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This document is a template for developing a detailed flood study technical brief. The template aims to generate a brief that is consistent with national best practice as outlined in Australian Institute of Disaster Resilience Handbook Series, Handbook 7: Managing the Floodplain: A Guide to Best Practice in flood risk management in Australia and its accompanying guidelines and materials. Use this generic brief in partnership with your local Tasmanian SES flood risk management specialist and in conjunction with the associated guideline, Floodplain Risk Assessment Guidelines for Municipal Councils in Tasmania.  
This document has been developed to guide outsourced detailed flood study projects but may also be used to guide in-house flood studies where relevant. 

Instructions for those developing this brief 
Add project specific details where identified. This will assist consultants in preparing a response. 
Complete the following aspects in conjunction with the Guideline document. 
Update section header formats with multilevel list numbering
Complete all tables with project specific information.
Customise all [text] in square brackets highlighted in yellow with project specific information.
Select appropriate options and alternatives from the text highlighted in green.
Regenerate Table of Contents and update cross referencing for Table and Section numbers.
Review full document (including Attachment A – Cost Schedule (where items may be amalgamated)).
Check the formatting. Sometimes bullet points convert to numbers - adjust via the style manager to apply globally. 
Remove this page, and the previous page, and any text in grey that is for your use in developing the brief.
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[Council Name] (the Council) [in partnership with [partner councils/authorities]] (the principal) has financial support from the Tasmanian State Emergency Service (SES), Department of Police, Fire and Emergency Services, to undertake a flood study of [location and/or the catchment name] as part of the Tasmanian Strategic Flood Mapping Project.
This document outlines the flood study specifications to guide the development of this flood study. This helps to ensure studies align with established standards, are consistent across providers and meet the needs of the study’s end users.
SES aims to assist flood affected communities to be more resilient to flood through better understanding flood behaviour. The targeted outcomes of the project are that:
· ownership of flood risk is appropriately allocated, 
· flood risk can be included in investment decisions, 
· responsibility for flood mitigation costs can be appropriately allocated, and
· post-flood recovery will be informed by up-to-date flood risk information.
The Floodplain Risk Assessment Guidelines for Municipal Councils in Tasmania (White et.al.  2016) provides a staged process for councils to prepare and implement floodplain risk management plans. Figure 1 documents the Guidelines’ process for plan preparation, implementation and review. The flood study is Step 3 of this process.
The Floodplain Risk Assessment Guidelines for Municipal Councils in Tasmania is consistent with Australian Institute of Disaster Resilience Handbook 7: Managing the floodplain: best practice in flood risk management in Australia (AIDR Handbook 7) (AIDR 2017).
[image: Diagram
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[bookmark: _Ref280362987][bookmark: _Toc101447647]Figure 1: The municipal floodplain risk management process in Tasmania (from White et.al. 2016)
[bookmark: _Toc101447323][bookmark: _Toc101447520][bookmark: _Toc101447600]Study objectives
The study aims to improve understanding of flood behaviour and impacts, and better inform management of flood risk in the study area using:
· available information, and relevant standards, and 
· guidelines as outlined in Sections 4 and 5. 
This study is a comprehensive technical investigation of flood behaviour that:
· provides the main technical foundation for developing a floodplain risk assessment,
· aims to support understanding of the full range of flood behaviour and flood hazard in the study area, 
· considers local flood history, available collected flood data, and 
· develops hydrologic and hydraulic models. 
Where possible, models are calibrated and verified against historic flood events and then extended to estimate the full range of flood behaviour.
The project: 
· provides flood risk data to relevant government information systems
· supports state, local and national evidence-based decision-making on reducing flood risk
· supports community awareness of flood risk and community decisions to reduce flood risk
· informs strategic and development scale land-use planning to manage growth in flood risk
· supports flood risk management planning for existing and future development
· informs emergency response planning, and 
· informs other key stakeholders (including utility providers and the insurance industry) on flood risk. 
The study’s complexity should align with:
· the scope of the study, 
· the outcomes and outputs required from the study, and 
· the complexity of the flood situation.
The deliverables of the study outlined in Section 7 may assist in defining the study’s scope and complexity.
Key stakeholders/ study end users
Table 1 lists the key end-user groups that this study aims to support. These groups have varying needs from the flood study.
[bookmark: _Toc101447627]Table 1: Project End Users
	Potential end user group
	Primary needs

	High-level strategic decision makers eg local councilors
	Robust and well-justified information to inform strategic decisions

	Community
	Robust information in forms that are easy to summarise and communicate

	Flood risk management professionals
	Detailed information on flooding, including flood depths, velocities, hazard and extents over a range of Annual Exceedance Probabilities

	Engineers involved in designing, constructing and maintaining mitigation works
	Detailed information on flooding, including flood depths, velocities, hazard and extents over a range of Annual Exceedance Probabilities

	Emergency management planners
	Detailed and robust information on potential consequences in a form that is easy to extract and summarize into local community flood response plans.

	Emergency services (i.e. SES, DPFEM)
	As above

	Land-use planners (strategic planning and planning controls)
	

	Hydrologists and meteorologists involved in flood prediction and forecasting
	

	Insurers
	

	[Others]
	



Meeting the requirements of the identified end user groups, which have been tailored to the context of the flood situation, is a key objective of this study. These requirements include [xxx]
Governance
Project oversight
The Council, SES Tasmania, and its steering committee, which may include representatives from key stakeholder and end user groups, will oversee and guide the project.
Technical guidance
 [The Council and a technical committee], which may include representatives from the Council and other organisations (such as Tasmanian Government agencies) will guide the project technically. The Council will be the day-to-day contact for the study.

