
SUBMISSIONS FOR STATE O F  QUEENSLAND 

04 APRIL 2011 

Department of Environment and Resource Management 

PERM) 

C. All aspects of the response to the 201012011 flood events, 
particularly measures taken to inform the community and 
measures to protect life and private and public property 
(including immediate management, response and recovery; 
resourcing, overall coordination and deployment of personnel and 
equipment; adequacy of equipment and communications systems; 
and the adequacy of the community's response) 

The DERM provided both general and specific flood response commentary in 

Submission 1 at Parts C, D and E. 

Draft Protocol for the Communications of Flooding Information for 
the Brisbane River Catchment 

In the second half of 201 0, DERM participated in the development of the draft 

"Protocol for the Communication of Flooding Information for the Brisbane River 

Catchment - including Floodwater Releases from Wivenhoe and Somerset Dams". 

Emergency Management Queensland (EMQ) within the Department of Community 

Safety is the lead agency for the development of the draft communications protocol. 

Other participants in the development of the draft communications protocol include 

the Department of the Premier and Cabinet, Queensland Police Service, Seqwater, 

SEQ Water Grid Manager, Bureau of Meteorology (BOM), Brisbane City Council, 

Somerset Regional Council and Ipswich City Council. 

The draft communications protocol details the arrangements to he followed by the 

Brisbane City Council, Ipswich City Council and Somerset Regional Council, 

Queensland Government agencies and BOM. The object of the Protocol is to ensure 
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the provision of consistent and robust information to the community concerning 

potential flooding impacts for the Brisbane River catchment, including release of 

floodwater from Wivenhoe and Somerset Dams. 

The following are the key parts that apply to DERM: 

(a) "In the case of floodwater release, the SEQ Water Grid Manager will alert the 

Director-General (DG) of the Department of Community Safety (DCS), DG 

Department of Environment and Resource Management (DERM), and the local 

governments."; 

(b) "DG DERM will inform the Minister for Natural Resources, Mines and Energy."; 

and 

(c) "Department of Environment and Resource Management (DERM) consults with 

the stakeholders prior to the approval of any updates to the Flood Mitigation 

Manual. The DERM also approves any necessary variations to the strategies in the 

manual if required during the course of a flood event." 

The draft communications protocol was not finalised prior to the flood events in 

Brisbane and Ipswich in January 201 1. However, given BOM's predictions for the 

summer storm and cyclone season, on 22 November 2010 the Premier of Queensland 

wrote to the mayors of Brisbane, Ipswich and Somerset proposing that the draft 

communications protocol he implemented on an interim basis pending its finalisation 

and formal sign-off by the parties. 

The draft communications protocol is now being reviewed. 

D. The measures to manage the supply of essential services 
such as power, water and communications during the 
201012011 flood events 

Water and sewerage providers 

The DERM regulates Queensland's water and sewerage services. Chapter 2 of the 

Water Supply (Safety and Reliability) Act 2008 (the Water Supply Act) was 

specifically developed to protect Queensland's communities from the consequences of 
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loss of essential services. The DERM works with urban and rural water supply and 

sewerage service providers to maintain or improve service standards and safety, while 

seeking to lower the cost of providing those services. 

The regulatory framework is based around the fundamental principles that service 

providers: 

(a) Set their own operational standards (operation and renewal strategy); and 

(b) Are solely responsible for the day-to-day provision of water supply and sewerage 

services, i.e. DERM has no direct involvement in the delivery of the services. 

The Water Supply Act requires that drinking water service providers must monitor 

water quality (currently for E. Coli and fluoride) in accordance with the Public Health 

Regulation 2005 and continue any other water quality monitoring in place prior to the 

commencement of the Water Supply Act. Drinking water service providers must also 

report to DERM any detection of E. Coli and exceedences of health guideline values 

in the Australian Drinking Water Guidelines found as a result of this monitoring. The 

Australian Drinking Water Guidelines health guideline values have been adopted by 

DERM in addition to the requirement of the Public Health Regulation 2005. 

The DERM regulates discharge licence conditionsllimits for sewerage, Strategic Asset 

Management Plans (SAMP), System Leakage Management Plans (SLMP) and 

Drinking Water Quality Management Plans (DWQMP). 

Water supply and sewerage providers which are not required to be registered under 

the Water Supply Act are not regulated by DERM. These providers include bodies 

corporate, holiday resorts, mining operations and caravan parks. 

The DERM sent an Advisory Information bulletin (a copy of which is attached and 

marked as 'DERILI-01') by email at 9:24 am on 24 December 2010 to all local 

governments reminding them of the importance of ensuring appropriate management 

of water quality during times of adverse weather condition and when usual resources 

such as laboratories and Council staff were not available, 
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Where test results indicated healthy drinking water quality parameters were exceeded 

during the flood events, the water service provider was required to ring a 1300 

telephone number to report the test results. The DERM then liaised with Queensland 

Health and either DERM or Queensland Health then contacted the water service 

provider to have the matter rectified. 

The DERM personnel attended meetings with the State Disaster Coordinator on 

30 and 3 1 December 2010 amongst others, which involved EMQ (State Disaster 

Coordinator), Queensland Health (QH) and Local Government Association of 

Queensland (LGAQ). DERM's role was identified as providing technical support for 

essential water and sewage supplies. 

It was initially agreed on 30 December 2010 that LGAQ would contact flood affected 

local councils to obtain information from councils on the status of flood affected 

water, sewerage and waste facilities. Following discussions with LGAQ, DERM 

commenced providing daily reports from 4 January 201 1 for the first two weeks and 

subsequently on a weekly basis. The DERM contacted councils about the issues 

associated with water and sewerage services being provided. Currently DERM is 

contacting councils on a fortnightly basis as permanent infrastructure repairs are being 

implemented over 3 , 6  and 12 month timeframes. 

Where a council's services were interrupted, DERM telephoned the council 

representative to find out what actions were being undertaken to rectify the situation 

and when services would be restored. DERM also advised councils that if they 

needed assistance (for example equipment, staff, chemicals) that this could be 

facilitated and that requests should be coordinated through the Local District Disaster 

Management Group. 

The DERM was not requested by councils to provide assistance or technical advice. 

A chronological history of the 201011 1 flood event for water supply and sewerage 

damage for all councils outside south east Queensland as at 9 March 201 1 is attached 

and marked as 'DERM-02'. From time to time, DERM checked and reported on 
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specific communities. DERM also provided EMQ with technical advice on water 

supply and sewerage matters as required. 

During the floods in south east Queensland, DERM personnel took part in a number 

of teleconferences involving the south east Queensland water entities (Water Grid 

Manager, Seqwater, Allconnex, Queensland United Utilities and Unity Water). 

Situation reports have been provided to DERM's Executive Management Group, key 

internal departmental officers, the office of the Minister for Environment and Natural 

Resources, Queensland Reconstruction Authority and Department of the Premier and 

Cabinet. A copy of the most recent report is attached and marked as 'DERM-03'. 

From 5 to 21 January 201 1, the situation reports on the SEQ floods were produced on 

a daily basis during the response phase. From 27 January to 14 February 201 1 twice 

weekly situation reports were produced during the recovery phase. From 17 

February 201 1 up to the present, weekly reports (including during Cyclones Anthony 

and Yasi) were and are still being produced. The information in these reports 

regarding water and sewage treatment plans and dam levels in south east Queensland 

is provided by south east Queensland water entities (Water Grid Manager, Seqwater, 

Allconnex, Queensland United Utilities and Unity Water). The information for the 

remainder of the State is provided by DERM. 

The DERM's overall regulatory role is to provide oversight of the long-term 

management of corrective and preventive actions by service providers once 

Queensland Health is satisfied the public health risk has been addressed. 

Recycled water 

The DERM administers the regulatory requirements for managing recycled water 

produced by recycled water providers for purposes such as golf course irrigation and 

industrial supply. The requirements for recycled water providers are detailed in the 

Water Supply Act and a series of regulatory guidelines. 
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During a flood event the majority of recycled water schemes have no need to supply 

water. However, in response to the January 201 1 floods Queensland Health gave 

approval (with DERM endorsement) to recycled water providers for the Western 

Corridor Recycled Water Scheme for the use of purified recycled water and Class A+ 

recycled water for wash down purposes. 

E. Adequacy of forecasts and early warning systems 
particularly as they related to the flooding events in 
Toowoomba, and the Lockyer and Brisbane Valleys 

Stream Flow Gauging Station Network 

As outlined in the State of Queensland's first submission dated 11 March 201 1, 

DERM operates its stream flow gauging stations network for the primary purpose of 

water resource planning and management. In addition, DERM's gauging station 

information is used to support infrastructure planning in Queensland and to contribute 

to BOM's flood warning system. 

Current Status of DERM's Stream flow Gauging Station Network 

The DERM operates 389 stream flow gauging stations throughout the State and of 

these 372 are located in the flood or cyclone prone areas. The present situation in 

relation to the gauging station network is outlined below: 

(a) 3 15 gauging stations are operational; 

(b) 50 gauging stations have had preliminary repairs and are operating within 

acceptable limits with further restoration work yet to be carried out; 

(c) 2 gauging stations were severely damaged by floodwater and require rebuild; and 

(d) 5 gauging stations are currently classed as status unknown. 

The 5 gauging stations with status unknown are detailed in the report, a copy of which 

is attached and marked 'DERM-04'. 

This is not of immediate concern for DERM's purposes given that data being 

collected by these stations is for long term planning. It is highly likely that these 

stations are continuing to log data for these requirements. 
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Of these, the Rudd Creek gauging station is functioning for and reporting to BOM. 

The Burdekin River at Blue Range gauging station is communicating intermittently 

but is a low priority for BOM. The communications issues at the Leichhardt River at 

Floraville, Oaky Creek at Texas and Culgoa River at Woolerbilla gauging stations are 

being addressed by DERM as a priority for BOM for the 201 1-2012 wet season. 

The 2 gauging stations that are non-operational are: 

(a) 143306A Reedy Creek at Upstream of Byron Creek Junction; and 

(b) 143307A Byron Creek at Causeway. 

The Reedy Creek gauging station was completely destroyed by floodwater. The 

Byron Creek gauging station was inundated by floodwaters but suffered no structural 

damage. Both are in close proximity to each other within the Brisbane Basin on the 

Stanley River. Currently neither station is collecting data. These stations are not used 

by BOM for flood warning purposes. 

BOM use of DERM Gauging Stations for Flood Warning 

Some of the gauging stations within DERM's network are used by BOM for flood 

waming purposes. BOM accesses DERM's gauging station infrastructure under the 

following two scenarios: 

(a) BOM uses DERM's existing gauging station infrastructure such as the gauging 

station hut to house BOM and or council owned flood waming instrumentation. In 

this scenario BOM typically attaches its instrumentation to DERM's 

instrumentation e.g. BOM installs a separate stream height transducer that runs in 

parallel with DERM's instruments, whilst both share a common gas-capillary line 

to the river. BOM typically uses its own separate telemetry systems to transmit 

data. DERM does not undertake maintenance of BOM owned instrumentation 

installed within DERM gauging stations; and 

@) The DERM has established a telemetry network which enables access to near-real 

time data from some of its gauging stations within the network; data from the 

telemetered sites is foiwarded to BOM (approximately every 15 minutes) as the 

data comes into DERM's systems. BOM is also able to directly access DERM's 
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telemetry enabled gauging stations to download near-real time stream height data 

for flood warning purposes. 

The DERM operates 258 gauging stations in Central West, South West and South 

East catchments and thirteen of these were affected by floodwaters during the 2010/1 1 

Flood Events. BOM uses seven of these thirteen gauging stations for its flood 

warning system. 

During the flood events, DERM regularly informed BOM of any known gauging 

station problems with the stations within the DERM network that BOM used for flood 

warning purposes. The DERM worked closely with BOM's staff to make repairs to 

gauging stations. This was only possible in situations where access could be safely 

gained to a gauging station site. The primary objective for DERM at that time was to 

ensure the operation of the gauging station network. During the flood event DERM 

undertook, as a matter of priority, repairs to 12 of its gauging stations at the request of 

BOM. 

The DERM provided an update to the then Minister for Natural Resources, Mines and 

Energy and Minister for Trade via a Ministerial Briefing Note which was noted by the 

Minister on 5 January 201 1 informing the Minister of the situation. A copy of the 

briefing note is attached and marked as 'DERM-05'. 

Minister Robertson was advised on 11 February 201 1 (attached and marked as 

'DERM-06') that DERM had responded to nearly all requests received from BOM 

since September 2010 to repair critical gauging stations in south east Queensland. 

On 23 February 2011 DERM wrote to BOM to provide an update on the status of 

DERM's gauging station network (attached and marked as 'DERM-07'). 

The DERM is now working with BOM to upgrade 72 gauging sites across 

Queensland before the start of the 201 1/12 wet season. The new technology uses 

satellite internet protocol communications to improve the reliability of available 

near-real time data. 
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Lockyer Valley Gauging Stations 

BOM uses a gauging station on Lockyer Creek located at Helidon as a flood warning 

station. This station was operational during the flood events in the Lockyer Valley up until 

it was inundated by flood waters on 10 January 201 1. Temporary repairs have been 

completed to this gauging station and the station is able to collect stream flow 

measurements. Further repairs will be canied out in the future. 

The DERM operates one gauging station on Murphy's Creek in the Lockyer Valley. 

BOM does not use data from this gauging station for flood warning purposes. During the 

period leading up to the flooding in the Lockyer Valley the Murphy's Creek gauging 

station was collecting stream flow data however due to intermittent and weak mobile 

phone signal this data was not available in near-real time. The DERM is reviewing 

options to address communication service and reliability. 

Two other gauging stations in the Lockyer Valley were seriously affected by the flood 

event. Seven gauging stations continue to operate with some infrastructure damage 

which is being assessed with respect to being able to deliver reliable information. 

Data Collection and Processing 

The data collected by DERM from the gauging station network is stored in DERM's 

Water Accounting System (WAS) Hydstra proprietary database. This data goes through a 

process of validation by hydrographic officers and is 'quality coded' to clearly identify the 

relative reliability of the data. This data is available free of charge and may be accessed 

either via DERM website or via formal request for a particular gauging station or stations. 

The DERM has received many requests since the flood events from consultants, engineers 

and the general public to provide stream flow data from flood affected areas and has 

allocated additional resources for this activity. This data is being provided on a priority 

basis while still adhering to the quality assurance processes undertaken in DERM for data 

supply. Hydrographic officers are validating the relevant telemetry data from identified 

priority sites as a quickly as possible. The validation of all south east Queensland 

telemetry data and rating data has now been completed. 
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Rating Curves 

The DERM's water monitoring framework is subject to a continual improvement 

process under DERM's quality management framework which is IS0 9001 endorsed. 

