datatxt | Data type HD

10.7 Flow Duration Curve

The Flow duration curve tab provides tools for analysing the relationship between flow magnitude
and the percentage of time that a particular flow is equalled or exceeded. A Flow Duration Curve (FDC)
provides a compact representation of the overall flow regime and is useful for evaluating flow
availability, variability and the persistence of different flow conditions.

The available Flow Duration Curve analyses are shown in Figure 10-6.
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Flow duration analysis

¥ Standard Flow Duration Curve Results viewer
DATA QUALITY ASSESSMENT: completed before this analysis.
FLOW DURATION ANALYSIS RESULTS
V' Seasonal Flow Duration Curve station: T3H@ee - Tsitsa River @ Xonkonxa
Input file: T3Hee6_Primary_data.txt | Data type: wD

' Annual Flow Duration Curve

¥ Monthly Flow Duration Curve

Q (%) Std FOC Ann min Ann max Summer Winter Mon min Mon max

m/s m3/s m3/s m3/s m3/s m3/s m3/s
Qle 69.02 14.96 226.83 96.48 26.19 9.15 144.05
Qe 37.94 3.18 123.45 60.93 13.66 5.27 88.85
Q3e 23.81 2.e3 76.91 41.28 9.11 3.59 68.04
Qe 15.e8 1.e3 61.19 29.42 97 2.89 52.82
Qse 9.77 .43 42.60 21.5@ 3.97 2.29 41.45
Q55 7.66 e.17 35.70 18.e8 3.40 2.01 37.36
Q&e 5.79 e.el 33.63 15.e3 3.00 1.73 31.89
Q65 4.34 e.ee 31.34 12.24 2.67 1.5 27.91
Q7e 3.38 e.ee 27.91 9.62 2.34 1.3 25.97
Q75 2.80 e.ee 25.73 6.97 2.02 1.15 21.42
Qse 2.29 e.ee 21.60 4.49 1.72 1.2 17.77
Q85 1.81 e.ee 14.99 2.96 1.44 0.85 14.95
Qe 1.38 e.ee 12.27 1.96 1.14 e.66 11.49
Q95 e.%e e.ee 8.97 1.16 e.71 .39 7.98

Figure 10-6: Flow Analysis - Flow duration curve

Four Flow Duration Curve analyses are available:
e Standard Flow Duration Curve
e Annual Flow Duration Curve
e Seasonal Flow Duration Curve

e  Monthly Flow Duration Curve

The required analyses are selected before running the Flow Analysis. The resulting characteristic flows
are displayed in the Results viewer, while the associated curves can be accessed using View Graphs.

Flow Duration Curves are presented with exceedance probability (%) on the horizontal axis and flow
(m3/s) on the vertical axis. Exceedance probability represents the percentage of time that a specified
flow is equalled or exceeded. For example, Q10 represents a relatively high flow that is equalled or
exceeded 10% of the time, whereas Q90 represents a lower flow that is equalled or exceeded 90% of
the time.

The available analyses are described in Table 10-6.

Table 10-6: Flow Duration Curve analysis options

Option Description
Standard Flow Generates a single Flow Duration Curve using all valid flow values within the
Duration selected analysis period. The curve provides an overall representation of the
Curve frequency and persistence of flows within the complete record.

Generates separate Flow Duration Curves for the individual years represented

Annual  Flow
within the selected record. This allows the variability in flow-duration

E::rrj:on characteristics between years to be assessed and provides an indication of
relatively wet and dry years.

Seasonal Flow Separates the flow record into seasonal periods and generates an FDC for each

Duration season. This allows differences in flow availability between the principal seasonal

Curve periods to be evaluated.
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Option Description
Generates separate Flow Duration Curves for each calendar month using the
Monthly Flow . . . . . .
Durati corresponding flows from the complete analysis period. This provides a detailed
uration
c representation of how flow availability and exceedance characteristics vary
urve

throughout the year.

Displays characteristic exceedance flows calculated from the selected FDC
Results viewer analyses. The results allow the different standard, annual, seasonal and monthly

flow characteristics to be compared numerically.

For the Seasonal Flow Duration Curve, the graphical output shown in the current implementation
separates the record into Summer (October—March) and Winter (April-September). This seasonal
definition should therefore be stated explicitly in the manual.

The Results viewer summarises selected exceedance flows, including Q10, Q20, Q30, Q40, Q50, Q55,
Q60, Q65, Q70, Q75, Q80, Q85, Q90 and Q95. Depending on the selected analyses, these values are
reported for the standard FDC and comparative annual, seasonal and monthly conditions.

10.7.1 Interpretation of Flow Duration Curves

The position and shape of an FDC provide information on the characteristics of the flow regime. The
left-hand portion of the curve represents relatively high flows with low exceedance probabilities, while
the right-hand portion represents lower, more frequently available flows.

A relatively flat curve indicates that flows remain comparatively consistent over a broad range of
exceedance probabilities, whereas a steep curve indicates greater variability between high- and low-
flow conditions.

The comparative annual, seasonal and monthly curves extend this interpretation by showing how the
flow-duration characteristics vary with time. For example, the seasonal curves can identify substantial
differences between summer and winter flow availability, while the monthly curves provide a more
detailed indication of the months during which particular flow rates are most likely to be available.

Flow Duration Curves are particularly useful when evaluating the reliability or availability of a
particular flow rate. They can therefore provide important input to subsequent water-resource,
abstraction, environmental-flow and hydropower assessments.

10.7.2  Flow Duration Curve graphical outputs

The Flow Duration Curve analysis generates a number of graphical outputs depending on the options
selected. Examples are presented in Table 10-7.
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Graphical output

Description

Daily Flow Analysis
T3HO006 - Tsitsa River @ Xonkonxa

Flow time series.

o !
1950 1560 w10 1500 1950 2000 00 2020 2030
oate

Flow duration curve
Data used: 1951-10-16 to 2026-05-18

) 30 w 0 e 70 8 % 100 o e
Exceedance probabliiy (%) s 5%

Standard Flow Duration Curve
Displays the relationship
between flow and exceedance
probability for all valid flow
values within the selected
analysis period. Characteristic
flows such as Q10, Q50 and Q90
can be used to describe high,
median-duration and more
persistent flow conditions.

Annual Flow Duration Curves GHI HydroSuite v 1.1
T3H006 - Tsitsa River @ Xonkonxa

Flow (ms)

a0 50 60
Exceedance probability (%)

Annual Flow Duration Curves
Displays separate Flow Duration
Curves for the individual years
within the analysed record. The
spread between the curves
illustrates inter-annual variability
and allows years with distinctly
different flow-duration
characteristics to be identified.

Seasonal Flow Duration Curves
T3HO06 - Tsitsa River @ Xonkonxa

80

60

Flow (ms)

o
Exceedance probability (%)

Seasonal Flow Duration Curves
Compares the FDCs for Summer
(October—March) and Winter
(April-September). The graph
illustrates seasonal differences in
both the magnitude and
persistence of available flows.

Monthly Flow Duration Curves
T3HO06 - Tsitsa River @ Xonkonxa

Flow (ms)

Exceedance probability (%)

Monthly Flow Duration Curves
Displays separate FDCs for each
of the twelve calendar months.
The graph provides the most
detailed representation of
recurring within-year changes in
flow availability and allows the
flow-duration characteristics of
individual months to be

compared.
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10.8 Volume Analysis

The Volume analysis tab provides tools for assessing the volume of water passing the gauging station
over specified durations. Whereas the Flow Duration Curve considers the magnitude and exceedance

of flow rates, the Volume Analysis integrates flow over a selected duration and expresses the result
as a water volume.

The available Volume Analysis options are shown in Figure 10-7.

Volume analysis

¥ Volume Duration Curve Results viewer
M Volume Frequency Analysis DATA QUALITY ASSESSMENT: completed before this analysis.
VOLUME DURATION ANALYSIS RESULTS
rVolume Duration Curve station: T3Hees - Tsitsa River @ Xonkonxa
Input file: T3Heee_Primary_data.txt | pata type: WD
Rolling duration 12 hours v ouration: 12 hours

Rolling windows analysed: 110844
Maximum rolling volume: 45.0988 Mm® (45,098,817 m*)

User defined hours M Median rolling volume: 2.6826 Mm®
VOLUME DURATION VALUES

Volume Frequency Analysis Exceedance volume (m?) volume (Mm?)
Maximum volume duration | 1day v lex 9,129,368 9.1294
20% 6,013,658 6.0137
. 30% 4,448,747 4.4487
User defined days M 40% 3,454,417 3.4544
sex 2,682,488 2.6825
Statistical distributions 1 60% 2,889,945 2.0899
70% 1,610,611 1.6106
Log-transformed Natural-data 8e% 1,234,273 1.2343
90% 836,167 0.8362
¥ Log-normal I~ Pearson Typelll 95% 541,297 0.5413

™ Log-normal (2-parameter) ¥ Gumbel (EV1) Rolling windows excluded because of data gaps: 440081

™ Log-normal (3-parameter) I~ Weibull VOLUME FREQUENCY ANALYSIS RESULTS

Station: T3Hee6 - Tsitsa River @ Xonkonxa

Vv Log-Pearson Type |l I~ Gamma Input file: T3Hees_Primary_data.txt | Data type: HD
Duration: 1 day
™ Log-Gumbel (LEV1) I Generalized Extreme Value (GEV) Annual maximum volume values: 27

Plotting position: Cunnane (A=e.4, B=0.2)
I~ Generalized Pareto
ANNUAL MAXIMUM VOLUME SERIES

Hydrological year window end volume (Mm*)

Volume frequency settings——————————————————————————————— | | [rrmmmmmmmm e e
1999/0@ 2000-02-21 20:48 33.1911
Plotting position Cunnane (A=04, B=0.2) v 2000/01 2001-62-25 13:48 10.8761
2001/02 2002-09-11 11:06 35.6826
A/B 2002/03 2003-01-12 ©3:12 7.4362
2003/04 2004-09-27 @1:12 28.8880
- P 2004/05 2005-01-24 e4:36 24.5696
I~ Confidence limits lower upper 2005/06 2006-09-27 20:24 36.9716
2006/07 2006-10-20 23:00 23.5384
2007/08 2008-03-12 @9:12 22.3416
Hourly durations require high-definition primary data. Daily-average records 7:”““ 2009-a7-18 18184 £2 712a

support whole-day durations.

Figure 10-7: Flow Analysis - Volume analysis

Two forms of volume analysis are available:
e Volume Duration Curve
e Volume Frequency Analysis

The Volume Duration Curve evaluates the distribution and exceedance characteristics of rolling water
volumes calculated over a selected duration. The Volume Frequency Analysis identifies the maximum
volume occurring within each hydrological year for a selected duration and applies statistical
frequency distributions to estimate volumes associated with different return periods.
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The required analyses are selected using the corresponding selection boxes. The duration and, where

applicable, the statistical distribution and plotting-position parameters are then specified before

running the Flow Analysis. The principal options are described in Table 10-8.

Table 10-8: Volume Analysis options

Option

Volume Duration
Curve

Rolling duration

User defined

Volume
Frequency
Analysis
Maximum
volume duration
User defined
Statistical
distributions

Plotting position

Description
Generates a duration curve of rolling water volumes calculated over the
selected duration. The resulting curve relates accumulated volume to
percentage exceedance.
Specifies the time period over which successive flow volumes are
accumulated. The user selects one of the available predefined durations.
Allows a custom rolling duration to be specified together with the applicable
time unit.

Performs a frequency analysis on the maximum rolling volume occurring
within each hydrological year for the selected duration.

Specifies the duration over which the maximum water volume is determined
for each hydrological year.

Allows a custom duration to be specified for the Volume Frequency Analysis.
Allows one or more probability distributions to be selected and fitted to the
annual maximum-volume series.

Specifies the plotting-position method used to assign empirical return periods
to the observed annual maximum volumes. Options available are: Weibull,

Median Hazen, Cunnane, Hirsch/Stedinger or Other

Displays the coefficients associated with the selected plotting-position
A/B method. In case Plotting position was selected as Other the A/B parameters
can be specified.
. L Where selected, enables lower and upper confidence limits to be specified for
Confidence limits .

the frequency analysis.

Displays the calculated Volume Duration and Volume Frequency results,
Results viewer including characteristic volumes, annual maximum-volume values and
information associated with the selected analyses.
10.8.1 Volume Duration Curve
The Volume Duration Curve (VDC) is generated by moving a time window of the selected duration

through the flow record and calculating the total water volume occurring within each valid window.

The calculated volumes are ranked and expressed in terms of percentage exceedance, in a similar
manner to a conventional Flow Duration Curve. The resulting curve therefore indicates the volume
that is equalled or exceeded for a specified percentage of the analysed rolling periods. For example, a
12-hour rolling duration calculates the volume passing the gauging station during successive 12-hour
windows. Longer durations can be selected where the user is interested in sustained water availability
over periods of several days rather than short-duration flow conditions.
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The Results viewer reports the number of valid rolling windows analysed, the maximum and median

rolling volumes, and characteristic volumes at selected exceedance percentages. Rolling windows that
cannot be evaluated because of gaps in the underlying flow record are excluded from the analysis and
reported separately.

The availability of short-duration analyses depends on the temporal resolution of the underlying data.
Hourly durations require high-definition primary data, while daily-average flow records support
whole-day durations.

10.8.2  Volume Frequency Analysis

The Volume Frequency Analysis evaluates the frequency of large accumulated water volumes
occurring over a specified duration.

For each hydrological year, GHI HydroSuite identifies the maximum rolling volume occurring over the
selected duration. These annual maximum volumes form the series used for the frequency analysis.

One or more statistical probability distributions can then be fitted to the annual maximum-volume
series. The distributions available on the Volume Analysis screen include:

Log-normal, Log-normal (2-parameter), Log-normal (3-parameter), Log-Pearson Type lll, Log-Gumbel
(EV1), Pearson Type lll, Gumbel (EV1), Weibull, Gamma, Generalized Extreme Value (GEV) and
Generalized Pareto.

The user can select the required distribution or distributions to allow alternative statistical models to
be compared.

A plotting-position method is also selected for the observed annual maximum-volume data. The
associated A and B coefficients are displayed for the selected method. In the example shown in Figure
10-7, the Cunnane (A=0.4, B=0.2) plotting position is selected.

The Results viewer lists the annual maximum-volume series together with the corresponding
hydrological year and the end of the rolling window associated with each maximum. The fitted
probability distributions can then be compared graphically against the observed annual maximum
volumes.

The Volume Frequency Analysis therefore provides an estimate of the magnitude of accumulated
water volumes associated with selected return periods, rather than estimating instantaneous peak
discharge.

10.8.3  Volume Analysis graphical outputs

The Volume Analysis generates graphical outputs for both duration and frequency analyses. Examples
are presented in Table 10-9.
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Table 10-9: Volume Analysis graphical outputs
Graphical output Description

ittt Volume Duration Curve

Volume Duration Curve - 12 hours

T3HO06 - Tsitsa River @ Xonkonxa Displays rolling Water VO|U me

against percentage
exceedance for the selected
» duration. It indicates the
accumulated volume that is
equaled or exceeded for a

Rolling 12 hours volume (Mm*)

" specified percentage of the
valid rolling periods. The

§ P rn ) ps w | selected rolling duration is

Percentage exceedance (%)

e 008 i s | G 0 identified in the graph title
and the volume is reported
in Mmé,

Volume Frequency Analysis

GHI HydroSuite V 1.1
wwwgreenhippo.co 2

Volume Frequency Analysis - 1 day

T3HO06 - Tsitsa River @ Xonkonxa Displays the Observed annua|

® Annual maximum volumes
— Log-normal

Log-Pearson Type il
— Gumbel (EV1)

maximum volumes together
with the selected fitted
probability distributions

g

against return period (years).
The graph allows the fitted

Maximum 1 day volume (Mm*)
5

distributions to be compared
with the observed annual

e maximum-volume series and

Return period (years)

e s ey st | Oy 0 with one another.

10.9 Low/High Flow Analysis

The Low/High Flow Analysis tab provides tools for evaluating both low-flow and high-flow
characteristics of the selected flow record. The analyses can be used to assess minimum-flow
conditions, drought characteristics, zero-flow occurrence, baseflow behaviour, annual and seasonal
peak flows, threshold exceedances and high-flow volumes.

The available analyses and user-defined thresholds are shown in Figure 10-8.

The required analyses are selected using the corresponding selection boxes before running the Flow
Analysis. Where applicable, the user can specify a Low-flow threshold and High-flow threshold. If these
fields are left blank, the default values indicated on the screen are used.

The tab includes analyses based on the daily flow record as well as analyses that make use of the
available high-definition primary flow data. High-resolution data are required for analyses that depend
on the timing and magnitude of individual high-flow events.
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¥ 7-day minimum flow

V' Annual minimum

¥ Baseflow index

¥ Duration below threshold
¥ Annual maximum series

¥ Monthly peaks

¥ Flood volume

Low-flow threshold

High-flow threshold

Low and high flow analysis

¥ Peak-over-threshold analysis

Requires high-definition primary flow data.

¥ 30-day minimum flow Results viewer

¥ Monthly minimum DATA QUALITY ASSESSMENT: completed before this analysis.

IGH FL NALYSIS RESULTS
: T3Hee6 - Tsitsa River @ Xonkonxa

Input file: T3H@@6_Primary_data.txt | Data type: HD

Daily values used for low-flow duration analyses: 21965
High-definition observations used for peak analyses: 55932

¥ Zero-flow frequency
¥ Drought duration

¥ Partial duration series
Minimum 7-day mean: ©.0eee m*/s

iindow end date: 1995-07-03

3e-day minimum flow - Minimum 3e-day mean: ©.eeee m®/s

3e-day minimum flow - Window end date: 1995-07-28

Annual minimum - Lowest hydrological-year daily mean: e.eeee m*/s
Annual minimum - Hydrological year / date: 1994/95 / 1995-06-13
Monthly minimum - Lowest monthly daily mean: ©.eeee m®/s

Monthly minimum - Year-month / date: 1995-@6 / 1995-@6-13

Zero-flow frequency - Zero-flow days: 312 days

Zero-flow frequency - Zero-flow frequency: 1.42 %

Duration below threshold - Threshold: .eeee m*/s

m’/s Duration below threshold - Days below threshold: 312 days

Drought duration - Longest duration below threshold: 44 days

Drought duration - Longest period: 1996-9-23 to 1996-11-05

Annual maximum series - Maximum instantaneous peak: 1048.7eee m*/s
Annual maximum series - Hydrological year / date: 2012/13 / 2013-e4-21
Monthly peaks - Maximum monthly peak: 1@48.7e0@ m*/s

Monthly peaks - Year-month / date: 2013-e4 / 2013-84-21

Seasonal peaks

7-day minimum flow -

V' Seasonal peaks 7-day minimum flow -

¥ Flood duration

- Seasonal peak records: 145 records

Peak-over-threshold analysis - Threshold: 183.6460 m3/s

Peak-over-threshold analysis - Observations above threshold: 27628 observations

Baseflow index - Status: Placeholder - digital filtering method to be selected in a later version

Figure 10-8: Flow Analysis - Low/High Flow Analysis

The available analyses are described in Table 10-10.

Table 10-10: Low/High Flow Analysis options

Option

7-day minimum
flow

30-day
minimum flow
Annual
minimum
Monthly
minimum

Baseflow index

Zero-flow
frequency
Duration below
threshold
Drought
duration

Annual
maximum series
Partial duration

series

Monthly peaks

Description

Determines the minimum 7-day mean flow within the selected record and
identifies the end date of the corresponding 7-day period.

Determines the minimum 30-day mean flow and identifies the corresponding
period within the flow record.

Determines the minimum daily mean flow for each hydrological year and
identifies the lowest annual minimum within the analysed record.
Determines minimum-flow conditions on a monthly basis and identifies the
lowest monthly daily mean flow and its corresponding year and month.
Provides an assessment of the contribution of baseflow to the overall flow
record. The current implementation identifies the analysis status, with the
digital-filtering method to be selected in a later version.

Determines the number of zero-flow observations and expresses their
occurrence as a percentage of the valid flow record.

Determines the number of days for which flow is below the specified Low-flow
threshold.

Identifies continuous periods during which flows remain below the applicable
low-flow threshold and determines the longest drought period.

Extracts the maximum instantaneous peak flow associated with each
hydrological year to form an annual maximum series.

Extracts qualifying high-flow events for use in a partial-duration or peaks-over-
threshold series.

Identifies maximum instantaneous peak flows on a monthly basis and reports
the maximum monthly peak and its date.
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Option Description

Extracts and evaluates peak-flow events according to the applicable seasonal
Seasonal peaks

grouping.
Peak-over-
threshold Identifies high-flow observations exceeding the specified High-flow threshold.
analysis

. Evaluates the duration of high-flow or flood events associated with the
Flood duration . .
applicable high-flow threshold.

Evaluates the volume of water associated with qualifying high-flow or flood
Flood volume

events.
Low-fl Specifies the flow threshold in m3/s used for the applicable low-flow duration
ow-flow
and drought analyses. If left blank, the default value indicated by the software
threshold . .
is applied.
High-flow Specifies the flow threshold in m3/s used for the applicable peak-over-
§ threshold analysis. If left blank, the software applies the default threshold
threshold

indicated on the screen.
Displays the calculated low- and high-flow results for the selected flow record

Results viewer } .
and analysis period.

10.9.1 Low-flow analysis

The low-flow analyses provide information on the magnitude, frequency and persistence of reduced-
flow conditions within the selected analysis period.

The 7-day and 30-day minimum-flow analyses use moving periods to identify sustained low-flow
conditions rather than relying only on an individual minimum daily value. These measures are useful
for distinguishing prolonged low-flow conditions from isolated low daily observations.

The Annual minimum and Monthly minimum analyses provide additional information on the temporal
occurrence of minimum flows. Annual minima allow low-flow conditions between hydrological years
to be compared, while monthly minima provide a finer temporal indication of when the lowest flows
occur.

The Zero-flow frequency analysis identifies the number and percentage of valid observations for which
zero flow is recorded. This can be particularly useful for intermittent or highly seasonal rivers.

The Duration below threshold and Drought duration analyses make use of the specified Low-flow
threshold. Duration below threshold reports the total number of days below the threshold, while
drought duration considers the persistence of continuous below-threshold conditions and identifies
the longest such period.

The Baseflow index is included as an analysis option; however, as indicated in the current Results
viewer, the digital-filtering method is to be selected in a later version.
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10.9.2 High-flow analysis

The high-flow analyses provide tools for identifying and characterising individual peak-flow events and
periods of sustained high flow.

The Annual maximum series extracts the maximum instantaneous peak associated with each
hydrological year. This provides the annual peak series commonly required for subsequent flood-
frequency assessment.

The Partial duration series provides an alternative representation of high-flow events by allowing
multiple qualifying events to be extracted rather than restricting the series to a single maximum for
each hydrological year.

The Monthly peaks and Seasonal peaks analyses provide information on the timing and seasonal
distribution of high-flow events. These analyses can assist in identifying periods of the year during
which large flows occur most frequently.

The Peak-over-threshold analysis identifies observations exceeding the specified High-flow threshold.
This allows the occurrence of high-flow conditions to be assessed relative to a user-defined flow
magnitude.

The Flood duration and Flood volume analyses extend the assessment beyond peak magnitude by
considering the persistence and accumulated volume associated with qualifying high-flow events.

Where instantaneous peak characteristics or high-resolution event behaviour are required, high-
definition primary flow data are necessary. The software indicates this requirement directly on the
Low/High Flow Analysis screen.

10.9.3 Interpretation of low- and high-flow results

The Results viewer provides a consolidated summary of the selected analyses, see Figure 10-8.
Depending on the options selected, this includes minimum-flow magnitudes and dates, annual and
monthly minima, zero-flow frequency, days below the low-flow threshold, longest drought duration,
annual and monthly peak flows, seasonal peak information and the number of observations exceeding
the high-flow threshold.

The low- and high-flow analyses should be interpreted in conjunction with the Data Quality
assessment, particularly where missing records, zero values or limitations in the available high-flow
measurements may influence the results.
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The Flood frequency analysis tab provides tools for statistically analysing observed flood peaks and
estimating flood magnitudes associated with specified return periods. The analysis uses flood peaks
extracted from the selected flow record and fits one or more probability distributions to the resulting

flood series.

The available probability distributions and frequency-analysis settings are shown in Figure 10-9.

Flood frequency analysis

Log-transformed distributions Natural-data distributions

W Log-normal ¥ Pearson Typellll

¥ Log-normal (2-parameter) ¥ Gumbel (EV1)

¥ Log-normal (3-parameter) ¥ Weibull

¥ Log-Pearson Type lll M Gamma

¥ Log-Gumbel (LEV1) ¥ Generalized Extreme Value (GEV)

¥ Generalized Pareto

Flood frequency settings

Series type Annual maximum series | ¥ ¥ Confidence limits  lower [0.05
Plotting position | Cunnane (A=0.4, B=0.2) v

A B
Partial threshold m®/s (blank

Figure 10-9: Flow Analysis - Flood frequency analysis

Results viewer

DATA QUALITY ASSESSMENT: completed before this analysis.

FLOOD FREQUENCY ANALYSIS RESULTS

station: T3Heee - Tsitsa River @ Xonkonxa

Input file: T3Hee6_Primary_data.txt | Data type: HD

Series: Annual maximum series

Plotting position: Cunnane (A=@.4, B=0.2)

Log transformation: applied automatically for log-distributions

Flood peak values extracted: 73
Maximum flood peak: 967 m*/s
Maximum peak date: 1976-03-21 (1975/76)

STATISTICAL DIAGNOSTICS

Annual maximum values: 73

Mean (Qave): 343.584 m®/s

standard deviation (SD): 245.569 m*/s

SD excluding maximum (SD*): 235.808 m?/s

Minimum / maximum: 1.032 / 966.89@ m*/s

Minimum / maximum Z-score: -1.395 / 2.538

Log-skewness: -2.384

Record length is at least 4@ years. Continue to compare alternat:

FLOOD PEAK SERIES

Hydrological year Peak date peak flow (m3/s)
1951/52 1951-10-27 54
1952/53 1953-84-86 99
1953/54 1953-12-13 102

The analysis allows the user to select the flood series to be analysed, the plotting-position method
applied to the observed flood peaks, the statistical probability distributions to be fitted and, where

required, confidence limits.

Multiple probability distributions can be selected simultaneously. This allows the fitted distributions
to be compared and assists the user in evaluating the sensitivity of estimated flood magnitudes to the
selected statistical model. The available inputs and settings are described in Table 10-11.

Table 10-11: Flood Frequency Analysis options
Option

Log-normal

Description
Fits a Log-normal probability distribution to the flood series. The

logarithmic transformation is applied automatically.

Log-normal (2-parameter)

Fits the two-parameter form of the Log-normal distribution to the
selected flood series.

Log-normal (3-parameter) = Fits the three-parameter form of the Log-normal distribution.

Log-Pearson Type lll
flood values.

Log-Gumbel (EV1)

Fits a Pearson Type lll distribution to logarithmically transformed

Fits the Gumbel Extreme Value Type | distribution using

logarithmically transformed flood values.
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Description
Fits the Pearson Type lll distribution directly to the natural flood data.
Fits the Gumbel Extreme Value Type | distribution to the natural flood
data.
Fits a Weibull probability distribution to the selected flood series.
Fits a Gamma probability distribution to the selected flood series.

Fits a Generalized Extreme Value distribution to the flood series.

Fits a Generalized Pareto distribution to the selected flood series.
Specifies the flood series to be used in the frequency analysis. The
selected series determines how flood peaks are extracted from the
underlying record. Annual maximum series or Partial series can be
selected from the drop-down list.

Specifies the empirical plotting-position formula used to assign
exceedance probabilities or return periods to the observed flood
peaks. Options available are: Weibull, Median Hazen, Cunnane,
Hirsch/Stedinger or Other

Displays the coefficients associated with the selected plotting-
position method. In case Plotting position was selected as Other the
A/B parameters can be specified.

Specifies the flow threshold used when a partial-duration series is
selected. If left blank, the default threshold indicated by the software
is used.

Enables confidence limits for the fitted frequency distributions.
Specifies the lower and upper probability limits used when
confidence limits are selected.

Displays information on the extracted flood series, statistical
diagnostics, flood-peak values and results of the selected frequency
analyses.

10.10.1 Flood series selection

The Series type determines which flood events are included in the frequency analysis.

For an Annual maximum series, the maximum flood peak occurring within each hydrological year is

extracted. The resulting series therefore contains a maximum of one flood peak for each hydrological

year represented by the analysed record.

The Results viewer identifies the hydrological year, date and corresponding peak flow for the extracted

annual maximum series. It also reports the number of flood peaks extracted and the maximum

observed flood peak and its date.
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Where a Partial duration series is selected, qualifying flood events are identified relative to a specified

Partial threshold. This approach allows more than one qualifying flood event to be included from a
particular year. If the Partial threshold field is left blank, the software applies the default threshold
indicated on the screen.

10.10.2 Plotting positions

Observed flood peaks are assigned empirical probabilities using the selected Plotting position method.
The plotting position determines where the observed flood peaks are displayed relative to return
period on the frequency graph.

The corresponding A and B coefficients are displayed automatically for the selected plotting-position
method. In the example shown in Figure 10-9, the Cunnane plotting position (A = 0.4, B = 0.2) is
selected.

The plotting positions represent the observed flood data and provide a basis for visually comparing
the observed series with the fitted statistical distributions.

10.10.3 Statistical probability distributions

GHI HydroSuite allows several statistical probability distributions to be fitted to the selected flood
series. The distributions are divided on the screen into Log-transformed distributions and Natural-data
distributions.

For log-transformed distributions, the required logarithmic transformation is performed automatically
by GHI HydroSuite. Natural-data distributions are fitted directly to the extracted flood values.