[bookmark: _Toc101447324][bookmark: _Toc101447521][bookmark: _Toc101447601]Background and Study Area
Why we are doing this flood study
[Summarise key drivers for undertaking the study For example, flood event, changes in floodplain, new mitigation works, significant changes in catchment e.g. development, changes in hydraulics/hydrological methods, other factors that may result in need to undertake a study or revision of a study.]  
Geographic scope of the flood study
[Paragraph 1: Study area overview - Summarise the town/area of interest, study area location in the catchment, major hydrological features, flood history and so on. ]  
[Paragraph 2: Catchment description – Outline catchment size, waterways, geographic features such as topography (e.g. steep upper sections, flat floodplain), soils and any flood-dependent ecosystems (e.g. wetlands). What features influence flooding in the catchment? Is development sparse or dense? Is there development pressure and is this significant? ]
Context
[Paragraph 3: Study area political context – outline the public administration context description (local government, catchment management authority), population, towns, land uses and development. Is the study focus local government area wide, catchment wide or a single town? ]
Local flood situation summary
[Paragraph 4: Description of flood behaviour  - provide a broad description of the flood behaviour in the study area. What is known about flooding in the area, such as:
· Is it overland, riverine and/or influenced by oceanic inundation?
· Is there a lot of warning time, and does the catchment respond rapidly?
· What is the flooding duration (hours, days, months)?
· Are there flooding hot spots in the study area?
· Are there areas subject to groundwater flooding, where the water table can rise above the surface of the ground and pond for periods of time?
This paragraph should also identify frequently inundated areas and exacerbating factors (e.g. blockage, high tides, antecedent conditions, and natural or constructed hydraulic controls, including dams and bridges), as well as coincident tributary flooding. ]
Local flood history
[Paragraph 5: Describe the area’s flood history, including:
− a description of the most recent events and the largest recorded events (in terms of their peak height or flow)
· areas of inundation
· impacts on the community (e.g. damage to property and community facilities, loss of life, areas cut off, disruption to community function, photos/video availability)
· any notable occurrences (e.g. levee was overtopped, dam was full, bridge was blocked and/ or overtopped).
Also include a succinct overview of relevant findings from previous studies (to be listed in Table 2 of the generic brief) where relevant. ]
Flood emergency management situation
[Paragraph 6: Describe the flood emergency management situation including information to answer questions such as:
· Does the type of flooding limit the response to, preparation and clean-up rather than response/ evacuation?
· Is the planning time constrained, by either a flash flood or where warning is hours rather than days, and is a coordinated response by emergency services infeasible or unlikely?
·  Is there a significant amount of warning time available, and is coordinated evacuation a possibility?
Any requirement for information in relation to flood timing for emergency management can have a significant impact upon the sophistication of modelling and the scope of work required. ]

Preferred Modelling Software
Model outputs must be compatible with either:
· Infoworks ICM or able to be imported into the Tasmanian Strategic Flood Map, developed in ICM by Autodesk, or 
· WaterRide 
· GIS layers of output maps 
How the outcomes of the study are going to be used
The flood study will be used:
· To inform/ justify investment decisions on flood mitigation for the areas of…
· To inform land use planning schemes/ policies in the area covered
· For planning response for flood events through SES Community Protection Planning
· To support community flood resilience through the SES Storm and Flood Ready Program
Notes:
Please expand the list above as needed. This paragraph can assist the tenderer to understand how the outcomes of the study are going to be used so that this can be considered when determining the methodology and recommending the outputs needed from the study. This paragraph should refer to Section 2 of the generic brief and refer to the range of end users.

[Figure 1: Study area map] 
It is important to include a clear figure of adequate resolution to describe the study area and key features, such as waterways, towns, roads, bridges and key infrastructure (e.g. weirs, levees, reservoirs, dams). It should include an overlay aerial image or cadastral information. The figure should include a legend of all items shown on the figure. A4 size should be the minimum.

[bookmark: _Toc101447325][bookmark: _Toc101447522][bookmark: _Toc101447602]Available Information
The study is to draw upon:
· existing flood investigations in the area (Table 2)
· relevant local land-use planning policies, flood emergency management plans and local design standards (Table 3).
The study should use relevant existing data from: 
· the principal for use by the consultant during the study (Table 4) and 
· other organisations that may have other relevant information – for example, State Roads, and the Bureau of Meteorology (see Table 5). 
The principal will provide or arrange access to data listed in Table 4 at the start of the study. All other data should be sourced by the consultant as part of the study.
[bookmark: _Toc101447628]Table 2: Summary of previous studies 
	Study name
	Description (one paragraph summary)
	Author
	Year
	Accessible for tendering and project

	[e.g. Study Area Flood Study] 
	
	
	
	[yes/no/electronic/hardcopy/in-house at office of principal (include timeframe etc.)]

	Tasmanian Strategic Flood Map
	Regional level flood study, in ICM
	SES Tasmania
	2022
	Yes
Website link



[bookmark: _Toc101447629]Table 3: Summary of local policies and emergency management plans 
	Document
	Description (one paragraph summary)
	Author
	Year
	Accessible for tendering and project

	Land-use planning policies
	State Policies and Projects Act 1993

State Planning Polices 

Regional Land Use Strategies
	Tasmanian Government
	1993
	[yes/no/electronic/hardcopy/source /in-house at office of principal (include timeframe etc.)]

	Local design standards
	
	
	
	

	Municipal Emergency management Plan
	
	
	
	



[bookmark: _Ref101446860][bookmark: _Toc101447630]Table 4: Available and compiled existing data 
	Data type
	Description
	Source/agency
	Year
	Accessible

	Historic flood information
	
	
	
	[yes/no/ electronic/hardcopy/in-house at office of principal (include timeframe etc.)]