In order to turn measured stream heights into flow velocities in cubic metres per 

second (cumecs), the height flow relationship is established under a prescribed 

methodology. This information is presented in what is known as a rating curve. A 

rating curve is developed by measuring the cross sectional area of the stream along 

with velocities (cumecs) at selected points throughout the full range of heights 

experienced at the site. This process is commonly referred to a stream flow 

measurement or gauging. Stream flow measurements are collected over a long period 

time and during various flow events. Therefore it can take many years to collect 

enough stream flow data to build a reliable rating curve. 

To ensure that opportunities to undertake stream flow measurements are taken, 

DERM works in conjunction with BOM to place hydrographic officers at key 

locations where predicted significant stream flow events may take place. The DERM 

placed hydrographic officers in the field continuously from before Christmas Day 

201 0 to undertake measurements. 

The DERM uses data collected from measuring stream flow to recalibrate rating 

curves. This process is undertaken following stream flow measurement to ensure that 

the relationship between stream height and flow at that particular gauging location is 

current. 

For example, the Savages Crossing rating curve is considered reliable for river heights 

of up to 15.87 metres. During the 201 1 flood, the actual river height peaked at 24.3 

metres at this gauging station. This is 8.43 metres above the current calibrated stream 

height. Given that 15.87 metres was the historical peak prior to the 201 1 flood event 

it was not possible to calibrate the rating curve for stream heights above this level and 

up to 24.3 metres. The rating curve was explicitly qualified as being a predictive tool 

for river heights above 15.87 metres. This means that any flow volumes derived from 
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the gauging station's rating curve above the calibrated stream height of 15.87 metres 

are 'quality coded' such that they are treated with caution. 

F. Implementation of the systems operation plans for dams 
across the state and in particular the Wivenhoe and 
Somerset release strategy and an assessment of compliance 
with, and the suitability of the operational procedures 
relating to flood mitigation and dam safety 

Dam safety 

Chapter 4 of the Water Supply Act regulates 'referable dams' and 'flood mitigation 

manuals' in Queensland and is administered by DERM, as the dam safety regulator. 

As the dam safety regulator, DERM produces the following: 

(a) Guidelines on acceptable flood capacity for dams; 

(b) Guidelines for failure impact assessment of dams; 

(c) Queensland dam safety management guidelines; and 

(d) Procedure for flood mitigation manual for a dam. 

Guidelines on acceptable flood capacity for dams 

These guidelines (a copy of which is attached and marked as 'DERM-08') relate to 

the flood safety of water dams, and more specifically, to the selection of an 

Acceptable Flood Capacity (AFC) and adequate spillway provisions for all proposed 

and existing referable dams in Queensland. 

These guidelines detail the: 

(a) Available methods for determining the required flood discharge capacity for 

referable dams; 

(b) Procedures to be followed when applying these methods; 

(c) Reporting requirements when reporting the results of these investigations to the 

chief executive of DERM (the regulator); and 

(d) Timeframe for any necessary dam safety upgrades. 
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Guidelines for failure impact assessment of water dams. 

These guidelines (a copy of which is attached and marked as 'DERM-09') have been 

developed to help owners comply with the Water Supply Act and dam safety 

conditions for referable dams (these include both conditions relating to dam safety 

imposed on development permits and safety conditions imposed under the Water 

Supply Act). 

The Guidelines provide information about: 

(a) Referable dams; 

(b) Failure impact ratings; 

(c) Failure impact assessment and how it is done; 

(d) Certification of a failure impact assessment; 

(e) Lodging a failure impact assessment for an existing dam; 

(f) Lodging a failure impact assessment for a new or proposed dam; 

(g) Lodging a failure impact assessment for works on an existing dam; 

(h) Timing requirements for undertaking failure impact assessments; 

(i) Processes for accepting, rejecting or reviewing a dam failure impact assessment; 

and 

(j) Responsibilities, penalties and provisions for appeals. 

Queensland dam safety management guidelines 

The aim of the Queensland Dam Safety Management Guidelines for referable dams (a 

copy of which is attached and marked as 'DERM-10') is to describe practices dealing 

with the construction and management of referable dams and assist dam owners to 

safely manage their dams and protect the community from dam failure. 

It is to be used by: 

(a) Owners of referable dams; 

(b) Operators of referable dams; 

(c) Employees of referable dam owners and operators; and 

(d) Consultants for referable dam owners and operators. 
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These guidelines outline best practice used in Australian Standard for Quality Systems 

ASJNZS IS0 9001-3:1994 (Lam) [Quality Systems - Model for quality assurance in 

design, development, production, installation and servicing] in dam safety and are 

primarily advisory in nature. However, development permit conditions imposed on 

individual dams under the provisions of the Water Act 2000 and the Sustainable 

Planning Act 2009 (SPA) may "call up" or reference relevant sections of these 

guidelines as a way of undertaking particular activities (e.g. preparing an emergency 

action plan). 

A dam safety management program should ultimately result in six levels of 

documentation being available for each dam. These are the: 

(a) Investigation, Design, and Construction Documentation including Data Book, 

Design Report and As-Constructed Details (or Construction Report); 

(b) Standing Operating Procedures (SOPS); 

(c) Detailed Operating and Maintenance Manuals (DOMMs); 

(d) Inspection and Evaluation Reports; 

(e) Dam Safety Review Report 2; and 

(f) Emergency Action Plan (EAP). 

DS 5.1 Flood Mitigation Manual for a Dam 

The DS 5.1 Flood Mitigation Manual for a Dam procedure (a copy of which is 

attached and marked as 'DERM-11') provides a framework for assessing a flood 

mitigation manual for a dam required by the chief executive under Chapter 4, Part 2 

of the Water Supply Act. 

Section 370 of the Water Supply Act provides that dam owners may be required to 

prepare a flood mitigation manual. Section 371 of the Water Supply Act provides the 

chief executive with the power to approve, by gazette notice, a flood mitigation 

manual for a dam. Section 372 of the Water Supply Act provides that a flood 

mitigation manual may be subject to amendment by DERM and section 373 provides 

for review by the owner of a dam. Section 374 provides that the owner of a dam 

"does not incur civil liability for an act done, or omission made, honestly and without 

negligence in observing the procedures" in the manual. 
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Currently only three dams, being Wivenhoe, Somerset and North Pine dams owned by 

Seqwater, are required to prepare and have approved flood mitigation manuals. The 

primary reason for these dams to have flood mitigation manuals is that they are used 

for flood mitigation purposes and have gates where flow can be controlled. 

Seqwater has its own internal system operation plans which do not require DERM 

approval. These plans are intended to ensure compliance with the flood mitigation 

manual. For example, Seqwater in its Flood Procedure Manual assigns 

responsibilities to Seqwater personnel for flood preparation, flood event mobilisation 

and flood event operations. 

Manual of Operational Procedures for Flood Mitigation at Wivenhoe Dam and 
Somerset Dam - flood mitigation manual for Wivenhoe Dam and Somerset Dam 

Section 2.9 of the flood mitigation manual for Wivenhoe Dam and Somerset Dam 

provides that: 

"Seqwater must prepare a report for each Flood Event. The report must contain 

details of the procedures used, the reasons therefore and other pertinent information. 

Seqwater must forward the report to the Chief Executive within six weeks of the 

completion of the Flood Event." 

Section 7.4 of the flood mitigation manual for Wivenhoe Dam and Somerset Dam 

provides that: 

"After each significant flood event, Seqwater must report to the Chief Executive on 

the effectiveness of the operational procedures contained in this manual. This report 

must be submitted within six weeks of any flood event that requires mobilisation of 

the Flood Operations Centre." 

In compliance with the above, Seqwater provided to the Director-General of DERM, a 

report entitled "January 201 1 Flood Event Report on the operation of Somerset Dam 

and Wivenhoe Dam 2 March 201 1" (Seqwater W & S report) on 2 March 201 1. The 
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Seqwater W & S report was hand delivered to the Queensland Floods Commission of 

Inquiry on that same date. The Seqwater W & S report has now been made publicly 

available on the DERM website at: htt~:llderm.qld.eov.au/commission/ 

The Seqwater W & S report addresses its compliance with the flood mitigation 

manual for Wivenhoe and Somerset dams and the scope for potential changes in dam 

operational arrangements related to flood mitigation. 

The report includes Seqwater's assessment of the significance of the January 201 1 

Flood Event, Seqwater's operational response during the event and Seqwater's 

assessment of its compliance with the flood mitigation manual and the effectiveness 

of monitoring, modelling and communications systems. 

The DERM is currently analysing the Seqwater report which includes considering: 

(a) The process followed by Seqwater in relation to the times that key decision were 

made (e.g. opening flood gates more quickly to prevent triggering the fuse plugs); 

@) Whether it is necessary to vary the procedures in the flood mitigation manual in 

accordance with the experiences from the flood event; 

(c) The effect of varying the Full Supply Level from its current Elevation Level (EL) 

of 67 metres; 

(d) The performance of the Wivenhoe and Somerset Dams in the flood event; 

(e) Seqwater W & S report recommendations; and 

(f) Seqwater W & S report conclusions. 

Manual of Operational Procedures for Flood Mitigation at North Pine Dam 
11 March 2011 - flood mitigation manual for North Pine Dam 

North Pine Dam is also required under the Water Supply Act to have a flood 

mitigation manual. 

In compliance with the above, Seqwater provided to the Director-General of DERM a 

report entitled "January 201 1 Flood Event Report on the operation of North Pine Dam 

11 March 201 1" (Seqwater North Pine report) on 11 March 201 1. The Seqwater 

North Pine report was hand delivered to the Commissioner of the Queensland Floods 
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Commission of Inquiry (the Commissioner) on that same date. 

The Seqwater North Pine report has now been made publicly available on the DERM 

wehsite at: httu:l/dem.~ld.gov.au/commissionl. 

In a letter dated 20 March 201 1, the Director-General of DERM wrote to Seqwater 

stating that the Seqwater North Pine report raises issues which need to be evaluated in 

relation to the ability of North Pine dam to manage rare flood events, noted that 

Seqwater was currently undertaking investigation actions and requested Seqwater's 

urgent advice on those investigation actions (particularly any urgent advice as to risk 

mitigation procedures). A copy of the letter is attached and marked as 'DERM-12'. 

The DERM is also conducting a similar analysis of the Seqwater North Pine report as 

detailed above in relation to the Seqwater W & S report. 

Seqwater is required to provide reports under section 2.9 of the flood mitigation 

manuals after each flood event. Due to the number of flood events within the 

meaning of the flood mitigation manuals that occurred at Wivenhoe, Somerset and 

North Pine Dams in October 2010, December 2010, January 201 1 and February 201 1, 

the Chief Executive Officer of Seqwater wrote to the Director, Dam Safety of DERM 

by letter dated 24 February 201 1 (a copy of which is attached and marked 

'DERM-13') requesting the following extensions of time for the following reports: 

(a) 11 March 201 1 for the January 201 1 flood event report for North Pine Dam (now 

provided to DERM); and 

(b) 3 1 May 201 1 for the October 2010 and December 2010 flood event reports for 

Wivenhoe, Somerset and North Pine Dams and the February 201 1 flood event 

report for North Pine Dam. 

The Director-General of DERM wrote to the Chief Executive Officer, Seqwater by 

letter dated 8 March 201 1 (a copy of which is attached and marked 'DERM-14') 

approving those extensions. 
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Toowoomba Flood Event 

Drainage lines in East Creek and West Creek Toowoomba contain ponds and 

detention basins of various sizes owned and operated by Toowoomba City Council. 

The purpose of a detention basin is for it to fill with flood water during an event and 

for that water to then drain out of the basin at a non-damaging rate. There are 28 

detention basins and ponds along East Creek and West Creek in Toowoomba. While 

the basins are dams within the meaning of the Water Supply Act, none of the basins 

automatically trigger the requirement for a failure impact assessment under the Act. 

The chief executive of DERM has the power under section 343(5) of the Water 

Supply Act to require the owner of a dam to undertake a failure impact assessment. 

This power can only be exercised when the chief executive reasonably believes there 

would be population at risk if the dam were to fail. In 2005, DERM conducted a 

preliminary assessment of the Alderley Street detention basins on West Creek. This 

assessment recommended that further investigation be conducted to determine the 

extent of the potential population at risk. After this assessment was undertaken, a 

detention basin was constructed in Long Street. Further, an assessment of coincident 

flow down East Creek was not included. Therefore, a further inspection was 

conducted in 2009 as part of the State-wide large farm dams project and the 

assessment was ongoing at the time of the flood event in Toowoomba. 

The television footage of the flash flood which struck Toowoomba on 

10 January 201 1 indicated the presence of 'flood waves' which led the Dam Safety 

team in DERM to consider if those waves had been caused by a structural failure of 

the detention basins. Due to the flooding event in the Lockyer Valley it was not 

possible for DERM to conduct an inspection of East Creek and West Creek in 

Toowoomba until 18 January 201 1. A copy of that inspection report is attached and 

marked as 'DERM-15'. 

The report concluded that: 

(a) No embankments associated with the ponds and detention basins collapsed during 

the storm, thus eliminating the possibility that the flood was aggravated by the 

collapse of a built structure; and 
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@) The behaviour of the flood was probably the result of the interaction of the storm 

conditions and the drainage system. 

The DERM is currently re-assessing these detention basins to determine if a failure 

impact assessment is required to be undertaken under the Water Supply Act. If it is 

appropriate after taking into account the prescribed criteria under section 374(6) of the 

Water Supply Act, then a failure impact assessment will he required to be completed 

before the beginning of the 201 1/12 wet season. 

Farm Dam Incidents 

During the flood events in December 2010 and January 201 1 no referable dams failed. 

There were 22 farm dam incidents due to various causes. There were no injuries and 

minimal property damage caused due to these dam incidents. Attached and marked 

'DERM-16' is a spreadsheet detailing location of the dams, real property description, 

latitude, longitude, dam identification number, complainant, incident description, 

action officer and action taken (personal information has been redacted). 

Previous Flood Reports under flood mitigation manuals 

Attached are three (3) previous flood reports provided under the flood mitigation 

manuals: - 

(a) Interim Report on Operation of Wivenhoe Dam during Floods (April -May 1989) 

by Water Resources Commission (a copy of which is attached and marked as 

'DERM-17'); 

@) Report to South East Queenslaud Water Board on Flood Events of February and 

March 1999 at Somerset Dam, Wivenhoe Dam & North Pine Dam by State Water 

Projects (a copy of which is attached and marked as 'DERM-18'); and 

(c) Report on Flood Events at Wivenhoe, Somerset and North Pine Dams May 2009 

to July 2009 by Seqwater (a copy of which is attached and marked as 

'DERM-19'). 

In respect of the Report to South East Queensland Water Board on Flood Events of 

February and March 1999 at Somerset Dam, Wivenhoe Dam &North Pine Dam - the 

recommendations for changes to the flood operations manuals at section 18 of the 
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report have been fully implemented. 