More than one distribution can be selected for a single analysis. The fitted curves and estimated flood
magnitudes can therefore be compared to assess differences between the alternative statistical
models.

The selection of an appropriate probability distribution should not be based solely on the estimated
flood associated with a particular return period. The fitted distribution should also be considered in
relation to the observed flood series, record length and the statistical characteristics of the data.

10.10.4 Statistical diagnostics

Before presenting the fitted frequency results, GHI HydroSuite calculates statistical characteristics of
the extracted flood series. As shown in the Results viewer in Figure 10-9, these may include the:

e mean flood peak;

e standard deviation;

e standard deviation excluding the maximum flood;

e minimum and maximum values;

e minimum and maximum Z-scores;
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e |og-skewness; and
e length of the available flood record.

These diagnostics provide additional information on the characteristics of the flood series and can
assist the user when comparing alternative frequency distributions.

The Results viewer may also provide diagnostic comments relating to the available record and the
suitability of comparing alternative frequency distributions. These should be considered together with
the graphical and numerical frequency-analysis results.

10.10.5 Confidence limits

Where Confidence limits are selected, lower and upper probability limits can be specified for the
frequency analysis. These provide an indication of the uncertainty associated with the fitted frequency
relationship. The required lower and upper limits are entered in the corresponding fields. In the
example shown in Figure 10-9, values of 0.05 and 0.95 are specified.

The uncertainty associated with estimated floods generally becomes increasingly important when
extrapolating to return periods substantially longer than the available observed record. Design-flood
estimates at long return periods should therefore be interpreted with appropriate consideration of
the available record length, observed flood behaviour and differences between fitted distributions.

10.10.6 Flood Frequency Analysis results

The Results viewer provides a summary of the flood-frequency analysis, including the selected flood
series, plotting-position method, statistical characteristics of the extracted flood peaks and the flood-
frequency results obtained from the selected probability distributions.

For the selected flood series, the viewer presents the extracted flood peaks together with their
hydrological years and dates. Statistical diagnostics and the results associated with the selected
probability distributions are also provided.

The graphical frequency-analysis outputs allow the observed flood peaks and fitted probability
distributions to be compared over a range of return periods, as depicted in Figure 10-10. Where
several distributions are selected, the divergence between the fitted curves provides a useful
indication of the sensitivity of the estimated design floods to the selected statistical model.

The observed flood peaks are plotted according to the selected plotting-position method, with return
period (years) shown on the lower horizontal axis and the corresponding exceedance probability (%)
on the upper horizontal axis. Flood-peak magnitude is shown in m3/s on the vertical axis.

Each selected probability distribution is fitted independently to the flood series and displayed on the
same graph. This allows the user to visually compare how the alternative distributions represent the
observed flood data and how their estimates diverge when extrapolated for longer return periods.
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Particular attention should be given to the upper end of the frequency curves. Differences between

fitted distributions generally become more pronounced at return periods extending beyond the
observed record, illustrating the uncertainty associated with extrapolating extreme flood magnitudes.
The fitted curves should therefore be considered together with the observed flood series, statistical
diagnostics and available record length rather than selecting a distribution solely on the basis of a
particular design-flood estimate.

The graph also identifies the input data type, selected series and plotting-position method, providing
a record of the principal settings used to generate the analysis.

GHI HydroSuite V 1.1
www.greenhippo.co.za
Flood Frequency Analysis
T3HOO06 - Tsitsa River @ Xonkonxa
Exceedance probability (%)

50 20 10 5 4 2 1 0.5 0.2
350001 @ Annual maximum series data
— Log-normal
—— Log-normal (2-parameter)
Log-normal (3-parameter)
300009 __ Log-Pearson Type Il
—— Log-Gumbel (LEV1)
—— Pearson Type Il
25000 - Gumbel (EV1)
—— Weibull
- — Gamma
2 —— Generalized Extreme Value (GEV)
E 20000 | — Generalized Pareto
£
©
3
Q
© 15000 4
(<]
19
o
10000 -
5000
0
2 5 10 20 25 50 100 200 500

Return period (years)

Input file: T3H006_Primary_data.txt | Datatype: HD | Annual maximum series | Plotting position: Cunnane

Figure 10-10: Flood Frequency Analysis — comparison of observed flood peaks and fitted probability
distributions

Note: Additional flood-frequency analysis and output options are available in the Flood Estimation
module described in Chapter 12. These include additional methods such as IPZA analysis, together
with further graphical and frequency-analysis options, including control over the exceedance-
probability scale used for displaying frequency results.

10.11 Seasonality Analysis

The Seasonality analysis tab provides tools for examining how river flow characteristics vary
throughout the year. The analysis assists in identifying wet- and dry-season behaviour, monthly flow
patterns and the variability of flows between months and seasons. Seasonality analysis is particularly
useful where the timing of water availability is important, as average annual flow alone does not
indicate how flow is distributed throughout the year. The available analyses are shown in Figure 10-11.
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Seasonality analysis

¥ Wet season characteristics | Results viewer

completed before this analysis.

¥ Dry season characteristics

RESULTS
¥ Monthly averages Station: T3H0e6 - Tsitsa River @ Xonkonxa
Input file: T3+0@6_Primary_data.txt | Data type: H

¥ Monthly medians
Monthly seasonalit
¥ Monthly variability Summer (Oct-Mar)
Winter (Apr-Sep)

Monthly statistics CSV: C:\GHI Hydrosuite\Examples\Flow analysis\Flow_outputs\_working\T3#ee_seasonality_monthly_statistics_(kD).csv
Mean flow: 40.6944 m’/s
mean flow: 11.7828 m*/s

¥ Seasonal variability

Figure 10-11: Flow Analysis - Seasonality analysis

The required analyses are selected using the corresponding selection boxes before running the Flow
Analysis. The Results viewer provides a summary of the calculated seasonal characteristics and
identifies the output files generated during the analysis.

The available options are described in Table 10-12.

Table 10-12: Seasonality Analysis options

Option Description

Wet season Calculates representative flow characteristics for the defined wet
characteristics season.

Dry season

e Calculates representative flow characteristics for the defined dry season.
characteristics

Calculates the mean flow for each calendar month using the available

Monthly averages
flow record.
Calculates the median flow for each calendar month, providing an
Monthly medians indication of typical monthly conditions that is less influenced by
individual extreme-flow events than the monthly mean.
L Evaluates the variability of flows for each calendar month over the
Monthly variability
analysed record.
Evaluates differences and variability between the defined wet and dry

seasons.

Seasonal variability

Displays a summary of the seasonality results for the selected flow
Results viewer record and analysis period and identifies the associated output data
where applicable.

10.11.1 Wet- and dry-season characteristics

The Wet season characteristics and Dry season characteristics provide a broad comparison of flow
conditions during the principal seasonal periods.

For the South African seasonal definition applied in the analysis shown in Figure 10-11, the periods
are:

e Summer / wet season: October to March
e Winter / dry season: April to September
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The Results viewer reports representative mean flows for the two periods. These values provide a

convenient indication of the magnitude of seasonal differences within the flow record.

For example, the record shown in Figure 10-11 has a substantially higher summer mean flow than
winter mean flow, indicating a pronounced seasonal flow regime.

10.11.2 Monthly flow characteristics

The Monthly averages analysis groups the available flow observations according to calendar month
and calculates the long-term mean flow for each month. The resulting monthly pattern provides a
simple representation of the typical annual flow cycle.

The Monthly medians provide a complementary measure of typical monthly conditions. Because the
median is less affected by occasional extreme high-flow events, comparison between monthly mean
and median flows can be useful for identifying months in which relatively infrequent flood events have
a strong influence on the long-term average.

The Monthly variability analysis provides additional information on the degree to which flows for a
particular month vary between years.

Together, these analyses allow the user to distinguish between the typical magnitude of flow and the
variability of that flow throughout the year.

10.11.3 Seasonal variability

The Seasonal variability analysis extends the monthly assessment by considering differences in flow
behaviour between the wet and dry seasons.

This is useful where the hydrological behaviour of a river is strongly seasonal and can assist in
identifying the extent to which water availability is concentrated within a particular part of the year.
Seasonality results should be interpreted together with the Time series, Flow duration curve and other
Flow Analysis outputs where a more complete assessment of temporal water availability is required.

10.11.4 Seasonality Analysis graphical output

The Seasonality Analysis generates a graphical representation of the monthly flow pattern, as
illustrated in Figure 10-12.

The Monthly average flow seasonality graph displays the long-term mean flow for each calendar
month. Month is shown on the horizontal axis and mean flow in m3/s on the vertical axis. The graph
provides a direct visual indication of the annual flow cycle and allows the principal high- and low-flow
periods to be readily identified. In the example shown, mean flows increase strongly during the
summer months, reach their highest monthly value in February and decline through autumn towards
the lowest-flow period during winter. Flows subsequently increase again towards the end of the year.
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GHI HydroSuite V 1.1
www.greenhippo.co.za

Monthly average flow seasonality

- T3HO006 - Tsitsa River @ Xonkonxa

60

50 4

40 1

Mean flow (m3/s)

20 A

10 A

Input file: T3H006_Primary_data.txt | Data type: HD

Figure 10-12: Monthly average flow seasonality

The graph is particularly useful for identifying the timing and magnitude of seasonal water availability
and provides a concise visual complement to the numerical wet-season, dry-season and monthly
statistics presented in the Results viewer.

10.12 Stochastic Flow Generation

The Stochastic flow generation tab provides tools for generating multiple synthetic flow sequences
based on the statistical and temporal characteristics of the observed flow record. Synthetic sequences
can be used to investigate a range of plausible flow conditions beyond the single historical sequence
available at a gauging station.

This is particularly useful for analyses where the variability and sequencing of flows may influence the
results, such as reservoir behaviour, water availability and hydropower assessment.

Two stochastic generation methods are currently available:
e Simple Random Resampling (Bootstrap)
e Monthly Statistics Generator

The selected method determines the additional input parameters displayed on the screen and the
manner in which the synthetic sequences are generated.

10.12.1 Simple Random Resampling (Bootstrap)
The Simple Random Resampling (Bootstrap) method generates synthetic flow sequences by

resampling values from the observed flow record. The method therefore uses the historical
observations themselves as the basis for generating alternative sequences.
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The Bootstrap generation options are shown in Figure 10-13.

Stochastic flow generation
Generation method Results viewer

LITY ASSESSM

ompleted before this analysis.

Simple Random Resampling (Bootstrap) v DA

ST
station: T3Hees - @ xonkonxa

Number of synthetic sequences |10 .
Input file: T3Hees_Primary_data.txt | Data type: D

Length of each sequence (years) |20 ) )
Method: Simple Random Resampling (Bootstrap)

synthetic sequences: 1@
Sequence length: 20 years

Sampling method: Daily

Sampling with replacement: Yes

Preserve monthly seasonality: Yes

Preserve wet/dry spell lengths: Yes

; ; " Randon seed: not set

WV Preserve monthly seasonality Output CSV: C:\GHI HydroSuite\Examples\Flow analysis\Flow_outputs\_working\T3+ees_synthetic_bootstrap_daily_(+D).csv

Optional random seed
Sampling method Daily v

¥ Sampling with replacement

¥ Preserve wet/dry spell lengths

Figure 10-13: Stochastic Flow Generation — Simple Random Resampling (Bootstrap)
The available inputs are described in Table 10-13.

Table 10-13: Stochastic Flow Generation options
Option Description
Selects the stochastic flow-generation method. Select Simple Random
Resampling (Bootstrap) for the Bootstrap method.
Number of synthetic Specifies the number of independent synthetic flow sequences to be

Generation method

sequences generated.
Length of each Specifies the required duration, in years, of each generated synthetic
sequence (years) sequence.

Allows a random seed to be specified. A defined seed can be used where
Optional random seed = repeatability of the stochastic generation process is required. If left
blank, no fixed random seed is applied.
Specifies the temporal basis used for resampling. Options that can be
selected are Daily, Monthly or Annual sampling.
Allows observations to be selected more than once during the

Sampling method

Sampling with . . .
generation process, thereby enabling sequences of the required length
replacement : .
to be assembled from the historical record.

Preserve monthly Maintains the seasonal characteristics of the observed record by
seasonality accounting for the month from which values are sampled.

Preserve wet/dry spell | Provides additional preservation of the persistence characteristics of wet
lengths and dry periods within the generated sequences.

Summarises the selected generation method, number and length of
Results viewer sequences, sampling settings, preservation options and location of the
generated output data.

When Preserve monthly seasonality is selected, the generation process retains the seasonal
dependence of the flow regime rather than treating observations from all months as interchangeable.
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This is particularly important for rivers exhibiting strong seasonal differences in flow.

The Preserve wet/dry spell lengths option provides additional control over temporal persistence so

that the generated sequences better represent the occurrence of sustained wet and dry periods

evident in the historical record.

10.12.2 Monthly Statistics Generator

The Monthly Statistics Generator provides an alternative stochastic-generation approach based on the

statistical characteristics of flows for individual calendar months.

The available settings are shown in Figure 10-14.

Stochastic flow generation

Generation method

th Statistics Genel

Number of synthetic sequences
Optional random seed

V' Preserve monthly statistics

¥V Preserve correlation between months

Optional minimum flow

Optional maximum flow

Results viewer

v DATA QUALITY ASSESSMENT: completed before this analysis.
STOCHASTIC FLOW GENERATION RESULTS
Sstation: T3Hees - Tsitsa River @ Xonkonxa
Input file: T3Hee6_Primary_data.txt | Data type: HD

Method: Monthly Statistics Generator

Synthetic sequences: 1@

Sequence length: 75 years (same as analysis-period record length)
Preserve monthly statistics: ves

Preserve correlation between months: Yes

m’/s Random seed: not set
) Minimum allowable flow: not set
m/s Maximum allowable flow: not set

Output CSV: C:\GHI HydroSuite\Examples\Flow analysis\Flow_outputs\_wor
Monthly statistics CSv: C:\GHI HydroSuite\Examples\Flow analysis\Flow_

Figure 10-14: Stochastic Flow Generation - Monthly Statistics Generator

The principal inputs are described in Table 10-14.

Table 10-14: Monthly Statistics Generator

Option
Generation method

Number of synthetic
sequences

Optional random seed

Preserve monthly
statistics

Preserve correlation
between months

Optional minimum flow

Optional maximum flow

Description
Select Monthly Statistics Generator to generate synthetic sequences
using monthly flow statistics.

Specifies the number of synthetic flow sequences to be generated.

Allows a fixed random seed to be specified where reproducibility of
the generated sequences is required.

Generates the synthetic sequence while preserving the statistical
characteristics associated with the individual calendar months.
Preserves correlation between successive monthly flow conditions to
provide greater temporal continuity between months.

Allows a minimum allowable generated flow, in m3/s, to be specified.
If left blank, no user-defined minimum limit is applied.

Allows a maximum allowable generated flow, in m3/s, to be specified.
If left blank, no user-defined maximum limit is applied.
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Option Description
Summarises the generation settings and identifies the output files
Results viewer containing the generated synthetic sequences and associated
monthly statistics.

For this method, the sequence length corresponds to the length of the selected analysis-period record,
as indicated in the Results viewer.

The Preserve monthly statistics option is intended to retain the characteristic differences between
individual months, while Preserve correlation between months maintains dependence between
consecutive monthly conditions. Together, these options provide synthetic sequences that reproduce
the broad seasonal and temporal structure represented by the historical record.

The Optional minimum flow and Optional maximum flow can be used to constrain the generated
values where appropriate.

10.12.3 Selection of generation method
The two methods provide different approaches to generating alternative flow sequences.

Simple Random Resampling (Bootstrap) is based directly on resampling the historical observations and
is therefore suited to applications where alternative arrangements of historically observed flow
behaviour are required. The user can specify the required number and length of synthetic sequences
and can preserve monthly seasonality and wet/dry spell characteristics.

The Monthly Statistics Generator generates sequences from the monthly statistical characteristics of
the observed record and can preserve both monthly statistics and correlation between months. It is
therefore more focused on reproducing the statistical structure of the monthly flow regime.

In both cases, the synthetic sequences represent plausible alternative realisations based on the
characteristics of the historical record. They should not be interpreted as forecasts of the actual future
sequence of river flows.

10.12.4 Stochastic Flow Generation graphical output

The generated stochastic sequences can be viewed graphically to compare their behaviour with the
historical flow record, as illustrated in Figure 10-15.
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Figure 10-15: Stochastic Flow Generation — Bootstrap sequences

The graph displays the generated synthetic sequences over the selected sequence length, with flow
(m3/s) on the vertical axis and the generated time step on the horizontal axis. The individual synthetic
sequences are plotted together, while the historical flow record is superimposed as a reference.

This graphical comparison allows the user to assess whether the generated sequences reproduce the
general range, variability, occurrence of high-flow events and temporal behaviour represented by the
historical record.

Where multiple synthetic sequences are generated, the spread between the sequences illustrates the
range of alternative flow realisations produced by the selected stochastic-generation method and
settings.

10.13 Report Generation and Outputs

The Report generation tab allows the results from completed Flow Analysis procedures to be
combined into a single PDF report. The user can select which completed analyses are to be included,
allowing the report to be tailored to the purpose of the particular assessment.

Only analyses that have been completed during the current flow-analysis process are available for
inclusion. The available report sections correspond to the principal analysis tabs described in the
preceding sections.

The Report generation screen is shown in Figure 10-16 whilst the available report options are
described in Table 10-15.
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Data quality Timeseries | Flowdurationcurve | Volumeanalysis | Low/High Flow Analysis | Flood frequency analysis | Seasonality analysis | Stochastic flow generation [T Sii

Report generation

Select completed analyses to include in one combined PDF
report.

¥ Data quality assessment
' Summary statistics

¥ Time series analysis

¥ Flow duration analysis

¥ Volume analysis

¥ Low and high flow analysis
¥ Flood frequency analysis
¥ Seasonality analysis

¥ Stochastic flow generation

Sections become available after the corresponding analysis has

been run.

Print Viewer

ATA QUALITY ASSESSMENT

DATA QUALITY ASSESSMENT RESULTS
tation: T34006 - Tsitsa River @ Xonkonxa
Tnput file: T3H006_Primary_data.txt | Data type: HD

Record coverage - start date: 1951-10-16
[Record coverage - End date: 2026-65-18

Consistency checks - Fotential duplicate records: @ records
outlier detection - Potential outliers beyond +3 SD: 397 records

Capacity check - Status: No valid capacity entered

Infilling - Status: Placeholder only - no values are changed in this version

SUMMARY STATISTICS

DATA QUALITY ASSESSMENT: completed before this analysis.

esic statistics | station: T3 =15 Tsitsa River @ Xonkonxa -
Racic statictics | nata tvne:

Figure 10-16: Flow Analysis - Report generatlon

Table 10-15: Report generation options

Option

Data quality assessment

Summary statistics

Time series analysis
Flow duration analysis

Volume analysis

Description

Includes the results of the data-quality assessment.

Includes the calculated flow statistics, quantiles, runoff volumes and
trend statistics.

Includes the selected time-series analysis results.

Includes the flow-duration analysis results.

Includes the Volume Duration and Volume Frequency Analysis
results, where applicable.

Includes the calculated low-flow, high-flow and associated

Low and high flow analysis

Flood frequency analysis

Seasonality analysis

threshold-analysis results.

Includes the flood-frequency analysis results.

Includes the seasonal flow-analysis results.

Includes information relating to the selected stochastic flow-

Stochastic flow generation

Print Viewer

Copy

Generate PDF Report

10.13.1 PDF report

generation analysis.

Displays the information that will be incorporated into the report
and allows the displayed text to be reviewed before the PDF is
generated.

Copies selected information from the Print Viewer to the clipboard
for use in other documents or applications. Right click as shown in
Figure 10-16.

Click the Generate PDF Report button to creates a PDF report
containing the selected analysis sections and associated outputs.

The Generate PDF Report function compiles the selected analyses into a structured Flow Analysis

report. The report includes a cover page containing the applicable project and flow-record

information, followed by the selected analysis sections and their associated results and graphical

outputs.
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An example report cover page is shown in Figure 10-17.

GHI
HydroSunte

Flow Analysis Report

Project name: Flow analysis example project

Project number: 2026-A01

Client: Limitless Hydro

Designer: Marco van Dijk

Station: T3HOO06 - Titsa River @ Xonkonxa
Input file: T3H006_Primary_data.txt

Data type: HD

Record period: 1951-10-16 to 2026-05-18

Analysed period: 1951-10-16 to 2026-05-18
Date analysed: 2026-09-13 14:16:46

Project notes:
e An example of the analysis of a historical flow record in the Tsitsa river
Included sections

1. Data gquality assessment

2. Summary slatistics

w

. Time seres analysis

&

. Flow duration analysis

v

. Volume analysis

o

. Low and high flow analysis

~

. Flood frequency analysis

. Seasonality analysis

©

. Stochastic flow generation

DISCLAIMER

This software has baen devebped as & tool to assist users and ks provided for convenlence anly.

Aying o d Inkorp mtat o
roproorig consequences arising £om th use of this sofware or rektance on ks SUP AL
por's own risk

Copyright © 2026 Green Hppo Innovations. Al rights mserved

GHI HydroSuite -V 1.1

Figure 10-17: Example Flow Analysis PDF report cover page

The report cover page identifies the project, project number, client, designer, flow station, input file,
data type, available record period and analysed period. Project notes are also included where these
have been defined for the project.

The Included sections list provides a record of the analyses incorporated into the generated report.
This is particularly useful where only a subset of the available Flow Analysis procedures has been
selected.

10.13.2 Copying results
Results do not have to be exported through the PDF report. Information displayed in the Results

Viewer and Print Viewer can also be selected and copied directly for use in calculations, technical
notes, spreadsheets or other reports.
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The Copy function is activated by selecting the text and right-clicking on the selected text and provides
a convenient means of transferring the displayed information to the clipboard without first generating
a complete report.

10.13.3 Graphical outputs

Graphs generated during the Flow Analysis are also saved separately in PNG format in the applicable
Graphs folder.

These files provide access to the individual high-resolution graphical outputs independently of the PDF
report and can therefore be incorporated directly into other reports, presentations and supporting
documentation.

The View Graphs function described earlier in this chapter provides direct access to the generated
graphical outputs.

10.13.4 CSV data outputs

Numerical output data and generated sequences are provided separately in CSV format in the
applicable CSV folder.

The CSV outputs provide access to the underlying calculated or generated data for subsequent
processing, checking or further analysis in spreadsheet, statistical or other engineering software. This
is particularly useful for analyses that generate extensive datasets, including stochastic flow sequences
and other derived flow-series outputs.

10.13.5 Flow Analysis output structure

The Flow Analysis module therefore provides results at three complementary levels:
e PDF report - provides a consolidated and formatted record of the selected analyses suitable
for reporting and project documentation.
e PNG graphical outputs - provide the individual graphs in image format for direct use in other
documents and presentations.
e (CSV data outputs - provide the underlying numerical results and generated sequences for
further analysis and processing.

Together with the ability to copy information directly from the Results Viewer and Print Viewer, these
output formats allow the user to either generate a complete Flow Analysis report or use individual
results and outputs in a broader engineering assessment.
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11 RESERVOIRS
11.1  Overview of the Reservoirs Module

The Reservoirs module provides tools for the assessment and analysis of historical reservoir water-
level records. The module allows reservoir records to be checked for data quality, statistically analysed
and evaluated over a user-defined analysis period.

The analyses are organised into a series of tabs, allowing the user to progress from verification of the
source data through statistical and time-series assessment to water-level duration analysis and flood-
routing applications. Results can be reviewed directly within the program, displayed graphically and
incorporated into a combined PDF report. The main Reservoirs screen is shown in Figure 11-1.

Current Project: Example
Reservoirs Project folder: C:\GHI HydroSuite\Examples\Reservoir\Exampl

Select the reservoir record and choose the analysis to run. |

Record: not loaded Analysis start: Analysis end:

Run Reservoir Analysis Open Output Folder View Graphs Ready
Data Quality Assessment Time Series Analysis Water Level Duration Curve Flood Routing

Data quality assessment [ Results viewer

Results will be shown here after the reservoir analysis is run. |-
Full supply level (FSL)

m

™ Gap detection
™ Quality-code summary
I~ Level consistency checks

I~ Spill consistency checks

Figure 11-1: Reservoirs analysis screen
The following principal analysis options are available, Table 11-1:

Table 11-1: Reservoirs options

Analysis Description
. Assesses the completeness and consistency of the reservoir record,
Data Quality . . . . ] .
including gaps, quality codes, water-level consistency and possible spill-
Assessment

related inconsistencies.
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Description
Calculates statistical characteristics of the reservoir record over the

Analysis
Reservoir Statistics . .
selected analysis period.

. . . Evaluates changes in reservoir water levels through time and provides
Time Series Analysis . ) ] ]
graphical representations of the historical record.
Water Level Duration Determines the percentage of time that specified reservoir water levels
are equalled or exceeded.

Provides tools for assessing the routing of flood hydrographs through a

Curve

Flood Routing .
reservoir.

Combines selected completed analyses and associated results into a PDF

Report Generation
report.

A typical Reservoir Analysis workflow is therefore, Figure 11-2:

Select reservoir Define analysis Select analysis Run Reservoir Review results Generate
record period options Analysis and graphs report
Data Quality Assessment =7
Reservoir Statistics : e ~
é * Time Series Analysis P Run Analysis .-@. :&
V1 et dite Enddate Water Level Duration Curve v «ah ll
Browse...
19711211 | | 2026-04-08 [ Flood Routing === 7]
[ Report Generation Processing... !

Choose the reservoir
data file containing the
water-level record.

Specify the start and end
dates for the analysis
period.

Choose the analyses to
perform using the available
tabs and options

Figure 11-2: Reservoir Analysis workflow

Run the selected analyses
for the defined period.

Select the analyses to
include and generate a
combined PDF report.

View the results in the
Results Viewer and explore
the generated graphs.

11.2  Reservoir Record Selection and Analysis Period

The controls at the top of the Reservoirs screen are common to the different analysis tabs and are
used to select the reservoir dataset and define the period over which the analyses are performed.

The Browse button is used to select the required reservoir data file. Once a valid record has been
loaded, information describing the record is displayed immediately below the selected file path, as

illustrated in Figure 11-3.

Current Project: Reservoir example project
Project folder: C:\GHI HydroSuite\ R

®

voir\Reservoir_

Reservoirs

Select the reservoir record and choose the analysis to run. =

Browse

C:/GHI HydroSuite/Examples/Reservoir/Data_files/D3R002_Primary_data.txt

Analysis start: |1971-12-11 Analysis end: |2026-04-08

-12-11 to 2026

Record: 1971 | Station: D3R002 - Orange River @ Ruigtevallei

Run Reservoir Analysis Open Output Folder View Graphs View Data

Figure 11-3: Reservoir record selection, analysis period and main analysis controls

Complete

For the example shown, the software identifies the available record period together with the reservoir

station number and station name.
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The principal controls are described below Table 11-2.

Table 11-2: Record selection options

Option Description

Reservoir data file  Displays the path and filename of the currently selected reservoir record.

Browse Opens the file-selection interface to select the required reservoir data file.

Record Displays the full period represented by the selected reservoir dataset.

Station Displays the station number and reservoir/station name obtained from the
selected record.

Analysis start Defines the first date to be included in the analysis.

Analysis end Defines the final date to be included in the analysis.

The record period represents the full period for which information is available in the selected data file,
whereas the analysis period represents the portion of that record that the user wishes to analyse. This
distinction allows a shorter period to be investigated without modifying the original reservoir dataset.

Unless otherwise indicated for a particular analysis, subsequent Reservoirs analyses are performed
using the selected analysis period.

11.3  Main Reservoir Analysis Controls

A common set of controls is provided above the analysis tabs, as shown in Figure 11-3. These
controls, listed in Table 11-3, are used to execute the selected analyses and access the resulting
outputs.

Table 11-3: Main control analysis options

Control Description
Run Reservoir Performs the analyses selected within the applicable Reservoirs tabs using
Analysis the specified analysis period.

Open Output Folder = Opens the folder containing the generated Reservoirs output files.
. Provides access to graphical outputs generated by the completed
View Graphs
analyses.
View Data Provides access to the reservoir data associated with the selected analysis.
Lo Displays the progress of the analysis while calculations are being
Progress indicator
performed.
Status Indicates the current state of the analysis, such as Ready or Complete.
Displays the numerical results, summaries, diagnostics and other

Results Viewer . . .
information generated by the selected analysis.

The Results Viewer is used throughout the Reservoirs module and allows results to be reviewed
directly without first generating a report.
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The Data Quality Assessment tab provides an initial assessment of the selected reservoir record

before subsequent reservoir analyses are performed. The purpose of this assessment is to identify
potential gaps, questionable observations and inconsistencies that could affect the interpretation of

the reservoir data. The Data Quality Assessment screen is shown in Figure 11-4.

Full supply level (FSL)

Data Quality Assessment Time Series Analysis Water Level Duration Curve Flood Routing

Data quality assessment | Results viewer
DATA QUALITY ASSESSMENT: completed before this analysis.

¥ Level consistency checks

I# spill consistency checks

1258.69 m RESERVOIR DATA QUALITY ASSESSMENT

station: D3Ree2 - Orange River @ Ruigtevallei
V¥ Gap detection Input file: D3Ree2_Primary_data.txt

Analysis period: 1971-12-11 to 2026-24-08
M Quality-code summary Primary observations: 1112525

Date gaps larger than one day: 142
Total missing calendar days in gaps: 2004
Level quality-code counts:
Flow quality-code counts: {
Missing corrected-level records: @
Records above FSL: 86226

Records with spill/discharge > @: 86226

6': 216, '1': 91834, '2': 995334, '47': 25141}
None': 1112525}

Figure 11-4: Reservoirs - Data Quality Assessment

The Full supply level (FSL) can be specified for the reservoir and is used where applicable to assist with

water-level and spill-related consistency checks. The available data-quality assessments may be

selected individually.