	Hydrologic data
Stream water level gauges (station number and record length (years))
	
	e.g. [DNRE, Hydro Tasmania]
	
	

	Survey data (ALS/topographic DEMs)
	
	
	
	

	GIS layers
	
	[e.g. SES Tasmania, DNRE, Council]
	
	

	Tasmanian Local Council Sea Level Rise Planning Allowances
	Sea level rise allowances under climate change
	DPAC https://www.dpac.tas.gov.au/__data/assets/pdf_file/0017/64421/Local_Council_Sea_Level_Rise_Planning_Allowances_derived_from_RCP_8.5.pdf
	2017
	Yes


	Regional hydrologic models
	
	SES Tasmania
	2022
	yes

	Regional hydraulic models
	
	SES Tasmania
	2022
	yes

	Design inputs
	Design rainfalls, temporal patterns, losses, pre-burst, areal reduction factors, climate change factors, 
	Australian Rainfall and Runoff Data Hub
http://data.arr-software.org/ 
	2022
	yes



[bookmark: _Toc101447631]Table 5: Organisations with relevant existing data 
	Agency/office
	Relevant contacts – name, email, phone
	Comments

	DNRE
	
	[flow, survey, LiDAR, GIS data]

	Bureau of Meteorology
	
	[rainfall data]

	SES Tasmania
	
	[Tasmanian Strategic Flood Map, historic data, historic flood photos]

	[others e.g. Hydro Tasmania, council, TasWater, Tasmanian Irrigation]
	
	[flow data, information on dams]





[bookmark: _Toc101447326][bookmark: _Toc101447523][bookmark: _Toc101447603]Current Guidelines and References
The consultant should use current best practice guidelines, manuals and technical reference documents during the study, listed in Table 6 that cover:
· best practice about the technical assessment of flood behaviour and flood risk, and
· more generally, who has responsibility for managing flood risk and how this management is best achieved in the area. 
[bookmark: _Ref101442288][bookmark: _Toc101447632]Table 6: Guidelines and reference documents
	Reference
	Source/link
	Topic
	Comment

	National

	Handbook 7 Managing the Floodplain: A Guide to Best Practice in Flood Risk Management in Australia
	www.knowledge.aidr.org.au 
	Best Practice in Flood Risk Management
	Adhere to
/consider

	Guideline 7-2 Flood Emergency Response Classification of the Floodplain
	www.knowledge.aidr.org.au 
	Emergency Response
	consider

	Guideline 7-3 Flood Hazard
	www.knowledge.aidr.org.au 
	Flood Hazard
	Consider

	Guideline 7-5 Flood Information to Support Land-use Planning
	www.knowledge.aidr.org.au 
	Land-use Planning
	consider

	Australian Rainfall & Runoff (ARR)
This includes the current version of ARR and specific advice published on the ARR website, such as:
Project 18 – Interaction of coastal processes and severe weather events
Project 11 – Blockage of hydraulic structures

	http://www.arr-software.org/project-reports.html
http://arr.ga.gov.au/arr-guideline
	Best Practice in Hydrological and hydraulic modelling
	consider

	Tasmanian

	Floodplain Risk Assessment Guidelines for Municipal Councils in Tasmania
	https://d2kpbjo3hey01t.cloudfront.net/uploads/2018/10/FRAPT-2016-Floodplain-Risk-Assessment-Guidlines.pdf
	Guidelines for consistent floodplain risk assessment in Tasmania
	Adhere to

	Department of Premier and Cabinet (DPAC) (2016): Tasmanian Local Council Sea Level Rise Planning Allowances, Tasmania, 
	http://www.dpac.tas.gov.au/divisions/climatechange/climate_change_in_tasmania/impacts_of_climate_change/coastal_impacts.
	Sea level rise allowances for climate change
	Adhere to

	Any additional relevant documents or guidelines that provide jurisdictional specific advice or support
	
	
	

	Relevant jurisdictional guidelines for the acquisition of survey methods 
	
	
	