The issues where Somerset Dam was rising above full supply level while no 

significant inflows into Wivenhoe Dam were occurring, as raised in part 9 on Flood 

Management Strategies in the Report on Flood Events at Wivenhoe, Somerset and 

North Pine Dams of May 2009 to July 2009, have been addressed in Strategy 1 of the 

flood mitigation manual. 

G. All aspects of land use planning through local and 
regional planning systems to minimise infrastructure and 
property impacts from floods 

The DERM's first submission of 11 March 201 1 referred to and provided a copy of 

the draft Queensland Flood Risk Management Audit Report (Audit Report) which 

outlined that DERM predominately has a technical advisory role. This includes 

providing a technical advice in flood management and stormwater management. In 

accordance with this role, DERM undertakes the following: 

(a) Publishing and maintaining the Queensland Urban Drainage Manual available on 

DERM's website at htto:/lwww.dem.qld.~ov.au/waterirermlation~&ainaqemanual.html; 

@) Providing technical advice to the Department of Community Safety in its 

administration of State Planning Policy on mitigating the adverse impacts of 

flood, bushjre and landslide (SPP 1/03) which is currently under review by that 

department; and 

(c) Providing technical support for flood mitigation subsidy programs currently under 

the Australian Government Natural Disaster Resilience Program administered in 

Queensland by the Department of Community Safety. 

Regulation of a watercourse, lake or spring 

The DERM regulates prescribed activities that occur within watercourses, lakes and 

springs. The Water Act 2000 defines the terms, "watercourse", "lake" and "spring". 

The DERM's regulatory role is to assess applications under the SPA, Water Act 2000, 

Vegetation Managenlent Act 1999 and associated planning instruments. 
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The fundamental principle underpinning the legislation and planning instruments is 

ecologically sustainable development. Sustainability is a primary consideration when 

a decision maker considers an application for the removal of vegetation or quarry 

material from a watercourse. 

Interfering with the flow of water 

Interfering with water in a watercourse, lake or spring is regulated under the Water 

Act 2000. Interference with the flow of water in a watercourse includes the 

construction of a dam or weir, or diverting the flow of a watercourse. When assessing 

an application to interfere with the flow of water in a watercourse, the decision maker 

must consider the criteria under section 210 of the Water Act 2000. This criteria 

includes: 

(a) Any plans or declarations that may apply; 

(b) Existing authorities to interfere with water; 

(c) The effect on natural ecosystems, the physical integrity of a watercourse, lake or 

spring; and 

(d) The public interest. 

If an application to interfere with the flow is approved, a water licence under the 

Water Act 2000 will be granted. Subsequently, an application for development 

approval under the SPA must be made and is assessed against the Water Act 2000. If 

the application is approved, a development permit will be granted. 

Taking quarry material from a watercourse 

The taking of quarry material from a watercourse requires a resource allocation under 

the Water Act 2000. When assessing an application for an allocation of quarry 

material from a watercourse under section 282 of the Water Act 2000, DERM 

considers the sustainability of the quantity of take of quarrying materials, e. g. 

ensuring the quantity of material removed does not exceed the average material 

transport rate (the rate at which material is replenished). If an application to take 

quarry material is approved, a Quarry Material Allocation Notice (QMAN) will be 

granted. Subsequently, application must be made for a development approval and, if 
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approved this will include conditions to manage the impacts of the take to ensure the 

integrity of the watercourse and onsite and downstream impacts are managed, 

including such impacts as downstream water quality. 

Dealing with water related development 

Works used to interfere with the flow of water, or for the removal of riverine quarry 

material from a watercourse, lake or spring, may require development approval under 

the SPA. The DERM is the assessment manager for applications relating to works to 

interfere with the flow, collating responses from concurrence agencies and deciding 

the application, unless another agency, such as a local government, is the assessment 

manager. For development applications relating to the removal of qnany material, 

DERM is the assessment manager unless a local government has made quarrying 

assessable development under their planning scheme (in these cases a local 

government would be the assessment manager and DERM would provide a 

concurrence response). If the proposal forms part of a larger development, for 

example a golf course that also involves construction of a dam on a watercourse, 

DERM may be a concurrence agency providing its response to the assessment 

manager (in this instance the relevant local government). 

Riverine protection 

Unless otherwise permitted, a riverine protection permit is required under the Water 

Act 2000 to destroy vegetation, excavate or place fill in a watercourse. When 

assessing an application for a riverine protection permit, the decision maker assesses 

the application against the criteria under section 268 of the Water Act 2000, which 

includes whether destroying vegetation, excavating or placing fill in the watercourse 

will effect water quality, or result in erosion loss of habitat and ecological function 

within the watercourse. If an application is approved, a riverine protection permit is 

granted under the Water Act 2000. 

Certain entities that include local governments and the State may undertake riverine 

protection activities without a permit if they operate under the "Guideline -Activities 

in a watercourse, lake or spring carried out by an entity". This allows such entities to 

destroy vegetation, excavate or place fill in a watercourse in order to control erosion 
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or carry out flood mitigation around public infrastructure such as road crossings. 

The "Guideline -Activities in a watercourse, lake or spring carried out by an entity" 

is available on the DERM website at: 

http://www.derm.qld.eov.auiabout/~olicy/documents/4167/wa~ 2010 4165.pdf 

River improvement trusts 

The River Improvement Trust Act 1940 provides for the establishment of river 

improvement trusts to undertake erosion protection and flood mitigation works in the 

areas for which they are established. For example, the Pioneer River Improvement 

Trust covers all watercourses in the Mirani and Mackay City local government areas 

and undertakes levee bank construction and erosion protection works using funding 

from council precepts. The DERM provides technical approvals for works proposals 

and provides a governance oversight role. 

The Webbe-Weller review of government boards, committees and statutory 

authorities recommended that the functions of the State's 15 River Improvement 

Trusts be transferred to local governments. The DERM is working with River 

Improvement Trusts and affected local governments to implement the new 

institutional arrangements so transfers can be progressed by mid-2012. 

Vegetation management 

The Vegetation Management Act 1999 and regional vegetation management codes 

regulate the clearing of native vegetation within and adjacent to watercourses, lakes 

and springs. These codes consider the effect of vegetation clearing on the bank 

stability, water quality, aquatic and terrestrial habitat of watercourses and wetlands. 

Clearing is restricted within buffer distances of watercourses, lakes, springs and 

wetlands. Buffer distances depend on the size of the watercourse, lake, spring or 

wetland. Clearing can be permitted within these buffers if the applicant can 

demonstrate that the clearing will not have an effect on bank stability (for 

watercourses), water quality, aquatic and terrestrial habitat. If an application is 

approved a development permit is issued under the SPA. 
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Technical advice on stormwater management 

The Queensland Urban Drainage Manual is a guideline for engineers and designers 

planning and designing urban stormwater systems in Queensland. 

The manual considers: 

(a) Hydrologic and hydraulic procedures; 

(b) Environmental and legal issues; 

(c) Technical and regulatory aspects; 

(d) Appropriate design methods; and 

(e) Computational procedures. 

State Planning Policy 1/03 - mitigating the impacts of flood, bushfire 
and landslide 

SPP 1/03 requires the identification of natural hazard management areas within which 

minimising the risks to the community should be a key consideration in development 

assessment and the preparation of planning schemes. Until natural hazard 

management areas are identified in planning schemes, Annexure 3 of the SPP should 

be used for development assessment. 

The Department of Community Safety assists with the application of the SPP where 

requested. 

The DERM's role in supporting other agencies in the implementation and review of 

SPP 1/03 is to provide advice on landslide and floodplain management issues and the 

latest climate change science advances as well as storm tide and climate change 

issues. 

The DERM's advisory role is triggered when a Regional Plan or a planning scheme is 

made under the SPA. Section 11.6 of the South East Queensland Regional Plan is an 

example of high level planning principles that must be reflected in local planning 

instruments and development assessments. 
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In the making of a planning scheme by a local government authority, DERM's role is 

to contribute to the whole of government state interest check including the State's 

interest in mitigating the impacts of flood, bushfire and landslide under SPP 1103. 

In the event that development is proposed below the identified flood level then the 

planning scheme will trigger assessment under the integrated development assessment 

system (IDAS) to ensure flood risk is adequately mitigated. This assessment is 

undertaken by the local government authority. 

Local government authorities may develop a flood plain code for self assessment of 

development within the flood plain. 

Technical advice on flood management 

Assessing Flood Damage 

Guidance on the assessment of tangibleflood damages (a copy of which is attached 

and marked as 'DERM-20') was published in September 2002, by DERM's 

predecessor, the Department of Natural Resources & Mines, to provide information to 

help applicants under the then Australian Government Regional Flood Mitigation 

Program (now replaced by the Natural Disaster Resilience Program) to assess tangible 

flood damages (i.e. damages that can be estimated in dollars). This guidance was 

provided as technical support to assist applicants and Emergency Management 

Queensland manage the assessment process. 

The guideline focuses on estimating the value of potential physical damage that flood 

inundation may cause to property and infrastructure in an urban environment. It also 

explains the common methods and approaches used for estimating this damage, and 

converting the result to an average annual damage figure, which is necessary for 

calculating costs and benefits. 

This guidance is consistent with broadly accepted methods, including those described 

in Report 73 of the SCARM Series, Floodplain Management in Austualia: Best 
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Practice Principles and Guidelines (2000) (available from CSlRO Publishing). 

Best Practice Principles 

Floodplain management in Australia: bestp~acticeprinciples and guidelines (2000) 

(available from CSIRO Publishing) defines the context of floodplain management and 

includes guidelines to further develop the best practice principles. It also deals with 

practical issues to be considered as part of the floodplain management process. 

The DERM has also undertaken an Inland Flooding Study Project which was referred 

to in the submission of 11 March 201 1. 

Coastal Management 

Under the SPA, DERM may be either a referral agency or assessment manager for 

any of the following: 

(a) If the land is located in a Coastal Management District (CMD) or seaward of a 

coastal building line - Material Change in Use, Reconfiguration of a Lot, 

Operational works, Building works; and 

(b) Construction of a canal, prescribed tidal works or tidal works. 

Tidal work activities include: 

(a) Interfering with quarry material on State coastal land above high-water mark; 

(b) Disposing of dredge spoil or other solid waste material in tidal water; 

(c) Draining or allowing drainage or flow water or other matter across State coastal 

land above the high-water mark; 

(d) Constructing or installing works in a watercourse where the works are not 

assessable under the Water Act 2000 or the Water Supply Act; 

(e) Reclaiming land under tidal water; 

(f) Constructing an artificial waterway; 

(g) Constrncting a bank or bund wall to establish a ponded pasture on land, other than 

State coastal land, above the high-water mark; and 

(h) Removing or interfering with coastal dunes on land, other than State coastal land, 

that is an erosion prone area and above the high-water mark. 
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Protection of wetlands in Great Barrier Reef catchments 

In May 2010, a wetland protection package was introduced to help protect wetlands of 

high ecological significance in Great Barrier Reef catchments from the effects of high 

impact earthworks. The package is considered necessary to stop the decline in reef 

water quality and the loss and degradation of wetlands that are not currently protected 

by other legislation. 

The wetland protection package includes a Temporary State Planning Policy 1/10: 

Protecting Wetlands of High Ecological Significance in Great Barrier Catchments and 

amendments to the Sustainable Planning Regulation 2009. The changes establish 

wetland protection areas around significant wetlands in Great Bamer Reef catchments 

and create an assessment framework under the planning legislation for certain kinds 

of development in these wetland protection areas. The temporary State Planning 

Policy is valid for 12 months and expires on 2 May 201 1. 

The "Temporary State Planning Policy 1/10: Protecting Wetlands of High Ecological 

Significance in Great Barrier Catchments" is available on the DERM website at: 

http:/lwww.dem.qld.gov.au/wildlife-ecosysten~s/ecosystems/~d~wetlands-spp.pdf 

New Draft State Planning Policy 

In addition to this current protection package, DERM is considering making a final 

State planning policy to take effect when the temporary State Planning Policy expires. 

As part of this process, DERM released a Draft State Planning Policy: Protecting 

Wetlands of High Ecological Significance in Great Barrier Reef Catchments on 10 

December 2010 for public consultation and submission. 

The "Draft State Planning Policy: Protecting Wetlands of High Ecological 

Significance in Great Banier Reef Catchments" is available on the DERM website at: 

http://www.dem.ald.~ov.au/wildlife-ecosystems/ecosystems/pdfidrds- 

spp.pdf 
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Referable Wetlands 

Wetland protection areas are shown on a map of referable wetlands. These are the 

areas where DERM has a concurrence role in assessing applications for certain 

development involving large scale earthworks. 

The map of referable wetlands can be viewed on the DERM website at: 

http:/lwww.dem.qld.gov.au/wildlife-ecosvstems/ecosvstems/referable-wetlands- 

maps.htm1 

Sustainable planning 

The list of developments that DERM has responsibility for as an advice agency, 

concurrence agency or assessment manager under the Sustainable Planning 

Regulation 2009 is attached and marked as 'DERM-21'. 

The assessment codes are available on the DERM website at: 

http://www.d~.qld.gov.au/water/management/assessmentcodes.html 

htt~:l/www.dem.qld.gov.au/venetationlregional codes.htm1 
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Deparrment of 
Environment and Resource 
Management 

Advisory Information 

Impact of recent weather conditions on managing drinking water 
supplies and advice for the Christmas closure period 

The Office of the Water Supply Regulator (OWSR) has noticed an increase in E.coli incident 
notifications in recent times. 

The pattern of these notifications is unusual in that the detections are occurring at a frequency 
and level that has not historically been associated with the particular drinking water supplies. 

It is highly probably that the unseasonably high rainfall being experienced in Queensland is 
resulting in the increased level of E.coli detections. 

This situation is further cause for concern due to the impending Christmas closure period, 
where service provider staffing and sample analysis capabilities are significantly reduced. 

Consequently, over the Christmas period, the OWSR advises all drinking water service 
providers to ensure they have: 

s Reviewed all operational procedures to ensure the ongoing effectiveness and efficiency of 
treatment processes during periods of high rainfall, increase turbidity and reduce staff 
availablility. 
Ensure incident and emergency procedures, plans and contacts are current. 

0 Ensure operational inonitoring is continued throughout the Christnlas period 
Make arrangements to ensure the continuation of E.coli sampling and analysis where 
possible 

* Increase disinfection levels where appropriate 

Office of the Water Supply Regulator 
GPO Box 2454 Brisbane 

Queensland 4001 Australia 

Telephone + 61 7 3227 6592 
Facsimile + 61 7 3224 7887 

Website www.derm.qid.gov.au 

ABN 46 640 294 485 
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DERM Joint Disaster ResponselRecovery - 2010-11 Qld Floods & 20'1 I Cyclones Anthony & Yasi 
Situation Report - 16 March 2011 

--- -. 