Table 11-4: Data Quality Assessment options

Option

Full supply level (FSL)

Gap detection

Quality-code summary

Level consistency checks

Spill consistency checks

Results Viewer

Description

Specifies the reservoir full supply level in metres. The value provides a
reference level for applicable reservoir-level and spill consistency
assessments.

Identifies periods for which observations are missing from the
reservoir record and reports the number and extent of detected gaps.
Summarises the quality codes associated with the reservoir
observations, allowing the user to identify records carrying particular
data-quality classifications.

Checks the reservoir-level record for values or behaviour that may
indicate inconsistencies in the recorded water-level data.

Assesses the reservoir record for potential inconsistencies associated
with water levels and spill conditions, using the specified FSL where
applicable.

Displays the results of the selected data-quality checks, including
record information and identified data-quality observations.
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The assessment also provides a summary of the reservoir dataset, including the station information,
analysis period, number of primary observations and the number of records used in the analysis.

For example, where Gap detection is selected, the Results Viewer identifies the number of missing
calendar days within the selected analysis period. The quality-code assessment provides a summary
of the quality classifications present in the source record, while the consistency checks identify
observations requiring further consideration.

The data-quality assessment should be reviewed before interpreting the results of subsequent
reservoir analyses. The identification of a gap or consistency issue does not necessarily mean that the
reservoir record is unsuitable for analysis; rather, it provides the user with information needed to
assess the completeness and reliability of the available data.

115 Reservoir Statistics

The Reservoir Statistics tab provides a statistical summary of the reservoir water-level and
spill/discharge record over the selected analysis period, as shown in Figure 11-5. The analysis allows
the user to characterise typical and extreme reservoir levels, quantify spill or discharge conditions,
examine the seasonal distribution of spill events and determine water levels associated with specified
exceedance probabilities.

The Full supply level (FSL) is specified as a reference level for the reservoir and is used in the
interpretation of reservoir levels and spill conditions.

Data Quality Assessment Reservoir Statistics Time Series Analysis Water Level Duration Curve Flood Routing I

Reservoir statistics Results viewer

DATA QUALITY ASSESSMENT: completed before this analysis.
T Ty o N [ e e e L

1258.69 m RESERVOIR STATISTICS

Sstation: D3Re@2 - oOrange River @ Ruigtevallei
¥ Level statistics Input file: D3Re@2_Primary_data.txt

Analysis period: 1971-12-11 to 2026-84-28
¥ Spill statistics Full supply level (FSL): 1258.692 m

Level statistics

Mean water level: 1254.514 m
Minimum water level: 1236.720 m
Maximum water level: 1262.858 m

¥ Monthly spill volumes
¥ Exceedance statistics

Sspill/discharge statistics

Records with spill/discharge: 86226
Mean spill/discharge: 22.771 m%/s
Maximum spill/discharge: 4012.598 m3/s

mMonthly spill-day counts
Jan: 138 days
Feb: 205 days
Mar: 261 days
Apr: 209 days
May: 1e4 days
Jun: 36 days
Jul: 3 days
Aug: 1 days
Sep: 25 days
oct: 22 days
Nov: 87 days
Dec: 75 days

wWater level exceedance values

WL1@: 1258.498 m
WL2©: 1257.895 m

Figure 11-5: Reservoirs - Reservoir Statistics
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The user can select the individual statistical analyses to be performed as described in Table 11-5.

Table 11-5: Reservoir statistics options

Option Description
Full supply level Specifies the reservoir full supply level in metres and provides the reference
(FSL) level used for the reservoir statistics.

Calculates summary statistics for the reservoir water-level record, including
Level statistics the mean, minimum and maximum recorded water levels over the selected

analysis period.

Calculates statistics associated with spill or discharge observations,

Spill statistics including the number of records with spill/discharge, mean spill/discharge
and maximum spill/discharge.

Monthly spill Evaluates the occurrence and volume of spill/discharge on a monthly basis,

volumes allowing the seasonal distribution of reservoir spilling to be assessed.
Determines reservoir water levels associated with selected exceedance

Exceedance e . . .

tatistics probabilities, indicating the proportion of the analysed period for which
statis

particular water levels are equaled or exceeded.
Displays the calculated reservoir statistics together with the station, input

Results Viewer ] . . .
file, analysis period and FSL used in the assessment.

The Level statistics option provides a concise summary of the reservoir water-level record. The
calculated statistics include the mean water level, minimum water level and maximum water level for
the selected analysis period. These values provide an initial indication of the general operating range
of the reservoir and allow the observed water levels to be considered relative to the specified FSL.

The Spill statistics option summarises the spill/discharge observations contained in the reservoir
record. The Results Viewer reports the number of records for which spill or discharge occurred,
together with the mean spill/discharge and maximum spill/discharge. These statistics provide an
indication of the frequency and magnitude of recorded releases or spill conditions over the selected
analysis period.

The Monthly spill volumes analysis evaluates spill/discharge according to calendar month. The results
allow the seasonal occurrence of spilling to be assessed and can assist in identifying the months during
which spill conditions occur most frequently or contribute the greatest volumes. Where applicable,
the Results Viewer also reports the number of spill days associated with each month.

The Exceedance statistics option evaluates the distribution of observed reservoir water levels and
determines the water levels corresponding to selected exceedance probabilities. An exceedance value
represents the water level that is equalled or exceeded for a specified percentage of the analysed
record.

These statistics provide a useful numerical summary of reservoir operating levels and complement the
graphical Water Level Duration Curve described later in this chapter. The selected analyses are
performed when Run Reservoir Analysis is selected.

GHI HydroSuite — User manual 88



GHI
| 4 HydroSuite

INTEGRATED WATER ENGINEERING SOFTWARE

11.6  Time Series Analysis

The Time Series Analysis tab provides graphical analyses of reservoir water levels and spill/discharge
behaviour over the selected analysis period as depicted in Figure 11-6. These analyses are useful for
examining long-term reservoir operating behaviour, identifying periods of drawdown and recovery,

assessing the occurrence and magnitude of spilling, and identifying longer-term trends in reservoir
water levels.

Data Quality Assessment Time Series Analysis Water Level Duration Curve Flood Routing

Time Series Analysis Results viewer

ompleted before this analysi
Full supply level (FSL) | e e emcmcmemmmmmmm—mmmmmmmeem

M NALY!
1258.69 m RESERVOIR TIME SERIES ANALYSIS

station: D3R@@2 - Orange River @ Ruigtevallei
¥ Reservoir level hydrograph Analysis period: 1971-12-11 to 2026-04-08
FSL: 1258.69@ m
¥ Daily spill hydrograph . .
Reservoir level hydrograph generated: 17839 daily values

¥ Monthly spill volume series Mean water level: 1254.514 m

Daily spill hydrograph values: 17839

W Moving averages spill days shomn: 1166

monthly spill months: 83

Moving average generated: 3@ days

Figure 11-6: Reservoirs - Time Series Analysis

The Full supply level (FSL) specified for the reservoir is used as a reference level in the applicable
graphical outputs. The Results viewer provides a summary of the analyses completed, including the
number of reservoir-level observations used, the number of spill days or months identified and the
moving-average period applied.

The available time-series analyses that can be selected are described below in Table 11-6.

Table 11-6: Time Series options
Analysis option = Description
Generates a continuous hydrograph of the daily mean reservoir water-surface
Reservoir level elevation over the selected analysis period. The FSL and mean reservoir water
hydrograph level are included as reference lines, allowing periods of reservoir drawdown,
recovery and operation near or above FSL to be readily identified.

Displays the daily spill/discharge record for periods during which spilling

Daily spill occurred. This provides an indication of the timing, duration and magnitude of
hydrograph individual spill events and allows significant historical spill periods to be
identified.

Summarises spill occurrence on a monthly basis, providing a longer-term
representation of the timing and persistence of reservoir spilling. This is useful
for identifying periods and years associated with frequent spill conditions.
Applies a moving average to the reservoir water-level record to reduce short-
term fluctuations and highlight longer-term variations in reservoir storage
behaviour. A 30-day moving average is generated in the current analysis.

Monthly spill
volume series

Moving
averages
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11.6.1 Reservoir level hydrograph

The Reservoir Level Hydrograph plots, see Table 11-7, the daily mean water-surface elevation against
time for the complete selected analysis period. The FSL is shown together with the mean water level
calculated from the analysed record.

This graph provides a direct representation of how the reservoir has historically operated. Periods
during which the water level remains close to FSL indicate relatively full reservoir conditions, whereas
sustained reductions in level indicate reservoir drawdown. The magnitude and duration of these
drawdowns can provide useful information regarding historical reservoir operation, drought periods
and storage availability. For the example shown, the long historical record also makes it possible to
compare reservoir behaviour between different periods and to identify significant historical
drawdown events.

11.6.2 Spill/discharge time series

The Daily Spill Hydrograph, see Table 11-7, displays the magnitude and timing of spill/discharge events
over the analysis period. Only periods associated with spilling are of primary interest in this output,
making it easier to identify significant events that may otherwise be difficult to distinguish within the
complete reservoir record.

The Monthly Spill Hydrograph, see Table 11-7, provides a complementary representation of spill
occurrence at a monthly scale. Together, the daily and monthly analyses provide information on both
the magnitude of individual spill events and the frequency or persistence of spilling over time.

These outputs can be particularly useful when assessing opportunities that depend on releases or
surplus flows, including hydropower applications, downstream flow availability and reservoir
operational studies.

11.6.3 Reservoir level moving average

The Reservoir Level Moving Average, see Table 11-7, smooths the daily reservoir-level record over a
specified period. The current analysis uses a 30-day moving average, which reduces the influence of
short-duration fluctuations while retaining the principal seasonal and longer-term variations in
reservoir level.

The daily water-surface elevations remain visible in the background, while the moving-average series
provides a clearer representation of the underlying trend. The FSL is included as a reference line.

The moving-average graph is particularly useful for identifying sustained drawdown and recovery
periods and for distinguishing these longer-term changes from short-duration fluctuations in the daily
reservoir record.
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Table 11-7: Reservoir Time Series Analysis graphical outputs
Graphical output

Reservoir Level Hydrograph
D3R002 - Orange River @ Ruigtevallei
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Description

Reservoir level hydrograph
Displays the daily mean
reservoir water-surface
elevation over the analysis
period, together with the full
supply level (FSL) and mean
water level for reference.

Daily spill hydrograph

Displays the timing and
magnitude of daily spill/
discharge events, allowing
significant historical spill periods
and peak discharges to be
identified.

Monthly spill volume series
Summarises reservoir spilling on
a monthly basis, illustrating the
occurrence and persistence of
spill conditions throughout the
historical record.

Moving averages

Displays the daily reservoir
water levels together with a
moving-average series to reduce
short-term fluctuations and
highlight longer-term variations
in reservoir level.
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reservoir water levels are equalled or exceeded. It provides a compact representation of the complete

reservoir-level record and is useful for assessing the persistence and reliability of particular operating

levels. The Water Level Duration Curve (WLDC) tab is shown in Figure 11-7.

The analysis is conceptually similar to a Flow Duration Curve, but reservoir water-surface elevation is

used instead of flow. Water levels are ranked from highest to lowest and plotted against their

corresponding exceedance probability (%).

A point at an exceedance probability of 20%, for example, represents the reservoir level that was

equalled or exceeded for approximately 20% of the analysed observations.

Data Quality Assessment Reservoir Statistics Time Series Analysis Water Level Duration Curve Flood Routing Report Generation

Water level duration curve (WLDC) [ Results viewer

DATA QUALITY ASSESSMENT: completed before this analysis.

Full supply level (FSL)

] -

(WLDC)

FSL: 1258.69@ m

¥ Standard WLDC

Mean water level: 1254.514 m

Daily level values used: 17839

W Seasonal WLDC
Exceedance
A WL1e
¥ Monthly WLDC W20
WL3e
WL4®
WLSe
WLSS5

WL8S
WL9®
WL9S

standard
1258.498
1257.895
1257.161
1256.399
1255.368
1254.813
1254.228
1253.637
1253.020
1252.198
1251.404
1250.57@
1249.262
1247.624

Summer

1258.
1257.
1256.
1255.
1254,
1254,
1253.
1252.
1252.
1251.
1250.
1249.
1248.
1246.

556
73e
766
745
648
219
569
911
115
213
578
708
323
911

Figure 11-7: Reservoirs - Water Level Duration Curve

Winter

1258.
1258.
1257.
1256.
1256.
1255.
1254,
1254.
1253.
1253.
1252.
1251.
1250.
1248

460
ees
449
847
e37
524
937
472
838
166
372
620
621

.574

Three WLDC analyses are available as listed in Table 11-8:

Table 11-8: WLDC selection options

Analysis option Description

Standard WLDC

Monthly
1257.
1256.
1255.
1254.
1253.
1252.
1252.
1251.
1250.
125@.
1249.
1247.
1247.
1246.

min
711
525
ess
099
362
735
e19
11e
529
195
268
963
329
363

Monthly

1259.
1258.
1258.
1258.
1257.
1257.
1256.
1256.
1255.
1255.
1254,
1253.
1251.
1249.

observations within the selected analysis period.

Separates the reservoir-level record into summer and winter periods and

Seasonal WLDC

operation to be evaluated.
Generates separate duration curves for each calendar month, providing a

Monthly WLDC

more detailed representation of seasonal variations in reservoir water levels.

WATER LEVEL DURATION CURVE

max
247
684
361
021
438
232
992
561
624
126
474
872
931
502

Generates a single duration curve using all valid daily reservoir-level

generates separate duration curves, allowing seasonal differences in reservoir
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The Results viewer reports selected exceedance levels for the standard, seasonal and monthly
analyses. These include WL10, WL20, WL30 and subsequent exceedance levels through to WL95. The
results can therefore be used both graphically and numerically.

11.7.1  Standard Water Level Duration Curve

The Standard Water Level Duration Curve represents the distribution of all valid daily reservoir levels
within the selected analysis period, as depicted in Figure 11-8.

The horizontal axis represents exceedance probability (%), while the vertical axis represents water-
surface elevation (m). High reservoir levels occur towards the left-hand side of the curve and
progressively lower, more frequently exceeded levels occur towards the right.

The Full Supply Level (FSL) and mean reservoir water level are included as reference lines. Their
positions relative to the duration curve provide additional information regarding historical reservoir
operation.

A relatively flat portion of the WLDC indicates that the reservoir frequently operates within a
comparatively narrow range of levels. A steep portion indicates that a relatively large change in
reservoir level occurs over a comparatively small range of exceedance probabilities.

GHI HydroSuite V 1.1

www.greenhippo.co.za

Standard Water Level Duration Curve
D3R002 - Orange River @ Ruigtevallei

—— Standard WLDC
—--- FSL

1260 4

1255 4

12501

12454

Water surface elevation (m)

12401

0 10 20 30 40 50 60 70 80 90 100
Exceedance probability (%)

Input file: D3R002_Primary_data.txt

Figure 11-8: Standard Water Level Duration Curve
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11.7.2  Seasonal Water Level Duration Curves

The Seasonal WLDC, Figure 11-9,divides the reservoir record into:
e Summer: October to March
e Winter: April to September

Separate duration curves are generated for the two periods. This allows differences in reservoir
behaviour between the summer and winter seasons to be identified directly.

The relative position of the two curves indicates whether particular reservoir levels are more
persistent during one season than another. Seasonal WLDCs are therefore useful where reservoir
levels are influenced by seasonal inflows, water demands, releases, evaporation or operating

practices.

The FSLis again included as a reference level.

Seasonal Water Level Duration Curves S coon
D3R002 - Orange River @ Ruigtevallei

—— Summer (Oct-Mar)
Winter (Apr-Sep)
1260 - —=- FSL

12554

m)

1250 1

12454

Water surface elevation (

1240 1

0 10 20 30 40 50 60 70 80 90 100
Exceedance probability (%)

Input file: D3R002_Primary_data.txt

Figure 11-9: Seasonal Water Level Duration Curve
11.7.3  Monthly Water Level Duration Curves

The Monthly WLDC, see Figure 11-10, provides the most detailed temporal comparison by generating
a separate duration curve for each calendar month.

All observations for a particular month within the analysis period are grouped together to generate
the corresponding monthly curve. The resulting twelve curves allow the seasonal evolution of
reservoir levels to be examined throughout the year rather than using only the broader summer and
winter classifications.
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This output is useful for identifying months during which high reservoir levels are most likely, periods

associated with systematic reservoir drawdown, and months during which lower operating levels
occur more frequently.

GHI HydroSuite V 1.1

www.greenhippo.co.za

Monthly Water Level Duration Curves
D3R002 - Orange River @ Ruigtevallei

1260 +

E

c 1255 A

]

®

>

3

[

o 12501

[v]

©

€

3

]

8 1245 4

©

=
— Jan  — Jun Oct

1240 A Feb Jul — Nov
—— Mar — Aug Dec
—— Apr Sep - FSL
—— May
0 10 20 30 40 50 60 70 80 90 100

Exceedance probability (%)
Input file: D3R002_Primary_data.txt

Figure 11-10: Monthly Water Level Duration Curve

11.7.4 Interpretation and application of Water Level Duration Curves

Water Level Duration Curves provide a useful means of assessing the availability and persistence of
reservoir head. Unlike a conventional time-series graph, which shows when particular reservoir levels
occurred, the WLDC shows how frequently particular levels were available.

The standard, seasonal and monthly WLDCs therefore provide progressively greater detail. The
standard curve describes the overall historical distribution, the seasonal curves highlight broad
summer—winter differences, and the monthly curves reveal variations throughout the year.

This information can be particularly valuable for reservoir operation and hydropower assessments,
where available hydraulic head may vary with reservoir water level. Combining the WLDC with
downstream water levels and flow-duration information can provide an indication of the range and
persistence of gross head available for energy generation.
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11.8 Flood Routing

The Flood Routing tab, Figure 11-11, is currently under development and is included in GHI HydroSuite
as a preview of the planned reservoir flood-routing functionality. The module will provide facilities for
defining reservoir characteristics, inflow hydrographs, initial reservoir conditions, elevation—storage
and elevation—area relationships, spillway characteristics and outlet works.

No flood-routing calculations are performed in the current version of the software. Once development
and validation of the flood-routing functionality have been completed, a detailed description of the

required inputs, calculation procedures, results and graphical outputs will be incorporated into this
User Manual.

Data Quality Assessment Time Series Analysis Water Level Duration Curve Flood Routing

Flood routing Results viewer
Results will be shown here after the reservoir analysis is run.

Flood routing input sheet (future development). No routing

calculations are performed yet.

Reservoir details

Full Supply Level (FSL) m
Minimum operating level m
Emergency operating level m
Maximum allowable water level m
Inflow hydrograph

Select inflow hydrograph file
Time interval (At) hours/min
Flood duration hours

Initial reservoir conditions
Initial water level m

Initial storage volume m’

Storage characteristics
Elevation-storage file WL, storage

Elevation-area file WL, area

Spillway characteristics

Spillway type
Crest elevation m
Crest length m

Number of bays
Number of gates

Crest coefficient (Cd)

Outlet works
Invert level m

Diameter m

Figure 11-11: Reservoirs - Flood Routing

11.9 Report Generation

The Report Generation tab, Figure 11-12, allows the results of the completed reservoir analyses to be
combined into a single PDF report. Only analyses that have been completed are made available for
selection, allowing the user to determine which results are included in the final report.
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Data Quality Assessment Time Series Analysis Water Level Duration Curve Flood Routing Report Generation

Report generation Print Viewer
GHI HYDROSUITE RESERVOIR PRINT VIEWER

Select completed reservoir analyses to include in one combined
PDF report.

DATA QUALITY ASSESSMENT

¥ Data quéllty assessmen(

V¥ Reservoir statistics RESERVOIR DATA QUALITY ASSESSMENT

¥ Time Series Analysis station: D3R@@2 - orange River @ Ruigtevallei
Input file: D3R@e@2_Primary_data.txt

¥ Water level duration curve (WLDC) Analysis period: 1971-12-11 to 2026-04-88

Primary observations: 1112525

Date gaps larger than one day: 1042

Total missing calendar days in gaps: 2004

Level quality-code counts: {"26": 216, '1': 91834, '2': 995334, '47': 25141}
s become available after the corresponding reservoir Flow quality-code counts: {'None': 1112525}

Missing corrected-level records: @

Records above FSL: 86226

Records with spill/discharge > @: 86226
Generate PDF Report

RESERVOIR STATISTICS

completed before this analysis.

RESERVOIR STATISTICS

I~ Flood routing

Sectio

analys

has been run,

DATA QUALITY ASSESSMEN

Figure 11-12: Reservoirs - Report generating

The available report sections correspond to the principal reservoir analyses described in this chapter,
including:

e Data quality assessment

e Reservoir statistics

e Time series analysis

e Water Level Duration Curve (WLDC)

e Flood routing, once this functionality becomes available

The Print Viewer provides a preview of the selected analysis results before the report is generated.
This allows the user to review the information and confirm that the required analyses have been
completed and selected.

Once the required sections have been selected, click Generate PDF Report to create the combined
reservoir analysis report. The report includes the relevant project and reservoir information, analysis
results and associated graphical outputs.

Information displayed in the Print Viewer can also be selected and copied for use in other documents
or calculations. In addition to the PDF report, the individual graphical outputs generated during the
reservoir analysis are available as PNG image files, while applicable numerical and time-series results
are provided as CSV files in the corresponding output folders. This allows results to be incorporated
into external reports, spreadsheets or further engineering analyses as required.

The reporting functionality therefore provides both a consolidated PDF record of the reservoir
assessment and access to the underlying outputs for further use.
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12 FLOOD ESTIMATION

12.1 Overview of the Flood Estimation Module

The Flood Estimation module provides an integrated environment for estimating design flood peaks
using a range of deterministic, empirical and statistical methods. The module allows alternative flood-
estimation techniques to be applied within a single project so that results can be compared and an
appropriate design flood can be selected for the hydraulic structure or application being investigated.

The module combines project and catchment information with design rainfall, catchment
characteristics, runoff parameters and historical flood information. Depending on the selected
method, calculations can make use of information obtained from the Data Manager, including design
rainfall results and other project data generated elsewhere in GHI HydroSuite.

The Flood Estimation module includes three Rational Method approaches, the Standard Design Flood
method, SCS-SA Method, Unit Hydrograph analysis, empirical flood-estimation methods and statistical
flood-frequency analysis, see Figure 12-1. The different approaches provide complementary estimates
and allow the engineer to assess the sensitivity of the calculated design flood to the selected
methodology and assumptions.

Current Project: Floods estimation example
1 1 Project folder: C:\GHI | i lood estimation\Flood_estimation_example_1
ood Estimation

m Open Output Folder m Analysis completed successfully
Rational 1 Rational 3 Standard Design SCS-SA Method Unit Hydrograph Empirical methods Flood frequency Report generation

-
Project information M
Project name Project number Date
Floods estimation example 2026-001 2026-09-05
Client Designer
City of Tshwane Marco van Dijk
Project name, number, date, client and designer are set on the Projects screen
Site and catchment information
Description of catchment Moretele Spruit Catchment
River / stream Moretele Spruit
Latitude -25.80:
Longitude 28.30;
Project notes
Example flood estimation project for a culvert upgrade
Catchment boundary
The catchment outline will be displayed in the TR102 Station Selector to assist with station selection
SCS-SA project defaults
Hydrological soil group | B/C v|  Land cover Veld (range) and Pasture v Treatment 2 = Veld/pasture in fair conditio | ¥
Stormflow potential Moderate ¥|  Soil moisture method Median Condition Method ~ Rainfall distribution | Type 1 K
Initial abstraction ratio, A 0.10; Default area reduction factor | Alexander Area Reduction Factor |V
v

Figure 12-1: Flood Estimation screen
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The principal analysis tabs are, Table 12-1:

Table 12-1: Flood Estimation tabs

Tab

Project

Rational 1

Rational 2

Rational 3
Standard Design
SCS-SA Method
Unit Hydrograph

Empirical methods

Flood frequency

Report Generation

Purpose

Defines the project, site and catchment information, catchment boundary
and project-level defaults used by the applicable flood-estimation methods.
Provides the first Rational Method flood-estimation approach using the
applicable catchment, rainfall and runoff parameters.

Provides an alternative Rational Method calculation and associated input
parameters.

Provides an integrated Rational Method analysis linked to the Design
Rainfall results generated within the Data Manager.

Provides flood estimation using the Standard Design Flood methodology.
Provides flood estimation using the SCS-SA methodology and associated
soil, land-cover, antecedent-moisture and rainfall parameters.

Provides flood estimation using the Unit Hydrograph approach.

Provides alternative empirical flood-estimation methods for comparison
with the other design-flood estimates.

Provides statistical frequency analysis of observed flood records using
alternative probability distributions and flood-series options.

Combines selected flood-estimation calculations, results and graphical
outputs into a project PDF report.

The individual methods and their required inputs are described in the sections that follow.

A typical flood-estimation assessment in GHI HydroSuite follows the sequence as depicted in Figure

12-2.

Select or
create project

catchment
information )\

== D
( 1 |
9 : @ =
| —
128 B 'n' » = —
Define site and Import/select Define project Enter or obtain Configure the

catchment boundary
where applicable

design rainfall
information

required flood-
estimation methods
S J

defaults

f )
°g .°%.d

Calculate
design floods

4

N R\

'boRevie‘%Mcal 'bw lbm @

frequency analysis
where applicable

Compare results
from alternative
methods

Generate
report

Review graphs
and data

Figure 12-2: Typical flood estimation workflow

The workflow is deliberately structured to allow several flood-estimation methods to be applied to
the same catchment. The results should not necessarily be expected to be identical, as the methods

are based on different assumptions, input parameters and hydrological approaches. Comparison of

the alternative estimates forms an important part of the engineering assessment.
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Where historical flood records are available, the Flood frequency analysis provides an additional basis
for comparison with the deterministic and empirical methods. More advanced frequency-analysis

options, including IPZA analysis, alternative graphical outputs and configurable exceedance-
probability scales, are available within this part of the Flood Estimation module and are discussed later
in this chapter.

The final Report Generation tab allows the relevant calculations and results to be assembled into a
consolidated flood-estimation report.

12.2 General Flood Estimation Controls

A common set of controls is provided at the top of the Flood Estimation screen, Figure 12-3, and
remains available while moving between the individual analysis tabs.

Current Project: Floods estimation example

FIOOd Estimation Project folder: C:\GHI HydroSuite\E \Flood estimation\Flood_estimation_example_1 m @

m Open Output Folder View Graph View Data | /\naly'sis completed successfully

Figure 12-3: Flood Estimation main controls

These controls, listed in Table 12-2, are used to execute the selected analyses and access the
resulting outputs.

Table 12-2: Main control analysis options

Control Description

Calculate performs the selected flood-estimation calculations using the

Calculate current project inputs and analysis settings. The progress bar and status
message indicate the progress and successful completion of the analysis.
Open Output Folder opens the project output location containing the files
Open Output Folder . .
generated by the flood-estimation analyses.
. Provides access to graphical outputs generated by the completed
View Graphs
analyses.
View Data provides access to the corresponding numerical results and

output data to be reviewed.

View Data

Displays the progress of the analysis while calculations are being

Progress indicator
performed.

Status Indicates the current state of the analysis, such as Ready or Complete.

The Results Viewer is used throughout the Flood Estimation module and allows results to be reviewed
directly without first generating a report.

The Current Project panel identifies the active GHI HydroSuite project and its project folder. The Save
Project button saves the current project information and analysis settings.
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12.3  Project Tab

The Project tab, as shown in Figure 12-1, contains information applicable to the overall flood-
estimation assessment and provides the common project and catchment information used by the
different calculation methods.

The Project information section displays the project name, project number, date, client and designer.
These fields are populated from the information defined on the main Projects screen, thereby
maintaining consistent project information throughout GHI HydroSuite.

The Site and catchment information section allows the user to define a description of the Catchment,
the associated River or stream and the latitude and longitude of the site.

A Project notes field is provided for recording information relevant to the flood-estimation
assessment, such as the purpose of the study, assumptions, design requirements or other project-
specific comments.

12.3.1  Catchment boundary

A catchment boundary file can be associated with the flood-estimation project using the Browse
button. The selected catchment outline can subsequently be displayed in the relevant station-
selection interface to assist with the spatial selection of rainfall or other hydrological information.

The Clear button removes the currently selected catchment boundary from the project.
12.3.2  SCS-SA project defaults

The Project tab also provides project-level defaults for the SCS-SA Method as shown in Figure 12-4.
These settings allow commonly used catchment parameters to be defined once and subsequently
applied within the SCS-SA analysis.

SCS-SA project defaults
Hydrological soil group | B/C ¥|  Land cover Veld (range) and Pasture v Treatment 2 = Veld/pasture in fair conditio | ¥
Stormflow potential Moderate N Soil moisture method Median Condition Method K/ Rainfall distribution | Type 1 N

Initial abstraction ratio, A 0.10 Default area reduction factor | Alexander Area Reduction Factor v

Figure 12-4: Flood Estimation - SCS-SA project defaults

The available defaults include the:
e Hydrological soil group
e Stormflow potential
e Land cover, Treatment
e Soil moisture method
e Rainfall distribution
e Initial abstraction ratio (A)

e Default area reduction factor method
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These values should be selected to represent the characteristics of the catchment being analysed.

They provide the initial project settings for the SCS-SA calculations and can be reviewed as part of the
detailed analysis.

12.4 Rational Method 1

The Rational 1 tab shown in Figure 12-5, provides a detailed implementation of the Rational Method
for estimating peak design flood discharges for selected return periods. The method combines
catchment characteristics, design rainfall, area distribution and runoff characteristics to determine the
design peak flow.

The tab allows the catchment to be represented as a combination of rural, urban and lake areas. Rural
and urban runoff coefficients are determined from the characteristics specified by the user, while a
separate coefficient is provided for lake areas. This allows the overall runoff coefficient to reflect the
different runoff responses occurring within a mixed catchment.