[bookmark: _Toc101447327][bookmark: _Toc101447524][bookmark: _Toc101447604]Scope of Work
The consultant must outline the details of the scope of work and the methodology to be used. The needs of identified study end users determines the objectives and scope of the study.  
Please outline a methodology that will achieve the objectives of the study, listed in Section 2 for the identified key end users (Table 1). 
Ensure the proposed methodology 
· meets the scope of work and produces the deliverables detailed in Section 7 in the formats outlined, and 
· complies with the guidelines and best practices listed in Section 5 in consideration of the available information (Section 4).
The methodology should follow the general structure of a hydrologic model and hydraulic model being used to estimate the behaviour of design flood events. 
The scope of works should conclude with a handover of deliverables in the formats outlined in Table 12.
Limitations
The tenderer’s proposal should have a section on limitations detailing:
· their ability to comply with the full requirements of the brief, or 
· any limitations of their proposed approach in meeting the full requirements of this brief, including the defined deliverables for all end users.
[bookmark: _Toc101447328][bookmark: _Toc101447525][bookmark: _Toc101447605]Data collection and review
In this section, identify
· What relevant data exists and where it is available (refer to Table 4)
· Known gaps or inadequacies in current data sets, and the expectations around filling these gaps through the study.
The provider is responsible for ensuring that all data necessary for the completion of the study gathered and collated. SES and Councils may provide assistance with data provision.
Data collection typically begins at the outset of the study, when the majority of data is collected (or commissioned to be collected). The remaining data will be collected during the study, either as it is required or as it becomes available – for example, for a recent flood event. 
Existing data will be supplied at the start of the study. All available and collected data should be reviewed and considered in the development of the study. Reporting on data collection should consider the findings and any recommendations of this review.
If the tenderer identifies a need for additional data, they may include obtaining that data as part of the study project, and include the cost in their tender proposal. 
[bookmark: _Toc101447329][bookmark: _Toc101447526][bookmark: _Toc101447606]Topographic survey
Proposals are to include a realistic estimate of the cost of the survey that reflects: 
· the recommended hydraulic modelling approach, and 
· provisional model configuration and available survey information, as listed in Table 4. 
The modelling approach and provisional hydraulic model configuration should be based on the information reasonably available to consultants at the time of tendering.
If the tenderer proposes alternative modelling approaches with different survey requirements, they must provide 
· realistic survey costs for each option
· costs associated with collection of detailed data on control structures such as bridges, culvert and roads across the floodplain. 
Topographic data obtained using aerial survey methods are to comply with any relevant guidance outlined in Table 6. Any subcontractor under this consultancy needs to include provisions relating to intellectual property and use by government. 
Deliverables should meet the requirements and be consistent with the format specified in Table 12. 
[Add topographic survey requirements here, depending on available information. e.g. A topographic survey of watercourses and the adjoining floodplain (if necessary) is required, for the purposes of hydraulic modelling.]  
Additional survey of structures such as bridges, culverts and road levels is required if they are likely to control or significantly influence flood behaviour and up-to-date, detailed information for these structures does not exist. If applicable, relevant stream water level gauges should be identified and surveyed. Watercourses to be specifically modelled are shown in [Figure 1].
Following engagement and a detailed inspection of the study area, the successful consultant shall submit to Council a brief outlining:
· the required survey, and 
· an upper limit fee to undertake this portion of the work.
Once approved by Council, the consultant shall do the survey within an agreed timeframe. The consultant shall be responsible for engaging and supervising any approved subconsultant. The consultant is also responsible for ensuring any data used is fit for purpose and that the end users of the study retain IP to use the study’s data for their purposes.
[bookmark: _Toc101447330][bookmark: _Toc101447527][bookmark: _Toc101447607]Site Visit
During the initial stages of the project, the project team should undertake a comprehensive familiarisation field inspection of the study area. This should enable an understanding of key features within the catchment and floodplain that may influence flood behaviour. Ideally, this visit would be with representative(s) from the principal organisation. The visit informs development of the survey brief. The cost of this site visit should be included in the tender proposal.
[bookmark: _Toc355782853][bookmark: _Toc101447331][bookmark: _Toc101447528][bookmark: _Toc101447608]Consultation
Community consultation has an important role in all flood-related studies. The outcome goals for community consultation can be to:
· inform the community about the study
· identify community concerns
· gather information from the community by participation
· develop and maintain community confidence and collaboration with the study results
· seek input from the community on management options. 
Community consultation will be led by SES Tasmania as part of Flood and Storm Protection Program. It is expected that the consultant will attend [specify requirements for consultant (e.g. one meeting seeking feedback from community on flood history in the area, gathering information on flood history via a questionnaire or drop in sessions), including number of days that should be costed for community consultation]
[bookmark: _Toc355782854][bookmark: _Toc101447332][bookmark: _Toc101447529][bookmark: _Toc101447609] Hydrologic analysis
The hydrologic analysis calculates all flows entering the hydraulic model, either as upstream or point inflows, rainfall, or as an oceanic boundary. The consultant is to provide details of how this is to be undertaken including recommended methods of analyses that: 
· are fit for purpose for the study area and project scope, and 
· align with industry best practice in ARR. 
Possible methods of analyses may include 
· flood frequency analysis and 
· rainfall-runoff routing models. 
Features of the catchment that have a distinct influence on the catchment’s hydrology are listed in Table 7. 
[bookmark: _Ref101428864][bookmark: _Toc101447633]Table 7: Catchment features affecting hydrology 
	Catchment feature

	[e.g. gauge no. 1234567 was moved 1 km downstream in 1990]

	[e.g. extensive vegetation clearing along the creek bank occurred in 1970s]



	|Optional text – Previous hydrologic analysis exists| 
[The project scope assumes the existing hydrologic model require an update and extension to meet the needs of the study. This should be included in the base cost estimate of the proposal.
After reviewing the documents available in the tendering process, the consultant might identify the model is likely not fit for purpose. In this case, the consultant’s proposal is to:
· include indicative additional costs for developing and calibrating/ validating a new hydrologic model
· provide reasoning for why the model is not considered fit for purpose and 
· outline how the proposed model would meet the objectives of the study. 
These indicative costs should be included in the cost schedule.]



|Optional text – Comparison of 2016 IFD data to at site gauge data| 
[To determine if there is any significant bias between “at site” gauge data and BOM 2016 IFD it is necessary to compare the two. 
For the IFD duration nearest to the catchment response duration and 5 durations either side, compare the 2016 IFD and the annual maximum series extracted from each gauge for each duration. Plot the “at site” data using standard flood frequency plotting position formula and compare to the 2016 IFD. If the record is short, use the partial duration series instead of the annual duration series after appropriate conversion to AEP.
Individual gauges often show some bias as the approach used to pool data for 2016 IFD estimates will generally be more correct than an individual gauge. However, where a there is significant bias is found between multiple gauges and the 2016 IFD, the consultant should recommend an approach to consider this issue.
In general, where 2016 IFDs are higher or similar to “at site” data, use the 2016 IFDs. However, where “at site” data of multiple gauges are significantly higher than the 2016 IFDs, consider using a local correction factor or “at site” data in the study.
The consultant is to report on the comparison and any associated recommendations.]

[bookmark: _Toc355782855][bookmark: _Toc101447333][bookmark: _Toc101447530][bookmark: _Toc101447610]Model selection
An appropriate computer-based rainfall-runoff routing model is suitable for this study given:
· The scope of the study, and 
· the hydraulic modelling and outputs required. 
The chosen modelling software should be detailed, including a description of its capability to represent all significant features of the catchment. The extent of the rainfall-runoff routing model shall be sufficient to establish reliable boundary conditions for input to the hydraulic model covering the study area. 
 
|Alternative text – Explanatory text to be included if principal believes a flood frequency analysis may be viable | 
If the length of recorded gauged flow in the catchment makes it suitable for a flood frequency analysis, this should be undertaken. Table 4 details historical records of gauged flow are available at the stream water level gauges. A flood frequency analysis will draw on the extensive hydrologic record of the area and provide a reliable estimate of peak flow for design events at the gauge location(s). The flood frequency analysis should be in accordance with the procedures outlined in ARR.
Details of the rating curves available and used in the analysis should be documented.