Key Developments 

Recovery 
* Regional officers met with the Northern Director of the Qld Reconstruction Authority and discussed recovery issues and assistance required. 

Issues identified included access to State Forest on the western side of Cardwell for town purposes, repair for jetty and marine transport 
infrastructure, coastal erosion repairs and waterway debris clean up activities. Officers continue to participate in built infrastructure and 
natural environment recovery group meetings to address specific recovery issues. Recovery groups have commenced preparing local 
recovery plans which document proposed actions. 

* The wet season in North and Far North Queensland continues compounding and delaying recovery activities. Demand for departmental services from 
regional authorities is continuing. The department continues to provide support to communities affected by TC Yasi and the Queensland Reconstruction 
Authority in response and recovery activities. 
Emerging issues include pest animal and weed management, fire risk assessments, advice requests for rehabilitation and clean up of waterways, 
monitoring vegetation clearing, beach restoration expectations and available financial assistance, and responding to diverse public expectations and 
sometimes strong opinions about management of natural resources as part of recovery activities. 
The anticipated change in demand for regional services over the next 12 months is being assessed. Strategies will be developed to reduce application 
processing times and to provide concise information and advice to stakeholders to address emerging issues. 
Officers of the department are participatinun regional council led recovery subcommittees for and infrastructure recovery. 

t h e  overall status of the DERM streamflow gauging station network is satisfactory. 
The current status of the groundwater bore monitoring network is being assessed. Based on 
the reported impact to accessible sites it is expected there will be damage in flood affected 
areas where bores were inundated. 

e Assessment of the long-termlpermanent repairs required to restore the streamflow gauging 
station and groundwater bore monitoring network commenced in January, and is expected to 
be completed by June 201 1 when safe access to remote stations is possible. 

Cyclo~le 
No further updates. 

Mefrics: 
373 streamflow gauging stations are operated in the Declared Natural Disaster Area. 

Of these: 
129 gauging stations are operational - completed on-site assessment and operating at pre- 
event levels. 

0 50 gauging statLots.ale operational - completed -~ investigation or owsite assessment and 
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DERM Joint Disaster RespotlJelRecovery - 2010-11 Qld Floods & 20, r Cyclones Anthony & Yasi 
Situation Report - 16 March 2011 

. . . . .  . . . .  . . 

specific Issues . . . . . . .  . . . . . . . . . . . .  . . . . . .  - -. .. - . . . . . . . . . . . .  1 . . .  - .. 
/ EMG Member 

preliminary repairs, require further restoration. 
185 gauging stations are operational -no on-site assessment and collecting data at pre-event 
levels 
2 gauging stations are non operational -completed on-site assessment and require re-build. 
7 gauging stations with status unknown - no on-site assessment and not communicating data. 
5 control weirs that provide stable flow conditions for gauging stations have been damaged and 
require repair. - . ~ ~ ~ .  

Recovery 
Preliminaw repairs to ensure the continued operation of the gauging station network are beina 

Recovery 
Floods 
SEQ 

No further updates 
Outside SEQ 

No further updates 
Cyclone 

All boil water alerts have been lifted. 
All areas - Water supply has been restored throughout the affected region but some systems 
are fragile and some individual properties are without water due to extensive damage. 
Burdekin 

Milaroo - Repairs to a pump fault are expected to take up to 8 weeks, as it cannot be fixed 
until the river level drops. In the meantime water is being trucked from Clare to the 
rese~o i r  and bottled water is available for residents. 

Townsville 
* The Paluma water treatment plant remains on generator power and will continue to be for 

undertaken where posslble with other restoration actlvlt~es pknnedwhen access IS available ' 

Floods 

No further updates 
Outstde SEQ --.- 

Debb~e Best 
- 

16/03/201 f 
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DERM Joint Disaster ResponselRecovery - 2010-11 Qld Floods & 2011 Cyclones Anthony & Yasi 
Situation Report - 16 March 201 1 

. . . . . .  ...... 

Specific Issues ..... . . .  . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . .  .. 
EMG  ember" ~ a t e l ~ i m e  

. - . . . . .  - -. -1 

Waste Management 

. No further updates 
Cyclone 

All sewerage, sewage treatment plants and pump stations are operational across the reglon, 
some of wh~ch are on generator power 
The reglon is monitoring the performance of STPs and any ongoing issues 

* Cassowary Coast 
o Port Hinchinbrook - (Privately owned Sewerage Treatment System) 

- The Williams Corporation's STP at Poit Hinchinbrook is running on its own 
backup generator. The roof of the treated effluent storage tank was blown off 
and has not been replaced. All critical pump stations are operating although 
some pumps are working only slowly and are most likely due for replacement. 

- The main pump station that pumps to the STP is running on a generator 
provided by EMQ in Innisfail. 

- One pump station that services the residential area along the foreshore has 
been destroyed. Some residents may be moving back into the catchment of 
this pump station so repair is a high priority. 

- All treated sewage is currently being released into One Mile Creek as allowed in 
the STP approval. STP function and treatment is reported to be satisfactory. 

- Significant electrical repair work is required across the whole Port 
Hinchinbrook site. An electrician was on site 16 March to determine work 
required. 

- An inspection of the STP and pump stations will be carried out when weather 

Recovery 
Floods . DERM's recovery of hazardous material containers within Oxley Creek, Stable Swamp Creek 

and Rocky Waterholes Creek: . Works through the past week have continued and the project is drawing to a close, 
however the focus of works last week included vegetation assessments and 
clearing in  order to access difficult locations. 

Wet weather during the week also hampered recovery efforts and DERM does not 
have an update of containers removed at the time of writing. 

50 out of 57 grids have been reinspected following removal and certified cleared of 
hazardous material containers. 

Outside SEQ - ......... - - 

Mike Birchley 
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DERM Joint Disaster ResponselRecovery - 2010-11 Qld Floods & 2011 Cyclones Anthony & Yasi 
Situation Report - 16 March 2011 

. . .  ,--. . . 
Specific . . .  Issues .... . ......... . , . . . . . .  . . . .  . . . . . .  . . .- - - - - - ' - 1  EMG Member 

Mapping and Spatial-. 
lnformation 

No further updates 

Cyclone 
Regional Service Delivery Environmental Staff took part in all of the regular Asbestos Sub 
Group meetings to provide support and advice on the matter. The last meeting was held on 28 
February. 
The clean up of Asbestos Related hazardous materials at Hull Heads and Tully Heads has 
been completed by Q Build. 
DERM officers have highlighted that management of any residual asbestos material in the Hull 
I Tully Heads area which is identified on private and public land following the completion of the 
Q Build clean up will be the responsibility of individual property owners or the local authority. 
Owners of Individual premises where Asbestos Related hazardous materials exist are being 
provided information by the councils and remain the responsibility of the individual property 
owners. 
DEEDl has contacted the department to assist in the management of waste on Bedarra and 
Dunk Islands. DERM officers have provided advice to DEEDl that all available waste 
management options need to be exhausted by the resort operators to avoid the need to 
dispose of waste on Dunk Island. 

* All waste management issues will now be managed through the local council recovew 

Recovery 
28 new flood maps over the towns of Bundaberg, Chinchilla, Dalby, Flinton, Jambin, 
Roma, Stanthorpe, Warwick and Woodford produced and sent to  QRA and the 
Commission. 
12 new Regional Catchment Maps covering the LGA's of Banana, Central Highland, 
Fraser Coast, Gympie, Isaac, Maranoa, North Burnett, Rockhampton, South Burnett, 
Southern Downs, Toowoomba and Western Downs produced and sent to QRA and the 
Commission 
Running total of 640 flood and cyclone related maps created since 27 December 2010 
The Queensland Government Information Service now has 140 flood images, and 19 
flood line maps available for download. DERM is publishing imagery and data when it is 
provided to us. 
Rockhampton imagery has been published. EmeraldlFairbairn Dam imagery is being 
published. Since being published, 105 flood images have been downloaded and 100 
flnnrf line mans 

Chris Robson 
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DERM Joint Disaster ResponselRecovery - 2010-11 Qld Floods & 2011 Cyclones Anthony & Yasi 
Situation Report - 16 March 201 1 

- -- -- 
Specific Issues 

/ . Work to create the initial 350 disaster ma0 records laooroximatelv) in  the Products And . .. . , 
Service System (PASS) database has commenced. . This will provide a catalogue of information about the maps created for the 2011 Floods 
and for the cyclone Yasi event. 
All imagery flown by ADF has been received by DERM and is progressively being 
processed - approximate timeframe of 2 weeks to complete. 
Rockhampton imagery (Priority 1 area) revised and imagery available. 
Rolleston imagery available . Esk, Cecil Plains, Biloela & Eidsvold imagery being processed 
Completed floodldamage line for Helidon, Murphy's Creek, Postman's Ridge, Withcott 
and Grantham areas . Investigating revisions of Brisbane and lpswich flood lines. 

Cyclone 
22 new Cyclone maps over the towns of Innisfail, Kurrimine, Mena Creek, Mission 
Beach, Palm Island and Silky Oak produced and sent to QRA and the Commission 
Running total of 640 flood and cyclone related maps created since 27 December 2010 
Work to create the initial 350 disaster map records (approximately) in  the Products And 
Service System (PASS) database has commenced. 

e This will provide a catalogue of information about the maps created for the 2011 Floods 
and for the cyclone Yasi event 
Final orthophotos have been received for Palm Island, Dunk Island, Halifax, Mena Creek 
and ingham. 

Parks and Wildlife I--- Recovery 

The State Land Management team continues to remove debris from Unallocated State Land 
adjacent to residential areas and respond to enquiries from the public. 
initial clean up activities to remove loose debris from USL has been completed. Four officers 

to work on Magnetic Island to control e m e r m  ~~ pest management issues. 
~~ ...-p...p 
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DERM Joint Disaster ResponselRecovery - 2010-11 Qld Floods & 2011 Cyclones Anthony & Yasi 
Situation Report - 16 March 2011 

-. / Specific Issues 1 EMG Member 1 Datemime 

Specialist contract work is now required to remove dangerous trees in urban areas. Repair 
work to 398 kilometres of firebreaks in the TC Yasi affected area is required at an approximate 
cost of $181 000. 

* Officers of the Cassowary Coast Regional Council have advised that the Clump Point Jetty and 
Dunk lsland Jetties have been extensively damaged and the council is considering not owning 
or being responsible for the repair and ongoing maintenance of the structures. This could 
involve surrendering trusteeship of a Reserve for Local Government (boat harbour) at Clump 
Point and a lease over land adjoining the Dunk Island jetty. 
North Region officers participated in a meeting of the local built environment recovery 
sub group on 15 March 2011. Discussion focussed on activities required for recovery 
and officers encouraged the council to work on broader issues such as changes to 
existing infrastructure and management of the infrastructure once the infrastructure for 
essential services has been restored. 
The council is preparing a short submission to the Qld Reconstruction Authority for 
replacement on a like for like basis of the jetty and pontoon at clump point. Further 
assessment and discussion is required by stakeholders regarding Dunk lsland and 
Cardwell jetties. The council proposal to the Reconstruction Authority will also include 
a request for some resources to assist with ulannina for resilience of these facilities. 

t 
- ~ ~~ 

community - consultation. - .. -. 

Floods - The Port of Bundaberg submitted a voluntary TEP to provide for the placement of 65,000m3 of 
dredge spoil in the channel of the Burnett River rather than in the usual sea dumping location. 
The TEP has been approved with conditions requirinq that the dredqe s ~ o i l  must be monitored 

No further updates 
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No further - updates 

Recovery 
No further updates 
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.- 
Coal Seam Gas 

.- 

.- - -- 
Specific ~ S U ~ S  
Mines 

-. 
Recovery 
a Situation updates on the impacts on mines and CSG operations are being supplied weekly as 

separate reports. 
Cyclone Yasi overall: Northwest Queensland and the Northern Goldfields experienced 
moderate rains as a result of ex-Tropical Cyclone Yasi, with areas receiving between 25mm 
and 200mm. As a result of this rainfall, several sites have reported some releases of water, 
including Ernest Henry Mine (Cloncurry), Pajingo Gold Mine (Charters Towers), and Thalanga 
Copper Mine (Charters Towers). 

* Departmental officers are continuing to liaise with all sites to establish the impact Cyclone Yasi 
had on mine sites, and has responded to any issues based on the risk posed to the 

-- 
EMG Membel 
Mike B~rchley 

.- 

p ~ s e s ,  ~ e r m E G 5  
Licences - Fee 
recovery 

environment - - 

Recovery 
Situation updates on the impacts on mines and CSG operations are being supplied weekly as 
separate reports. 
Cyclone Yasi overall: Northwest Queensland and the Northern Goldfields experienced 
moderate rains as a result of ex-Tropical Cyclone Yasi, with areas receiving between 25mm 
and 200mm. As a result of this rainfall, several sites have reported some releases of water, 
including Ernest Henry Mine (Cloncurry), Pajingo Gold Mine (Charters Towers), and Thalanga 
Copper Mine (Charters Towers). 