Multiple return periods can be analysed simultaneously. The resulting peak flows are presented in a
summary table and graph, with detailed calculation information provided in the Results Viewer.

AL Rational 2 Rational 3 Standard Design SCS-SA Method Unit Hydrograph Empirical methods Flood frequency Report generation
Catchment characteristics Return period Area distribution factors
— . flood to determine
Catchment area, A BE| km Rural 30| o
W 1:2year
Longest watercourse / flow path, L 6.69| km ¥ 1:5year Urban 70
Dolomite area, D 10 & 110 year Lake areas 0
W 1:20 year
Mean annual precipitation, MAP 746.6| mm  1:25 year Adjustment factor
Rainfall region Inland - W 1:50 year Flat and permeable catchments v
¥ 1:100 year
Flow type Defined watercourse | v
Height difference along 10-85 slope 109) m
Rural runoff coefficient, C1 Urban runoff coefficient, C2
Surface slope 00 Description % Factor / recommended range
Description % of rural area Lawns - sandy, flat (<2%) 20! 0.10 (005~
Vieis and pans (<3%) 20 Lawns - sandy, steep (>7%) 10! 020
=
Flat areas (3 to 10%) 70 Lawns - heavy soil, flat (<2%) 0 017
Hiky (10t0:30%) = Lawns - heavy soil, steep (>7%) 0 035 ©25-03s
Steep areas (>30%) 0 Houises 20 050
Permeability . Flats 5 070 (050
Description % of rural area Light industry 3 0.80+ {830:0%0
Very permeable 0! Heavy industry 0 0.90 (060-0
Permeable 50 City centre 0 095
Semi-permeable 50 Suburban 10 0.70 (050-07
Impermeable 0 Streets 10 095
Maximum flood 0] 1.00
Vegetation
Description % of rural area Lake runoff coefficient, C3
Thick bush and plantation 0
Lake runoff coefficient, C3 1.0
Light bush and farm lands 45
Grasslands 50!

Figure 12-5: Flood Estimation - Rational method 1 tab
12.4.1  Catchment characteristics

The Catchment characteristics section defines the principal physical and hydrological properties
required for the Rational Method 1 calculation.
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Table 12-3: Catchment characteristics data input RM1
Input Description
Catchment area, A Total contributing catchment area in km2.

Longest watercourse / = Length of the longest principal drainage path through the catchment,
flow path, L expressed in km.
Dolomite area, D Percentage of the catchment underlain by dolomitic conditions.
Mean annual . .
. Mean annual precipitation for the catchment, expressed in mm.
precipitation, MAP
. . Specifies the applicable rainfall region used in the calculation.
Rainfall region .
This could be set as Inland or Coastal.
Defines the nature of the principal drainage path. Select Defined
Flow type
watercourse or Overland flow
. . Elevation difference along the 10-85% portion of the principal flow path,
Height difference . " . .
used in determining the catchment response and time of concentration

along 10-85 slope .
in meters.

The user should enter values representative of the catchment being assessed. Particular care should
be taken when determining the longest flow path and associated elevation difference, as these
parameters influence the calculated time of concentration and consequently the rainfall intensity
applied in the flood calculation.

12.4.2  Return periods

The Return period flood to determine section, see Figure 12-5, allows one or more design return
periods to be selected for simultaneous calculation.

The available standard return periods shown are 1:2, 1:5, 1:10, 1:20, 1:25, 1:50 and 1:100 years. Only
the selected return periods are included in the calculation and reported in the results.

Selecting several return periods is useful for developing a design-flood relationship across a range of
recurrence intervals and for comparing flood magnitudes required for different levels of infrastructure
design.

12.4.3  Areadistribution factors

The catchment is divided between three principal land-area categories:

Rural represents the proportion of the catchment treated using the rural runoff coefficient, Urban
represents the proportion treated using the urban runoff coefficient, and Lake areas represents open-
water areas treated using the lake runoff coefficient.

The percentages should collectively represent 100% of the catchment area. The percentage indicator

displayed above the input fields (top right corner) provides a convenient check of the entered area
distribution.
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An Adjustment factor can also be selected to account for the applicable catchment condition. The user
can select between Steep and impermeable catchments or Flat and permeable catchments from the
drop-down list.

12.4.4  Rural runoff coefficient, C1

The Rural runoff coefficient (C1) is determined from the characteristics of the rural portion of the
catchment as shown in Figure 12-6. The user describes the rural catchment using three groups of
characteristics: surface slope, permeability and vegetation.

For each group, the percentage distribution should total 100% of the rural area.

For Surface slope, the available classifications are:
e Vleis and pans (<3%)
e Flat areas (3 to 10%)
e Hilly (10 to 30%)
e Steep areas (>30%)

For Permeability, the rural area is divided between:
e Very permeable
e Permeable
e Semi-permeable

e Impermeable

For Vegetation, the available classifications include:
e Thick bush and plantation
e Light bush and farm lands
e Grasslands
e No vegetation

The percentage distributions entered for these characteristics are used by GHI HydroSuite in
determining the representative rural runoff response.
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Rural runoff coefficient, C1 Urban runoff coefficient, C2
Surface slope 100% Description % Factor / recommended range
Description % of rural area Lawns - sandy, flat (<2%) 20 0.10
Vieis and pans {<3%) 20 Lawns - sandy, steep (>7%) 10 020 (©.15-020
RS My 5 Lawns - heavy soil, flat (<2%) 0 0.17 ©13-017
Hilly (10 to 30%) 10 Lawns - heavy soil, steep (>7%) 0 035 (025-035
Steep areas (>30%) 0 Houses 20 050 (030-050
Permeability Flats 5 0.70 (0.50-0.70
Description % of rural area Light industry 5 0.0 =000
Very permeable 0 Heavy industry 0 0.90 (0.60-090
Permeable 50 City centre 0 0.95 (0.70-095
Semi-permeable 50 Suburban 10 0.70 (050-070
Impermeable 0 Streets 10 0.95
Maximum flood 0 1.00
Vegetation
Description % of rural area Lake runoff coefficient, C3
Thick bush and plantation 0
Lake runoff coefficient, C3 1.0
Light bush and farm lands 45
Grasslands 50
No vegetation 5

Figure 12-6: Runoff coefficients RM1
12.4.5 Urban runoff coefficient, C2

The Urban runoff coefficient (C2) represents runoff from the urbanised portion of the catchment. The
user specifies the percentage of the urban area associated with the different surface and development
types, as shown in Figure 12-6.

Available classifications include lawns with different soil and slope conditions, houses, flats, light and
heavy industry, city centre, suburban areas, streets and maximum-flood conditions.

Each classification is associated with a runoff factor and a displayed recommended range. The factor
can be adjusted within the interface to represent the particular characteristics of the catchment by
moving the horizontal bar.

The percentage allocations should collectively represent 100% of the urban area. The resulting urban
coefficient is determined from the combination of the selected land-use proportions and runoff
factors.

12.4.6  Lake runoff coefficient, C3

The Lake runoff coefficient (C3) is applied to the portion of the catchment classified as lake or open-
water area. A separate coefficient can be specified directly by the user, as shown in Figure 12-6.
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Where the catchment contains no lake area, the area allocation to this category is set to zero and

consequently does not contribute to the combined catchment runoff coefficient.

12.4.7 Rational Method 1 results

After the flood-estimation analysis has been calculated, by clicking on the Calculate button, the
Rational Method 1 summary presents the principal calculation results for each selected return period,
as shown in Figure 12-7.

The results table includes the following results (Table 12-4):

Table 12-4: Rational method 1 results table
Result Description
Return period Recurrence interval for the calculated design flood.
. . Calculated catchment response time used to determine the applicable
Time of concentration ) .
design rainfall.
Design point rainfall corresponding to the return period and applicable
storm duration. This is determined from the Depth-Duration-Frequency

diagram for point rainfall (HRU Report 2/78, A Depth-Duration-Frequency

Point rainfall . . . . . L
Diagram for Point Rainfall in Southern Africa (1978), which is an update
from a similar diagram published in HRU Report 1/72, Design Flood
Determination in South Africa in 1972)

ARF Area Reduction Factor applied to convert point rainfall to a rainfall value

representative of the catchment area.
. . Average rainfall intensity corresponding to the applicable rainfall depth
Average intensity )
and duration.

Return-period-related factor applied within the Rational Method 1

Factor Ft .
calculation.
Runoff coefficient Calculated representative runoff coefficient for the catchment.
Estimated design peak discharge for the selected return period,
Peak flow

expressed in m3/s.

The summary allows the user to trace how the rainfall and catchment parameters change with return
period rather than presenting only the final peak-flow estimate.

The Peak flood by return period graph provides a graphical summary of the calculated design flood
peaks. Each selected return period is shown on the horizontal axis, with the corresponding peak
discharge in m3/s on the vertical axis.

The graph provides a convenient visual comparison of the increase in estimated design flood
magnitude with increasing return period and can be used together with the numerical summary when

reviewing the Rational Method 1 results.

The Results Viewer provides a detailed text-based record of the Rational Method 1 analysis. It includes
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the relevant project and catchment information together with the calculation inputs and results
generated during the analysis. The Results Viewer complements the summary table and graph by
providing a more detailed record that can be reviewed, copied and incorporated into supporting
calculations or engineering documentation.

Results

Rational Method 1 summary

Return period Time of concentration Point rainfall ARF Average intensity Factor Ft Runoff coefficient Peak flow
1:2yr 1252h 37.20 mm 97.19% 28.88 mm/h 0.50 387 % 83.49 m'/s
1:5yr 1.252h 50.66 mm 96.17 % 38.92 mm/h 0.55 392 % 113.96 m*/s
1:10yr 1252 h 64.12mm 95.15% 48.73 mm/h 0.60 39.7% 144,55 m*/s
1:20yr 1.252h 79.16 mm 94.01 % 59.44 mm/h 0.67 404 % 17947 m¥/s
1:25yr 1.252h 84.94 mm 93.58 % 63.49 mm/h 071 40.8 % 193.56 m*/s
1:50yr 1252h 102.90 mm 92.22% 75.80 mm/h 0.83 420% 238.02m’/s
1:100yr 1.252h 126.65 mm 90.42 % 91.47 mm/h 1.00 437% 299.00 m¥/s
< 0
Peak flood by return period

300

200 A

Peak flow (m¥s)

-

o

o
L

1:20
Return period (years)

Results Viewer

I

RATIONAL METHOD 1

PROJECT INFORMATION

Project name = Floods estimation example
Project number = 2026-001

Client = City of Tshwane

Designer = Marco van Dijk

Date = 2026-09-05

Description of catchment = Moretele Spruit Catchment
River / stream = Moretele Spruit

Latitude = -25.80

Figure 12-7: Rational method 1 results table, graphical output and results viewer
12.5 Rational Method 2

The Rational 2 tab shown in Figure 12-8, provides a detailed implementation of the Rational Method
for estimating peak design flood discharges for selected return periods. The method combines
catchment characteristics, design rainfall, area distribution and runoff characteristics to determine the
design peak flow.

The tab allows the catchment to be represented as a combination of rural, urban and lake areas. Rural
and urban runoff coefficients are determined from the characteristics specified by the user, while a
separate coefficient is provided for lake areas. This allows the overall runoff coefficient to reflect the
different runoff responses occurring within a mixed catchment.

Multiple return periods can be analysed simultaneously. The resulting peak flows are presented in a
summary table and graph, with detailed calculation information provided in the Results Viewer.
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Rational 1 Rational 2 Rational 3 Standard Design SCS-SA Method Unit Hydrograph Empirical methods Flood frequency Report generation

Catchment characteristics Return period Area distribution factors

flood to determine

Catchment area, A km? Rural 30| 9
M 1:2year

Longest watercourse / flow path, L 6.69| km M 1:5year Urban 70| %

Dolomite area, D 10| % W 1:10 year Lake areas 0
P 1:20 year

Mean annual precipitation, MAP 746.6| mm P 1:25 year Adjustment factor

Rainfall region Inland v W 1:50 year Flat and permeable catchments v
M 1:100 year

Flow type Defined watercourse | v V' 1:200 year

Height difference along 10-85 slope 109| m

Rural runoff coefficient, C1

Surface slope 00
Description % of rural area
Vleis and pans (<3%) 20!
Flat areas (3 to 10%) 70
Hilly (10 to 30%) 10
Steep areas (>30%) 0

Permeability

Description % of rural area
Very permeable 0
Permeable 50
Semi-permeable 50
Impermeable 0!

Vegetation

Description % of rural area

Thick bush and plantation

Light bush and farm lands 45
Grasslands 50
No vegetation 5

Urban runoff coefficient, C2

Description % Factor / recommended range
Lawns - sandy, flat (<2%) 20 0.10
Lawns - sandy, steep (>7%) 10, 0.20
Lawns - heavy soil, flat (<2%) 0! 0.17
Lawns - heavy soil, steep (>7%) 0 0.35
Houses 40 0.50
Flats 5 0.70
Light industry 5 0.80
Heavy industry 0 0.90
City centre 0 0.95
Suburban 10 0.70
Streets 10 0.95
Maximum flood 0 1.00

Lake runoff coefficient, C3

Lake runoff coefficient, C3 1.0

Figure 12-8: Flood Estimation - Rational method 2 tab

12.5.1 Catchment characteristics

The Catchment characte

ristics section, Table 12-5, defines the principal physical and hydrological

properties required for the Rational Method 2 calculation.

Table 12-5: Catchment characteristics data input — RM2

Input

Catchment area, A
Longest watercourse /
flow path, L

Dolomite area, D
Mean annual
precipitation, MAP

Rainfall region

Flow type

Height difference
along 10-85 slope

Description

Total contributing catchment area in km?2.

Length of the longest principal drainage path through the catchment,
expressed in km.

Percentage of the catchment underlain by dolomitic conditions.

Mean annual precipitation for the catchment, expressed in mm.

Specifies the applicable rainfall region used in the calculation.

This could be set as Inland or Coastal.

Defines the nature of the principal drainage path. Select Defined
watercourse or Overland flow

Elevation difference along the 10—-85% portion of the principal flow path,
used in determining the catchment response and time of concentration
in meters.
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The user should enter values representative of the catchment being assessed. Particular care should

be taken when determining the longest flow path and associated elevation difference, as these
parameters influence the calculated time of concentration and consequently the rainfall intensity
applied in the flood calculation.

12.5.2  Return periods

The Return period flood to determine section, see Figure 12-8, allows one or more design return
periods to be selected for simultaneous calculation.

The available standard return periods shown are 1:2, 1:5, 1:10, 1:20, 1:25, 1:50, 1:100 and 1:200 years.
Only the selected return periods are included in the calculation and reported in the results.

Selecting several return periods is useful for developing a design-flood relationship across a range of
recurrence intervals and for comparing flood magnitudes required for different levels of infrastructure
design.

12.5.3 Areadistribution factors

The catchment is divided between three principal land-area categories:

Rural represents the proportion of the catchment treated using the rural runoff coefficient, Urban
represents the proportion treated using the urban runoff coefficient, and Lake areas represents open-
water areas treated using the lake runoff coefficient.

The percentages should collectively represent 100% of the catchment area. The percentage indicator
displayed above the input fields (top right corner) provides a convenient check of the entered area
distribution.

An Adjustment factor can also be selected to account for the applicable catchment condition. The user
can select between Steep and impermeable catchments or Flat and permeable catchments from the
drop-down list.

12.5.4 Rural runoff coefficient, C1

The Rural runoff coefficient (C1) is determined from the characteristics of the rural portion of the
catchment as shown in Figure 12-9. The user describes the rural catchment using three groups of
characteristics: surface slope, permeability and vegetation.

For each group, the percentage distribution should total 100% of the rural area.

For Surface slope, the available classifications are:

e Vleis and pans (<3%)
e Flat areas (3 to 10%)
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e Hilly (10 to 30%)
e Steep areas (>30%)

For Permeability, the rural area is divided between:
e Very permeable
e Permeable
e Semi-permeable

e Impermeable

For Vegetation, the available classifications include:
e Thick bush and plantation
e Light bush and farm lands
e Grasslands
e No vegetation

Rural runoff coefficient, C1 Urban runoff coefficient, C2
Surface slope Description %
Description % of rural area Lawns - sandy, flat (<2%) 20| |
Vleis and pans (<3%) 20 Lawns - sandy, steep (>7%) 10| |
Flat areas (3 to 10%) 70 Lawns - heavy soil, flat (<2%) 0
Hilly (10 to 30%) 10 Lawns - heavy soil, steep (>7%) 0
Steep areas (>30%) 0 Houses 40
Permeability e 3
Description % of rural area Light industry 3
Very permeable 0 Heavy industry 0
Permeable 50 City centre 0
Semi-permeable 50 Suburban 10
Impermeable 0 Streets 10
Maximum flood 0
Vegetation
Description % of rural area Lake runoff coefficient, C3
Thick bush and plantation 0
Lake runoff coefficient, C3
Light bush and farm lands 45
Grasslands 50
No vegetation 5

Figure 12-9: Runoff coefficients RM2
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Factor / recommended range

1.0

0.10

0.20

0.17

The percentage distributions entered for these characteristics are used by GHI HydroSuite in

determining the representative rural runoff response.

12.5.5 Urban runoff coefficient, C2

The Urban runoff coefficient (C2) represents runoff from the urbanised portion of the catchment. The
user specifies the percentage of the urban area associated with the different surface and development

types, as shown in Figure 12-9.
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Available classifications include lawns with different soil and slope conditions, houses, flats, light and
heavy industry, city centre, suburban areas, streets and maximum-flood conditions.

Each classification is associated with a runoff factor and a displayed recommended range. The factor
can be adjusted within the interface to represent the particular characteristics of the catchment by
moving the horizontal bar.

The percentage allocations should collectively represent 100% of the urban area. The resulting urban
coefficient is determined from the combination of the selected land-use proportions and runoff
factors.

12.5.6  Lake runoff coefficient, C3

The Lake runoff coefficient (C3) is applied to the portion of the catchment classified as lake or open-
water area. A separate coefficient can be specified directly by the user, as shown in Figure 12-9.

Where the catchment contains no lake area, the area allocation to this category is set to zero and
consequently does not contribute to the combined catchment runoff coefficient.

12.5.7 Rainfall information

A distinguishing feature of Rational Method 2 is the use of TR102 rainfall station data (Adamson, 1972).
Rainfall information can either be entered manually or obtained from the rainfall-station database
using the integrated Station Selector.

The Rainfall information section contains the rainfall parameters required for the Rational Method 2
calculation. The information may be entered manually or automatically populated by selecting a
rainfall station using the Station Selector.

The rainfall information includes the station identification and location, mean annual precipitation,
thunder-day information and rainfall depths for a range of storm durations and return periods, see
Figure 12-10 and Table 12-6.

Rainfall information

Enter the rainfall information manually or use the Station Selector to populate the table from the TR102 rainfall station data.

Weather Service station number Weather Service station location Mean annual precipitation (MAP)

0513437 PRETORIA (WATERKLOOF) 761

Days on which thunder was heard

61

Duration 2 5 10 20 25" 50 100 200
1day 69 98 121 146 155.0 183 215 250
2 days 86 121 149 178 188.7 222 259 301
3 days 96 137 169 204 2164 255 299 347
7 days 120 170 208 247 261.1 305 353 405

18102 saon o i uamatcaby when e Sxion Seecris apens

Figure 12-10: Rainfall information RM2
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Table 12-6: Rainfall information input - RM2
Input Description
Weather Station

Identification number of the selected TR102 rainfall station.
number

Weather Service . . . . .
. . Name or location associated with the rainfall station.
station location

Mean annual Mean annual precipitation associated with the selected station,
precipitation (MAP) expressed in mm.

Days on which Average number of thunder days per year associated with the rainfall
thunder was heard station.

Duration Storm duration associated with each row of rainfall data.

. Rainfall depth in mm for the respective storm duration and return
Rainfall values .
period.
. Click Station Selector button to open the TR102 Rainfall Station Data
Station Selector . . .
screen from which a rainfall station can be searched for and selected.
The rainfall table contains design rainfall depths for 1-, 2-, 3- and 7-day durations and the available
return periods. These rainfall depths form the rainfall information are used by the Rational Method 2

calculation.

The 1:25-year rainfall values are identified separately because these values are interpolated within
the rainfall dataset.

TR102 Rainfall Station Selector

Selecting Station Selector opens the TR102 Rainfall Station Data screen, see Figure 12-11. This
interface provides access to the rainfall-station database and allows an appropriate station to be
identified using its station number or name, geographic coordinates, the station list or the interactive
map.

The currently selected station is highlighted in the station list and on the map. Detailed rainfall
information for the selected station is displayed on the right-hand side of the screen before the station
is transferred to the Rational Method 2 analysis.

The Station Selector therefore provides both a search facility and a spatial means of reviewing the
location of available rainfall stations relative to the catchment being analysed.
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TR102 Rainfall Station Data
Search by station number or name, select from the list, or click a station on the map

Search station number or name Latitude (decimal degrees) Longitude (decimal degrees)

[ ]

0513437 - PRETORIA (WATERKLOOF)

Saved station selected: 0513437 - PRETORIA Zoom to selected station
(WATERKLOOF)

= = ®
0513464 - PRETORIA (KOEDOESPOORT) fE> PQE
0513434 - PRETORIA (SILVERTON)

0513496 - PRETORIA (LYNNWOOD)

0513524 - PRETORIA (THE WILLOWS)

0513623 - GROOTFONTEIN

0513643 - EERSTE FEBRIEKE

10513677 - PIENAARSPOORT

10513827 - DONKERHOEK (SCHOOL) TR102 rainfall stations
10513836 - WELBEKEND (SCHOOL) - = o
10514010 - CULLINAN . e o

0514329 - WAAIKRAAL
0514408 - BRONKHORSTSPRUIT (MUNICIPAL)

0514618 - WILGERIVIER —25.04
00515155 - WATERVAL

0515196 - RIVERSIDE

00515234 - CLEWER

0515270 - WATERPAN

0515382 - WITBANK —25.5
0515383 - WITBANK (ESCOM)

0515528 - OLIFANTSRIVIER (SAR)

0515732 - BOTSABELO (SCHOOL)

0516414 - RESTON

0516431 - ZWARTFONTETN —26.0
0516480 - SCHOONOORD

10516554 - ROODEPOORT

0516708 - WONDERFONTEIN (SCHOOL)
0517235 - BRAKSPRUIT

0517430 - MACHADODORP

00517762 - WELTEVREDEN

0517816 - ELANDSHOEK

00517877 - AIRLIE (SAR)

o
—26.5 4

0518088 - BADPLAAS (SAP) ~27.01 ’ ()

0518186 - VLAKPLAATS T T T T : T
0518215 - GODWAN RIVER ESTATES 27.0 27.5 28.0 28.5 29.0 295
0518367 - COETZEESTROOM (FORESTRY) Longitude

10518455 - KAAPSEHOOP (SAP)
10518589 - NELSHOOGTE (FORESTRY)
0518670 - RETREAT

Inc10c7E  ERAMTTIMACHIICT %

Figure 12-11: TR102 Rainfall station data screen

Searching for a rainfall station

Several methods are available for identifying a suitable rainfall station.
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X

m Show 10 closest stations Clear / show full list

-

Selected station rainfall data

Station number: 0513437

Station name: PRETORIA (WATERKLOOF)
Latitude: -25.78333

Longitude: 28.25000

Record length: 63 years

Mean annual precipitation (MAP): 761 mm

puat| 2 | 5 | 10| 20 | 25 |
1dy 69 98 121 146 155
2days 8 121 149 178 189
3days 96 137 169 204 216
Tdays 120 170 208 247 261

50
183
22
255
305

| 100 | 200
25 250
259 301
299 47
33 405

* The 1:25-year rainfall values are interpolated values

e The user can enter a station number or station name (or part thereof) in the search field and

select Search, see example of the search results in Figure 12-12. Alternatively, latitude and

longitude coordinates can be entered to assist with identifying stations close to a particular

location.

e The Show 10 closest stations function identifies the ten rainfall stations closest to the entered

coordinates. This can be particularly useful when the catchment coordinates are known but

the most appropriate TR102 station has not yet been identified.

e The station can also be selected directly from the station list or spatially from the map.

The principal controls are summarised below in Table 12-7.

Table 12-7: Controls on TR102 Rainfall Station Data screen
Control Function
Search station

Searches the station database using a station number or station name.

number or name

Latitude / Specifies geographic coordinates that can be used when searching for

Longitude nearby rainfall stations.

GHI HydroSuite — User manual

113



GHI
| 4 HydroSuite

INTEGRATED WATER ENGINEERING SOFTWARE

Control Function
Search Performs the station search using the entered search information.
Show 10 closest . . o . .
. Displays the ten stations closest to the specified geographic coordinates.
stations
Clear / show full list = Clears the current search and restores the complete station list.

Displays available TR102 stations and allows a station to be selected

Station list .
directly.
Displays the spatial distribution of rainfall stations and allows stations to be
Map reviewed geographically. In addition, it also shows the catchment area
boundary if that was set on the Flood Estimation — Project tab.
Reset map zoom Returns the map to its default viewing extent.

Zoom to selected .
Centres and enlarges the map around the currently selected station.

station
Use selected Transfers the selected station and its associated rainfall information to the
station Rational Method 2 input screen.

Search station number or name

Pretoria
0513135 - PRETORIA (WESTFORT)

20 station(s) shown from TR102.csv.

2
0513227 - PRETORIA (VOORTREKKERHOOGTE)
0513254 - PRETORIA (SKINNERS COURT)
0513255 - PRETORIA (ESCOM)

0513260 - PRETORIA (ZWARTKOP)

0513285 - PRETORIA (CEMETARY)

0513312 - PRETORIA (MAYVILLE)

0513315 - PRETORIA (PRINSHOF)

0513345 - PRETORIA (BURGERS PARK)
0513346 - PRETORIA (MUCKLENEUK)
0513347 - PRETORIA (FOUNTAINS)

0513404 - PRETORIA (BRYNTIR10N)
0513404A - PRETORIA (RIETONDALE)
0513437 - PRETORIA (WATERKLOOF)
0513464 - PRETORIA (KOEDOESPOORT)
0513494 - PRETORIA (SILVERTON)

0513496 - PRETORIA (LYNNWOOD)

0513524 - PRETORIA (THE WILLOWS)

Figure 12-12: Search on station name

Interactive rainfall-station map

The map provides a geographic representation of the available TR102 rainfall stations. Individual
stations are represented spatially, allowing their positions relative to the site or catchment to be
assessed.

The standard map controls allow the user to pan, zoom and navigate within the map. When a station
is selected, its location is identified on the map and its associated information is displayed in the
Selected station rainfall data panel.

Where a catchment location is known, the map and closest-station search can be used together to
assist in identifying rainfall stations located near the study area. The selection of the most appropriate
rainfall station nevertheless remains an engineering decision and should consider the
representativeness of the station for the catchment rather than distance alone.
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Zoom to selected station

AeEd PQ=

TR102 rainfall stations

~25.5 1
~25.6
-25.74,

-25.8 A

—25.9

—26.0 1

-26.1 1 . .

28.2

. T T
28.4 28.6

Longitude

Figure 12-13: Station selector map

Spatial Viewer Controls

The toolbar located above the TR102 Rainfall Stations Spatial Viewer provides standard controls for
navigating, adjusting and exporting the displayed map, Table 9 16.

Table 12-8: TR102 Rainfall Stations Spatial Viewer Navigating Controls

Control

Home

Back

Forward

Pan

$ ¥ 2

Configure

i

subplots

15

Save

Zoom

jo,

Description
Restores the Spatial Viewer to its original or default map extent.

Returns to the previous map view or extent. This is useful after zooming
or panning to another location.

Returns to the next map view after the Back function has been used.

Allows the map to be moved horizontally or vertically. Select the tool
and drag the map to reposition the displayed area.

Opens the plot-layout adjustment controls. This is primarily a standard
plotting function and will generally not be required during normal
HydroSuite operation.

Saves the current Spatial Viewer display as an image file.

Allows a selected portion of the map to be enlarged. Select the tool and
define the area of interest on the map.
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The Spatial Viewer toolbar provides standard graphical navigation functions. The separate Reset Map

button provided by GHI HydroSuite restores the viewer to the full spatial extent relevant to the current
rainfall analysis. The Zoom to selected station button enlarges that portion of the map.

Selected station rainfall data

The Selected station rainfall data panel, shown in Figure 12-14, provides a summary of the currently
selected rainfall station before it is transferred to the Rational Method 2 calculation.

The displayed information includes:
e station number and station name;
e latitude and longitude;
e available record length;
e mean annual precipitation (MAP); and
e design rainfall depths for the available durations and return periods.

This allows the user to inspect the station information before selecting Use selected station.

Once the station is accepted, its applicable information is automatically transferred to the Rainfall
information section of the Rational Method 2 tab. The user can therefore verify the populated values
before performing the flood calculation.

Selected station rainfall data

Station number: 0513437

Station name: PRETORIA (WATERKLOOF)
Latitude: -25.78333

Longitude: 28.25000

Record length: 63 years

Mean annual precipitation (MAP): 761 mm

purat| 2 | 5 | 10 | 20 | 25* | 50 | 100 | 200
Tday 69 98 121 146 155 183 215 250
2days 8 121 149 178 189 222 259 301
3days 96 137 169 204 216 255 299 347
7days 120 170 208 247 261 305 353 405

* The 1:25-year rainfall values are interpolated values

Figure 12-14: Selected station rainfall data
Manual rainfall data entry
The Station Selector is provided for convenience, but the rainfall information can also be entered

manually. This allows Rational Method 2 to be applied where rainfall information has been obtained
independently or where the user wishes to apply alternative rainfall values.