|Alternative text – Direct rainfall method – may be applicable for some urban areas of the model | 
Given the flood behaviour, scope of the study and outputs required, the direct rainfall method may be used for modelling specific study areas. Please describe the limitations of the approach and the appropriate checks required.
Run an ensemble with the direct rainfall method. The design results should be determined by selecting the mean water level from the ensemble results. Given the extreme differences between direct rainfall models and rainfall runoff routing models, a representative temporal pattern cannot be determined using a rainfall runoff routing model and then be applied to a direct rainfall model.
Guidelines on the use of direct rainfall models are given in ARR and associated project report Project 15: Two dimensional simulations in rural and urban floodplains. In all cases, checks should be carried out including comparing the model response for large and small design floods to rainfall runoff routing models over small sub-areas, major subareas and the whole catchment. The outcomes should be documented, including for the same design inputs the comparison should compare peak flow, response time, runoff volume and hydrograph shape.

|Optional text – Combined regional method and runoff routing – to be used where flow records are short or unreliable | 
One or more gauges in the catchment have a very short length of record or are not reliable for selecting appropriate model parameters. Other gauges in the region may be more representative and provide a more reliable guide for selecting model parameters. Use regional parameters developed via regional methods in rainfall-runoff modelling.

|Optional text – Combined flood frequency analysis and runoff routing – to be used where FFA is possible| 
Use design flood estimates based on the results of the flood frequency analysis and rainfall-runoff modelling. Rainfall-runoff model parameters should be adjusted to fit the adopted design flood estimates.

The hydrologic analysis is to use the ensemble hydrologic modelling approach outlined in Australian Rainfall and Runoff 2016. This approach relies on selecting an ensemble of 10 and in some cases 20 temporal patterns for each event duration. Calculate the design flow at key locations by averaging the flow from the ensemble for each duration. These key locations should be areas within the catchment where the hydraulic model is to be set up including inflow locations to the hydraulic model and those locations further downstream within the hydraulic model where tributaries combine.
|Optional text – Complex hydrologic approaches – used in limited circumstances where advanced techniques are required as inputs have significant interactions. e.g. may be required where there is a large dam in the catchment| 
For complex studies a Monte Carlo approach should be applied. The proposed Monte Carlo approach must be designed to capture the variability of the inputs that have been determined to have significant causal or interactive affects.



[bookmark: _Toc355782856][bookmark: _Toc101447334][bookmark: _Toc101447531][bookmark: _Toc101447611]Hydraulic model
The purpose of the hydraulic model is to simulate the behaviour of flood waters in the study area, including their depth, level and velocity as they vary across the study area. The model is to be able to represent all topographic features of the study area that significantly affect flood behaviour, including waterways, overland flow paths, subsurface drainage, and structures such as bridges, culverts, levees, detention basins, entrance berms and oceanic inundation. The study area for modelling including specific waterways to be modelled is included in Figure 1.
The proposal is to nominate a software model and configuration that is suitable to achieve the required outcomes of this study, including the assessment of flood risk management measures as part of this or subsequent studies in a cost-effective manner. The proposal should detail how it will achieve these outcomes and identify any limitations or shortcomings of the proposed approach. Features of the catchment that have a distinct influence on the hydraulic behaviour of the flooding are listed in Table 8.

[bookmark: _Ref101432675][bookmark: _Toc101447634]Table 8: Catchment features affecting hydraulic behaviour
	Catchment feature

	[e.g. bridge at Main Street was upgraded (including raising) in 1984]

	[e.g. levee built at low point at end of Flood Street in 2001]



The selection of hydraulic modelling technique depends on the complexity of the flood situation and flood risk present.
|Optional text – Previous hydraulic analysis will require update| 
Depending on the project scope, the initial stages of the project should review the appropriateness of the previous hydraulic model and outputs. The model is available for use during this study if considered fit for purpose by the consultant. The project scope assumes the model will, at minimum, require an update and extension to meet the needs of the study. This should be incorporated in the base cost estimate of the proposal.
[bookmark: _Toc355782857]Following review of the documents available as part of the tendering process, should the consultant identify that it is likely that the model would not be considered fit for purpose, the consultant’s proposal is to incorporate the indicative additional costs associated with the development and calibration/validation of a new hydraulic model.
Reasoning should be given why the model is not considered fit for purpose and how the proposed model would meet the objectives of the study. These indicative costs should be included in the cost schedule.
[bookmark: _Toc101447335][bookmark: _Toc101447532][bookmark: _Toc101447612]Model selection
Given the scope of the study and outputs required, the size of the study area, and the nature of the waterways and their flood behaviour, a 1D/2D hydraulic model is suitable for this study. This model type will represent the floodplain and flow paths in sufficient detail to accurately simulate flow behaviour in the hydraulic model. Furthermore, a 2D hydraulic model will produce spatial and temporal outputs to a level of detail that is appropriate given the range of end users and their varying needs. The model input data must be available for use with SES’s statewide ICM model.
The proposed grid cell resolution should be sufficient to appropriately represent the features within the catchment. In areas with overland flow, the grid cell size selection should be suitable to define the overland flow in a relatively built-up environment. This may be limited by the accuracy of the topographic data, the stormwater drainage network and other hydraulic structures (and blockage of these), land use, and buildings. The consultant should consider these items when setting out their proposed methodology.
Guidance on this is in ARR Project 15: Two dimensional simulations in rural and urban floodplains.
|Alternative text – Greater than minimum-sized pipes in. To be used where draining network can impact flood behaviour| 
The drainage system is an important aspect of the management of flooding in significant events. The hydraulic model should include all drainage pipes greater than [xx m]. The consultant should test the sensitivity of the flood level when adjusting the minimum size.

OR
|Alternative  text – No pipes in| 
The pipe drainage network has a relatively minor capacity for the managing flooding. The hydraulic model does not need to include drainage pipes. The consultant is to advise if any drainage structures may significantly influence model results, and so should be included in the model. The consultant should test the sensitivity of the flood level if these drainage structures are to be included.