* Departmental officers are continuing to liaise with all sites to establish the impact Cyclone Yasi 
had on mine sites, and has responded to any issues based on the risk posed to the 

Mike B~rchley 

Flood 
The department has recommenced the issuing of invoices for Chapter 14 (Water usage 
charge) and Chapter 15 (Water Meter Service Charge) as of the week commencing 14 
February 201 1. 
The department is continuing to issue invoices for Annual Returns and Annual Invoices under 
the Environmental Protection Act 1994. However, in recognition of the significant areas 

- currently affected by f l o o w d  .- the hardships 
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-- 

to cllents offerlng them the abll~ty to enter 
into a repayment agreement (a one month extenslon) or enter into a payment plan (eg monthly 
payments) whlch will allow the client to spl~t the lump sum payment into more manageable 
amounts With compliments sl~ps have been attached to each Invoice and dunnlng letter 
advising the cl~ents to contact the department if they feel they are unable to meet the payment 
terms or if thev have anv other auestlons 
INVOICES ISSUED: 
Since 4 January to 10:30am 9 March 2011 the department has issued: 

52 invoices to the value of $1,252,875 for Chapter 5 Level 1 Mining; . 938 invoices to the value of $479,415 for Chapter 5 Level 2 Mining; . 769 invoices to the value of $4,875,513 for Chapter 4 Environmentally relevant activities; 
48 invoices to the value of $525,953 for Chapter 5A Level 1 and 2 Gas and Petroleum; . 346 invoices to the value of $987,441 for Sewerage Treatment Plants; and 

e refunds to the value of $254,764. 
Total Value = $8,121,197 

ANNUAL FEE OR LATE FEE REMINDER LETTER (dunning letter) (sent out monthly - on the 
5'h day of every month covering 30 and 60 day overdue invoices): 

As of 10:30am 10 March 201 1 the department has issued 3669 dunning letters with a 
value of $810,675.54. 

e LATE FEES APPLIED: 
* As of 10:30am 9 March 2011 the department has applied late fees to 495 outstandina 

EMG Member r 
Forest Plantation 

Floods  clo clone 
0 Current wet in Far North is impacting on ATSILS business. The ability to  work many 

areas is restricted. Judgement and commonsense is exercised through planning; staff 
have satellite phone as well as mobiles; and regularly call in to the office to advise 
where they are, current weather conditions and when they anticipate they will call in 
next. 
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- 
Specific lssues 
Heritage 

Recovery 
Cyclone 
* The Cultural Heritage Coordination Unit has recelved a request for assistance in audltlng and 

restoring cultural sites and walklng tralls in the Kennedy and Cardwell area damaged by 
Cyclone Yas~ lnltial assistance is being prov~ded via the North Regional Office and will include 
an on-site review by the Cultural Heritage coordinator and QPWS staff 
North Reg~on officers have contacted 261 owners of 301 sites In the affected area listed on the 
heritage reglster to assess damage to listed assets 189 sltes have act~on completed and ten 
places have been Identified with major structural damage whlch may result in some requests 
for demol~tlon Off~cers have arranged inspections of 72 places over coming weeks 40 
owners of low risk sites are st111 to be contacted Officers continue to work with owners of 
Cyclone affected sites. 
Twenty-two traditional owner groups wlth cultural her~tage sltes in the affected area have been 
contacted No requests for assistance have been recelved, however this 1s l~kelv to chanae 

---A 

EMG Member 
M~ke Birchley 

12 March - QPWS retrieved a 3 metre crocodile which fell into a machinery pit at Victoria 
Sugar Mill at lngham "to get away from -- the r i s i n ~ t e r s " .  

Workplace ~ e a l i h  
and Safety 

/ 1 Nil response -- 
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Report on Gauging Stations where Status is Unknown 

116016A Rudd Creek at Gunnawarra 
Gauging station 116016A on Rudd Creek is located in the upper reaches of the 
Herbert River catchment in Far North Queensland. Currently DERM is unable to 
reliably communicate with this station to download near-real time data. This 
communication problem is likely due to the strength signal from the mobile phone 
network. It is highly likely that this station is still operating satisfactorily and is 
logging data. Until such time as DERM's hydrographic officers c a l  access this site to 
inspect its condition and to collect the data it is unlikely data will be available. BoM 
houses its own instrunlentation within DERM's gauging station. BoM has used 
DERM's logging equipment when BoM's instruinentation has failed. BoM does not 
use DERM's colnlnunication infrastructure to access data 

120107A Burdekin River at Blue Range 
Gauging station 120107A is located on the Burdekin River in the upper reaches of  the 
Burdekin Basin. This station failed on 2811212010 and DERM is curreiltly unable to 
communicate with this station due to a landline telephone fault. DERM has been 
informed by the telecommunications provider that this fault is cannot be fixed. In 
order to re-establish reliable colnmul~icatio~ls with this station DERM is in the process 
of procuring a satellite internet protocol communications system (this is new 
technology). Once DERM has received this equipment it will be installed on the site 
and near-real time data links will be re-established. It is highly likely that this station 
is still operating satisfactorily and is logging data. Until such time as DERM's 
hydrographic officers can access this site to inspect its condition and to collect the 
data it is unlikely data will be available. BoM houses its own instrumentation within 
DEKM's gauging station. BoM has used DERM's logging equipment when BoM's 
instrumentation has failed. BoM does not use DERM's communicatioll infrastructure 
to access data 

416312A Oaky Creek at Texas 
Gauging Station 4163 12A is located in Sevcrn River catchment in the Border Rivers. 
Currently DERM is unable to rcliably commuilicate with this station to download 
near-real time dala. This com~nunication problem is due to intermittent signal from 
tile mobile phone network. BoM uses this site for flood warning purposes. DERM is 
investigating putting in place a permanent solution to the communication problem at 
this station. 

422208A Culgoa River Woolerbilla 
Gauging Station 422208A is located in the Balonne River catchment in the 
Condamiue and Balonne Rivers Basin. Currently DERM is unable to rcliably 
communicate with this station to download near-real time data. 'This comiuunication 
problem is due to the failure of the landline. It is highly likely that this station is still 
operating satisfactorily and is logging data. Until such time as DERM's hydrographic 
officers can access this site to inspect its condition and to collect the data it is unlikely 
data will be available. DERM is investigating options to put in place a permanent 
solution to the colnlnunication issues. This station is not used by BoM for flood 
warning purposes and therefore it is not a DERM priority to confirm its status. 
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913007A Leichhardt River At Floraville Homestead 
Gauging station 91 3007A is located within the Leichhardt River catchment in 
Queensland's Gulf country. Currently DERM is unable to reliably communicate with 
this station to download near-real time data. This communication problem is due to 
the strength of signal from the mobile phone network. It is highly likely that this 
station is still operating satisfactorily and is logging data. Until such time as DERM's 
hydrographic officers can access this site to inspect its condition and to collect the 
data it is unlikely data will be available. This station is used by BoM for flood 
warning purposes DERM is investigating putting in place a permanent solutioil to the 
communication problem at this station. 
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C I S  No. 000491912 I 

Department o f  Environment and Resource Management 
MIMISIERIAL BRIEFING NOTE 

TO: Minister for Natural Resources, Mines 
and Energy and Minister for Trade 

SUBJECT: Status of the statewide nefwork of gauging 
sla-tions operated by the DERM 

Advisor .................. ........ OK 
Dated 1 I 

TIMEFRAME 
This brief has been supplied to inform the Minister of the status of the statewide network of 
gauging stations operated by the Department of Environment and Resource Managemeni 
(DERM) for wafer assessment, planning and resource management purposes. 
Noting of this brief is required by 5 January 2011 to enable the Minister to inform Cabinet if 
required. 

RECOMMENDATIOM 
It is recommended that the Minister: 
e Mote that the network of gauging stations operated by DERM has held up well under 

extreme conditions. 
e Mote that thirteen (13) gauging stations are not operational and have known and unknown 

issues, seven (7) of which are used by the Bureau of Meteorology's (Bureau) flood warning 
operations (See Attachment I). The Department continues to respond to and support the 
flood warning service of the Bureau and regional councils. 

6 Mote that over the next eight days further heavy rainfall is predicted for the catchments 
already affected by flood (See Attachment 2). 

B Mote that the Bureau is predicting a 60-70% chance of exceeding median rainfall over south 
eastern Queensland over the next three months (See attachment 3). 

a Mote the critical next steps are to repair gauging stations where it is safe to do so  or access 
is possible. 

BACKGROUND 
The Bureau of Meteorology is responsible for flood warnings and forecasting. In flood times 
the Department of Environment & Resource Management (DERM) provides information and 
support to the Bureau to ensure the best available streamflow infomation is being used. 

B DERM operates a statewide network of approximately 400 gauging stations across 
Queensland for water assessment, planning and resource management purposes. 

s These stations coiled, manage and deliver data on the quantity and quality of the state's 
rivers, streams and aquifers and indudes stream heighi, flow and water quality information, 

B The information from these sites is available to the Bureau of Meteorology, and together 
with details from their own gauging stations, information from water service providers such 
as SunWater and SEQWater, and regional councils, the Bureau is able to provide a flood 
warning service. 

o The DERM network of gauging stations is fully automated, which means all information is 
provided by on site telemetry to a central system. 
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CURRENT ISSUES 
e DERM staff have been in the field continuously since before Christmas Day undertaking 

measurements for these significant streamflow events and have been working closely with 
the Bureau's staff to make repairs to gauging stations where there is access and it is 
operaiionally safe to do so. The primary objective For DERM at this time is to ensure the 
operation of the gauging station network. 

0 Where there are known problems with the DERM network, the Bureau is informed. DERM 
remains in close contact with the Bureau to ensure any operational issues are understood. 

+ Some instruments have been flooded even though they are located above historic flood 
levels andlor damaged due to erosion caused by flood waters. DERM operate 258 gauging 
stations in the flood affected catchments and thirteen of these have been impacted (See 
Attachment 1). Seven of these are actively used in the Bureau's flood waming system. Two 
of these currently have access issues and site assessments will need to be made before it 
can be determined if repalrs are possible. The other five are currently being investigated. 

e In these extreme circumstances it is inevitable that instrumentation, installations and 
communications will breakdown. DERM continues to respond and support the Bureau and 
regional councils. 

e Following a program of immediate, temporary repairs, an audit will be undertaken to assess 
I the performance of each site and costs required to implement permanent repairs andlor 

replacement to gauging stations damaged by the floods. The timeframe will be driven by 
access issues, but is expected to be completed by 30 June 201 1. 

e Interruptions to data were minimal where the new telemetry was in place. Consideration all 
be given to fully upgrading the telemetry communication to improve system reliability as part 
of the audit process. 

0 BOM are predicting heavy rainfall over the next eight days in catchments already affected by 
flood and are also predicting a 60-70% chance of exceeding median rainfall over the next 
three months in southeastern Queensland. 

RESOURCWlMPLEMENTATlON IMPLICATIONS 
e There are short term resource costs lo  restore the network to operational standard. 
a There will be costs associated with significani repairs, replacement or upgrading of telemetiy 

which would be subject to eonsideration by CBRC. 

PROPOSED ACTION 
a The department will undertake the following: 

- Make temporary repalrs io gauging stations on a pr~oriiy basis and where access is 
possible and it is safe to do so, in consultation with the Bureau and the Department of 
Community Safety. 

- Undertake an audit of all gauging stations affected by the floods to determine if repairs or 
replacement are required. 

- Provide update reports to the Minister as information becomes ava~lable on the network's 
status. 

- Advise the Minister of the costs associated with restoring the network to it's former 
operational status and also advise the resources required to upgrade telemetry 
equipment and system support to improve reliability. 

Cleared by Recommended: 
Name: Ian White Nerne: Ken Aitken Name: Leslie Shirreis N~rne: Debbie 6esl 
Position: Principal Policy Position: NDir Water Accounting Position: NDDG Waterand NDirecior-General DFRM 
Wtcer Water Monitoring and Tel No: Ewsysiem Oulcomes 781 NO: M 

Tei No:- Date: 
Name: Graeme Milligan Name: 
Paition: GM Water Quality and Pwitim: 

File Ref: Pzge 2 of 3 

SOQ.002.001.0342



MINISTER'S COMMENTS 

ATTACHMENTS . 1 DERM network status . 2 Bureau eight day forecast 
r 3 Bureau national seasonal rainfall outlook . 4 Minister's notes 
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CTS No. 01348111 

Departmont of Environment and Resource Management 
MlNlSTERfAL BRIEFING NOTE 

TO: Minister for Natural Resources, Mines 
and Energy and Minister for Trade 

SUBJECT: Request for advice - Queensland Gauaina - 
Stations (updates CTS 00566111) 

REQUESTED BY 
8 Minister's Office in response to information provided 

TIMEFRAME 
Noting of this brief is required as soon as possible. 

RECOMMENDATFOM 

CTS 

1 i 

Advisor ... ;.. .;u/. ...... kT% 

I 0 9 h B ~ 9  
Ja uary2011) , . - .. - ...... - - - .- . -- .- . . 

hflNi3TER 
POI. ACV 

fl MECIIAA3V 
D FARLSfC 

........................... 
It is recommended that the Minister: 

notes that this brief also includes information on the impact of Cyclone Yasi. 
notes that DERM has responded to virtually ail requests since September 2010 t o  repair 
critical gauging staiions in South East Queensland. 
notes the cost toenhance communication reliability at DERM's gauging stations is $2.4M, 

o notes the cost to provide a secure flood alert system within the existing DERM gauging 
station network is $10M plus operating costs of $2tvl per annum. 

BACKGROUND 
a DERM operaies 389 gauging stations across Queensland for water resource assessment, 

planning and management purposes. 
The Bureau of Meteorology (BoM) utilises over 2000 rainfali and streamflow stations 
throughout Queensland for flood warning purposes. These stations are operated by the BoM 
and a range of other entities, including DERM. 

A s  additional data are received from a phone download, the system'routi~iely provides an 
update eveiy f5 minutes from 338 of DERM's gauging stations to the BoM for its Flood 
Warning Service. The %OM also advises DERM if i t  requires any additionai information and 
requesis repairs to key gauging stations if problems are identified. 

0 Officers routinely visit all gauging stations to undertake maintenance and manually downioad 
data. Frequency of these visits depends on location and access, but is generally a t  least four 
times a year. Repairs to meet the RoM's priorities are undertaken as soon as practicabie. 

s DERM's gauging stations are routinely upgraded with new technology every eight years. 
This brief updates information provided in CTS 0056611 1 - Queerisland Gauging Stations 

CURRENT ISSUES 
a The operational status of gauging stations, particularly communications, can change 

8 E reguiariy. This is most likely to occur in extreme conditions and can be as a result of damage 
o r-. to equipment, loss of power and communication issues either at the station or at the network 

I m 
D k f  provider (eg Teistra's mobile network being out of service or cloud cover affecting satellite 
0 . , reception). Attachment 1 shows status of the gauging station network at 3 February 201 I. 

* Most power and communication issues are resolved when these services come back on line 
and do not require action from departmental officers., 

0 There are 73 gauging stations in the Tropical North (North Tropical Coast and Gulf of 
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Carpentaria) relevant to Cyclone Yasi. The depari~nent has successfully communicated with 
58 of these stations within the last 24 hours, It is likeiy thai that the reinaining 15 stations are 
still recording daia but are not able to communicate as a result of service issues (eg damage 
to Telsira's mobile and phone networks). 

0 The department has not received any requests from the BoM for priority repairs to any of the 
staiions in the Tropical North. DERM staff in the region are yet io return to work and so 
Central Office is checking the operational status of those gauging stations daily. Any 
assessments and repairs wili be undertaken as soon as practical. Regular updates will be 
provided on an ongoing basis until the situation normalises, 

i , . There are 258 gauging stations in the South East,South West and Central Wesf Region. As 
of 21 January after the peak of the South East fioods DERM suocessi~lly communicated 
with 229 of these stations. Of the remaining 29 stations, 26 could be used by the BoM. See 
Attachment 2, table 2 for detailed information on the date of station failures, date o f  stations 
repBirs $nd whether tlie stations are used by the BoM or not. 

c Since September 201 0, 12 requests from the BoM were received for repairs at gauging 
stations identified by them.A common problem requiring repair was communications, as 
many stations use traditionai phone lines or mobile phone services, which can be adversely 
affected in severe weather events and record floods. Virtualiy all of these problems were 
rectified and BoM acknowiedged DERM's timely efforts. Noie BoM does not routinely 
comment on the performance of other agencies. 