GHI HydroSuite — User manual 116



A8\ Ghi
@.ll* HydroSuite

\\M/ INTEGRATED WATER ENGINEERING SOFTWARE

When rainfall data are entered manually, the user should ensure that the station information, MAP,

thunder-day information and rainfall depths are appropriate for the catchment and are entered using
the required units.

12.5.8 Rational Method 2 results

After the flood-estimation analysis has been calculated, by clicking on the Calculate button, the
Rational Method 2 summary presents the principal calculation results for each selected return period,
as shown in Figure 12-15Figure 12-15.

The calculated results are presented for each selected return period and provide the intermediate
rainfall and catchment parameters together with the resulting design peak discharge. This enables the
user to review the basis of the calculation rather than relying only on the final flood estimate.

As with Rational Method 1, the calculated peak floods can be compared across the selected return
periods and against the results obtained using the other flood-estimation methods available in GHI
HydroSuite.

The results table includes the following results (Table 12-9):

Table 12-9: Rational method 2 results table

Result Description

Return period Recurrence interval for the calculated design flood.
Calculated catchment response time used to determine the applicable
design rainfall.

Time of concentration

Design point rainfall corresponding to the selected return period and
Point rainfall applicable storm duration, determined from the TR102 rainfall data or,
where applicable, using the Modified Hershfield method.
ARF Area Reduction Factor applied to convert point rainfall to a rainfall value
representative of the catchment area.
. . Average rainfall intensity corresponding to the applicable rainfall depth
Average intensity .
and duration.

Return-period-related factor applied within the Rational Method 2

Factor Ft .
calculation.
Runoff coefficient Calculated representative runoff coefficient for the catchment.
Estimated design peak discharge for the selected return period,
Peak flow

expressed in m3/s.

The summary allows the user to trace how the rainfall and catchment parameters change with return
period rather than presenting only the final peak-flow estimate.

The Peak flood by return period graph provides a graphical summary of the calculated design flood
peaks. Each selected return period is shown on the horizontal axis, with the corresponding peak
discharge in m3/s on the vertical axis.
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The graph provides a convenient visual comparison of the increase in estimated design flood
magnitude with increasing return period and can be used together with the numerical summary when
reviewing the Rational Method 2 results.

The Results Viewer provides a detailed text-based record of the Rational Method 2 analysis. It includes
the relevant project and catchment information together with the calculation inputs and results
generated during the analysis. The Results Viewer complements the summary table and graph by
providing a more detailed record that can be reviewed, copied and incorporated into supporting
calculations or engineering documentation.

Results

Rational Method 2 summary

Return period Time of concentration Point rainfall ARF Average intensity Factor Ft Runoff coefficient Peak flow
1:5yr 1.25h 574 mm 96.0 % 44.0 mm/h 0.55 392 % 129 m¥/s
1:10yr 1.25h 75.0 mm 96.0 % 57.5 mm/h 0.60 39.7% 171 m¥/s
1:20yr 1.25h 92.7 mm 96.0 % 71.1 mm/h 0.67 404 % 215m’/s
1:25yr 1.25h 984 mm 96.0 % 75.5 mm/h 07 40.8 % 230 m¥/s

1:50 yr 1.25h 116.1 mm 96.0 % 89.0 mm/h 0.83 420% 280 m'/s
1:100 yr 1.25h 133.7mm 96.0 % 102.6 mm/h 1.00 837% 335m'/s
1:200 yr 1.25h 1514 mm 96.0 % 116.1 mm/h 1.00 43.7% 380 m/s

« I

Peak flood by return period

400

300

200 A

Peak flow (m¥s)

-

<3

o
L

=)
I

1:20 1:25

Return period (years)

Results Viewer

RATIONAL METHOD 2 =

PROJECT INFORMATION

Project name Floods estimation example
Project number 2026-001

Client City of Tshwane

Designer Marco van Dijk

Date 2026-09-05

Description of catchment Moretele Spruit Catchment
River / stream Moretele Spruit

Latitude -25.80

Longitude 28.30

Project notes Example flood estimation project for a culvert upgrade

Figure 12-15: Rational method 2 results table, graphical output and results viewer

12.6 Rational Method 3

The Rational 3 tab shown in Figure 12-16, provides a detailed implementation of the Rational Method
for estimating peak design flood discharges for selected return periods. The method combines
catchment characteristics, design rainfall, area distribution and runoff characteristics to determine the
design peak flow.

The tab allows the catchment to be represented as a combination of rural, urban and lake areas. Rural
and urban runoff coefficients are determined from the characteristics specified by the user, while a
separate coefficient is provided for lake areas. This allows the overall runoff coefficient to reflect the
different runoff responses occurring within a mixed catchment.
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Multiple return periods can be analysed simultaneously. The resulting peak flows are presented in a

summary table and graph, with detailed calculation information provided in the Results Viewer.

Rational 1 Rational 2

Catchment characteristics
Catchment area, A
Longest watercourse / flow path, L
Dolomite area, D
Mean annual precipitation, MAP
Rainfall region
Flow type

Height difference along 10-85 slope

Rural runoff coefficient, C1

Return period Area distribution factors
flood to determine
26.9| km? Rural 30| %
W 1:2year
6.69| km Urban 70| 9
W 15 year
10| % 7 1:10 year Lake areas 0
7466 mm ¥ 1:20 year Adjustment factor
Inland v ¥ 1:25 year Flat and permeable catchments v
Defined watercourse | ¥ W' 1:50 year
¥ 1:100 year
109 m
¥ 1:200 year

Urban runoff coefficient, C2

Standard Design SCS-SA Method Unit Hydrograph Empirical methods Flood frequency Report generatior

Surface slope Description % Factor / recommended range
Description % of rural area Lawns - sandy, flat (<2%) 20 0.10
Vieis and pans (<3%) 20 Lawns - sandy, steep (>7%) 10 020
Flat areas (3 to 10%) 70 Lawns - heavy soil, flat (<2%) 0 017
Hilly (10 to 30%) 10 Lawns - heavy soil, steep (>7%) 0 035
Steep areas (>30%) 0 Houses 0 0.50
Permeability Fhats 3 0.70
Description % of rural area Bt 3 0.80
Very permeable 0 Heavy industry 0] 0.90
Permeable 50 City centre 0 0.95
Semi-permeable 50 Suburban 10 0.70
Impermeable 0! Streets 10 0.95
Maximum flood 0 1.00
Vegetation
Description % of rural area Lake runoff coefficient, C3
Thick bush and plantation 0
Lake runoff coefficient, C3 1.0
Light bush and farm lands 45
Grasslands 50!
No vegetation 5
_— v
Figure 12-16: Flood Estimation - Rational method 3 tab
12.6.1 Catchment characteristics
The Catchment characteristics section defines the principal physical and hydrological properties
required for the Rational Method 3 calculation.
Table 12-10: Catchment characteristics data input RM3
Input Description
Catchment area, A Total contributing catchment area in km?2.
Longest watercourse / = Length of the longest principal drainage path through the catchment,
flow path, L expressed in km.
Dolomite area, D Percentage of the catchment underlain by dolomitic conditions.
Mean annual . .
L Mean annual precipitation for the catchment, expressed in mm.
precipitation, MAP
. . Specifies the applicable rainfall region used in the calculation.
Rainfall region .
This could be set as Inland or Coastal.
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Input Description
Defines the nature of the principal drainage path. Select Defined
Flow type
watercourse or Overland flow
. . Elevation difference along the 10-85% portion of the principal flow path,
Height difference . o . .
used in determining the catchment response and time of concentration

along 10-85 slope .
in meters.

The user should enter values representative of the catchment being assessed. Particular care should
be taken when determining the longest flow path and associated elevation difference, as these
parameters influence the calculated time of concentration and consequently the rainfall intensity
applied in the flood calculation.

12.6.2  Return periods

The Return period flood to determine section, see Figure 12-16, allows one or more design return
periods to be selected for simultaneous calculation.

The available standard return periods shown are 1:2, 1:5, 1:10, 1:20, 1:25, 1:50, 1:100 and 1:200 years.
Only the selected return periods are included in the calculation and reported in the results.

Selecting several return periods is useful for developing a design-flood relationship across a range of
recurrence intervals and for comparing flood magnitudes required for different levels of infrastructure
design.

12.6.3  Areadistribution factors

The catchment is divided between three principal land-area categories:

Rural represents the proportion of the catchment treated using the rural runoff coefficient, Urban
represents the proportion treated using the urban runoff coefficient, and Lake areas represents open-
water areas treated using the lake runoff coefficient as shown in Figure 12-16.

The percentages should collectively represent 100% of the catchment area. The percentage indicator
displayed above the input fields (top right corner) provides a convenient check of the entered area
distribution.

An Adjustment factor can also be selected to account for the applicable catchment condition. The user
can select between Steep and impermeable catchments or Flat and permeable catchments from the
drop-down list.

12.6.4 Rural runoff coefficient, C1

The Rural runoff coefficient (C1) is determined from the characteristics of the rural portion of the
catchment as shown in Figure 12-17.
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The user describes the rural catchment using three groups of characteristics: surface slope,

permeability and vegetation.

For each group, the percentage distribution should total 100% of the rural area.

For Surface slope, the available classifications are:
e Vleis and pans (<3%)
e Flatareas (3 to 10%)
e Hilly (10 to 30%)
e Steep areas (>30%)

For Permeability, the rural area is divided between:
e Very permeable
e Permeable
e Semi-permeable
e Impermeable

For Vegetation, the available classifications include:
e Thick bush and plantation
e Light bush and farm lands
e Grasslands

e No vegetation

The percentage distributions entered for these characteristics are used by GHI HydroSuite in
determining the representative rural runoff response.

12.6.5 Urban runoff coefficient, C2

The Urban runoff coefficient (C2) represents runoff from the urbanised portion of the catchment. The
user specifies the percentage of the urban area associated with the different surface and development
types, as shown in Figure 12-17.

Available classifications include lawns with different soil and slope conditions, houses, flats, light and
heavy industry, city centre, suburban areas, streets and maximum-flood conditions.

Each classification is associated with a runoff factor and a displayed recommended range. The factor
can be adjusted within the interface to represent the particular characteristics of the catchment by
moving the horizontal bar.

The percentage allocations should collectively represent 100% of the urban area. The resulting urban
coefficient is determined from the combination of the selected land-use proportions and runoff
factors.
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Rural runoff coefficient, C1 Urban runoff coefficient, C2
Surface slope 100% Description % Factor / recommended range
Description % of rural area Lawns - sandy, flat (<2%) 20 0.10
Vieis and pans (<3%) 20 Lawns - sandy, steep (>7%) 10 0.20 -02
Flat reasi t0:10%) n Lawns - heavy soil, flat (<2%) 0 017 @1
Hilly (10 to 30%) 10 Lawns - heavy soil, steep (>7%) 0 0.35 -
Steep areas (>30%) 0 Houses 20 050 (030-050
Permeability d 3 0:70 @00
Description % of rural area Light industry 3 0.0 =000
Very permeable 0 Heavy industry 0 0.90 (0.60-0.90
Permeable 50 City centre 0 0.95 (0.70-095
Semi-permeable 50 Suburban 10 0.70 (050-070
Impermeable 0 Streets 10 0.95 (0.70-0.95
Maximum flood 0 1.00
Vegetation
Description % of rural area Lake runoff coefficient, C3
Thick bush and plantation 0
Lake runoff coefficient, C3 1.0
Light bush and farm lands 45
Grasslands 50
No vegetation 5

Figure 12-17: Runoff coefficients RM3

12.6.6  Lake runoff coefficient, C3

The Lake runoff coefficient (C3) is applied to the portion of the catchment classified as lake or open-
water area. A separate coefficient can be specified directly by the user, as shown in Figure 12-17.

Where the catchment contains no lake area, the area allocation to this category is set to zero and
consequently does not contribute to the combined catchment runoff coefficient.

12.6.7 Rainfall information

Rational Method 3 uses design rainfall depths obtained from the Design Rainfall functionality in GHI
HydroSuite. The rainfall information is provided for a range of storm durations and return periods and
is used to determine the rainfall intensity corresponding to the calculated time of concentration of the
catchment.

The user can select Design Rainfall button, as shown in Figure 12-18, to obtain or update the rainfall
information. The rainfall dataset displayed in Rational Method 3 reflects the most recently completed
Design Rainfall analysis and includes information on the extraction method, location or catchment
used, rainfall station where applicable, and grid characteristics associated with the analysis.

A detailed description of the Design Rainfall extraction procedure is described in Section 9.5.
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When a user has navigated from the Rational Method 3 Flood Estimation screen a Return to Flood
Estimation button will be visible on the Design Rainfall tab that will navigate the user back to the
Flood Estimation screen.

Rainfall information

Design Rainfall Rainfall value:  Estimate ¢ Low ¢ High ¢ Userentered

Extraction method: 3. Area-weighted grid rainfall

Location method: Latitude / longitude

Catchment file: C:/GHI HydroSuite/Examples/Flood estimation/Data_files/Catchment.gpkg
Station: 0513529_W — GARSTFONTEIN

Grid block size: 2

Duration 1:2 1:5 1:10 1:20 1:25* 1:50 1:100 1:200
¥ 5min 9.5 13.2 15.9 18.8 19.9 231 26.7 30.6
¥ 10 min 13.9 19.2 23.2 27.5 29.0 33.7 389 447
¥ 15 min 174 24.0 29.0 343 36.2 421 48.6 55.8
V¥ 30 min 22.2 30.6 37.0 438 46.2 53.7 62.0 7.2
¥ 45 min 25.6 35.3 427 50.5 53.3 61.9 715 82.1
V¥ 1 hour 28.3 39.1 47.2 55.9 59.0 68.5 79.2 90.8
¥ 1.5 hour 32.6 451 54.5 64.5 68.0 79.1 91.3 104.8
V¥ 2 hour 36.1 49.9 60.3 71.4 75.3 87.5 101.0 115.9
¥ 4 hour 433 59.7 722 85.5 90.2 104.8 121.0 138.9
¥ 6 hour 48.1 66.4 80.3 95.0 100.3 116.5 1345 154.4
¥ 8hour 51.8 71.6 86.5 102.4 108.1 125.6 145.0 166.4
¥ 10 hour 55.0 75.9 91.7 108.6 114.5 1331 153.7 176.4
¥ 12 hour 57.6 79.6 96.2 1139 120.1 139.6 161.2 185.0
¥ 16 hour 62.1 85.8 103.7 122.7 129.5 150.5 173.8 199.4
¥ 20 hour 65.8 90.9 109.9 130.1 1373 159.5 184.2 2114
¥ 24 hour 69.1 95.3 115.3 136.4 143.9 167.3 193.2 221.7
V1 day 58.7 81.0 97.9 115.9 1223 1421 164.1 188.3
V2 day 723 99.9 120.7 1429 150.8 175.2 202.3 232.2
Vv 3 day 81.8 1129 136.5 161.5 1704 198.1 228.7 262.5
V4 day 89.3 1233 1491 176.4 186.2 216.3 249.8 286.7
Vs day 95.6 132.0 159.6 188.9 199.3 231.7 267.5 307.0
¥ 6day 101.1 139.6 168.8 199.8 210.8 245.0 2829 3247
v 7 day 106.0 146.4 177.0 209.5 221.0 256.9 296.7 3404

Figure 12-18: Rainfall information RM3

Depending on the selected Design Rainfall method, rainfall may be determined for a single point or
spatially across a catchment. The available approaches include Point Rainfall, Catchment Average Grid
Rainfall, Area-Weighted Grid Rainfall and Thiessen Polygon Rainfall. Where a catchment-based
method is used, the selected catchment boundary is used in determining the representative design
rainfall.

The rainfall table displays design rainfall depths in millimetres for storm durations ranging from short-
duration events in minutes and hours to multi-day events. Values are provided for the available return
periods, allowing the appropriate rainfall depth to be selected for each design flood calculation.
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Rainfall value

Where uncertainty limits are available in the Design Rainfall dataset, the user can select which rainfall
estimate is to be applied, see Table 12-11:

Table 12-11: Rainfall value options

Option Description

Estimate Uses the central or best-estimate design rainfall values. This is the normal selection
for design calculations.

Low Uses the lower rainfall estimate associated with the selected Design Rainfall analysis.

High Uses the upper rainfall estimate associated with the selected Design Rainfall
analysis.

User Allows the user to specify or modify the rainfall values manually for the Rational

entered Method 3 calculation. Simply enter the values in each of the input boxes.

The Low and High options provide a convenient means of investigating the sensitivity of calculated
peak flows to uncertainty in the design rainfall estimates.

Design rainfall information

A summary above the rainfall table identifies the source of the currently loaded rainfall information,
as shown in Figure 12-19. Depending on the method used, this may include the extraction method,
location method, catchment file, rainfall station and grid block size. This information provides
traceability between the rainfall dataset used in the Rational Method calculation and the Design
Rainfall analysis from which it was obtained.

Extraction method: 3. Area-weighted grid rainfall

Location method: Latitude / longitude

Catchment file: C:/GHI HydroSuite/Examples/Flood estimation/Data_files/Catchment.gpkg
Station: 0513529_W — GARSTFONTEIN

Grid block size: 2

Figure 12-19: Summary of rainfall information

In the example shown, the rainfall was determined using the Area-Weighted Grid Rainfall method for
the selected catchment boundary.

Storm durations and return periods

The rainfall table, Figure 12-19 presents the available design rainfall depths according to storm
duration and return period. Individual storm durations can be selected or deselected using the check
boxes alongside the table.

The available rainfall durations extend from 5 minutes to 7 days, while the table provides rainfall
depths for return periods from 1:2 years to 1:200 years, including the interpolated 1:25-year rainfall
values.
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For the Rational Method calculation, HydroSuite uses the rainfall information corresponding to the

required return period and the storm duration associated with the catchment response. The resulting
rainfall depth is subsequently converted to an appropriate rainfall intensity for calculation of the
design peak flow.

Note: The Design Rainfall functionality and the different methods available for obtaining point and
catchment rainfall are described in detail in Section 9.5 - Design Rainfall. This section therefore
focuses on the use of these rainfall results within Rational Method 3 rather than repeating the rainfall
extraction procedures.

12.6.8 Rational Method 3 results

After the flood-estimation analysis has been calculated, by clicking on the Calculate button, the
Rational Method 3 summary presents the principal calculation results for each selected return period,
as shown in Figure 12-20.

The results table includes the following results (Table 12-12):

Table 12-12: Rational method 3 results table
Result Description
Return period Recurrence interval for the calculated design flood.
. . Calculated catchment response time used to determine the applicable
Time of concentration ) .
design rainfall.
Design rainfall (in mm) corresponding to the selected return period and
applicable storm duration, obtained from the South African Design
Point rainfall Rainfall database, (Lynch, 2004) using the selected Design Rainfall
extraction method. The Estimate, Low or High rainfall value is applied
according to the option selected by the user.
ARF Area Reduction Factor applied to convert point rainfall to a rainfall value
representative of the catchment area.
. . Average rainfall intensity corresponding to the applicable rainfall depth
Average intensity .
and duration (mm/h).

Return-period-related factor applied within the Rational Method 3

Factor Ft .
calculation.
Runoff coefficient Calculated representative runoff coefficient for the catchment (%).
Estimated design peak discharge for the selected return period,
Peak flow

expressed in m3/s.

The summary allows the user to trace how the rainfall and catchment parameters change with return
period rather than presenting only the final peak-flow estimate.

The Peak flood by return period graph provides a graphical summary of the calculated design flood
peaks. Each selected return period is shown on the horizontal axis, with the corresponding peak
discharge in m3/s on the vertical axis.
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The graph provides a convenient visual comparison of the increase in estimated design flood
magnitude with increasing return period and can be used together with the numerical summary when
reviewing the Rational Method 3 results.

The Results Viewer provides a detailed text-based record of the Rational Method 3 analysis. It includes
the relevant project and catchment information together with the calculation inputs and results
generated during the analysis. The Results Viewer complements the summary table and graph by
providing a more detailed record that can be reviewed, copied and incorporated into supporting
calculations or engineering documentation.

Results

Rational Method 3 summary

Return period Time of concentration Point rainfall ARF Average intensity Factor Ft Runoff coefficient Peak flow
1:2yr 1.25h 30.7mm 97.7% 24.0 mm/h 0.500 219% 39.1m¥/s
1:5yr 1.25h 424 mm 96.8 % 32.8 mm/h 0.550 24.0% 59 m¥/s
1:10yr 1.25h 51.2mm 96.1% 39.3 mm/h 0.600 262 % 77 m'/s
1:220yr 1.25h 60.7 mm 954 % 46.2 mm/h 0.670 293 % 101 m¥/s
1:25yr 1.25h 64.0 mm 952 % 48.6 mm/h 0.709 31.0% 113 m¥/s
1:50 yr 1.25h 744 mm 94.4% 56.1 mm/h 0.830 363 % 152 m’/s
1:100 yr 1.25h 859 mm 93.5% 64.1 mm/h 1.000 437% 210 m¥/s
< I
Peak flood by return period

250

200

150

100 -

Peak flow (m¥/s)

50 4

1:20 1:25

Return period (years)

Results Viewer

RATIONAL METHOD 3

I

PROJECT INFORMATION

Project name: Floods estimation example

Project number: 2026-201

Client: City of Tshwane

Designer: Marco van Dijk

Stream / river: Moretele Spruit

Project folder: C:\GHI HydroSuite\Examples\Flood estimation\Flood_estimation_example_1

CATCHMENT CHARACTERISTICS

Figure 12-20: Rationél method 3 results table, graphical output and results viewer

12.7 Standard Design Flood method

The Standard Design Flood (SDF) Method provides an alternative deterministic approach for
estimating design peak discharges for a range of return periods. Within GHI HydroSuite, the method
uses the principal physical characteristics of the catchment together with the applicable SDF basin
number and design rainfall information to calculate the design flood peaks.

The method is particularly useful for comparing design flood estimates obtained using the Rational
Methods and other flood-estimation procedures available in GHI HydroSuite. Results are calculated
for the return periods selected by the user and are presented in both tabular and graphical form.
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m Rational 1 Rational 2 Rational 3 Standard Design SCS-SA Method Unit Hydrograph Empirical methods Flood frequency Report generation

Standard Design Flood inputs Standard Design Flood basins

Area of catchment km?

Length of longest watercourse 6.69| km
Height difference along 10-85 slope 109 m

SDF basin number 1 v

Calculate floods for the following return periods:

W 1:2year W 1:25 year
W 15 year P 1:50 year
W 110year [ 1:100year

P 1:20year [ 1:200year

Results
Standard Design Flood summary

Return period Time of concentration Point rainfall ‘ ARF Average intensity Runoff coefficient Peak flow

Peak flood graph

Figure 12-21: Flood Estimation — Standard Design Flood method tab
12.7.1  Standard Design Flood inputs

The Standard Design Flood tab is divided into an input panel, a Standard Design Flood basins map,
and a Results section.

The principal input parameters are summarised below in Table 12-13.

Table 12-13: Standard Design Flood input parameters

Input Description

Area of catchment | Specifies the contributing catchment area, A, in km?2.

Length of longest Specifies the length of the longest watercourse or principal flow path, L, in
watercourse km.

. . Specifies the elevation difference along the 10-85% portion of the principal
Height difference . . o
watercourse and is used in determining the catchment response
along 10-85 slope Lo
characteristics in meters.
Identifies the Standard Design Flood basin applicable to the catchment. The
SDF basin number basin number is selected from the drop-down list with reference to the SDF
basin map displayed alongside the input panel (1 —29).
Specifies the return periods for which design floods are to be calculated.

Return periods o . ]
Individual return periods can be selected or deselected as required.

The Standard Design Flood basin map displayed on the right-hand side of the tab provides a
geographical reference for selecting the appropriate SDF basin. The map can be enlarged using the
magnification control to assist with identifying the basin applicable to the project location.
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12.7.2  Design rainfall

The Standard Design Flood calculation incorporates design rainfall corresponding to the selected
return periods and the applicable storm duration. The calculated rainfall information is reported in
the Results Viewer together with the other intermediate parameters used in the analysis.

The design rainfall output includes rainfall depths for the relevant durations and return periods,
allowing the rainfall information used by the method to be reviewed as part of the calculation record.

12.7.3  Standard Design Flood results

Following calculation, the Standard Design Flood summary presents the principal calculation results
for each selected return period, Table 12-14.

Table 12-14: Standard Design Flood method results table
Result Description
Return period Recurrence interval of the design flood event, expressed in years.
Time of Calculated catchment time of concentration used to establish the applicable
concentration design storm duration (hours).
Design point rainfall (in mm) corresponding to the selected return period and
calculated time of concentration. Short-duration rainfall is determined using the

Point rainfall . . o . . .
Modified Hershfield method, with interpolation between available rainfall
durations where required.

Area Reduction Factor applied to the design point rainfall to account for the

ARF spatial reduction in average rainfall over the catchment. The factor is
determined from the catchment area and applicable storm duration and is used
to convert point rainfall to an equivalent catchment-average rainfall (%).

Average Average catchment rainfall intensity after application of the applicable rainfall

intensity depth, storm duration and area reduction (mm/h).

Factor Ft Return-period-related factor applied within the SDF calculation.

Runoff Return-period-dependent runoff coefficient used in the Standard Design Flood

coefficient calculation (%).

Peak flow Calculated design peak discharge, Q, in m3/s for the specified return period.

The summary table enables the progression from the selected return period and rainfall information
through to the resulting design peak flow to be readily reviewed.

A Peak flood graph is automatically generated below the results table. The graph presents the
calculated peak discharge against return period, providing a quick visual indication of the increase in
design flood magnitude with increasing recurrence interval.

The graphical output is useful for comparing the relative magnitude of the design events and
identifying the overall trend in the calculated flood estimates. As with the other graphical outputs in
GHI HydroSuite, the graph can subsequently be included in the project reporting outputs.
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Reeul:
Results

Standard Design Flood summary
Return period Time of concentration Point rainfall ARF Average intensity Runoff coefficient Peak flow
12 125h 25.5mm 96.0 % 19.6 mm/h 100% 147 m'/s
{I:5, 1.25h 43.1 mm 96.0 % 33.1 mm/h 20.8 % 51m’/s
1:10 125h 564 mm 96.0 % 432 mm/h 26.5% 86m’/s
1:20 1.25h 69.7 mm 96.0 % 53.4 mm/h 311 % 124m’/s
1:25 1.25h 739 mm 96.0 % 56.7 mm/h 324% 137 m/s
1:50 125h 87.2mm 96.0 % 66.9 mm/h 364 % 182 m'/s
1:100 1.25h 100.5 mm 96.0 % 77.1 mm/h 40.0 % 231 m¥/s
1:200 125h 113.8 mm 96.0 % 87.2 mm/h 432% 282m’/s
Peak flood graph
300 ‘
250 231
Z
E 4 | 182
HEREY 137
] | 124
3 10 |
a
50 |
0
1:20 1:25 1:50 1:100 1:200
Return period (years)
Results Viewer
Basin evaporation index MAE/MAP = 3.27 [«
Area reduction factor = 96.01 %

DESIGN RAINFALL (mm)

Duration 1:2 1:5 1:1e 1:20 1:25% 1:5@ 1:100 1:200
.25 h 15.e 25.3 33.2 41.0 43.5 51.3 59.1 66.9
8.5 h 19.6 33.e 43.1 53.3 56.6 66.7 76.9 87.1
1h 24.1 40.6 53.1 65.7 69.7 82.2 94.7 107.2
2 h 28.6 48.3 63.1 78.0 82.8 97.6 112.5 127.4
4 h 33.1 55.9 73.1 9e.3 95.9 113.1 13e.3 147.5
1 day 56.0 8e.e 99.0 119.0 126.5 15e.e 177.e 206.0
2 day 71.e 1e5.e 132.e 161.0 171.7 205.0 243.0 286.0

Figure 12-22: SDF method results table, graphical output and results viewer

The Results Viewer provides a more detailed text-based record of the Standard Design Flood
calculation. It includes the relevant project and catchment information, design rainfall data,
intermediate calculation parameters and calculated flood results.

This information supplements the summary table and provides a transparent record of the values used
in the analysis. The information displayed in the Results Viewer can also be copied for use in other
engineering documentation.

The Standard Design Flood results should be considered together with estimates obtained from the
other applicable flood-estimation methods. Differences between methods are expected because the
procedures represent catchment characteristics, rainfall and runoff response differently.

Where several methods are applicable, comparison of the calculated design floods provides an
important basis for engineering judgement when selecting an appropriate design discharge. Particular
attention should be given to the reliability of the catchment parameters, selection of the appropriate
SDF basin, design rainfall information and the suitability of the method for the catchment being
analysed.
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The SCS-SA Method provides an event-based rainfall-runoff procedure for estimating stormflow

volumes, peak discharges and design flood hydrographs. The method represents the catchment using

one or more Hydrological Response Units (HRUs), allowing different combinations of soil group, land

cover, treatment and stormflow potential to be represented within the same catchment.