For each duration a representative temporal pattern that produces flows similar to the mean should be selected for hydraulic modelling. This is generally the hydrological event just above the mean at locations where tributaries have combined. The selected event should be compared to the other ensemble event hydrographs and another pattern should be selected if the hydrograph is very different to the rest of the ensemble. Where none of the ensemble events are near the mean it is permissible to slightly scale the rainfall to match the mean.
In addition, the largest and smallest events are to be run though the hydraulic model to understand the sensitivity of design estimates to temporal patterns. This needs to only be done for the critical durations determined from the hydrologic modelling.
For direct rainfall methods the design results should be determined by selecting the mean water level from the ensemble results. Given the extreme differences between direct rainfall models and rainfall runoff routing models, a representative temporal pattern cannot be determined using a rainfall runoff routing model and then be applied to a direct rainfall model.
If a tenderer supports using a different model type, reasoning should be given as to how this model is suitable, including how it will meet the objectives of the study and produce the deliverables as outlined in Section 7 for the full range of end users’ needs, as well as any shortcomings the model type will have. The project schedule should be amended to clearly identify a specific item to include all the associated costs. This cost should be considered as part of the lump sum proposal.
[bookmark: _Toc355782858][bookmark: _Toc101447336][bookmark: _Toc101447533][bookmark: _Toc101447613]Model calibration and validation
The models are to be calibrated and validated to a standard consistent with both the principal’s expectations and with the guidelines on model calibration that form parts of the material listed in Table 6, before any work on simulation of design flood levels. 
The consultant shall review the available data and information and provide guidance on the possibility of undertaking a reasonable calibration and validation process. 
The consultant must provide a report and supporting data files to outline calibration and validation for consideration and review by the principal. The consultant shall not undertake any aspect of the design flood modelling until the principal has reviewed and provided written approval of the model calibration and validation. This report and the supporting data files provided should meet the requirements of the relevant guideline as outlined in Table 6.

|Alternative text: No calibration data| 
A comprehensive calibration and validation of the hydrologic and hydraulic model is unlikely to be possible, due to a lack of calibration data for the catchment. However, tenderers should outline how selecting model parameters in the hydraulic model will achieve reasonable accuracy in model results.
OR
|Alternative text: Calibration data (either hydrologic or hydraulic)| 
Suitable hydrologic and hydraulic models to simulate flood behaviour in the study area are to be developed by calibration and subsequent validation of flood behaviour against available data from historical flood events. Historic events to be used have been listed in Table 11 or should be identified by the successful tenderer in consultation with the principal.
To achieve a fit to calibration events, consideration should be given to how conditions on the floodplain have changed and what historical topographic features or structures are not represented in the current survey data.
Following calibration, the model is to be validated against the historical events detailed in Table 11.
During the calibration and validation process, features of the catchment that have a distinct influence on flood behaviour should be considered. The calibration/validation process should guide the final model configuration and selection of hydraulic model grid cell resolution if undertaking 2D modelling. 
[Sentence describing any specific features of the calibration process distinct in the study area (e.g. profile through a bridge, or blockage of culverts and structures)].
The calibrated model is to achieve a satisfactory fit to the historical data. [Sentence describing preferred calibration benchmark (e.g. The calibrated model is to be able to reproduce the flood level recorded at the gauge within 0.[X] m,for each calibration event.)]

|Optional text – Ground truthing – desktop review| 
The consultant is to validate model results and assumptions made to ensure potential flow paths and obstructions are accurately represented within the model and model produced behaviour. This ground truthing exercise is to be undertaken as a desktop review.

OR
[bookmark: _Toc355782859]|Optional text  – Ground truthing – field| 
The consultant is to validate model results and assumptions made to ensure potential flow paths and obstructions are accurately represented within the model and model produced behaviour. This ground truthing exercise is to include field inspections of key locations.

[bookmark: _Toc101447337][bookmark: _Toc101447534][bookmark: _Toc101447614] Rating curve review
Where gauge information is available, the existing rating curve should be validated against the results of the hydraulic model, particularly in the high-flow zone above the highest ratings. In conducting the review, the consultant should liaise with the gauge owner and the results of the review provided for their consideration.


[bookmark: _Toc355782860][bookmark: _Toc101447338][bookmark: _Toc101447535][bookmark: _Toc101447615]Model parameter sensitivity
Sensitivity analyses shall be carried out to assess how much influence model parameter values have on the results of the calibration and validation. The main parameters are those simulating:
· rainfall (spatial and temporal variation), 
· rainfall losses, 
· catchment storage and lag, 
· friction, 
· energy losses, and 
· blockage at culverts, bridges and other structures. 
The sensitivity of the model results to downstream boundary conditions shall also be tested. 
Sensitivity analyses shall also be carried out to assess the relative uncertainty associated with the design results. The consultant is to clearly state the proposed approach and methodology, along with nature and extent of sensitivity testing that will be undertaken.
[bookmark: _Toc355782861][bookmark: _Toc101447339][bookmark: _Toc101447536][bookmark: _Toc101447616]Modelling events
The study should consider flood behaviour for a range of events. Table 9 outlines the events that should be considered for this study. The events and scenarios included will depend upon the end use of this information.
For the design event runs outlined in Table 9, the calibrated model is to be modified as necessary to accurately represent the relevant conditions for the scenario, with model and modelling parameter changes clearly documented.
|Optional text – Catchment flooding and coastal inundation. To be used where catchment drains to ocean| 
The study area is in an area where catchment flooding is influenced by coastal inundation or by the waterway entrance into the ocean. The coincidence of catchment flooding and coastal inundation is to be considered in deriving design events.
If the blockage of structures is considered to be an important factor in this catchment, the approach to method of blocking assessment to apply to design modelling should be described. 
For example, design events may need to be derived using an envelope of different blocked and unblocked scenarios at different points in the catchment. 
The models are to be run for all the relevant scenarios and the results discussed in reporting and used to developed relevant deliverables.
|Optional text – Waterway timing coincidence| 
The study area includes the junction of two major waterways. The coincidence of flooding in the vicinity needs to consider relevant guidance in Australian Rainfall and Runoff.