6 Where possible repairs have been undertaken with 10 sites fully functional,l collecting data 
with no communications (pre-existing commt'~nication issues with upgrade scheduled by 30 
June 2011) and 1 requiring repair (scheduled for the week commencing the 7 February 
201 2). See Attachment 2, table 1 for detaiied information. 
To provide secure flood warning capability at DERM gauging staiions, the BoM or local 
goveriiments would need to add duplicate in'strumentation and communications system. 

0 DERM's Hydrographic Support Unit located at Rocklea provides technical support to the 
gauging station network and holds spare equipment. This facility was inundated in  the 
January flood and critical instrumentation was removed prior io fiooding, including a 
computer system relocated to Central Office. The faciiity is currently using a generator to 
under$ake prioriiy repairs and support critical systems, however f~lrther progress i s  
dependent on QBuild to undertake repairs. Central Office is supporting routine requests for 
instrumentation normally administered by ihe Unit. 

RESOURCEilMPLEMENTATlON IMPLICATiONS 
During Queensland's flooding the requirements to maintain thegauging station network 
stretched DERM's hydrographic resources. This is primarily as a result of the record water 
ieveis which inundated some sites, and the requirement to use a backup computer system 
when Mineraltlouse was off line due to power outages. Also some key staff were personally 
impacted with their properiies flood, affected. Some assistance from external agencies is 
being utilised witn the New South Wales Department of Energy and Water providing 
hydrographic and systetn support staff. 

0 Repair to the gauging station network has been included in the deparimeni's application for 
Natural Disaster Relief funding of $6M for the gauging station network and $'i.5M to $21vl for 
the groundwater monitoring network. This includes funding for specialised construction 

, , 
ieams to carry out civil works. . 

e Overcoming corn!nunlcation problems will greatly enhance gauging station reiiability to ' : 

transmit daia. Some-I53 stations of interest io BoM have reai time internet protocol data, : 1 .  
which is quite reliable. To upgrade comn~unications at the other 185 sites of interest to BoM 
would cost $1.8M plus a wriie-of of the residual asset vaiue of $0.55M. 
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Even with reiiable communications, other elements of a gauging statioii can fail, for example 
the measuring tube anchored in the stream can be washed away. The only way to ensure 
data is available in real time is to install duplicate instrumentation and communications in 
each station. The estimated cost to do this for ail 338 sites (where practical) is $<DM pius 
operating costs of $2M per annum. The duplicate system would be similar to,the radio- 
telemetry ALERT systems operated by certain local authorities in South East Queensiand, 
Central Highiands, Wet Tropics and the Pioneer Valley. 

PROPOSED ACTION 
Staff will continue to repair all gauging stations that are not fully functional (where safe 
access allows), with priority given to the BoM's requests. 

e In light of the recent floods and to inform future investment decisions by DERM on  future 
formal agreement to clarify roles and responsibilities, the deparirrient proposes to facilitate a 
review of the statewide stream gauging network, including its asset replacement program. 
This will be undertaken in consultation with the BoM, other stream gauging entities and the 
Queensland Flood Warning Consultative Committee, which is chaired by Emergency 
Services Queensland. 

o The department is prepar-ing a Water Monitoring Recovery Plan to address issues identified 
during the recent event and aligns with the department's Synchronised Queensland 

. , Reconstruction Road Map. An interim report wili be provided by 7 February 201 I and the 
final report within four months. 

OTHER INFORMATION 
Key Communicaiion Messages: A niedia enquiry has been received from the Courier Mail 
regarding the operation of sr gauging station at tvlurphy's Creek/Spring Bluff on 10 January 
201 1, and about the operation and maintenance of the department's gauging stations more 
generaily. A media response has been prepared by the department. 
Key messages include: 
- the depafiment's streamflow gauging network was estabiished for water assessment and 

management purposes; and 
- information from DERM stream gauging stations can be used by the BoM as part of the 

BoM's fiood warning service and priority is given to responding to repair and data 
requests from the BoM. 

MINISTER'S COMMENTS 

ATTACHMENTS 
Attachment I - DERM Queensland Gaucina Station Te iemef~  and Ooerational Sfaius 
Attachment 2 - Request for advice - ~ueerk land  Gauging stations 
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2 3, FEB 2011 

Ref CTSO1871ltI 

Qoeensiand 
Government 

Dcpa2msnl of 
Envimnmetit snd Resource 
Management 

Dr Greg Ayers 
Director of Meteorology 
Bureau of Meteorology 
PO Box 1289 
MELBOURNE VIC 3001 

Dear Dr Ayres 

Status of Queensland Government Stream Gauging Stations 

As you would be aware, the Department operates the Oueensland Government's network of 
389 stream gauging stations. As data from many of these stations are used by the Bureau 
for flood warning purposes, I am updating you on the status of the network following recent 
floods across the State. 

While the network generally performed satisfactorily during this testing time, there were a 
number of instances where failures occurred, making the data unavailable in real time or 
near real time. Some failures were due to the record flood levels, resulting in power loss or 
structural damage to stations. Most failures were due to technical communication losses. 
These were generally related to problems with our telewmmunications network service 
provider. Responses to requests from the Bureau were acted on as a matter of the highest 
priority and all issues were resolved when safe access could be achieved. Please don't 
hesitate to advise me if the Bureau has any concerns with the current level of support 
provided by DERM or responsiveness to the Bureau's requests to repair infrastructure 
critical to the flood waming network. If necessary, we can negotiate alternate operational 
arrangements. 

The stream gauging station network uses various technologies to communicate data, 
including phone line, mobile and satellite internet protocol systems. Each of these 
technologies has advantages and limitations, with their sulabiiity determined on a station by 
station bas~s. The department's asset management schedule aims to progressive[y 
modemtse the network instrumentation, including communication technologies, in order to 
improve reliability of data access I acknowledge the funding provided by the Bureau under 
the Modernisation and Extenston of Hydroiogical Monitoring Systems Program to expedite 
these upgrades. Details relating to these scheduled upgrades are included in the enclosed 
material. I would appreciate the Bureau's endorsement of the current approach. 

I understand that the Bureau will be preparing a review of the adequacy and location of its 
gauging station network. DERM will provide assistance to this review and the results of the 
review will assist in our future investment decisions to ensure maximum support to the 
Bureau in their flood warning role. 

Level 13 
400 G e o m  Street Brisbane Qtd 4W0 
GPO Box 2454 Brisbane 
Queenstand 4031 Australia 
Telephone + 81 7 3330 6309 ,- ~,, . . -. - ---- .-- . 
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I am keen for the department to provide the maximum support to the Bureau in this regard 
and would appreciate any feedback on the department's support to date. 

Should you have any qu tter, please contact Mr Greg Long, Director Water 
Accounting on telephone 

Yours sincerely 

John Bradley 
Director-General 
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1 Purpose, scope and structure of the guidelines 
Dams play a vital role in our lives. They meet demand for drinking, irrigation and industrial water 
supply; they control floods, increase dry-weather flows in rivers and creeks and give opportunities 
for various recreational activities. But besides being a valuable resource, dams can also be a source 
of risk to downstream communities with dam failure potentially resulting in unacceptable damage 
to property and loss of life. One of the main causes of dam failure is the overtopping of dams 
because of inadequate flood carrying capacity. 

S.491 (4A) of the WaterAct 2000 empowers the chief executive of the Department of Natural 
Resources and Water (NRW) to issue guidelines for applying safety conditions to referable 
dams. This document is a guideline issued by a duly authorised delegate of the chief executive 
pursuant to s.491 (4A). Dam safety conditions in relation to flood adequacy will be applied to 
referable dams in accordance with these guidelines. 

The aim of these guidelines is to present the Queensland Government's flood adequacy policy 
against which all referable dams in Queensland will be assessed and to alert the dam owners 
to their wider responsibilities and liabilities in ensuring the safety of their dams. 

The general principle is that a dam whose failure would cause excessive damage or the loss of many 
lives should be designed to a proportionally higher standard than a dam whose failure would result 
in less damage or fewer lives lost. 

These guidelines relate to the flood safety of water dams, and more specifically, to the selection of 
an Acceptable Flood Capacity (AFC) and adequate spillway provisions for all proposed and 
existing referable dams in ~ueensland'. 

These guidelines detail the: 

available methods for determining the required flood discharge capacity for referable dams 

procedures to be followed when applying these methods 

reporting requirements when reporting the results of these investigations to the chief 
executive of NRW 

timeframe for any necessary dam safety upgrades. 

These guidelines present three methods for assessing AFC for referable dams: 

Small dams standard 

Fall-back option 

Risk assessment procedure (incorporating ALARP). 

The Small dams standard is a method, which allows the owners of small earth dams to quickly 
assess spillway adequacy. It is essentially a simplified "Fall-back" method, which relates the 
Acceptable Flood Capacity directly to the population at risk. 

The Fall-back option is intended for larger dams where the cost of undertaking a full risk 
assessment is not warranted when weighed against the potential benefits. 

' Under the Wafer Act 2000, referable dams are those assessed using NRW's Guidelines for Failure Impact Assessmenf 
of Water Dams (NRM, 2002b) as having a population at risk of 2 or more in the event of any potential failure of the 
dam. 
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In terms of safety, the traditional engineering approach has always been to specify the required 
flood discharge capacity for the dam at the design stage based on the relevant hydrological data and 
flood estimating and flood routing procedures. Hydrologic safety was considered separately from 
other risks, which resulted in identification of inadequate spillway capacity as a major cause of dam 
failure. 

More recent risk based approaches, such as that put forward by ANCOLD (ANCOLD 2003), 
indicate that hydrological safety should be assessed within the total load context in order to identify 
the priority of dam safety inadequacies and dam failure scenarios. Dam failure scenarios may 
-include (but are not limited to) piping at dam headwaters elevated by flood, spillway malfunction or 
severe scour at lesser floods than extreme. 

The risk assessment procedure is based on the ANCOLD risk assessment process and is consistent 
with the framework of the national standard ASNZS 4360:2004 Risk Management. It is a 
comprehensive tool intended to enable the dam owner to evaluate the deficiencies and available risk 
reduction options. This type of assessment should be adopted for major dams. The risk assessment 
procedure provides the owner with a review of the adequacy of the dam under all load conditions 
and failure scenarios, not just flood loadings. It also has the capability to more realistically assess 
the Acceptable Flood Capacity of gated spillway operations and the likelihood of premature failure 
due to causes such as spillway erosion. 

Dam owners should note that, while these Guidelines set minimum requirements to protect the 
interests of the community, it is the responsibility of the owner to ensure the safety of dams, 
including their investigations, design, construction, operation, safety review and remediation. 

Dam owners should realize that many of the rainfall estimates from years past are well below 
current estimates. In many cases the design floods may change over time as the techniques for 
determining extreme rainfalls are progressively refined and more detailed flood studies are 
undertaken for each dam. 

It is the dam owners prerogative to adopt a higher safety standard where the owner considers that 
this is necessary from a business risk perspective. 

Dam owners should also note that these guidelines set out the normal requirements of the chief 
executive of NRW. Where dam owners believe that a departure from these normal requirements is 
warranted, they should submit proposals for the chief executive's consideration with reasons in 
support of the proposed departure. 
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2 Requirements of the Water Act 2000 
The Water Act 2000 (the Act) provides the regulatory framework for dam safety of water dams in 
Queensland. Under s.491 of the Act the chief executive has the power to impose safety conditions 
on constructed referable dams, regardless of whether or not the dam owner already has a 
development permit for the dam. The chief executive also has the power under s.492 to change 
those safety conditions. Safety conditions imposed or changed by the chief executive are taken to be 
part of a development permit approving the construction of the dam. 

The Act also refers to the guidelines. which mav be issued and used bv the chief executive in the - 
process of applying safety conditions to a referable dam. These guidelines are such guidelines and 
they apply to all referable dams in Queensland including all referable gully dams, hillside storages 
and ring tanks. 

The Queensland Dam Safety Management Guidelines (NR&M 2002a) and the Guidelines for 
Failure Impact Assessment of Water Dams (NR&M 2002b) have already been'issued by NRW and 
should be read in conjunction with these guidelines. In applying these guidelines, it should be 
noted, that they are intended to form the basis for safe practices and to provide a consistent 
approach in the assessment of the safety of referable dams in Queensland. 

References to other guidelines issued by NRW are to be taken as a reference to any updated version 
of those guidelines where the context permits. 
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3 Methodology to determine Acceptable Flood Capacity 

3.1 General 
All referable dams are required to have sufficient flood discharge capacity to pass the following: 

(a) the Acceptable Flood Capacity without failure of the dam2 

(b) a Spillway Design Flood without any damage to the dam 

Where the selected Spillway Design Flood discharge is less than the Acceptable Flood Capacity, the 
potential impacts of floods in excess of the Spillway Design Flood up to the magnitude of the 
Acceptable Flood Capacity shall be identified, quantified and documented in the written Acceptable 
Flood Capacity Assessment report (Appendix A). Such potential impacts shall include detailed 
assessments of: 

(a) how the magnitude of the adopted spillway design flood was determined and why it is 
considered acceptable 

(b) the'probability of the floods greater than the spillway design flood occurring and the 
potential there is for damage and loss of life caused by such floods 

(c) the consequences of flows in excess of the spillway design flood and the impact of  the 
higher flow velocities and greater water depths on various parts of the dam structure 

(d) the potential damage to the dam caused by these flows and how the energy from these flows 
is dissipated 

When assessing the flood discharge capacity of existing dams, the existing flood discharge capacity 
shall be taken as the flood discharge capacity that can be discharged without failure of the dam in its 
current arrangement. 

These Guidelines on Acceptable Flood Capacity for Dams are based on a range of ANCOLD and 
other guidelines as listed below: 

Selection ofAcceptable Flood Capacity for Dams (ANCOLD, 2000a), 

Assessment of the Consequences ofDam Failure (ANCOLD, 2000b) 

Risk Assessment (ANCOLD, 2003) 

Guide to Flood Estimation (AR&R 1999, Nathan, R. J. and Weinmann, P.E). 

As most of the processes from the relevant ANCOLD and AR&R 1999 guidelines are not repeated 
here, it is important that the above documents are read in conjunction with these guidelines. In 
particular, where issues are not specifically addressed in these NRW Guidelines on Acceptable 
Flood Capacity, the relevant sections of the referenced ANCOLD guidelines apply. 

The combined inflows into the storage from all sources should be taken into account when 
assessing the required spillway capacity. This combined inflow should include all natural inflows as 
well as inflows from water harvesting and from diversion channels. 

The combined discharge capacity of all spillways can be taken into account when assessing a dam's 
flood discharge capacity. However, unless it can be clearly demonstrated that outlet works or 
hydropower stations can be reliably operated during flood events, the discharge capacity of these 
structures is to be ignored when assessing discharge capacity during floods. 