The analysis combines the selected design rainfall with catchment response characteristics and the

Curve Number (CN) approach. HydroSuite calculates the stormflow contribution from each HRU,

combines these on an area-weighted basis and determines the resulting runoff volume and peak
discharge for each selected return period. The SCS-SA Method tab is shown in Figure 12-23.

m Rational 2 Rational 3 Standard Design SCS-SA Method Unit Hydrograph Empirical methods Flood frequency Report generation

I

Calculated time of concentration 1252 h User-defined lag

h

Catchment Return period Rainfall i
flood to determine
Catchment area, A {5 "
W 12 year DISPTRATAIN @ Estimate € Low € High € User entered
Longest watercourse, L 6.69| km
V15 year i Desion Rt
Height diff long 10-85 5! 109] + ainfall source: Design Rainfall engine
S caeseeson i ! F 1:10year Extraction method: 3. Area-weighted grid rainfall
Mezn annual precipitation, MAP 7466| mm F 1:20year Catchment file: Catchment.gpkg
- Contributing grid cells: 18
Latitude 25.80 ¥ 1:25 year Average MAP: 724.7 mm
Longitude 2830 R 1:50 year .
 1:100year Return period 12 15 1:10 120 125 1:50 1:100 1:200
F 1:200 year 1-day design rainfall (mm) 587 " 810 || 979 ” 1159 || 1223 ” 1421 || 164.1 ” 1883
Catchment response
Calculated average stream slope 002172 m/m Lag estimation method | Time of Concentration -

Initial abstraction ratio, A 0.10 a = AS (default 0.10 for South Africa) Area reduction factor method | Alexander Area Reduction Factor v
rHydrological Response Units (HRUs)
Area (%) Soil group Land cover Treatment Stormflow potential Initial CN
HRU Area (%) Area (km?) Soil Group Land Cover Treatment | StormflowPotential | mnitislcN | FinalcN e
1 3000 8550 8/C Urban/Suburban Land Uses 7= Residential: lot size 1350 m? - 30% impervious Not applicable 770 70
2 30.00 8.550 B/C Urban/Suburban Land Uses 8 = Residential: lot size 2000 m* - 25% impervious Not applicable 76.0 76.0
3 2000 5700 A Veld (range) and Pasture 2= Veld/pasture in fair condition Moderate 490 490
4 2000 5.700 8/C Veld (range) and Pasture 2= Veld/pasture in fair condition Moderate 750 750
il D
Total HRU area: 100.0%

—

Figure 12-23: Flood Estimation - SCS-SA Method tab

12.8.1 Catchment characteristics

The Catchment characteristics section defines the basic physical and rainfall characteristics required

for the SCS-SA analysis and are listed in Table 12-15. These parameters are also used in determining

the catchment response time.
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Table 12-15: SCS-SA Method catchment characteristic

Input Description

Catchment area, A Total contributing catchment area in kmZ.

Longest watercourse, L | Length of the longest principal flow path through the catchment, in km.
Difference in elevation difference between the 10% and 85% points

Height difference along | along the longest watercourse. This is used together with the

10-85 slope watercourse length to determine the representative stream slope, in
meters.

Mean annual L .

. Mean annual precipitation for the catchment, in mm.
precipitation, MAP
Latitude / Longitude Geographic coordinates representing the catchment location.

12.8.2  Return periods

The Return period flood to determine section allows one or more design return periods to be selected
for simultaneous calculation.

The available standard return periods shown are 1:2, 1:5, 1:10, 1:20, 1:25, 1:50, 1:100 and 1:200 years.
Only the selected return periods are included in the SCS-SA calculations, results tables, graphical
outputs and generated report.

Selecting several return periods is useful for developing a design-flood relationship across a range of
recurrence intervals and for comparing flood magnitudes required for different levels of infrastructure
design.

12.8.3  Rainfall information
Design rainfall may be obtained directly from the integrated Design Rainfall functionality or entered

manually. Where Design Rainfall results are available, the panel identifies the rainfall source,
extraction method, catchment file, contributing grid cells and average MAP, as shown in .

rRainfall information

Design Rainfall @ Estimate ¢ Low ¢ High  Userentered

Rainfall source: Design Rainfall engine
Extraction method: 3. Area-weighted grid rainfall
Catchment file: Catchment.gpkg

Contributing grid cells: 18

Average MAP: 724.7 mm

Return period 12 1:5 1:10 1:20 1:25 1:50 1:100 1:200

1-daydesignrainfa|l(mm)| 58.7 || 81.0 " 97.9 || 115.9 " 122.3 || 1421 " 164.1 || 188.3 |

Figure 12-24: SCS-SA Method rainfall information

A detailed description of the Design Rainfall extraction procedure is described in Section 9.5.
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When a user has navigated from the SCS-SA Method Flood Estimation screen a Return to Flood

Estimation button will be visible on the Design Rainfall tab that will navigate the user back to the
Flood Estimation screen.

For the SCS-SA Method, the rainfall table displays the 1-day design rainfall for each selected return
period. The user can select the Estimate, Low or High rainfall estimate, or select User entered to
specify rainfall values manually.

The point rainfall is subsequently converted to catchment-average rainfall by applying the selected
Area Reduction Factor (ARF) method.

12.8.4 Catchment response
The Catchment response section controls the timing and initial abstraction assumptions used in the
rainfall-runoff calculation, Table 12-16.

Table 12-16: SCS-SA Method Catchment response parameters
Input
Calculated
average stream

Description

Representative slope of the principal watercourse calculated from the

| catchment characteristics, expressed in m/m.
slope

Calculated time
of concentration

Lag estimation
method

User-defined lag
Initial abstraction

ratio, A

Area reduction
factor method

Estimated time required for runoff from the hydraulically most remote part of
the catchment to reach the catchment outlet.

Specifies how catchment lag is determined. The drop-down lists provide four
lag estimation options: Time of Concentration, SCS Lag Equation, Schmidt-
Schulze Equation or a User defined time. These differences are described in
Table 12-17 below.

Allows a catchment lag to be entered directly when a user-defined lag
approach is selected.

Defines the relationship between initial abstraction and potential maximum
retention, 1a=AS. The interface identifies 0.10 as the default value for South
Africa.

Specifies the method used to convert point design rainfall to catchment-
average rainfall. The drop-down lists provide four ARF estimation options: No
Area Reduction Factor, SANRAL Area Reduction Factor, Alexander Area
Reduction Factor or the Pietersen Area Reduction Factor. These different
types are described in Table 12-18 below.

Lag estimation method

The Lag estimation method specifies how the catchment lag used to construct the SCS-SA design
flood hydrograph is determined. HydroSuite provides four options:
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Table 12-17: Lag estimation methods

Lag estimation
method

Time of
Concentration

SCS Lag Equation

Schmidt-Schulze
Equation

User defined

Description

Determines the catchment lag from the calculated time of concentration.
This provides a convenient approach where the time of concentration has
already been established from the catchment length and slope
characteristics.

Estimates catchment lag using the SCS lag relationship, which relates lag to
catchment characteristics and the runoff-retention characteristics
represented by the Curve Number. This allows the lag to respond to both
catchment geometry and the hydrological characteristics of the catchment.
Estimates catchment lag using the Schmidt-Schulze relationship developed
for application to South African catchments. The calculated lag is based on
the applicable catchment characteristics required by the relationship.
Allows the user to specify the catchment lag directly in hours. This option is
useful where a lag value has been determined independently, calibrated
from observed events, or specified as part of a particular design study.

The selected method and resulting catchment lag are reported in the Results Viewer so that the
timing assumption used in the analysis is retained with the calculation results.

Area Reduction Factor method

Point design rainfall represents rainfall at a specific location and may overestimate the average
rainfall occurring simultaneously over a larger catchment. An Area Reduction Factor (ARF) can
therefore be applied to convert the point rainfall to an equivalent catchment-average rainfall depth.

HydroSuite provides the following ARF options, Table 12-18:

Table 12-18: Area Reduction Factor estimation options

ARF method
No Area
Reduction Factor

SANRAL Area
Reduction Factor
Alexander Area

Reduction Factor

Pietersen Area
Reduction Factor

Description

No spatial reduction is applied. The point design rainfall is used directly as
the catchment rainfall, equivalent to an ARF of 100%.

Applies the area-reduction procedure associated with the SANRAL drainage
design methodology to determine an ARF appropriate to the catchment and
design event.

Applies the Alexander area-reduction relationship to convert point design
rainfall to catchment-average rainfall. The calculated ARF is applied to the
point rainfall for each return period.

Applies the Pietersen area-reduction relationship for estimating catchment-
average design rainfall from point rainfall.

The selected ARF method is applied automatically during the analysis. The resulting ARF (%) and
catchment rainfall (mm) are displayed in the SCS-SA results table, allowing the user to see the effect
of the spatial rainfall adjustment directly.
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12.8.5 Hydrological Response Units (HRUs)

The Hydrological Response Units (HRUs) section allows a heterogeneous catchment to be represented
as a combination of areas having different hydrological characteristics, Figure 12-25. Each HRU is
assigned a percentage of the total catchment and its own soil and land-use characteristics.

Resp Units (HRUs)

Area (%) Soil group Land cover Treatment Stormflow potential Initial CN

:

HRU Area (%) Area (km) Soil Group | Land Cover Treatment Stormflow Potential Initial CN Final CN
1 30.00 8.550 B/C Urban/Suburban Land Uses 7 = Residential: lot size 1350 m* - 30% impervious Not applicable 770 770
2 30.00 8.550 B/C Urban/Suburban Land Uses 8 = Residential: lot size 2000 m* - 25% impervious Not applicable 76.0 76.0
3 20.00 5.700 A Veld (range) and Pasture 2 = Veld/pasture in fair condition Moderate 490 490
4 20.00 5.700 B/C Veld (range) and Pasture 2 = Veld/pasture in fair condition Moderate 750 750

v

q >
Total HRU area: 100.0%

Figure 12-25: Hydrological Response Units (HRUs)

Each HRU is defined by selecting a land-cover class, an associated treatment/practice, the applicable
stormflow potential, and a hydrological soil group, see Table 12-19. HydroSuite then obtains the
corresponding Initial Curve Number (CN) from the Engineering Reference Library. The available CN
values are based on the SCS-SA initial Curve Number.

Table 12-19: HRU description options
. . Stormflow
Land-cover class  Available treatments / practices .
potential
. . . . High / Low where
Fallow Straight row; Straight row + conservation tillage .
applicable
Straight row; Straight row + conservation tillage; Planted
on contour; Planted on contour + conservation tillage; .
Row Crops ) ] High / Low
Conservation structures; Conservation structures +
conservation tillage
Garden Crops Straight row Low / High
Straight row; Straight row + conservation tillage; Planted
small Grai on contour; Planted on contour + conservation tillage; High / Low as
mall Grain
Planted on contour — winter rainfall region; Conservation = applicable
structures; Conservation structures + conservation tillage

Close Seeded

Legumes or Straight row; Planted on contour; Conservation .

. High / Low
Rotational structures
Meadow

Straight row: trash burnt; trash mulch; limited cover;
Not separately

Sugarcane partial cover; complete cover; Conservation structures: .

limited cover; partial cover; complete cover specified
Veld (range) and  Veld/pasture in poor condition; fair condition; good High / Moderate
Pasture condition; Pasture planted on contour / Low
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Land-cover class

Irrigated Pasture
Meadow

Woods and Scrub

Available treatments / practices

Irrigated pasture
Meadow

Woods; Brush — winter rainfall region

. ﬁ GHI
Gal? HydroSmte

\W

Stormflow
potential

Low

Low

High / Moderate
/ Low as

applicable
Not separately

Orchards Winter rainfall region, understory of crop cover .
specified
Forests & Humus depths of 25, 50, 100 and 150 mm, each with Not separately
Plantations compact, moderate or loose/friable soil conditions specified
Open spaces, parks and cemeteries;
Commercial/business areas; Industrial districts;
Urban/Suburban . ) . i )
Residential areas of different lot sizes and Not applicable
Land Uses

imperviousness; Paved parking lots and roofs; Tarred,
gravel, dirt and dirt-hard-surface streets/roads

The full table provides a separate Initial CN for each of the following soil groups:
A-A/B-B-B/C-C-C/D-D
with increasing runoff potential generally reflected by increasing CN values.

Initial CN -
Library for the selected combination of land cover, treatment/practice, stormflow potential and

Initial Curve Number automatically obtained from the HydroSuite Engineering Reference

hydrological soil group.

Final CN - Curve Number ultimately adopted by HydroSuite for the HRU and used in the SCS-SA runoff
calculation after any applicable Curve Number adjustment. Where no adjustment is required, the Final
CN is equal to the Initial CN.

The HRU table summarises the resulting configuration, including the corresponding physical area in
km?2. The total HRU area should represent 100% of the catchment. A stepped procedure is followed to
Add, Update or Delete an HRU (Figure 12-26).

The Add HRU, Update and Delete controls are used to construct and edit the HRU representation,
while Auto-normalise can be used to adjust the HRU percentages so that their total equals 100%.

This approach allows, for example, urban/suburban portions of a catchment to be represented
separately from veld, pasture or other rural land uses rather than applying a single Curve Number to
the entire catchment.
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Specify the percentage
of the catchment

o Select soil group o Select land use

Choose the applicable
hydrological soil group.
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View Initial CN
and add HRU

The Initial CN is displayed
automatically. Click

Select stormflow
potential

o Select treatment

Choose the treatment/
practice for the selected

Choose the land cover

class for this HRU. Choose the stormflow

represented by this HRU. land use. potential (where applicable) “Add HRU” to add the HRU
to the list
Area (%) Soil group Land cover Treatment Stormflow potential Initial CN
20 B/C v i Veld (range) and Pasture W 1= Veld/pasture in poor condition W High v 83
Hydrological Response Units (HRUs)
HRU Area (%) Area (km?) Soil Group Land Cover Treatment Stormflow Potential Initial CN Final CN
1 20.00 5.380 B/C Veld (range) and Pasture 1 = Veld/pasture in poor condition High 83.0 83.0
2 30.00 8.070 B/C Urban/Suburban Land Uses 7 = Residential: lot size 1350 m? - 30% impervious Not applicable 770 77.0
3 30.00 8.070 B/C Urban/Suburban Land Uses 8 = Residential: lot size 2000 m? - 25% impervious Not applicable 76.0 76.0
4 20.00 5.380 A Veld (range) and Pasture 2 = Veld/pasture in fair condition Moderate 49.0 49.0

o Update an existing HRU
@ Selectan HRU in the list (click on the row).

@ Change the settings above (area, soil group, land cover,
treatment or stormflow potential).

t o Delete an HRU

@ Select an HRU in the list (click on the row).

@ Click “Delete” to remove the HRU from the list.

o Click “Update” to save the changes.

Figure 12-26: Add, Update or Delete an HRU

12.8.6

SCS-SA results

After the analysis is calculated, the SCS-SA Results table provides the principal rainfall, stormflow and

flood characteristics for every selected return period, see Figure 12-27.

Table 12-20: SCS-SA results table

Result
Return period

Point rainfall

ARF

Catchment
rainfall
Weighted
stormflow

Runoff volume
Lag

Peak discharge

Description

Recurrence interval of the design rainfall and associated design flood.

1-day design rainfall depth corresponding to the selected return period before
application of the area reduction factor, in mm.

Area Reduction Factor used to convert point rainfall to an equivalent
catchment-average rainfall depth (%).

Design rainfall depth averaged over the catchment after application of the ARF,
in mm.

Area-weighted stormflow depth calculated by combining the runoff response
of the individual HRUs.

Total stormflow volume generated over the catchment for the selected return
period, expressed in m3.

Catchment lag used in developing the design flood hydrograph, in hours.
Maximum discharge of the calculated design flood hydrograph, expressed in
m3/s.
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Graph

Combined peak discharge and stormflow depth | v

.
HydroSuite
rrep——————
Results
SCS-SA Results
Return period Point rainfall ARF Catchment rainfall igf Runoff volume | Lag | Peak discharge

1:2 58.7mm 96.0 % 56.3 mm 152 mm 409,640 m* 075h 62.1m%/s

1:5 81.0 mm 96.0 % 77.8 mm 27.7mm 746,449 m* 075h 131 m¥/s

1:10 979 mm 9%.0% 9.0 mm 385mm 1,035,853 m? 075h 157.0m¥s

1:20 1159 mm 96.0 % 1113 mm 50.8 mm 1,366,366 m* 075h 207.1 m¥/s

1:25 1223 mm 96.0 % 1174 mm 55.3 mm 1,488,481 m* 0.75h 225.6m’/s

1:50 1421 mm 96.0 % 1364 mm 69.9 mm 1,880,768 m* 0.75h 285.0m’/s

1:100 164.1 mm 96.0 % 157.6 mm 86.8 mm 2,334,807 m* 075h 353.8m'/s

1:200 188.3 mm 96.0 % 180.8 mm 106.0 mm 2,852,319 m* 0.75h 4322mY/s

SCS-SA Flood Results by Return Period

w
[=3
o

200 A

Peak discharge (m3/s)

100 A

B Peak discharge
400 1 —@— Stormflow depth

Area-weighted stormflow depth (mm)

20 25
Return period (years)

Figure 12-27: SCS-SA results table and graph

The results therefore provide both the design peak discharge required for conventional flood

estimation and the associated stormflow depth, runoff volume and hydrograph, allowing the temporal

and volumetric characteristics of the design event to be assessed.

The Graph drop-down list, shown in Figure 12-28, provides several alternative presentations of the

calculated SCS-SA results as listed in Table 12-21. The selected graph is displayed directly below the

results table.

Table 12-21: SCS-SA graphical outputs
Graphical output

Peak discharge

Stormflow depth

Runoff volume
Combined peak
discharge and
stormflow depth

Flood hydrograp

hs

Description

Displays calculated peak discharge against return period, allowing the
increase in design flood magnitude with recurrence interval to be assessed.
Displays the area-weighted stormflow depth calculated for each return
period.

Displays the total calculated runoff volume for each selected return period.
Presents peak discharge and area-weighted stormflow depth together,
using separate axes, to compare the magnitude of the flood peak with the
corresponding stormflow depth.

Displays the complete calculated design flood hydrographs for the selected
return periods, showing discharge as a function of time and allowing the
peak magnitude, timing and recession of the events to be compared.
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Stormflow depth
Runoff volume SCS-SA Flood Hydrographs
Combined peak discharge and stormflow depth
Flood hydrographs
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1:20 year = 1:200 year
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Figure 12-28: Selection of different graph options

The Results Viewer, as shown in Figure 12-29, provides a detailed text summary of the SCS-SA
calculation. It records the catchment characteristics and response parameters, including calculated
stream slope, time of concentration, lag estimation method, catchment lag, initial abstraction ratio
and selected ARF method.

The viewer also records the parameters assigned to each HRU, including its area, soil group, land cover,
treatment, stormflow potential, Curve Number and associated retention/initial-abstraction

information. The rainfall and calculated runoff results are subsequently reported for the selected
return periods.

This detailed output provides a record of the assumptions and intermediate parameters used in the
SCS-SA calculation and complements the summary results table and graphical outputs.

Results Viewer
a
CATCHMENT CHARACTERISTICS
Catchment area = 26.9 km? |
Length of longest watercourse = 6.69 km

Height difference along 18-85 slope = 189 m
Mean annual precipitation (MAP) = 746.6 mm

CATCHMENT AND RESPONSE

Average stream slope: ©.021724 m/m

Time of concentration: 1.252 h

Lag estimation method: Time of Concentration

Catchment lag: ©.751 h

Initial abstraction: Ia = ©.10S

Area Reduction Factor method: Alexander Area Reduction Factor

HRU PARAMETERS

HRU 1: Area 30.00% | Soil B/C | Urban/Suburban Land Uses | 7 = Residential: lot size 1350 m? - 30% impervious | Not applicable | CN 77.@ | S 75.9 mm | Ia 7.6 w

Figure 12-29: SCS-SA Results viewer
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12.9  Unit Hydrograph method

The Unit Hydrograph tab, Figure 12-30, provides a method for estimating design flood hydrographs

and peak discharges from catchment characteristics and design rainfall. Unlike methods that provide
only an estimate of the peak flood discharge, the Unit Hydrograph Method represents the variation in

discharge with time, allowing both the magnitude and temporal distribution of a design flood event

to be assessed.

GHI HydroSuite applies the selected veld-type zone unit hydrograph together with catchment

characteristics and design rainfall information to derive the design flood hydrograph for the selected

return periods. The dimensionless one-hour unit hydrograph associated with the selected veld-type

zone is displayed graphically to assist the user in reviewing the adopted hydrograph shape.

Rational 1 Rational 2 Rational 3 Standard Design SCS-SA Method LoRyACoaan Empirical methods Flood frequency Report generation
7 N L .

Rainfall i =
Catchment area, A 26.9 km®
- DIEPI AT & Estimate ¢ Low ¢ High  User entered
Longest watercourse, L 6.69 km
Height difference along 10-85 slope 109 i Bxtraction method: 3. Area-weighted grid rainfall
Catchment file: Catchment.gpkg
Distance to catchment centroid, Lc 3.35 km Contributing grid cells: 18
Average MAP: 724.7 mm
Mean annual precipitation, MAP 746.6 mm
Reinfallregion nland = Duration 12 15 1:10 120 125¢ 1:50 1:100 1:200
S min 9.5 132 159 188 199 231 267 30.6
Veld-type zone 8 v
10 min 139 192 232 275 29.0 337 389 447
Bushveld 15 min 174 240 29,0 343 362 421 436 55.8
30 min 22 306 37.0 438 462 53.7 62.0 7.2
Dimensionless one-hour unit hydrograph — Veld Zone 8 45 min 256 353 227 505 533 61.9 715 52.1
1.00 A 1 hour 283 39.1 472 55.9 59.0 63.5 79.2 90.8
0.75 4 1.5 hour 326 451 545 645 63.0 79.1 913 104.8
[-% 2 hour 361 499 60.3 714 753 87.5 101.0 1159
< 0.50 = =
S 4 hour 433 59.7 722 85.5 90.2 104.8 121.0 138.9
0.25 4 6 hour 481 66.4 80.3 95.0 100.3 1165 1345 154.4
8 hour 518 71.6 86.5 102.4 108.1 1256 145.0 166.4
0.00 T 10 hour 55.0 759 91.7 108.6 1145 1331 153.7 176.4
o 1 2 3 4 12 hour 57.6 796 96.2 1139 1201 1396 161.2 185.0
T/TL
16 hour 62.1 85.8 103.7 122.7 129.5 150.5 173.8 199.4
20 hour 65.8 90.9 109.9 130.1 137.3 159.5 184.2 2114
24 hour 69.1 95.3 1153 1364 143.9 167.3 193.2 217
1day 58.7 81.0 97.9 1159 1223 1421 164.1 188.3
Return period flood to 2 day 723 9.9 120.7 142.9 150.8 175.2 2023 2322
P12 Fis % 110 H 120 3 day 81.8 1129 1365 161.5 170.4 198.1 2287 262.5
P15 o150 " 1:100 7 1200 4day 89.3 123.3 149.1 176.4 186.2 2163 249.8 286.7
I PME e Maximum Flood — future extension 5 day 95.6 132.0 159.6 188.9 199.3 2317 261.5 307.0
6 day 101.1 139.6 168.8 199.8 2108 245.0 282.9 3247
7 day 106.0 146.4 177.0 209.5 221.0 256.9 296.7 3404
v

Figure 12-30: Flood Estimation - Unit Hydrograph method tab

12.9.1 Catchment characteristics

The catchment characteristics required for the Unit Hydrograph Method are entered on the left-hand

side of the tab. Some values may be carried across from information already defined elsewhere in the

Flood Estimation project. The input required for this section is listed in Table 12-22 below.

Table 12-22: Unit hydrograph method catchment characteristics

Input
Catchment area, A

Longest watercourse, L

Description

Total contributing catchment area, expressed in km?2.

Length of the longest principal watercourse or flow path through the
catchment, expressed in km.
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Height difference along
10-85 slope

Distance to catchment

centroid, Lc

Mean annual
precipitation, MAP
Rainfall region

Veld-type zone
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Description

Difference in elevation between the 10% and 85% points along the
longest watercourse, used to characterise the longitudinal catchment
slope in meters.

Distance measured along the principal watercourse from the
catchment outlet to the point nearest the centroid of the catchment,
expressed in km.

Mean annual precipitation for the catchment, expressed in mm.

Specifies the applicable regional rainfall classification, such as Inland.
Specifies the applicable veld-type zone, shown in Figure 12-32 and
descriptions listed in Table 12-23, used to select the regional
dimensionless one-hour unit hydrograph.

The Veld-type zone defines the characteristic shape of the unit hydrograph used in the analysis. Once

a zone has been selected, GHI HydroSuite displays the corresponding dimensionless one-hour unit

hydrograph, Figure 12-31.

The graph expresses discharge as the dimensionless ratio Q/Qp and time as T/TL, thereby describing

the relative shape and timing of the hydrograph independently of the final flood magnitude. This

provides the user with a visual indication of the hydrograph that will be used in the subsequent design

flood calculations.

The Search/selection button adjacent to the veld-type zone field can be used to assist with

identification or selection of the applicable zone, Figure 12-32.

Dimensionless one-hour unit hydrograph — Veld Zone 8

1.00 A
0.75 -

Q.

< 0.50 A

(o4

0.25

0.00 A

1 2 3 4

T/TL

Figure 12-31: Dimensionless one-hour unit hydrograph for veld zone
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Figure 12-32: Veld-type zones (SANRAL, 2013)

Table 12-23: Generalised veld types

Regional number

12.9.2

Generalised veld type

1 Coastal tropical forest

2 Schlerophyllous bush

3 Mountain sourveld

4 Grasslands of interior plateau

5 Highland sourveld and Dohne sourveld

5a As for Zone 5 — but soils weakly developed
6 Karoo

7 False Karoo

8 Bushveld

9 Tall sourveld

Return periods

Factor K,
0.261
0.306
0.277
0.386
0.351
0.488
0.265
0.315
0.367
0.321

The Return period flood to determine section allows the user to select the design floods to be

calculated. One or more of the following return periods may be selected:

1:2, 1:5, 1:10, 1:20, 1:25, 1:50, 1:100 and 1:200 years.

The interface also provides for a Probable Maximum Flood (PMF) option. This functionality is identified

as a future extension and is not currently included in the calculation.
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12.9.3 Rainfall information

Design rainfall information is obtained through the integrated Design Rainfall functionality. The
rainfall table provides rainfall depths for durations ranging from 5 minutes to 7 days and for the
available return periods. The rainfall information panel identifies the source and extraction method
used. Where a catchment boundary has been defined, rainfall may, for example, be obtained using
the area-weighted grid rainfall extraction method, with the contributing grid cells and average MAP
reported for traceability.

The user can select Design Rainfall button, as shown in Figure 12-30, to obtain or update the rainfall
information. The rainfall dataset displayed in the Unit Hydrograph Method reflects the most recently
completed Design Rainfall analysis and includes information on the extraction method, location or
catchment used, rainfall station where applicable, and grid characteristics associated with the analysis.

A detailed description of the Design Rainfall extraction procedure is described in Section 9.5. When a
user has navigated from the Unit Hydrograph Method Flood Estimation screen a Return to Flood
Estimation button will be visible on the Design Rainfall tab that will navigate the user back to the
Flood Estimation screen.

rRainfall information

Design Rainfall @ Estimate ¢ Low € High ¢ Userentered

Extraction method: 3. Area-weighted grid rainfall

Catchment file: Catchment.gpkg

Contributing grid cells: 18

Average MAP: 724.7 mm

Duration 1:2 1:5 1:10 1:20 1:25* 1:50 1:100 1:200

5 min 9.5 13.2 15.9 18.8 19.9 231 26.7 30.6
10 min 13.9 19.2 23.2 27.5 29.0 337 389 447
15 min 17.4 24.0 29.0 343 36.2 421 48.6 55.8
30 min 22.2 30.6 37.0 438 46.2 53.7 62.0 7.2
45 min 25.6 35.3 427 50.5 53.3 61.9 7.5 821
1 hour 28.3 39.1 47.2 55.9 59.0 68.5 79.2 90.8
1.5 hour 32.6 451 54.5 64.5 68.0 79.1 91.3 104.8
2 hour 36.1 49.9 60.3 714 75.3 87.5 101.0 115.9
4 hour 433 59.7 72.2 85.5 90.2 104.8 121.0 138.9
6 hour 48.1 66.4 80.3 95.0 100.3 116.5 1345 154.4
8 hour 51.8 71.6 86.5 102.4 108.1 125.6 145.0 166.4
10 hour 55.0 75.9 91.7 108.6 1145 1331 153.7 176.4
12 hour 57.6 79.6 96.2 1139 120.1 139.6 161.2 185.0
16 hour 62.1 85.8 103.7 122.7 129.5 150.5 173.8 1994
20 hour 65.8 90.9 109.9 130.1 137.3 159.5 184.2 2114
24 hour 69.1 95.3 1153 136.4 143.9 167.3 193.2 221.7
1 day 58.7 81.0 97.9 115.9 1223 1421 164.1 188.3
2 day 72.3 99.9 120.7 142.9 150.8 175.2 202.3 232.2
3 day 81.8 1129 136.5 161.5 1704 198.1 228.7 262.5
4 day 89.3 1233 149.1 176.4 186.2 216.3 249.8 286.7
5 day 95.6 132.0 159.6 188.9 199.3 231.7 267.5 307.0
6 day 101.1 139.6 168.8 199.8 210.8 245.0 282.9 3247
7 day 106.0 146.4 177.0 209.5 221.0 256.9 296.7 3404

Figure 12-33: Rainfall information Unit Hydrograph method
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Depending on the selected Design Rainfall method, rainfall may be determined for a single point or

spatially across a catchment. The available approaches include Point Rainfall, Catchment Average Grid
Rainfall, Area-Weighted Grid Rainfall and Thiessen Polygon Rainfall. Where a catchment-based
method is used, the selected catchment boundary is used in determining the representative design
rainfall.

The rainfall table displays design rainfall depths in millimetres for storm durations ranging from short-
duration events in minutes and hours to multi-day events. Values are provided for the available return
periods, allowing the appropriate rainfall depth to be selected for each design flood calculation.

Rainfall value

Where uncertainty limits are available in the Design Rainfall dataset, the user can select which rainfall
estimate is to be applied, see Table 12-24:

Table 12-24: Rainfall value options
Option Description
Uses the central or best-estimate design rainfall values. This is the normal selection

Estimate . .
for design calculations.
Low Uses the lower rainfall estimate associated with the selected Design Rainfall analysis.
High Uses the upper rainfall estimate associated with the selected Design Rainfall
analysis.
User Allows the user to specify or modify the rainfall values manually for the Rational
entered Method 3 calculation. Simply enter the values in each of the input boxes.

The Low and High options provide a convenient means of investigating the sensitivity of calculated
peak flows to uncertainty in the design rainfall estimates.