[bookmark: _Ref101440952][bookmark: _Toc101447635]Table 9: Flood events or floodplain conditions to be assessed
	Scenario ID
	Event
	Description/Information

	1
	Historical calibration/validation flood events – historic conditions
	[Month, year]

	2
	Design flood events
	20%, 10%, 5%, 2%, 1%, 0.5%, 0.1% AEP, PMF

	3
	Design flood event to test sensitivity to climate change at 2100
	1% AEP, with SSP3-7 and SSP7-RCP 8.5 scenario 

	4
	Design events for model parameter sensitivity analysis
	1% AEP

	5
	Design events for assessment of flood hazard
	5%, 1% AEP, PMF



The principal must approve the use of an extreme event instead of the probable maximum flood (PMF).
[bookmark: _Toc355782863][bookmark: _Toc101447340][bookmark: _Toc101447537][bookmark: _Toc101447617]Post processing of results
Flood hazard is to be determined based on hydraulic considerations such as depth and velocity. The assessment will be limited to the depth–velocity product using the velocity at the peak water level, in accordance with guidelines listed in Table 6 of the brief. Table 9 details the events to be considered.
[bookmark: _Toc355782867][bookmark: _Toc101447341][bookmark: _Toc101447538][bookmark: _Toc101447618]Peer review
[bookmark: _Toc355782868]The principal is to engage an independent technical reviewer or technical review panel that will peer review the study including hydrologic and hydraulic reporting outcomes. The consultant is to provide all relevant data to support the peer review and consider the findings of the peer review in finalising the project.
[bookmark: _Toc101447342][bookmark: _Toc101447539][bookmark: _Toc101447619]Reporting
The draft and final reports are to cover the issues identified in the scope of work in sufficient detail to be fit for the intended purpose. As a minimum they are to contain the following information:
Executive Summary
Outlining the purpose of the study as well as its methodology, results and conclusions
Introduction
Outlining the purpose of the study, the intended end users and the client
Background
Study Area - description of the study area, its catchment(s) and the history of flooding in the area
Previous Studies - a summary of the previous studies completed in the area and their relevance to the current study
Discussion of relevant policies, legislation and guidance
Flood Behaviour - Written description of design and historical flood behaviour for a range of events for locations across the study area
Flood history table
	Year
	Month
	Rainfall (if known)
	Description


· Major flood mitigation works in the area
	Type
	Location
	Description
	Notes



Available Data
Provided and collected – description of all data collected (data and survey) and used for the study and their limitations and final ownership. This includes:
Historic Data – including summary of historic events and available data
Guidelines used
Data collection
Information from Site Visit
Topographic and Aerial Survey and imagery
DEM Development

Hydrological analysis
Description of the hydrologic analyses, including any review of existing models and studies, and calibration and validation, and assumed catchment conditions.
Hydrologic controls in catchment and changes overtime
Model Review
· Description of model
· Review Model parameter selection and assumed catchment conditions
· Assessment of fitness for purpose
· Recommended modification or alternative approaches
· Model Selection
· Model Setup
· Model parameter selection
· Model inputs including design rainfalls, losses, pre-burst rainfall, temporal patterns, critical duration, areal reduction factors and climate change factors.
· Model results – reporting and presentation of results for all design runs identified in Table 11 including design flood hydrographs at gauges and key locations.
· Compare at-site data to BOM 2016 IFD
Hydraulic Analysis
Description of the hydraulic analyses, including any review of existing models and studies.
· Identification of hydraulic controls in the floodplain and any key changes overtime
· Model Review
· Description of model
· Review Model parameter selection and assumed catchment conditions
· Assessment of fitness for purpose
· Recommended modification or alternative approaches
· Model Selection
· Model Setup
Model Calibration and Validation
Description of model calibration and validation. Presentation of results showing model fit to calibration and validation flood events, if applicable
· Model parameter selection and assumed catchment conditions
· Model results - reporting and presentation of results for all design runs identified in Table 9 including design flood hydrographs at gauges and key locations.
· IFD rainfall depths for the modelled events using the centroid of the catchment or equivalent (rainfall duration 1, 2, 3, 4.5, 6, 9, 12, 18, 24, 36, 48, 72, 96, 120, 144 hours)
Model sensitivity
Description of the results of sensitivity analysis and model checks.
Overall Model results
· written description of likely model accuracy and limitations such as domain extent compared with suitable study area for result use
Post Processing of Results
Reporting on and providing the following post processed model outputs.
· Flood depths
· Flood extents
· Flood hazard (H1-H6)
· Flood heights of the modelled events against key local landmarks, usually bridges
· Rate of rise and time over 300 mm depth for the following locations: [list specific locations]
· Significant dams in the flood study area
	Dam location
	Owner / status
	ID / Type / class
	Height/ capacity
	Notes 



Conclusions
Recommendations
Data Handover
· The report is to summarise the intellectual property of all study material (including outputs, models and input data), in consideration of the requirements of the brief.
· It is also to document the information handed over as part of the study, including all relevant model files and versions used in the study as outlined in Section 7.
Figures
Acknowledgements
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Printing of the final report(s) shall not proceed without the written direction of the principal. The cost of all work associated with preparing the approved final report shall be included in the consultant’s fee estimate.
[bookmark: _Toc355782869][bookmark: _Toc101447343][bookmark: _Toc101447540][bookmark: _Toc101447620]Meetings
Meetings are to be held regularly throughout the duration of the study. The meetings shall be attended by representatives from the principal as well as, occasionally, the steering or technical committees. Meetings will generally take place at the project inception and when progress milestones are reached. The meeting location and number of meetings, their purpose and expectations of the consultant are shown in Table 10.
In addition to the meetings specified in Table 10, it is expected that there will be regular meetings between the Consultant’s Project Manager and the Principal’s Project Manager to report on progress.