'Under the Wafer Act 2000, failure of a referable dam is defined as: 

(a) the physical collapse ofall or part ofthe dam; or 
(b) the uncontrolled release of any of its contents. 
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When requested, a written Acceptable Flood Capacity Assessment Report must be prepared by a 
Registered Professional Engineer of Queensland (RPEQ) for the current dam arrangement and 
submitted to NRW. Appendix A outlines the requirements for the Acceptable Flood Capacity 
Assessment Report. 

Dam owners shouldensure that their dam can safely pass floods up to the Acceptable Flood 
Capacity. Also the following characteristics or features for the spillway and outlet works where 
appropriate should be demonstrated: 

(a) adequate resistance to erosion and cavitation 

(b) adequate wall height to retain the flows 

(c) adequate energy dissipation to prevent undermining or other erosion 

(d) adequate resistance to uplift and other hydraulic forces on the spillway during the passage 
of floods 

(e) capability to pass floating debris as required to ensure the unimpeded operation of the 
spillway 

(f) adequate safety from landslides and scour 

(g) adequate capacity to avoid restriction of the discharge capacity from debris build-up in the 
spillway approach channel and outlet channels. 

In addition, where appropriate, the dam owner should ensure: 

(h) Spillway gates and other control devices will operate with sufficient flood discharge 
capacity under all design conditions. 

(i) Spillway gates, outlet works and other discharge control devices operate reliably. The 
reliability of discharge control operating mechanisms (including power supply, control and 
communication) should be commensurate with the hazard category involved and the time 
available during major floods to repair them or operate them by other means should 
problems occur. The reliability should be reflected in the determination of discharge 
capacity available to pass the Acceptable Flood Capacity. 

6) Unless a case for a contrary view is adequately made, where fuse plugs or fuse gates are 
relied upon to pass the Acceptable Flood Capacity, they should he appropriately designed, 
constructed and maintained in order to fulfil their required function in accordance with the 
following: 

Initial triggering of the fuse element is not to occur for floods having greater probability 
than 0.2 per cent AEP 

Failure of successive fuse plugs or fuse gates is to be progressive, predictable and 
designed to minimise the impact on downstream Population at Risk (PAR); 

The potential downstream impacts of fuse plug or fuse gate triggering at representative 
locations of PAR are to be identified and documented as part of the Acceptable Flood 
Capacity report (detailed in Appendix A). 

Unless varied by the above, the design of fuse plugs is to comply with the provisions of US 
Department of the Interior (USBR 1987), Guidelines for Using Fuse-plug Embankments in 
Awiliary Spillways. 

@) Where stoplogs or flashboards are the primary discharge control mechanism, they are 
designed to: 

be removed under conditions which overtop the stoplogs or flashboards, or 
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be removed prior to the onset of any flood, or 

reliably fail under the flood loadings. 

The spillway discharge capacity adopted for the Acceptable Flood Capacity Assessment 
Report should reflect the option adopted. 

(1) all components are designed to withstand the appropriate earthquake loadings3 

(m)assured access to all necessary locations on the dam for necessary operations during a flood 
event. 

(n) a discharge capacity that will not be compromised by the failure of any structure across the 
spillway, its approach channel or its outlet channel. 

More details on each of the three assessment methods are provided below. 

3.2 Small dams standard 
This assessment method may be used for any referable darn in Queensland having: 

a zoned or relatively homogeneous earthen embankment less than 12 metres high 

a PAR of 15 or less 

uncontrolled spillways4 

depths of flooding of PAR of less than three metres and the product of the depth of flooding 
and the average flow velocity is less than 4.6 m2/sec. 

It is expected that such levels of flooding are unlikely to occur for dams less than 12 metres high 
unless the discharge is severely concentrated in downstream channels or where the PAR is located 
in very close proximity to the dam. 

This method is also not to be used for dams relying on spillways controlled by gates or other 
mechanical discharge control structures to pass the Acceptable Flood Capacity. For dams outside 
the parameters described above, only the fall-back option or the risk assessment procedure should 
be used. 

The following steps are to be applied in the small dams standard assessment process: 

1. Determine the maximum incremental PAR for any potential dam failure condition by 
following the procedures outlined in the Guidelines for Failure Impact Assessment of Water 
Dams (NR&M, 2002b) for a range of flood failure conditions up to the 1:20 000 Annual 
Exceedance Probability (AEP) flood event. 

Note: If the incremental PAR is greater than 15 for any of the flood failure conditions, this 
'small dams standard' cannot be used to determine the AFC and one of the other methods 
must be used. 

2. Determine the AEP of the required Acceptable Flood Capacity rainfall event by applying the 
maximum PAR to the graph presented in Figure 1: 

I.'nr#l a Qutensland r<~lJ.i!oz s de\elopcJ .n cant.qo3J;e load,n+ frr  re::^^! e ?mi, thr . : . K " L I )  Cud-itnerfir Drrtgnof D ~ m r j o ,  
Ldnhymhe . .lt.gu! Irr8(ANCOLU It>9S) s:?~ulJ b e ~ p p l l r d  
' In  ih!vcor~texr sn un;on:rolled C P I I I ~ ~ ) '  :sdne 5ri~icll Lnes ror rr l )  on flow ~h r~ughsp i l l uay  &xcc,dr .:her rncckani;al d~,:hacpc ;uncol s t r~ : t~rcs 
to pass the Acceptable Flood Capacity. 
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Acceptable Flood Capacity 

Figure 1 Acceptable flood capacity standard for small dams 

3. Determine the storage inflow hydrograph for the critical duration storm event commensurate 
with the AEP of the design flood event rainfall as determined in Figure 1 (Refer Section 
3.5); 

4. Route this flood through the dam. 

Note that it is to be assumed that the dam storage is initially at Full Supply Level (FSL) at the 
start of the flood event. 

The required Acceptable Flood Capacity (AFC) for .the dam is the discharge capacity required to 
pass the critical duration storm event without causing failure of the dam. 

Note that this option does not take into account: 

(a) Any differentiation between new and existing dams; 

(b) Financial, business, social or environmental damages that might occur as a result of any 
potential failure; 

(c) The ALARP principle. 

This small dams standard is a simplified version of the fall-back option assessment process and as 
such, should be less costly to undertake than either of the alternative methods. However, small dam 
owners must be aware that they could benefit by canying out one of the other more detailed 
assessment methods by perhaps demonstrating that a lower flood discharge capacity is appropriate 
for their dam. 

3.3 Fall-back option 
Except as modified in these guidelines, the following documents should be adopted and used for 
this method: 

ANCOLD Guidelines on Selection ofAcceptable Flood Capacity for Dams (ANCOLD 
2000a); 

ANCOLD Guidelines on Assessment of the Consequences of Dam Failure (ANCOLD 
2000b); and 

NRW Guidelines for Failure Impact Assessment of Water Dams (NRM, 2002b). 

Guidelines on Acceptable Flood Capacity for Dams 7 

SOQ.002.001.0357



The following steps are to be applied to the fall-back option assessment process: 

1. Conduct an assessment of the potential consequences of dam failure associated with the 
passage of a range of design floods through the storage using the consequence criteria 
contained in the ANCOLD Guidelines on Assessment of the Consequences ofDam Failure 
(ANCOLD, 2000b) and the following qualifications: 

The dam is to be assumed to be initially at Full Supply Level at the start of the flood 
event; 

Breach dimensions, timing and PAR are to be determined in accordance with the NRW 
Guidelines for Failure Impact Assessment of Water Dams (NR&M, 2002b). 

2. Determine the Hazard Category rating for the dam for each case in accordance with Table 1: 

Table 1: Hazard Category for Referable Dams 

100 < P A R 1  1000 

PAR > 1000 

(Please Note: Table 1 is a mod$ed version of Table 3 Hazard Categories in the, 
Guidelines on Assessment of the Consequences of Dam failure (RNCOLD, 2000b.) 

Note I: It is unlikely that the severity of damage and loss will be "Negligible where 
one or more houses are damaged. 

Note 

Note 2: Minor damage and loss would be unlikly when PAR exceedr 10. 

Note 3: Medium damage and loss would be unlikely when the PAR exceeds 1000. 

Note 4: Not used. 

Note 5: Change to High C where there is the potential for one or more lives being 
lost. 

Note 2 

Note 6: See section 2.7 and 1.6 in the Guidelines on Assessment of the 
Consequences of Dam failure (ANCOLD, 2000b) for an explanation of the 
range of High Hazard Categories. 

3. Identify the required range of the Annual Exceedence Probability (AEP) flood for the dam 
in accordance with Table 2 [based on Table 8.1 in the Guidelines on Selection ofAcceptable 
Flood Capacity for Dams (ANCOLD, 2000a)l: 

HighA 
Note 6 

Note 3 
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AEP of PMP 
Where 

1.E-03 - 
A = PMP Design Flood 
B = PMP Design Flood or 10.; whichever is the smaller 1.604 - 

flood event 
C = PMP Design Flood or 10" whichever i s  the smaller 1 EOS - 

flood event L 2 
l M 6  - 

Note that the probability of the PMP Design Flood is  a function o f  the 
catchment area. 

1 E 4 7  - 

Incremental 
Population at 

Risk 

(PAR) 

2sPAR s10 

10<PAR s 
100 

1 0 0 ~  PAR s 
1000 

PAR > 1000 

Table 2: Required range of A cceptable Flood Capacities for 
different hazard categories 

Catchment Area lkm 4 

Sever13 of Damage and Loss 
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Negligible Minor Medium Major 

I 5.0x104 I 50x1 o4 1 1.0x104 

High C Low Significant 

I 5.0x104 I 
Significant 

1 .ox1 o4 
I 5 . 0 ~ 1 0 ~  1 . 0 ~ 1 0 ~  1 . 0 ~ 1 0 ~  I 1 . 0 ~ 1 0 ~  

1 .ox1 o4 

Significant 

I 1 . 0 ~ 1 0 ~  I I 1 . 0 ~ 1 0 ~  

If in this region, go to the next highest severity 

C 

High B 

B 
I I B 

A 

High A 

A 
of Damage and Loss category for the same 

PAR 

H~gh C 

c 1 I 
C 

A A 

PMF PMF 

High A 

A 1 
Extreme 

A 

PMF PMF 
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4. Interpolate (using the procedure defined in Appendix C) within the nominated range to 
determine the required Annual Exceedence Probability (AEP) for the spillway design flood 
for each failure case. 

5. Determine the required AEP of the "critical duration design flood event rainfall" by 
selecting the flood event having the lowest AEP in Step 4. 

6. Determine the storage inflow hydrograph for the critical duration design flood event 
commensurate with the AEP of the design flood event rainfall (Refer Section 3.5). 

Note that it is to be assumed that the dam reservoir is initially at Full Supply Level at the 
start of the flood event. 

The required Acceptable Flood Capacity (AFC) is the discharge capacity required to pass the 
critical duration storm event without causing failure of the dam. 

Note: The owner of the dam should be aware that the fall-back method may result in a higher design 
requirement and consequent higher cost of the upgrade required to bring it up to the required 
standard than the alternative risk assessment procedure (incorporating ALARP). 

3.4 Risk assessment procedure 
Except as modified in these guidelines, the Acceptable Flood Capacity Assessment based on the 
risk assessment procedure should be carried out in accordance the following guidelines: 

ANCOLD Guidelines on Selection ~ f~ccep tab le  Flood Capacity for Dams (ANCOLD, 
2000a) 

ANCOLD Guidelines on Assessment of the Consequences of Dam failure (ANCOLD, 
2000h) 

NRW Guidelines for Failure Impact Assessment of Water Dams (NR&M 2002b) (for the 
dam breach sizes and timings and the estimation of Population at Risk); 

ANCOLD Guidelines on Risk Assessment (ANCOLD, 2003) (with particular attention to the 
quantitative studies at advanced or very advanced levels). 

A design life of no less than 150 years following the completion of any necessary dam safety 
upgrades is to be adopted when assessing the risk of failure over the life of the dam. Note that the 
probability of exceedence of an event over the design life is not simply the AEP times the life of the 
dam. It is calculated using the formula: 

Probability over design life = I - (I-AEP) design life 

The following steps are to be applied to the Risk Assessment Procedure: 

1. Conduct a comprehensive, quantitative risk assessment study of the dam for all loads and 
' consequences in accordance with the ANCOLD Guidelines on Risk Assessment, (ANCOLD 

2003), and Guidelines on Selection ofAcceptable Flood Capacity for Dams, (ANCOLD, 
2000a). Details on the probability of flood events causing dam failure, based on the 
probability of the event over the life of dam and expected loss of life during these events 
must be reported in the Acceptable Flood Capacity assessment report. The following general 
qualifications apply: 

As the potential for loss of life increases, the greater degree of rigour and thoroughness 
will be expected in the risk assessment. 
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Dam is to be initially at Full Supply Level at the start of any flood events.' 

Breach dimensions and timing are determined in accordance with Guidelines for Failure 
Impact Assessment of Water Dams (NR&M, 2002b) 

Total PAR is estimated using the procedures. contained in the NRW Guidelines for 
Failure Impact Assessment of Water Dams (NR&M, 2002b) or ANCOLD, Guidelines 
on Assessment of the Consequences of Dam Failure (ANCOLD, 2000b); 

Graham's Method (Graham, 1999) is to be used for estimating loss of life (LOL) due to 
dam break flood events. Unless it can be clearly demonstrated that warnings will be 
reliably issued and disseminated around the impacted community at least 12 hours prior 
to the anticipated impact of dam failure, it is to be assumed that no warning is available 
to the Population at Risk for dam failure events6. 

Note that Graham's Method for estimating Loss of Life (LOL) during a dam break 
event is based on the total population at risk rather than the incremental population at 
risk produced by the Guidelines for Failure Impact Assessment of Water Dams (NR&M, 
2002b). It is also significant that the 'flood severity' also tends to be greater with dam 
break. Unless it can be clearly demonstrated that fewer people will be exposed to any 
dam break flood discharge, the total PAR is to be used in assessments of potential loss 
of life due to the failure event. Thus the estimated incremental loss of life due to failure 
should be taken as: 

Incremental LOL 
- (LOL for Jood event with dam failure) less - - 

due to failure event (LOL for same event without dam failure) 

Note that the LOL for flood events without dam failure is not covered by Graham's 
Method but is typically in the range 0.001xPAR to 0.0001xPAR. This means that the 
Incremental LOL can, in most circumstances, be taken as the total LOL due to dam 
break. 