Design rainfall information

A summary above the rainfall table identifies the source of the currently loaded rainfall information,
as shown in Figure 12-40. Depending on the method used, this may include the extraction method,
location method, catchment file, rainfall station and grid block size. This information provides
traceability between the rainfall dataset used in the Unit Hydrograph method calculation and the
Design Rainfall analysis from which it was obtained.

Design Rainfall @ Estimate ¢ Low ¢ High ¢ Userentered

Extraction method: 3. Area-weighted grid rainfall
Catchment file: Catchment.gpkg

Contributing grid cells: 18

Average MAP: 724.7 mm

Figure 12-34: Summary of rainfall information
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Storm durations and return periods

The rainfall table, Figure 12-33, presents the available design rainfall depths according to storm
duration and return period. Individual storm durations can be selected or deselected using the check
boxes alongside the table.

The available rainfall durations extend from 5 minutes to 7 days, while the table provides rainfall
depths for return periods from 1:2 years to 1:200 years, including the interpolated 1:25-year rainfall
values.

Note: The Design Rainfall functionality and the different methods available for obtaining point and
catchment rainfall are described in detail in Section 9.5 - Design Rainfall. This section therefore
focuses on the use of these rainfall results within Rational Method 3 rather than repeating the rainfall
extraction procedures.

12.9.4  Unit Hydrograph Results

Once the Unit Hydrograph analysis has been completed (clicking on the Calculate button above the
tabs), the Results section summarises the calculated design flood characteristics for each selected
return period. The results combine the selected design rainfall, area reduction, runoff characteristics
and duration-adjusted unit hydrograph to determine the resulting design peak discharge.

The summary table allows the user to compare how the critical storm duration, effective rainfall and
resulting peak discharge vary with return period, descriptions provided in Table 12-25.

Table 12-25: Unit hydrograph method results table
Result Description
Return period Design flood return period for which the results have been calculated.

. . . Storm duration producing the controlling or maximum design peak
Critical duration (min) . .
discharge for the selected return period.

. . Design point rainfall depth corresponding to the critical storm duration
Point rainfall (mm) . . . .
and return period, obtained from the selected Design Rainfall dataset.

o . Average rainfall intensity calculated from the point rainfall depth and
Point intensity (mm/h) . )
corresponding storm duration.

ARF (%) Area Reduction Factor applied to convert point rainfall to an equivalent
° rainfall representative of the catchment area.

Proportion of the catchment rainfall contributing to effective rainfall
Runoff factor (%) i . .
and direct runoff for the applicable return period.

. . Rainfall depth contributing to direct runoff after application of the
Effective rainfall (mm) i .
relevant rainfall and runoff adjustments.

Peak discharge of the duration-adjusted unit hydrograph per millimetre
UH peak (m3/s/mm) ) )
of effective rainfall.

. Calculated maximum design flood discharge obtained from the
Peak discharge (m3/s) . ) . .
effective rainfall and applicable unit hydrograph.
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Results

Unit Hydrograph Results

Figure 12-35: Unit hydrograph method results table and graph

Return period | Critical duration (min) | Point rainfall (mm) | Point intensity (mm/h) | ARF (%) | Runoff factor (%) | Effective rainfall (mm) | UH peak (m*/s/mm) | Peak discharge (m*/s)
12 15 174 69.5 934 73 12 28.23 334
15 15 240 95.9 %029 89 19 2823 550
1:10 15 290 116.0 9.0 100 26 2823 726
1:20 15 343 1373 87,0 109 33 2823 2.1
1:25 15 362 1448 8.3 12 35 2823 9.1
1:50 15 421 168.3 841 121 43 2823 1211
1:100 20 542 162.5 8456 142 65 252 1464
1:200 20 622 1865 823 152 78 252 1746
Graph
€ S-Curve € UnitHydrograph @ Flood Hydrograph Duration: minutes € Peak Discharge and Effective Rainfall Return period: | 50 v
Flood hydrograph - 15 min - 1:50
120 4
100 4
5‘.‘,; 80
£T 60
2
[2) 40 4
20 A
0
T T T T T T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Time (hours)

The Graph section provides several graphical representations of the Unit Hydrograph calculations. The
required graph is selected using the radio buttons above the graph. Where applicable, the Duration
and Return period controls allow the user to investigate the results for different combinations of storm

duration and return period.

The available graphical outputs include, Table 12-26:

Table 12-26: Unit hydrograph method graphical outputs

Graphical output

Compiled S-curve

Floods estimation example

GHI HydroSuite V 1.1

www.greenhippo.co.za

Original S-curve

S-curve discharge
(m3/s/mm)

—— Smooth S-curve use

o

9 12 15 18 21
Time (hours)

24

Description

S-Curve

Displays the compiled S-curve

derived from the unit hydrograph.

Both the original compiled S-curve

and the smoothed S-curve

adopted by the calculation are

shown, allowing the user to review

the transformation used in

developing duration-adjusted unit

hydrographs.
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Graphical output
Duration-adjusted Unit hydrograph - 15 min

Floods estimation example

GHI HydroSuite V 1.1
www.greenhippo.co.za

25

20

Discharge
(m?¥/s/mm)
I3

5

o

0

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
Time (hours)

Flood hydrograph - 15 min - 1:50

Floods estimation example

120

100

(m3/s)

Discharge
o
3

40

I

0

0.0 25 5.0 75 10.0 125 15.0 175
Time (hours)

Peak discharge and effective rainfall - 1:50

Floods estimation example

GHI HydroSuite V 1.1
wwwgreenhippo.coza

0

Effective rainfall

Peak discharge
(md/s)

—~- Critical duration: 15 min

80
60
40
20
25 50 75 100 125 150 175

Storm duration (minutes)

200 225

“ \ GHI
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Description

Unit Hydrograph

Displays the duration-adjusted unit
hydrograph for the selected storm
duration. The graph shows
discharge per unit depth of
effective rainfall against time and
illustrates how the adopted unit
hydrograph is transformed for the
selected duration.

Flood Hydrograph

Displays the calculated design
flood hydrograph for the selected
storm duration and return period.
The graph shows the variation in
discharge with time and allows the
peak discharge, timing and overall
hydrograph shape to be assessed.

Peak Discharge and Effective
Rainfall

Provides a comparative graphical
representation of the calculated
peak discharge and corresponding
effective rainfall for the design
return periods.

A particular advantage of the graphical viewer is that the user is not restricted to viewing only the
critical-duration result reported in the summary table. The Duration drop-down list can be used to
select different storm durations, while the Return period drop-down list allows the corresponding

design return period to be selected.

The graphs are updated for the selected combination. This enables the user to investigate how the
unit hydrograph and resulting flood hydrograph change with storm duration and return period, and

to examine the calculations leading to the critical design flood.
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For example, selecting Flood Hydrograph, a duration of 15 minutes, and a return perlod of 1:50 years
displays the complete 15-minute, 1:50-year design flood hydrograph. Similarly, selecting Unit
Hydrograph allows the duration-adjusted unit hydrograph for that storm duration to be inspected
independently of the design rainfall magnitude.

12.9.5 Interpretation of the results

The critical duration should be noted when interpreting the Unit Hydrograph results. Hydrographs are
evaluated for the applicable storm durations, and the duration producing the controlling peak
discharge is reported for each return period. Consequently, the critical duration does not necessarily
remain constant between return periods.

The graphical outputs provide additional information beyond the peak-discharge value alone. They
allow the user to assess the shape of the flood hydrograph, time to peak, recession of the hydrograph
and sensitivity of the calculated flood to storm duration. This can be particularly useful where the
complete flood hydrograph, rather than only the peak discharge, is required for subsequent hydraulic
or flood-routing analyses.

12.10 Empirical methods

The Empirical methods tab provides additional approaches for estimating design flood magnitudes
from regional empirical relationships. These methods are particularly useful for providing an
independent comparison with the deterministic and statistical flood-estimation methods available
elsewhere in GHI HydroSuite.

The tab, shown in Figure 12-36, currently provides the Midgley-Pitman empirical method and the
Regional Maximum Flood (RMF) method. Both methods use catchment characteristics together with
regional parameters derived from the applicable empirical methodology.

12.10.1 Catchment characteristics

The upper section of the tab contains the catchment parameters required by the empirical methods,
listed in Table 12-27. Where the same information has already been entered for other flood estimation
methods, it is linked automatically and does not need to be entered again. The user is required to
provide the additional outlet-to-centroid distance where applicable and mean catchment slope.
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Rational 2 Standard Design 5CS-SA Method Unit Hydrograph Empirical methods Flood frequency Report generation

Catchment characteristics

Area, watercourse length, 10-85 height difference and MAP are linked to Rational Method 1. Enter the outlet-to-centroid distance.

Catchment area, A 26.9| km® Longest watercourse, L 6.69| km

Height difference along 10-85 slope 109| m Distance outlet to centroid, Lc 3.35| km

Mean annual precipitation, P 746.6| mm Mean catchment surface slope, SA 0.02| m/m
Midgley-Pitman empirical method Generalized veld type zones

Generalized veld type zone

Zone 8 — Bushveld N
Return period 1:10 1:20 1:50 1:100
K: constant 042 0.57 0.79 1.00!

Regional Maximum Flood

Selection method Kovacs region v T ]
Country / ratio dataset | South Africa, Lesotho and Eswatini N

Kovics region K6} v

K-factor 52

Figure 12-36: Flood Estimation - Empirical methods

Table 12-27: Empirical methods catchment characteristics
Input Description
Catchment area, A Total contributing catchment area, expressed in km?2.
Length of the longest principal watercourse through the
Longest watercourse, L .
catchment, expressed in km.
Height difference along 10-85  Elevation difference between the 10% and 85% points along the
slope, AHj0.85 longest watercourse, expressed in metres.
Distance along the principal watercourse from the catchment
Distance outlet to centroid, Lc = outlet to the point nearest the catchment centroid, expressed in
km.
L Mean annual precipitation applicable to the catchment,
Mean annual precipitation, P .
expressed in mm.
Mean catchment surface

Mean surface slope of the catchment, expressed in m/m.
slope, SA

12.10.2 Midgley-Pitman empirical method

The Midgley-Pitman (MIPI) empirical method provides estimates of design flood magnitude using
catchment characteristics and regional coefficients associated with the applicable generalized veld-
type zone (Table 12-28).

The user selects the generalized veld-type zone applicable to the catchment from the drop-down list.
GHI HydroSuite then displays the corresponding K: constants for the supported return periods.

GHI HydroSuite — User manual 148

I



iy &

2>\ GHI

.
\&all?/ HydroSuite
S T pr——"

For example, the screen shown above has Zone 8 - Bushveld selected, with separate K; constants
provided for the 1:10, 1:20, 1:50 and 1:100-year return periods.

Table 12-28: Generalised veld types

Regional number Generalised veld type
Coastal tropical forest
Schlerophyllous bush
Mountain sourveld
Grasslands of interior plateau

u bW N

Highland sourveld and Dohne sourveld

5a As for Zone 5 — but soils weakly developed
Karoo

False Karoo

Bushveld

Tall sourveld

O 00 N O

A reference map of the Generalized veld-type zones is provided alongside the input controls to assist
the user in identifying the appropriate zone. The magnifying-glass button, Figure 12-36, can be used
to open or enlarge the reference map where closer inspection is required.

The selected zone should be representative of the catchment being analysed. The regional
classification is important because the empirical constants used in the calculation vary between veld-
type zones.

Table 12-29: MIPI information
Input Description
Generalized veld- = Specifies the regional veld-type zone applicable to the catchment and used by
type zone the Midgley-Pitman empirical method.
Regional empirical coefficient corresponding to the selected generalized veld-
K: constant type zone and return period. The applicable values are populated
automatically by GHI HydroSuite.

12.10.3 Regional Maximum Flood

The Regional Maximum Flood section provides an estimate of the potential maximum flood magnitude
using a regional empirical relationship. It is intended primarily as an indication of the magnitude of
extreme floods that may reasonably be associated with a catchment rather than as a replacement for

return-period design flood methods.

GHI HydroSuite provides controls for selecting the applicable regional methodology and dataset.
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Table 12-30: RMF information

Input Description
Specifies the method used to determine the regional parameter. The
displayed implementation allows selection according to the Kovacs region.
There is also a User defined option from the drop-down list which would
require the user to enter the K-factor.

Selection method

Specifies the geographical dataset applicable to the analysis. For South

Country / ratio African applications, the available dataset includes South Africa, Lesotho and

dataset Eswatini. The two other country options available from the drop-down list is
Namibia and Zimbabwe.

Kovacs region Specifies the Regional Maximum Flood region applicable to the catchment.

K-factor Regional coefficient associated with the selected Kovacs region (K1 to K8) and

used in the Regional Maximum Flood calculation.

A reference map showing the Kovdcs Regional Maximum Flood regions is displayed alongside the input
fields. This map assists the user in determining the region within which the catchment is located. Once
the appropriate region has been selected, the corresponding K-factor is populated for use in the
calculation.

The Magnifying-glass button, Figure 12-36, can be used to inspect the regional map in greater detail,
Figure 12-37.

10°E}

10°8

Figure 12-37: Regional maximum flood Kovacs regions (SANRAL, 2013)

Because these methods are based on regional empirical relationships, the selection of the appropriate
regional classification is an important part of the analysis. The maps provided in GHI HydroSuite should
therefore be used together with the catchment location and the engineering judgement of the user
when selecting the applicable zone or region.
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12.10.4 Empirical Methods Results

Following calculation, the Results section presents the design flood estimates obtained from the
different empirical approaches. The results are grouped according to the Midgley-Pitman method,
CAPA method, Regional Maximum Flood (RMF) and RMF ratio method, allowing the different
estimates to be reviewed together.

The Results Viewer and the summary tables below, Figure 12-38, provide a more detailed record of
the input catchment characteristics, calculated catchment parameters, selected regional parameters
and calculated flood estimates.

Results
Midgley-Pitman results CAPA results
Return period K. Peak flow Return period Kp Peak flow
1:10 0.42 60.3 m*/s 1:2 1.000 94 m¥/s
1:20 0.57 81.8m'/s 1:5 1.976 18.6 m’/s
1:50 0.79 1134 m'/s 1:10 2.859 269 m/s
1:100 1.00 1435 m'/s 1:20 3.953 37.1m¥/s
1:50 5.737 53.9 m/s
1:100 7.118 66.9 m*/s
1:200 8.428 79.2m’/s
Regional Maximum Flood result RMEF ratio results
Kovics region K5 Return period QT/QRMF ratio Peak flow
K-factor 5.0 1:50 0.421 2183 m/s
Regional Maximum Flood 519 m¥/s 1:100 0.525 272.5m’/s
1:200 0.640 331.9m’/s
Results Viewer
CATCHMENT CHARACTERISTICS
Catchment area =269 ke 7
Ler.\gth of longest watercourse = 6.69 km
Height difference along 10-85 slope = 189 m
Mean annual precipitation (MAP) = 746.6 mm
Rainfall region = Inland
Distance outlet to centroid, Lc = 3.350 km
Mean catchment surface slope, SA = ©.020000 m/m
CALCULATED CATCHMENT PARAMETERS
average stream slope, S -e.e21724 wm T
Midgley-Pitman parameter, C = 0.17691
MIDGLEY-PITMAN EMPIRICAL METHOD
QU —V—

Figure 12-38: Empirical methods results table

Midgley-Pitman results

The Midgley-Pitman results provide peak flood estimates for the supported return periods using the
applicable empirical coefficient for the selected generalized veld-type zone, Table 12-31.
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Table 12-31: MIPI results table
Result Description
Return . . . .
. Return period associated with the calculated design flood.
period
K Empirical return-period coefficient associated with the selected generalized veld-
' type zone.
Peak flow Calculated Midgley—Pitman design peak discharge, expressed in m3/s.

The method provides results for the 1:10, 1:20, 1:50 and 1:100-year return periods.

CAPA results

The CAPA results, Table 12-32, provide an additional set of empirical design flood estimates for a
broader range of return periods.

Table 12-32: CAPA results table

Result Description
Return period Return period associated with the calculated design flood.
Kp Return-period coefficient used by the CAPA empirical relationship.

Calculated design peak discharge corresponding to the applicable Kp value,
Peak flow .
expressed in m3/s.

Results are provided for the 1:2, 1:5, 1:10, 1:20, 1:50, 1:100 and 1:200-year return periods.

Regional Maximum Flood result

The Regional Maximum Flood result provides an estimate of the Regional Maximum Flood based on
the selected Kovacs region and its associated regional K-factor, Table 12-33.
Table 12-33: RMF results table

Result Description
Kovacs region Regional Maximum Flood region applied to the catchment.
K-factor Regional coefficient corresponding to the selected Kovacs region.

Regional Maximum Flood = Calculated Regional Maximum Flood, expressed in m3/s.

The RMF represents an estimate of an extreme regional flood magnitude and is therefore presented
separately from the return-period flood estimates.

RMEF ratio results

The RMF ratio results derive selected return-period flood estimates relative to the calculated Regional
Maximum Flood, Table 12-34.

GHI HydroSuite — User manual 152



A8\ Ghi
@.ll" HydroSuite

Table 12-34: Qr/Qgrwmr ration results table
Result Description
Return period = Return period for which the peak flood is estimated.
QT/QRMF Ratio of the return-period flood, Qr, to the calculated Regional Maximum Flood,
ratio QrmeE-
Peak flow Resulting return-period peak discharge, expressed in m3/s.

The software reports RMF-ratio estimates for the 1:50, 1:100 and 1:200-year return periods.

If a different ration wants to be used the Qr/Qgvr ratio can be changed by the user and the floods
recalculated, i.e., then it does not use the published ratios.

RMF ratio results

Return period QT/QRMF ratio Peak flow
1:50 0.400 207.5 m’/s
1:100 0.500 259.3 m*/s
1:200 0.600 311.2m/s

Figure 12-39: User entered Q:/Qgrwr ratios

Results Viewer

The Results Viewer provides the detailed calculation output supporting the summary tables. It includes
the principal catchment characteristics, calculated parameters such as average stream slope and the

Midgley-Pitman parameter, and the parameters and results associated with each empirical method.

The Results Viewer is useful for checking the assumptions and intermediate values used in the analysis
and provides a more complete calculation record than the summary tables alone.

Interpretation and comparison

The empirical methods provide several independent estimates of flood magnitude based on different
regional relationships. The results should therefore be considered alongside the other flood-
estimation methods available in GHI HydroSuite, rather than interpreted as interchangeable
estimates. Differences between the methods can provide useful information on the range of plausible
design flood magnitudes and should be considered together with the applicability of each method to
the catchment being analysed.
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12.11 Flood frequency analysis

The Flood frequency tab, see Figure 12-40, provides statistical frequency analysis of observed
historical flood peaks. The frequency-analysis procedures are similar to those described for the Flow
Analysis — Flood Frequency Analysis section; however, within the Flood Estimation module an
additional Data Quality Review is provided before the frequency analysis is undertaken.

This review allows the user to examine the historical record on a hydrological-year basis, identify
incomplete or potentially unreliable flood peaks, consider the capacity of the measuring structure,
and, where justified, replace an observed annual peak with an independently reviewed value before
itis included in the frequency analysis.

Rational 1 Rational 2 Rational 3 Standard Design SCS-SA Method Unit Hydrograph Empirical methods Flood frequency Report generation
-

Flood record

C:/GHI HydroSuite/Examples/Flood estimation/Data_files/T3H006_Primary_data.txt
Record: T3H006 - Tsitsa River @ Xonkonxa | High-definition primary data | 1951-10-16 to 2026-05-18  Analysis start: [1996-10-16 | Analysis end: [2026-05-18 Data Quality

Flood frequency analysis

Log-transformed distributions Natural-data distributions Flood frequency settings
W Log-normal 2l Pearson Type Series type Annual maximum series | ¥
™ Log-normal (2-parameter) ™ Gumbel (EV1)
I™ Log-normal (3-parameter) ¥ Weibull Plotting position | Cunnane (A=0.4, B=0.2) v
¥ Log-Pearson Type il I~ Gamma Al04 B |02
¥ Log-Gumbel (LEV1) ¥ Generalized Extreme Value (GEV) Partial threshold D m¥/s
™ Generalized Pareto ¥ Confidence limits lower |0.05 upper |0.95
¥ 1pza

Statistical diagnostics

STATISTICAL DIAGNOSTICS

Annual maximum values: 3@

Mean (Qave): 6@9.376 m*/s

Standard deviation (SD): 281.788 m3/s

SD excluding maximum (SD*): 274.861 m3/s
Minimum / maximum: 130.095 / 1048.700 m?/s
Minimum / maximum Z-score: -1.7@1 / 1.559
Log-skewness: -0.748

Flood frequency results
Flood-frequency analysis completed.

FLOOD FREQUENCY ANALYSIS

I

PROJECT INFORMATION

Project name lood estimation example 2

Project number
Client
Designer = Marco van Dijk

Date = 2026-09-06

Description of catchment = Tsita River catchment N

Figure 12-40: Flood Estimation - Flood frequency analysis

12.11.1 Selecting the historical flood record

The historical flow record to be analysed is selected at the top of the Flood frequency tab.

The user should:
e Click Browse and select the required historical flow record.
e Confirm that the correct station and data record have been loaded.
e Specify the required Analysis start and Analysis end dates.
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These allow the frequency analysis to be restricted to an appropriate portion of the available
historical record.

e Click Data Quality to extract the annual flood information and open the Flood Frequency Data
Quality Review screen.

e Review and, where necessary, edit the flood-peak information before clicking Accept to return
the reviewed dataset to the Flood Frequency Analysis.

The selected analysis period should contain a sufficiently representative historical record for the
intended frequency analysis.

12.11.2 Flood Frequency Data Quality Review
The Flood Frequency Data Quality Review, Figure 12-41, screen presents the extracted historical

record by hydrological year. The monthly peak flows are displayed for each year together with the
annual peak selected for use in the frequency analysis.

" @ Flood Frequency Data Quality x
Flood Frequency Data Quality Review G SRS Gty o i m
T3HO006 - Tsitsa River @ Xonkonxa

[0 complete/ good [ Missi

2005/06 20.5 1364 35.7 207.6 186.5 884 943 1242 78 45 5874 8132 813.2) v =

2006/07 3703 4504 2150 62.2 826 384 748 58 6.7 39 19 1.0 4504 v

2007/08 16.8 453 932 196.0 675.9 3604 1304 357 65.4 9.5 6.0 27 675.9) v

2008/09 21 61.5 166.1 531 8554 66.3 108 143 39 34 152 18 855.4) 14

2009/10 80.7 788 1488 2331 2819 68.8 334 6.7 77 26 16 0.8 281.9) ~ [Missing data days: Sep(1)

2010/11 141 1353 2138 2704 3179 880 419 453 841 45.1 n3 515.6| ~

2011712 282 16.8 2174 178.0 3275 2824 107 136 230 367.0 432 4485 v

2012/13 2952 2092 5934 3458 4466 10487 37 88 53 30 24 1048.7| v [Missing data days: Jun(1), Jul(1), Aug(1) | Scrut

2013/14 1364 484 3245 529.5 502.0 168.5 389 19 34 24 36 1.1 529.5) ~ [Missing data days: Oct(1), Jun(1), Jul(1), Sep(1

2014/15 77 26.1 133.0 214 79.0 55.7 60.3 6.7 27 49 32 9.1 o4 & Missing data days: May(3), Jun(4), Jul(1), Aug({

2015/16 64 54 49 1049 89.1 1301 514 151 40 410 268 54 1301 ~ [Missing data days: Nov(1)

2016/17 6.0 90.2 174 100.9 2923 746 424 289 43 30 76 1.1 400| ~ [Replaced with a know peak valuq

2017/18 588.2 152 385 3416 407.0 3421 80.5 141 6.6 5.1 83 94 588.2) ~

2018/19 29 16 23 429 580.7 1494 9787 477 94 37 21 1.6 978.7| ~

2019/20 12 46 29.5 1094 196.7 451.0 1535 96.0 64 32 21 27 451.0| v

2020/21 142 828 2069 657.2 226.6 103.1 21.8 344 2824 59 53 9.5 657.2) 14 [Missing data days: Jul(3)

2021/22 76.6 584 2755 975.6 2704 4709 10487 1513 230 n7 105 209.2 1048.7| v [Missing data days: Jul(1) | Scrutinize the stage

2022/23 1301 357.7 357.7 887.2 10487 1304 317 780 436 104 56 35 1048.7| v [Missing data days: Apr(1), May(1), Sep(1) | Scr

2023/24 2411 203 3827 1048.7 56.1 9.7 766 46 40 22 23 16.8 1048.7| 12 Scrutinize the stage level reached during the fl|

2024/25 157.0 103.6 304 1335 3709 4820 2146 492 10487 170 99 62 1048.7| ~ Missing data days: Sep(6) | Scrutinize the stag

2025/26 147 1350 473 518 393.0 409 154 351 393.0 v o

< ID
ts to the maximum observed flood peak in each hydrological year. Edit the value only when an independently reviewed replacement peal

Figure 12-41: Flood Frequency Data Quality Review screen

Colour coding is used to draw attention to the condition of the underlying data. The options and
descriptions for the Data Quality Review is listed and described in Table 12-35.

Table 12-35: Data quality review options
Option / indication Description

Indicates data considered complete and suitable for use without an
Complete / good . - .
identified data-quality concern.

L Highlights periods containing missing or potentially poor-quality
Missing or poor- . . . .
. observations. These periods should be considered when assessing
quality data . .
whether the annual peak is representative.
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Description

Identifies values at or above the specified measuring-structure capacity.
Such flood peaks may require additional scrutiny because the reliability of
the recorded discharge may be affected by the capacity of the gauging

structure or rating relationship.
. Identifies an annual peak that has been replaced manually by the user
User override . .
with a reviewed value.

. Allows the user to specify the estimated maximum capacity of the
Measuring structure . o L .
capacity measuring structure in m3/s. Clicking the Apply button uses this value to

identify observations at or above the specified capacity.

Displays the extracted maximum flow for each month of the hydrological
Monthly peak values ' year, allowing the user to inspect the observations from which the annual
maximum is selected.
Displays the flood peak that will be used for the particular hydrological
Peak used year in the frequency analysis. By default, this is the maximum observed
flood peak for that year.
The check box associated with each hydrological year allows the user to
Include / exclude determine whether that year's flood peak should be included in the
subsequent frequency analysis.
Provides information on identified data-quality concerns, such as missing

Comments / . .
. data days, together with prompts where particular flood events may
warnings

warrant further scrutiny.

The annual peak may be edited where an independently reviewed
User replacement . . . .
replacement peak is available. The replacement is identified as a user

value override so that it can be distinguished from the originally extracted value.

Accept Accepts the reviewed flood-peak series and returns it to the Flood
Frequency Analysis tab for subsequent statistical analysis.

Cancel Closes the review without accepting the changes.

The Peak used value defaults to the maximum observed flood peak within each hydrological year. A
value should only be replaced where an independently reviewed replacement peak is available. The
Data Quality Review is therefore intended primarily as a quality-control and screening procedure
rather than a mechanism for arbitrarily modifying the historical record.

12.11.3 Completing the frequency analysis

Once the reviewed flood series has been accepted, the user can proceed with the statistical frequency
analysis. The required series type, plotting position, probability distributions and confidence limits can
then be selected on the main Flood Frequency tab. Statistical diagnostics and fitted frequency results
are displayed below the analysis controls.

The additional functionality within the Flood Estimation module is principally the Flood Frequency
Data Quality Review, which allows the historical flood series to be assessed and refined before the
statistical analysis is performed.
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The available probability distributions and frequency-analysis settings are shown in Figure 12-40.

Multiple probability distributions can be selected simultaneously. This allows the fitted distributions

to be compared and assists the user in evaluating the sensitivity of estimated flood magnitudes to the

selected statistical model. The available inputs and settings are described in Table 12-36.

Table 12-36: Flood Frequency Analysis options

Option

Log-normal

Log-normal (2-parameter)

Log-normal (3-parameter)

Log-Pearson Type Il

Log-Gumbel (EV1)
Pearson Type Il
Gumbel (EV1)

Weibull

Gamma

Generalized Extreme
Value (GEV)
Generalized Pareto

IPZA

Series type

Plotting position

A/B

Description
Fits a Log-normal probability distribution to the flood series. The
logarithmic transformation is applied automatically.
Fits the two-parameter form of the Log-normal distribution to the
selected flood series.
Fits the three-parameter form of the Log-normal distribution.
Fits a Pearson Type lll distribution to logarithmically transformed
flood values.
Fits the Gumbel Extreme Value Type | distribution using
logarithmically transformed flood values.
Fits the Pearson Type lll distribution directly to the natural flood data.
Fits the Gumbel Extreme Value Type | distribution to the natural flood
data.
Fits a Weibull probability distribution to the selected flood series.
Fits a Gamma probability distribution to the selected flood series.

Fits a Generalized Extreme Value distribution to the flood series.

Fits a Generalized Pareto distribution to the selected flood series.
Applies the Improved Probability-Zero Adjustment (IPZA) flood-
frequency method to the selected flood series. It provides an
alternative approach for estimating design flood magnitudes,
particularly where the observed flood record exhibits characteristics
that are not adequately represented by conventional probability
distributions. IPZA results can be displayed together with the fitted
statistical distributions for comparison (Van der Spuy & Du Plessis,
2022a; Van der Spuy & Du Plessis, 2022b).

Specifies the flood series to be used in the frequency analysis. The
selected series determines how flood peaks are extracted from the
underlying record. Annual maximum series or Partial series can be
selected from the drop-down list.

Specifies the empirical plotting-position formula used to assign
exceedance probabilities or return periods to the observed flood
peaks. Options available are: Weibull, Median Hazen, Cunnane,
Hirsch/Stedinger, Z-set (Van der Spuy & Du Plessis, 2024) or Other
Displays the coefficients associated with the selected plotting-
position method. In case Plotting position was selected as Other the
A/B parameters can be specified.