[bookmark: _Ref101443343][bookmark: _Toc101447636]Table 10: Meeting requirements
	Meeting Type/Purpose
	Location
	Number of Visits Required
	Expectation of Consultant

	Inception meeting with Principal representatives
	[in person or online]
	1
	finalising conditions of commission, handover of data, etc

	Data review to Principal’s project technical committee
	[in person or online]
	1
	Outline results of data review, any data limitations and requirements for additional data

	Model setup review to Principal’s project technical committee
	[in person or online]
	1
	Outline the hydrologic and hydraulic models developed, including limitations

	Model calibration to Principal’s project technical committee
	[in person or online]
	1
	Review of model calibration and suitability of models for modelling design events

	Preliminary design results and mapping to Principal’s project technical committee
	
	
	Presentation of preliminary design results and mapping, and discussion of feedback

	Presentation of draft report to Principal’s project technical committee 
	[in person or online]
	1
	Reporting and presenting to technical committee, receiving and discussing feedback, clarifying technical matters, etc

	Presentation of final report to Principal’s project technical committee and steering committee
	[in person or online]
	1
	Reporting and presenting final outcomes to technical committee and steering committee


[bookmark: _Toc355782870][bookmark: _Toc101447344][bookmark: _Toc101447541][bookmark: _Toc101447621]Timing and hold points
The end of each stage represents a milestone. The study will also include significant hold points where a principal review period should be allowed for. The consultant is not to commence works on any new stage beyond a hold point without written approval of acceptance of the previous stage from the principal’s representative. Acceptance of the final report and handover of all relevant materials will mark the completion of the study. Key project stages for reporting and managing progress payments are shown in Table 11.
[bookmark: _Ref101444045][bookmark: _Toc101447637]Table 11: Project stages 
	Phase/stage
	Description
	Hold points

	Phase 1
	Data collection
	Data review meeting

	Phase 2a
	Hydrologic and hydraulic models developed
	Peer review

	Phase 2b
	Calibration of hydrologic and hydraulic models to selected historic events
	Peer review

	Phase 2c
	Production of preliminary design results
	Peer review

	Phase 3a
	Draft report
	Peer review 

	Phase 3b
	Final report
	Presentation and handover of final report.

	Phase 4a
	Handover of model outputs
	Provision of model outputs to principal





[bookmark: _Toc101447345][bookmark: _Toc101447542][bookmark: _Toc101447622]Deliverables
Deliverables are to be produced in the formats specified in this section and provided to the Principal in accordance with the milestones of the study as outlined in Table 10. They include progress, draft and final reports, survey data, model set-up files, model files and model results, and mapping products. Outputs will be used by a number of end users for a variety of purposes and, therefore, all deliverables should adhere to the formats specified in the following section, in accordance with any relevant guideline detailed in Section 5 and provided in GIS format, where possible.
Output deliverables are to be provided for the events listed in Table 9. Table 12 lists required deliverables and indicates whether a hard copy figure is required as part of the final report. All mapping should be clear and legible. All deliverables are to be provided electronically (where applicable) to assist in provision of information to all study end users. Some deliverables are also required in hardcopy in the report.
All post-processing of the spatial outputs must be of the correct format to integrate the GIS layers into The List (www.thelist.tas.gov.au) – ArcGIS environment and the SES WaterRIDE environment as final spatial products. All water levels will be provided in mAHD.

[bookmark: _Ref101444333][bookmark: _Toc101447638]Table 12: Output Deliverables
	Deliverable
	Specifics
	Notes, Formats and Preferences 

	Data
	Survey data 
LiDAR 
	Raw and Processed. Spatial Layer of locations in correct format to integrate the GIS layers into The List (www.thelist.tas.gov.au) – ArcGIS environment.

	
	Aerial Imagery 
	Catalogue of imagery

	
	Digital Elevation Model
	Correct format to integrate the GIS layers into The List (www.thelist.tas.gov.au) – ArcGIS environment.

	
	Flood data
	Collected historical information, gauge/rain
[e.g. mAHD and BOM gauge]

	
	Hydrologic controls
	Survey or description, as interpreted for model. Raw and processed in correct format to integrate the GIS layers into The List (www.thelist.tas.gov.au) – ArcGIS environment.

	
	Hydraulic controls
	Survey or description, as interpreted for model. Raw and processed in correct format to integrate the GIS layers into The List (www.thelist.tas.gov.au) – ArcGIS environment.

	Processed model inputs
	Sub-catchment rainfall data
	Able to be imported into ICM, and correct format to integrate the GIS layers into The List (www.thelist.tas.gov.au) – ArcGIS environment.

	
	Direct rainfall data
	Able to be imported into ICM, and correct format to integrate the GIS layers into The List (www.thelist.tas.gov.au) – ArcGIS environment.

	Model Outputs
	Maximum water levels and hazard mapping (H1 – H6)
	Correct format to integrate the GIS layers into The List (www.thelist.tas.gov.au) – ArcGIS environment. Water levels to be provided in mAHD.

	
	Hydrographs from hydrologic model for each sub-catchment for each event 
	Compatible with ICM. Example formats will be provided to the consultant. These formats are ICM specific format and csv format.

	
	Time series of water levels at [specify locations]
	Compatible with ICM. Example formats will be provided to the consultant. These formats are ICM specific format and csv format. Water levels to be provided in mAHD.

	
	Modelling output for post processor viewer
	Steady state/dynamic compatible with WaterRIDE

	Models
	Hydrologic model
	 All model files including inputs and outputs

	
	Hydraulic model
	All model files including inputs and outputs
Model inputs must be made available to SES in a GIS format for incorporation into to the TSFM, including:
•	Digital elevation model
•	Bathymetry captured for the project
•	Stream long sections or cross sections
•	Manning’s and losses information

	Reports
	Monthly Progress Reports
	[e.g. 1 electronic copy] [e.g. MS Word/PDF]

	
	Survey Brief, where required
	[e.g. 1 electronic copy] [e.g. MS Word/PDF]

	
	Calibration and Validation Report
	[e.g. 1 electronic copy] [e.g. MS Word/PDF]

	
	Draft report
	e.g. 2 copies, 1 electronic] [e.g. MS Word/PDF]

	
	Final report
	[e.g. 5 copies, 1 electronic] [e.g. MS Word/PDF]

	
	Handover report
	[e.g. 1 electronic copy] [e.g. MS Word and PDF]

	
	Figures
	Figures of flood layers to be A3 unless otherwise stated. Flood layers to be overlaid on cadastral map or aerial photography, including a legend. 
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