GHI HydroSuite — User manual

157



+ \ GHI
= .
\&.ll 7/ HydroSuite
Option Description
Specifies the flow threshold used when a partial-duration series is
Partial threshold selected. If left blank, the default threshold indicated by the software
is used.
Confidence limits Enables confidence limits for the fitted frequency distributions.
Specifies the lower and upper probability limits used when
Lower / Upper i o
confidence limits are selected.
Displays information on the extracted flood series, statistical
Results viewer diagnostics, flood-peak values and results of the selected frequency

analyses.

12.11.4 Flood series selection

The Series type determines which flood events are included in the frequency analysis.

For an Annual maximum series, the maximum flood peak occurring within each hydrological year is
extracted. The resulting series therefore contains a maximum of one flood peak for each hydrological
year represented by the analysed record.

The Results viewer identifies the hydrological year, date and corresponding peak flow for the extracted
annual maximum series. It also reports the number of flood peaks extracted and the maximum
observed flood peak and its date.

Where a Partial duration series is selected, qualifying flood events are identified relative to a specified
Partial threshold. This approach allows more than one qualifying flood event to be included from a
particular year.

If the Partial threshold field is left blank, the software applies the default threshold indicated on the
screen.

12.11.5 Plotting positions

Observed flood peaks are assigned empirical probabilities using the selected Plotting position method.
The plotting position determines where the observed flood peaks are displayed relative to return
period on the frequency graph.

The corresponding A and B coefficients are displayed automatically for the selected plotting-position
method. In the example shown in Figure 12-40, the Cunnane plotting position (A = 0.4, B = 0.2) is
selected.

The plotting positions represent the observed flood data and provide a basis for visually comparing
the observed series with the fitted statistical distributions.
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12.11.6 Statistical probability distributions

GHI HydroSuite allows several statistical probability distributions to be fitted to the selected flood
series. The distributions are divided on the screen into Log-transformed distributions and Natural-data
distributions.

For log-transformed distributions, the required logarithmic transformation is performed automatically
by GHI HydroSuite. Natural-data distributions are fitted directly to the extracted flood values.

More than one distribution can be selected for a single analysis. The fitted curves and estimated flood
magnitudes can therefore be compared to assess differences between the alternative statistical
models.

The selection of an appropriate probability distribution should not be based solely on the estimated
flood associated with a particular return period. The fitted distribution should also be considered in
relation to the observed flood series, record length and the statistical characteristics of the data.

12.11.7 Statistical diagnostics

Before presenting the fitted frequency results, GHI HydroSuite calculates statistical characteristics of
the extracted flood series. As shown in the in Figure 12-42, these may include the:

e mean flood peak;

e standard deviation;

e standard deviation excluding the maximum flood;

e minimum and maximum values;

e minimum and maximum Z-scores;

e |og-skewness; and

e length of the available flood record.

These diagnostics provide additional information on the characteristics of the flood series and can
assist the user when comparing alternative frequency distributions.

Statistical diagnostics

STATISTICAL DIAGNOSTICS

Annual maximum values: 27

Mean (Qave): 612.631 m3/s

Standard deviation (SD): 290.25@ m3/s

SD excluding maximum (SD*): 282.34@ m3/s
Minimum / maximum: 13@0.895 / 1@48.700 m3?/s
Minimum / maximum Z-score: -1.662 / 1.502
Log-skewness: -0.738

Figure 12-42: Statistical diagnostics
The Results viewer may also provide diagnostic comments relating to the available record and the

suitability of comparing alternative frequency distributions. These should be considered together with
the graphical and numerical frequency-analysis results.
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12.11.8 Confidence limits

Where Confidence limits are selected, lower and upper probability limits can be specified for the
frequency analysis. These provide an indication of the uncertainty associated with the fitted frequency
relationship.

The required lower and upper limits are entered in the corresponding fields. In the example shown in
Figure 12-40, values of 0.05 and 0.95 are specified (5% and 95 confidence limits).

The uncertainty associated with estimated floods generally becomes increasingly important when
extrapolating to return periods substantially longer than the available observed record. Design-flood
estimates at long return periods should therefore be interpreted with appropriate consideration of
the available record length, observed flood behaviour and differences between fitted distributions.

12.11.9 Flood Frequency Analysis results

The Flood Frequency Distribution Graphs section provides a graphical comparison of the observed
flood record, the selected fitted probability distributions and the IPZA frequency relationship. The
graph is updated according to the distributions and display options selected by the user as depicted
in Figure 12-43.

Flood Frequency Distribution Graphs

[T
e

W Log-normal

¥ Log-Pearson Type Il W Log-Gumbel (LEV1) ¥ Pearson Type Ill
I~ Gumbel (EV1 e

¥ Generalized Extreme Value (GEV) I Generalized Pareto ¥ pza

Observed data: [V Selected plotting position W Z-set comparison

Graph start: | 1 ¥| Graph end: I™ Plot Confidence Intervals

Flood Frequency Distribution Graphs

Exceedance probability (%)
100 50 20 10 5 4 2 1

3000 { @ Historical flood peaks (Cunnane)
® User-entered flood peak
& Historical flood peaks (Z-set comparison)

2500 { — Log-normal

= Log-Pearson Type lIl
—— Log-Gumbel (LEV1)

@ 2000 { = Pearson Type Ill

t - Weibull
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Figure 12-43: Flood Frequency Distribution Graphs

The lower horizontal axis represents return period (years), while the upper horizontal axis provides
the corresponding exceedance probability (%). Peak flow is plotted on the vertical axis in m3/s. This
dual-axis presentation allows the frequency results to be interpreted in either return-period or
exceedance-probability terms.
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The check boxes above the graph allow individual probability distributions to be displayed or removed

without changing the underlying analysis. Multiple distributions may therefore be shown
simultaneously to assess how alternative statistical models represent the historical flood record and
how their estimates diverge at longer return periods.

The IPZA result may also be displayed on the graph together with the conventional fitted distributions.
This provides an additional flood-frequency estimate against which the statistical distributions and
observed flood behaviour can be compared.

Observed historical flood peaks, black dots, are plotted using the selected plotting-position method.
Where a user-entered flood peak has been specified, it is displayed using a separate marker (blue dot)
so that it can be distinguished from the historical flood peaks.

The Selected plotting position option controls the display of the observed historical flood peaks based
on the plotting-position method selected for the analysis.

Where Z-set comparison is selected, an additional set of historical flood-peak plotting positions is
shown using the Z-set method of Van der Spuy and Du Plessis. These points are displayed using a
separate marker (green diamond shape) and provide a direct graphical comparison between the
selected plotting-position method and the Z-set plotting positions. Selecting this option does not
replace the selected plotting position; it overlays the Z-set positions for comparison.

Flood Frequency Distribution Graphs

I™ Log-normal I™ Log-normal (2-parameter |t ¥ Log-Pearson Type Ill I~ Log-Gumbel (LEV1) I~ Pearson Type Ill
I~ Gumbel (EV1 ™ weibull | S ™ Generalized Extreme Value (GEV) I~ Generalized Pareto I~ pza
Observed data: [V Selected plotting position [~ Z-set comparison
Graph start: | 1 v Graph end: v ¥ Plot Confidence Intervals
Flood Frequency Distribution Graphs
Exceedance probability (%)
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L
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Figure 12-44: Flood Frequency Distribution Graphs - Period & Confidence limits

As depicted in Figure 12-44 the Graph start and Graph end controls define the return-period range
displayed on the graph. These controls allow the user to focus on a particular portion of the frequency
relationship or extend the graph to the longer return periods required for the analysis.
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The Plot Confidence Intervals option displays the calculated uncertainty bounds associated with the

selected fitted probability distributions. When enabled, the confidence intervals are shown as shaded
bands around the corresponding frequency curves.

The probability levels used to calculate the intervals are defined by the Lower and Upper confidence-
limit settings described in paragraph 12.11.8. For example, lower and upper values of 0.05 and 0.95
define the corresponding lower and upper probability limits.

Confidence intervals generally widen as the frequency curves are extrapolated towards longer return
periods. This provides a useful visual indication of the increasing uncertainty associated with
estimating extreme floods beyond the range well represented by the historical record.

Where several distributions are plotted simultaneously, their confidence intervals may overlap. The
confidence intervals should therefore be interpreted together with the fitted curves, observed flood
peaks, statistical diagnostics and available record length rather than as a basis for selecting a particular
distribution on their own.

12.11.10 Interacting with and exporting the frequency graph

The Flood Frequency Distribution Graph is interactive and can be configured using the controls
immediately above the graph. The user can select which fitted distributions are displayed, show or
hide the observed plotting positions and Z-set comparison, specify the displayed return-period range,
and enable or disable confidence intervals.

The graph can also be right-clicked to copy the current graphical output to the Windows clipboard,
see Figure 12-45. The copied image reflects the graph as currently configured, including the selected
probability distributions, IPZA relationship, observed flood peaks, Z-set comparison where selected,
user-entered flood peaks and confidence intervals where enabled. The copied graph can then be
pasted directly into reports, documents or other applications.

The graphical comparison provides an important means of evaluating the flood-frequency analysis. A
fitted distribution should not be selected solely because it produces a particular design-flood
magnitude. Consideration should also be given to how well the fitted relationship represents the
observed flood peaks, the statistical characteristics and length of the available record, the behaviour
of alternative distributions, the IPZA estimate and, where applicable, the Z-set comparison and
confidence intervals.

Particular caution is required when extrapolating to return periods substantially longer than the
historical record. Differences between the alternative frequency relationships and the widening of
confidence intervals at longer return periods provide an indication of the uncertainty associated with
such extrapolation.

GHI HydroSuite — User manual 162



GHI
1l#) HydroSuite

INTEGRATED WATER ENGINEERING SOFTWARE

Flood Frequency Analysis GHI HydroSuite V1.1
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Figure 12-45: Flood Frequency Distribution Graph - Copied to clipboard

The Results viewer provides a summary of the flood-frequency analysis, including the selected flood
series (shown in Figure 12-46), plotting-position method, statistical characteristics of the extracted
flood peaks and the flood-frequency results obtained from the selected probability distributions.

Flood frequency results

Flood-frequency analysis completed
-~
[FLOOD PEAK SERIES
Hydrological year Peak date Peak flow (m3/s) Comment
1999/00 2000-03-16 844.0
2000/01 2001-02-14 200.©0 user entered value
20e01/02 2002-09-10 220.© user entered value
20e02/03 2003-01-11 500.2 user entered value
2003/04 2004-09-26 443.5
20e4/05 2005-01-23 500.@ user entered value
2005/06 2006-09-27 813.2
2006/07 2006-11-27 450.4
2007/e8 2008-02-24 675.9 v
< >

Figure 12-46: Flood frequency results viewer

12.12 Report Generation

The Report generation tab provides the final step in the Flood Estimation workflow and enables the
results from the completed analyses to be compiled into a single, professionally formatted PDF report,
shown in Figure 12-47. The reporting system is designed to consolidate the project information,
catchment characteristics, calculation inputs, intermediate parameters and final design flood results
into a consistent format suitable for engineering documentation, review and record keeping.

The Report generation screen consists of two main components: the analysis selection panel and the
Print Viewer.
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Analysis selection panel - The left-hand panel lists the flood-estimation analyses that are available for
inclusion in the report. These include Rational Method 1, Rational Method 2, Rational Method 3,
Standard Design Flood, SCS-SA Method, Unit Hydrograph Method, Empirical Methods and Flood
Frequency Analysis. Each completed analysis can be selected or deselected independently using the
corresponding checkbox. Sections only become available once the associated analysis has been

completed, thereby preventing incomplete analyses from inadvertently being included in the final

report.

Print Viewer - The right-hand panel provides a text-based preview of the information that will be
incorporated into the report. This allows the user to review project information, catchment
characteristics and calculated results before generating the final document. The preview is particularly
useful for identifying missing or incorrect project information before the report is finalised.

Once the required analyses have been selected, the Generate PDF Report button compiles the selected
sections into a single PDF document.

Rational 1 Rational 2 Rational 3 Standard Design SCS-SA Method Unit Hydrograph Empirical methods Flood frequency Report generation

Report Generation Print Viewer

Select completed analysis to include in one combined PDF report RATIONAL METHOD 1

¥ Rational Method 1 PROJECT INFORMATION

¥ Rational Method 2 Project name Floods estimation example

Project number 2026-001
¥ Rational Method 3 Client City of Tshwane
Designer Marco van Dijk

Description of catchment Moretele Spruit Catchment

River / stream Moretele Spruit

¥ Standard Design Flood Date = 2026-09-05
¥ SCS-SA Method :

¥ Unit Hydrograph Method Latitude -25.80
Longitude 28.30
~ Empirical Methods Project notes Example flood estimation project for a culvert upgrade
¥ Flood Frequency Analysis CATCHMENT CHARACTERISTICS
f Catchment area = 26.9 km?

Sections become available after the corresponding analysis has been run

Length of longest watercourse = 6.69 km
Height difference along 10-85 slope = 189 m
Mean annual precipitation (MAP) = 746.6 mm
Rainfall region = Inland

RURAL CATCHMENT DESCRIPTION

Vleis and pans (<3%) 20 Very permeable @ Thick bush and
plantation

Flat areas (3 to 10%) 7@ Permeable 5@ Light bush and farm
lands

Hilly (1@ to 38%) 1@ Semi-permeable 5@ Grasslands

5@

Steep areas (>30%) @ Impermeable @ No vegetation

S

URBAN CATCHMENT DESCRIPTION

Figure 12-47: Flood Estimation - Report generation

The generated report presents the analyses in a standardised engineering-report format. Each
selected flood-estimation method is presented as a dedicated report section containing the relevant
information for that method. Depending on the analysis, the report may include:

e project and catchment information;

e physical catchment characteristics and classification;

e calculation parameters and selected coefficients;

e time of concentration and applicable adjustment factors;

e design rainfall depths and intensities for the relevant return periods;

e intermediate calculation results;
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e calculated peak flood discharges for the selected return periods;
e flood-frequency tables and graphical outputs, where applicable; and
e calculation notes, software version information and analysis date.

The tables are arranged to allow the principal inputs, assumptions and results to be readily reviewed.
Where results are calculated for several return periods, these are presented consistently across the
report to facilitate comparison.

The generated PDF uses a consistent GHI HydroSuite report template, incorporating clearly defined
section headings, structured tables, units, explanatory notes, page numbering and GHI HydroSuite
branding. The example below in Figure 12-48, illustrates the output generated for Rational Method 1,
where the project information is followed by the physical catchment characteristics, runoff-coefficient
calculations, rainfall information and resulting peak design flows.

Rational Method 1

Project name Floods estimation example Project no 2026-001
Description of catchment Moretele Spruit Catchment River detail Moretele Spruit
Calculated by Marco van Dijk Date 15/09/2026
Client City of Tshwane Latitude & Longitude -25.80/28.30

Physical characteristics

Size of catchment, A (km?) 26.9 Area distribution factors

Longest watercourse, L (km) 6.69 Rural, a (%) 30

Height difference along 10-85 slope (m) 109 Urban, B (%) 70

Average slope, S,y (m/m) 0.02172 Lakes, Y (%) 0

Rainfall region Inland Dolomite area, D (%) 10

Mean annual precipitation, MAP (mm) 746.6

Rural classification % Factor Contribution | Urban classification % Factor Contribution

Surface slope Lawns

Wetlands / vieis and pans 20 003 0.0060 sandy, flat (<2%) 20 0.10 0.0200

Flat areas. 70 0.08 0.0560 Sandy, steep (>7%) 10 020 0.0200

Hilly 10 016 0.0160 Heavy soil, flat (<2%) 0 017 0.0000

Steep areas 0 026 0.0000 Heavy sol, steep (>7%) 0 035 0.0000

Surface slope weighted result (Cs) 100 - 0.0780 Residential areas

Permeability Houses 40 0.50 0.2000

Very permeable 0 0.04 0.0000 Flats 5 0.70 0.0350

Permeable 50 0.08 0.0400 Industry

Semi-permeable 50 016 0.0800 Light industry 5 0.80 0.0400

Impermeable 0 0.26 0.0000 Heavy industry o 0.90 0.0000

Permeability weighted result (Cy) 100 - 0.1200 Business

Vegetation City centre o 0.95 0.0000

Thick bush and plantation o 0.04 0.0000 Suburban 10 0.70 0.0700

Light bush and farm-lands a5 0.11 0.0495 Streets. 10 0.95 0.0950

Grasslands 50 0.21 0.1050 Maximum flood 0 1.00 0.0000

No vegetation 5 0.28 0.0140

Vegetation weighted result (C,) 100 - 0.1685
[Rural- Gy 0.3665 [Urban - ; 0.4800 [Lakes -3 1.0000 |
[[Time of concentration, T [Value [Adjustment factor [ selection |
| Defined watercourse [1.2521n [Fe | Flat and permeable catchments |

Runoff coefficient

Return period, T (years) 2 5 10 20 25 50 100
Run-off coefficient, C1 0.3665 0.3665 0.3665 0.3665 0.3665 0.3665 0.3665
Adjusted for dolomitic areas, Cip 0.3370 0.3370 0.3370 0.3370 0.3370 0.3370 0.3370
Adjustment factor for initial saturation, Fe 0.500 0.550 0.600 0.670 0.709 0.830 1.000
Adjusted run-off coefficient, Cyr 0.1685 0.1853 0.2022 0.2258 0.2389 0.2797 0.3370
Combined run-off coefficient, Cr. 0.387 0.392 0.397 0.404 0.408 0.420 0.437
Rural runoff coefficient Cyp includes dolomitic factors where applicable. |  The adjustment saturation factor . is applied only to the rural runoff coefficient for each return period.
Rainfall
Return period, T (years) 2 5 10 20 25 50 100
Point rainfall, Pr (mm) 372 50.7 64.1 79.2 84.9 102.9 126.6
Point intensity, Pir (mm/h) 29.7 40.5 51.2 63.2 67.8 822 101.2
Area reduction factor, ARFr (%) 97.2 96.2 95.2 94.0 93.6 92.2 90.4
Average intensity, Ir (mm/h) 28.9 38.9 48.7 59.4 63.5 75.8 915

The HRU, Report 2/78, Depth-Duration-Frequency diagram was used to determine the point rainfall.

Peak flow results
| Return period, T (years) | 2 [ 5 [0 [ 20 [ 25 [ s0 [ 100
| Peak flow, Q (m?/s) | 83 | 14 [ aes [ 179 | 194 [ 238 | 299

Software: GHI HydroSuite - V 1.1
Engineering Reference Library: Version 2.2.0 Page 2 of 29
Date analysed: 2026-09-15 20:41:50

Figure 12-48: Example of the PDF output generated by the Flood Estimation Report generation module
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Basic Hydraulics
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Current Project: C8

Project folder: C:\GHI HydroSuite\Examples\Culverts m @

m Oren Output Fokdes ‘ | Complete
Channel Analysis  [ERIRPYPRNE Water Surface Profiles | Culverts | Report Generation
Channel shape ‘ Trapezoidal ~Results viewer
CHANNEL ANALYSIS RESULTS =
Roughness method | Manning n =
s Calculated variable: Flow rate Q
Flow rate Q 2303 \ M75 | |channel shape: Trapezoidal
Normal flow depthy [1000 ‘ . Roughness method: Manning n
- INPUT / SOLVED PARAMETERS
th s
Bottom width b 2000 J o Flow rate Q: 2.303 m?/s
Left side slope z: ‘1.0000 ‘ H:V Normal flow depth y: 1.000 m
Bottom width b: 2.000 m
Right side slope z: ‘ H:V Left side slope zi: 1.8000 H:V
Right side slope za2: 1.0000 H:V
Longitudinal slope S ‘ m/m Longitudinal slope S: ©.00100 m/m
Manning n: ©.83000 s/m*’?
Roughness value | s/m'
CALCULATED HYDRAULIC VALUES
Flow area: 3.000 m? =
Wetted perimeter: 4.828 m
Hydraulic radius: ©.621 m
Top width: 4.000 m
Mean velocity: ©.768 m/s
Froude number: ©.283
Flow regime: Subcritical
Kl
Calculation completed: C:\GHI HydroSuite\Examples\Culverts\Basic_hydraulics_outputs\CSV\channel Trapezoidal.csv a
Diagram: C:\GHI HydroSuite\Examples\Culverts\Basic hydraulics_outputs\Graphs\channel Trapezoidal.png
v
Figure 13-1: Basic Hydraulics screen
To be completed
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Pipe Analysis

m Open Output Folder View Data

GHI
HydroSuite

Current Project: Pipe example 1
Project folder: C:AGHI HydroSuite\Examples\Thrust block

| | Pipe-flow analysis completed successfully

Friction loss method Darcy-Weisbach

Friction-factor method Colebrook-White

Flow rate Q 1.0

Internal diameter D 0.8

Pipe length L 500

Absolute roughness Ks 0.15

Viscosity type Kinematic viscosity v
Viscosity value 1.004e-6

Fluid density 1000

Total minor-loss coefficient IK 15

Figure 14-1: Pipe Analysis screen

To be completed

15 PUMP STATION ANALYSIS

Results viewer

PIPE FLOW ANALYSIS RESULTS

Friction-factor method: Colebrook-White
Flow rate Q: 1.000 m*/s
Internal diameter D: ©.86@ m

= Pipe length L: 500.000 m
Absolute roughness Ks: ©.15@ mm
m Viscosity input: Kinematic viscosity v
Kinematic viscosity v: 1.004000e-06 m?/s
o Fluid density: 1000.00@ kg/m*

Minor-loss coefficient IK: 1.50@

CALCULATED VALUES

Flow area: ©.503 m?

Mean velocity: 1.989 m/s
Reynolds number: 1585289

Flow regime: Turbulent

Darcy friction factor A: ©.014212
Friction loss hf: 1.792 m

Minor loss hl: ©.3@3 m

Total head loss: 2.894 m

m?/s

kg/m’

This will be a future section in the GHI HydroSuite software.

INTEGRATED WATER ENGINEERING SOFTWARE

Save Project @
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16 HYDROPOWER

Current Project: Teebus Hydropower Scheme
Hyd ro power Project folder: C:\GHI HydroSuite\Examples\Hydropower

a
Hydropower analysis
Assess flow, reservoir level, head, power and energy for hydropower evaluation.
Run Hydropower Analysis Open Output Folder View Graphs Complete
Site details Hyd: ) i )
ydrology / flow Reservoir levels Hydropower Station Energy assessment Report generation

Site details rResults viewer

[vDROPOWER SITE DETAILS -
Site / scheme name |
e Site / scheme name: Teebus
Teebus J Scheme type: Reservoir release / dam retrofit
Schem: Analysis period: 20e0-01-21 to 2026-84-29
cheme type ) Data-quality assessment selected: Yes
Reservoir release / dam retrofit v| Selected data-quality checks: Gap detection, Infilling, Consistency checks, Outlier detection

18]

Notes:
Analysis period an example of a proposed hydropower development
Start ‘2000-01-01 End |2026-04-29
Data-quality assessment
¥ Gap detection ¥ Infilling
¥ Consistency checks W Outlier detection
Site notes
An example of a proposed hydropower -
development

v
]
il I I»]
) v

Figure 16-1: Hydropower analysis screen

To be completed
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17 ECONOMIC ANALYSIS

Economic Analysis

Hydropower MHl Run Economic Analysis Open Output Folder

Project & scheme Technical inputs Costing assumptions Electro-mechanical Electrical & grid Professional fees Annual operating costs

Project and scheme configuration

Project name Economic-Exampl type Surface powerhouse v
Client Eskom Grid connection Existing substation v
River / system Mzimvubu River Development status Greenfield v
Country South Africa Environmental sensitivity Low -
Province Eastern Cape Access availability Good v
Scheme type Run-of-river v Project start date January || 2026 v
Water source River v Implementation period 48 months v
Conveyance type | Penstock v Construction & commissioning period | 36months | ¥

Scheme options

Civil Electro-mechanical

WV Weir / intake ¥ Turbine(s)

W Desilting basin ¥ Generator(s)

¥ Headrace channel Turbine auxiliaries (Governor, HPU cooling &
¥ lubrication system, instrumentation & control

¥ Forebay panel)

W' Penstock ' Meain inlet valve(s)

W Surge tank / shaft ¥ Overhead crane

¥ Powerhouse ~
W Tailrace [V Other auxiliaries

M Access road

Trash rack / intake screen

Figure 17-1: Economic Analysis screen

To be completed

Electrical & control

¥ Step-up transformer(s)
¥ Switchyard / substation
W Transmission line

Electrical Balance of Plant (MV switchgear,
protection, metering, PLC, SCADA, cabling,
earthing, lightning protection, UPS/Battery,
station service & communications)

GHI
HydroSuite

’
&\

¥/
" INTEGRATED WATER ENGINEERING SOFTWARE
Current Project: Economic-Example-Mzimvubu
Project folder: C:\GHI HydroSuite\Examples\Economic Save Project

> II
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18 REPORTS

The Reports screen, Figure 18-1, provides a central location for accessing the output generated by the
different analysis modules in GHI HydroSuite. Rather than navigating back to an individual analysis
screen to locate previously generated results, the Reports and output browser allows the user to
browse the graphs, data files and PDF reports associated with the current project.

Only outputs that have already been generated by the respective analysis modules are displayed. The
files remain stored within the relevant output folders of the current GHI HydroSuite project.

Current Project: Economic-Example-Mzimvubu Save Proj @
Project folder: C:\GHI HydroSuite\Examples\Economic M
Reports - 2 £

Reports and output browser
Select an analysis module to view its graphs, data files and PDF reports
No. |  Type | File name | Folder Created =
1 Graph Economic Analysis - Capacity Factor Comparison.png CAGHI HydroSuite\Examples\Economic\Economic_outputs\Graphs  2026-09-08 10:28:44
2 Graph Economic Analysis - CAPEX Composition.png CAGHIH E ic\Economic_outputs\Graphs  2026-09-08 10:28:28
3 Graph Economic Analysis - Carbon Revenue.png CAGHI HydroSuite\Examples\Economic\Economic_outputs\Graphs 2026-09-08 10:28:29
4 Graph Economic Analysis - Cash Flow.png CAGHI H E: \Economic_output ph 2026-09-08 10:28:29
9 Graph Economic Analysis - DSCR.png C:A\GHI HydroSuite\Examples\Economic\Economic_outputs\Graphs 2026-09-08 10:28:30
6 Graph Economic Analysis - Energy Revenue.png C:\GHI HydroSuite\Examples\Economic\Economic_outputs\Graphs ~ 2026-09-08 10:28:29
7 Graph Economic Analysis - Equity Cash Flow.png CAGHI Hyds i E i _outputs\Graph: 2026-09-08 10:28:30
8 Graph Economic Analysis - Equity Sensitivity - LCOE.png C:AGHI HydroSuite\Examples\Economic\Economic_outputs\Graphs ~ 2026-09-08 10:28:43
9 Graph Economic Analysis - Equity Sensitivity - NPV.png CAGHI HydroSui ples\E ic\E _outputs\Graphs  2026-09-08 10:28:43
10 Graph Economic Analysis - Equity Tornado - B-C Ratio.png C:A\GHI HydroSuite\Examples\Economic\Economic_outputs\Graphs 2026-09-08 10:28:43 =
< >

Figure 18-1: Reports screen
18.1 Reports and output browser

The Analysis section drop-down list is used to select the analysis module for which outputs are to be
viewed which includes:
e Flow analysis
Reservoir Analysis
Hydropower analysis
Flood Analysis
Economic Analysis
Basic hydraulics
Pipe Analysis

Once a module is selected, the output browser automatically displays the available files associated
with that analysis.

The output table provides the following information, Table 18-1:
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Table 18-1: Output table
Item Description
No. Sequential number assigned to the displayed output file.
Type Identifies the type of output, such as a graph, data file or report.
File name Name of the generated output file. The file name normally identifies the
analysis and the particular result represented.
Folder Location within the current project where the output file is stored.
Created Date and time at which the output file was generated.

This arrangement allows the user to identify individual outputs and confirm when they were created.

18.2  Viewing outputs

Four buttons are provided above the output browser for accessing the generated files, Figure 18-1.

Function Description
Opens the output folder for the selected analysis module in Windows File
Open Folder o . .
Explorer, providing direct access to all generated files.
. Displays or provides access to the graphical outputs generated for the selected
View Graphs .
analysis.
. Provides access to the data files generated by the selected analysis, where
View Data .
applicable.
. Opens the generated PDF report associated with the selected analysis, where
View Report

available.

The available outputs depend on the selected analysis module and on the analyses that have already
been completed. For example, an analysis may produce several individual graphical outputs in addition
to supporting data files and a consolidated PDF report.

18.3  Output organisation

GHI HydroSuite automatically organises generated outputs within the current project folder. Separate
output folders are maintained for the applicable analysis modules and output types. This ensures that
graphs, data and reports remain associated with the project from which they were generated and
provides a structured record of the completed analyses.

The Reports screen therefore acts primarily as an output browser and access point; calculations and
report generation are undertaken within the respective analysis modules.

Note: If an expected graph, data file or report is not listed, first confirm that the corresponding analysis
has been completed and that the required output has been generated within that module.
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19 CONTACT US

Green Hippo Innovations is committed to providing support to users of GHI HydroSuite. Should you
require assistance with software installation, licensing, operation, technical issues or general enquiries,
please contact us using the details below.

We also welcome user feedback and suggestions for improvements or additional functionality. Such
feedback assists with the continued development and enhancement of GHI HydroSuite.

General enquiries and technical support
E-mail: mailto:info@greenhippo.co.za

Software sales and licensing

E-mail: mailto:sales@greenhippo.co.za W

Website GREEN HIPPO

INNOVATIONS

www.greenhippo.co.za

When requesting technical assistance, users are encouraged to provide the GHI HydroSuite version
number, a brief description of the problem and, where appropriate, relevant screenshots or project
information.
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