2. Use the risk assessment study data on the annual probabilities of dam failure and estimated 
LOL to determine whether the risk profile is within ANCOLD's recommended 'limits of 
tolerability'. These minimum limits of tolerability are reproduced below from the section on 
'Life safety risks' in the ANCOLD Guidelines on Risk Assessnzent (ANCOLD, 2003):- 

for existing dams, an individual risk to the person or group, which is most at risk, that is 
higher than 10-'~er annum is unacceptable, except in exceptional circumstances 

for new dams or major augmentations of existing dams, an individual risk to the person 
or group, which is most at risk, that is higher than 10- '~er annum is unacceptable, 
except in exceptional circumstances 

for existing dams, a societal risk that is higher than the limit curve, shown on Fig. 7.4 
[ofANCOLD, Guidelines on Risk Assessment/ is unacceptable, except in exceptional 
circumstances 

for new dams or major augmentations of existing dams, a societal risk that is higher 
than the limit curve, shown on Fig. 7.5 [ofANCOLD, Guidelines on Risk Assessment/, 
is unacceptable, except in exceptional circumstances. 

It is recognised that this restriction is conservative. However, anecdotal evidence suggests that there is a higher likelihood of large rainfall events 
occurring towards the end of a 'wet' wet season. The assumption of the dam initially at Full Supply Level is to apply unless dan owners can clearly 
demonstrate. to the satisfaction of the chief executive, that an alternative a~~roach  is a~~ro~riate .  . . .. . 

In making the ease for a shorter warning time, the dam owner will need to demonstrate that a reliable warning will be able to be given under all 
reasonable circumstances that can be effectively and efficiently disseminated to the affected PAR and that suitable arrangements are in place to ensure 
that this will not reduce in effectiveness with the passage of time. 
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3. If the risk profile for the existing dam is above the limits of tolerability: 
(a) determine the storage inflow hydrograph for the critical duration design flood event 

commensurate with the AEP of the design flood event rainfall which just satisfies the 
limits of risk tolerability assuming the dam is in its current arrangement (Refer Section 
3.5). As the Risk Assessment Procedure involves integration of all hazards including 
flood events, the risk analyst must be aware of the failure modes when evaluating the 
flood AEP, particularly where failure modes not directly associated with spillway flood 
discharge capacity are significant contributors to the risk i.e. piping; 

(b) formulate risk reduction options that would bring the risk profile down to the limit of 
tolerability. 

4. Assess compliance with the ALARP principle by formulating additional risk reduction 
options that would bring the risk profile fwther below the limit of tolerability and 
undertaking a cost-benefit analysis for the upgrade options required to reduce the risk profile 
below the limits of tolerability based on: 
a incremental project costs and benefits to reduce the risk profile beyond the limits of 

tolerability. (Only include those costs considered necessary and sufficient to implement 
the measures to further reduce risk) 

a the cost-benefit methodology detailed in Appendix B; 
a a Value of a Statistical Life (VOSL) of $5 million (in 2004  dollar^)^. 
The options considered should be sufficient to clearly demonstrate that the ALARP criteria 
have been satisfied. In this context ALARP is considered to be satisfied whenever the 
incremental cost of undertaking a spillway upgrade project to reduce the risk below the 
specified limits of tolerability exceeds the benefits. 

5. The spillway flood discharge capacity required to satisfy the limits of tolerability including 
ALARP is to be considered the Acceptable Flood Capacity (AFC). 
Note that in some circumstances where the flood risk is only a relatively minor part of the 
overall risk profile for the dam, other dam safety remedial works may be required to reduce 
the risk profile below the limits of tolerability. 

6. Determine the relative proportion (as a percentage) of the inflow flood determined in Step 5 
above that can be passed by the existing dam. 

Appllcatfon of ALARP 

1 M 
10 100 lo00 lm00 

Number of Fatalities 

Figure 2 Application of &ARE' to bring societal risk profile below Limit of Tolerability 

' Note: Because of differences in the methodologies, the VOSL is not directly comparable with the ANCOLD Cost to Save a Statistical Life (CSSL) 
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3.5 Estimation of the critical duration storm event 
The following process is generic for deriving the critical storm duration hydrograph and is to be 
used for estimating the critical duration inflow flood hydrographs for a given Annual Exceedence 
Probability (AEP) for all Acceptable Flood Capacity (AFC) assessment options. 

(a) Determine the rainfall for a range of storm durations at the given AEP appropriate for the 
dam catchment and dam configuration. The required rainfall shall be estimated by applying, 
as appropriate: 

CRC Forge method (refer to the NR&M report Extreme Rainfall Estimation Project 
(Hargraves, 2004) for assessing probabilities for "rare" flood events (Note: flood 
probabilities are to be based on the probabilities of the causative rainfall events) and 

Appropriate methodology for assessing Probable Maximum Precipitation (PMP), in 
accordance with: 

o the Bureau of Meteorology (BoM) Bulletin 53 The Estimation of Probable Maximum 
Precipitation in Australia: Generalised Short Duration Method (GSDM, BoM, 
2003a), or 

o the BoM Revision ofthe Generalised Tropical Stornz method for Estimating 
Probable Maximum Precipitation (GTSMR, BoM 2003b). 

The provisions of Australian Rainfall and Run-off (AR&R 1999) shall be used for 
interpolating rainfall magnitudes between the CRC Forge rainfalls and the PMPs. 

(b) The runoff from this rainfall is to be converted into inflow flood hydrographs using a non- 
linear run-off routing model (such as RORB, WBNM, RAFTS etc). Where reasonable 
calibration data is available, the model should be calibrated but with calibrations biased 
towards larger flows. Where reasonable calibration data is not available, the regional 
parameters approach presented in the Institution of Engineers Australia, Book VI- 
Estimation of Large to Extreme Floods (Nathan & Weinmann, 1999) should be applied. 

All catchments are to be assumed in a saturated condition prior to the start of the storm event 
causing the rainfall. Unless the case for different loss models is appropriately made, an "initial loss- 
continuing loss" model is to be applied. Unless an effective case can be made to use other loss 
parameters, the initial loss/continuing loss parameters recommended in Book VIofAustvalian 
Rainfall and Run-off- Volume I (AR&R 1999) are to be used. 

When assessing the inflow hydrographs of flow into the dam reservoir during a flood event, all 
inflows into the storage should be considered. This should include any inflows from water 
harvesting pumps or run-off from catchments diverted into the storage. This will produce inflow 
hydrographs into the dam reservoir of the type shown in Figure 3. 
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Figure 3 - Effect of storm durations on flood magnitude 

(c) Route this run-off through the reservoir storage to determine the resultant maximum 
reservoir headwater and corresponding outflow from the dam storage for each flood event. 
Estimates of outflows during floods are to be based on the following assumptions: 

The reservoir is to be at Full Supply Level at the start of the flood event or sequence of 
flood events. 

Where the dam wall is designed to accommodate discharge over the non-overflow 
sections (e.g. as in some mass concrete dams), the analysis can take this discharge into 
account. However, if they are not designed to accommodate discharge (e.g. earth dam 
embankments), it is to be assumed that the existing spillway walls extend vertically 
upward to the height required to pass the discharge. 

When assessing the outflow for spillways controlled by spillway gates or other 
mechanical discharge control devices, the assumed reservoir operations are to be based 
on normal flood operational procedures for the dam together with: 

i. for assessments using the Fall-back option, the failure of at least 16 per cent of gates 
or other discharge devices (rounded up to the nearest whole number of gates) from 
the start of the event 

ii. for assessments using the Risk Assessment procedure the person doing the 
assessment should assess the probability of gate failure using the best available 
information. 

(d) The result of steps (a) to (c) will be a series of 'Reservoir Level versus Time' curves as 
shown in Figure 4. 

(e) Select the flood event producing the maximum reservoir level as the critical duration flood 
event for the dam. 
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Figure 4 Selection of Critical Duration Flood Event 

3.6 Freeboard 
Freeboard should be provided above maximum flood levels for wind set-up and wave run-up. It 
should be noted that freeboard can be a significant component of any Acceptable Flood Capacity 
Assessment with considerations of the need for freeboard provisions being more critical for 
embankment dams, as such dams are generally more susceptible to breaching and failure by 
overtopping. 

The magnitude of any necessary freeboard will vary for each dam and will depend on issues such as 
the : 

effective resistance to dam structure to waves and overtopping 

magnitude and direction of winds and the effective fetch for winds generated waves 

depth of the storage 

likely duration of headwater levels near the crest of the dam and the likely coincidence of 
these high flood levels with strong winds 

potential settlement of the crest of embankment dams. 

The magnitude of wind set-up and wave run-up should be estimated using appropriate Australian 
wind data and the processes outlined in US Department of the Interior, Bureau of Reclamation, 
Freeboard Criteria and Guidelines for Computing Freeboard Allowances for Storage Dams 
(USBR 1981). 

For proposed dams, it may be prudent to consider conservative freeboard provisions in view of: 

developments in meteorology and estimates of extreme rainfalls 

developments in hydrologic methodology and estimated floods 

the potential for future developments downstream requiring additional flood discharge 
capacity 

the generally low incremental cost of providing additional flood discharge capacity at the 
time of initial construction. 
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Concrete dams can sometimes tolerate the increased loading associated with some overtopping, and 
as such, may not require positive freeboard. Additionally, in some cases, concrete dams can accept 
a negative freeboard, which is some degree of overtopping. Items that need to be considered when 
assessing the required freeboard on concrete dams include the impact of the maximum reservoir 
headwater levels on the dam structure and the potential for scour of the toe of the dam or the 
abutments, which could affect stability. 

For embankment dams, freeboard provision can alternatively be considered as an integral part of the 
risk assessment procedure. 

Consideration may be given to minimal freeboard on submission of a well-supported risk analysis 
and having regard to: 

consideration of correlation between adverse winds and peak level in the reservoir due to the 
flood 

the duration and resistance to potential overtopping due to wind set-up and wave run-up and 
high headwater levels. 

Provisions proposed for freeboard and the associated Acceptable Flood Capacity and relevant AEP 
shall be indicated in written Acceptable Flood Capacity Assessment reports produced in accordance 
with Appendix A. 
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4 Upgrade schedules 
The required Acceptable Flood Capacity for a particular referable dam is the capacity required to 
safely discharge the Acceptable Flood Capacity as determined through risk assessment or other 
methods outlined in these guidelines and dam safety conditions and approved by the regulator. This 
capacity will be different for each dam and will depend on the individual circumstances of each 
dam. Dam owners should note that the required flood discharge capacity may change with time as 
changes to land use occur downstream of the dam. 

All new referable dams will be required to provide a total discharge capacity equal to the 
Acceptable Flood Capacity from the time they become operational or start to permanently store 
water. 

Owners of existing referable dams, which cannot safely discharge the Acceptable Flood Capacity, 
will be required to upgrade the spillway capacity of their dams. The timing of any necessary 
upgrade works for the dam is dependent on the proportion of the Acceptable Flood Capacity able to 
be safely passed by the existing dam. The timing will have to at least satisfy the schedule presented 
in Table 3. 

The procedure to be adopted for determining the proportion of the Acceptable Flood Capacity able 
to be passed by the existing spillway(s) is as follows: 

(a) The discharge values of the critical duration storm event inflow hydrograph are scaled by a 
factor 'k' to, produce a 'trial' flood event such that 

where Qbid = The discharge ordinate of the trial flood event 

Qcdse = Inflow ordinate of the critical duration storm event producing the 
Acceptable Flood Capacity discharge 

k = the proportion of the Acceptable Flood Capacity 

The 'time base' for the trial inflow hydrograph remains unaltered. 

(b) The resultant flood is then routed through the storage to determine the maximum headwater 
level in the reservoir. 

(c) Steps (a) and (b) are repeated with new estimates of 'k' until 

i. for cases where the Acceptable Flood Capacity is determined by the Small Dam 
Standard or the 'Fall-back option: Where the maximum headwater level in the 
storage just reaches the dam crest or some other level below the dam crest at which 
failure of the dam would be likely8. 

ii. for cases where the Acceptable Flood Capacity is determined by the Risk 
Assessment Procedure: Where the risk profile just satisfies the limits of tolerability 
and the ALARP criteria. 

This proportion of the Acceptable Flood Capacity is taken to be the discharge capacity of the 
existing dam. 

Unless a dam embankment is specifically designed to be overtopped safely, the level at which failure is to be cotsidered 'likely' is to be no higher 
than the level of the embankment crest. If defects are known to be present in embankment dams which could cause failure when the water level is 
below the level of the embankment crest, this lower level is to be taken as the 'maximum headwater level'. Far dams assessed as being capable of 
being safely overtopped, this level of overtopping can be taken into account when determining 'maximum headwater level'. When considering the 
combined impact of wind set-up and uaves an top of high reservoir levels due to flooding, the Annual Exceedence Probability of the overall event is 
to be the combined probability ofthe flood causing the headwater levels and the probability ofthe wind event generating the set-up and the waves. 
Wind set-up and wave heights are to be determined using appropriate Aushaiian wind data and the processes contained in US Deparhllent of the 
Interior, Bureau of Reclamation, Freeboard Criteria and Guidelines for Computing FreeboardAllowoncesjar Sforage Dam (USBR, 1981). 
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Note that although consideration of the current consequences would be suflcient for this 
assessment, it is strongly recommended that likely&ture downstream developments be taken into 
account in assessing AFC. 

The programming of any necessary dam safety upgrade works is to take into account, factors such 
as the time necessary to complete the work and the time of year available to undertake the work so 
as to minimise any additional risk to those living downstream. 

Dam owners may choose to stage spillway upgrades to meet these timefiames, or to undertake all 
required works to meet 100 per cent of the required spillway capacity in one stage. 

Table 3: Schedule for Dam Safety Upgrades 

Notes to Table 

1. As a guide, it is expected that up to about five years may be required to complete a flood 
discharge capacity upgrade for dams greater than 10 meters in height, and two years will be 
required to complete a spillway upgrade for smaller dams. However, each case will be 
considered on its own merits. 

Date by which the required minimum flood 
capacity is to be in place for existing dams 

These dams must be upgraded as soon as possible' 

1 October 201 5 2,3 

1 October 2025 2'3 

1 October 2035 2,3 

Tranche 

1 

2 

3 

4 

2. In each case the required discharge capacity will need to be reassessed just prior to the 
undertaking of final spillway upgrade works to ensure that the required Acceptable Flood 
Capacity has not changed and that the planned spillway capacity is still consistent with the 
specified upgrade program. 

Required minimum flood 
discharge capacity 

25% of AFC 
or 1 :500 AEP flood event 

(whichever is the bigger flood) 

50% of AFC 
or 1:2000 AEP flood event 

(whichever is the bigger flood) 

75% of AFC 

100% of AFC 

3. The timing of the tranches 2,3 and 4 will be confirmed once the Acceptable Flood Capacity, 
and related, assessments have been completed for all or most of the known referable dams. 
This is anticipated to occur by 1 July 2008. 
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5 Glossary 
Please note: This is a selected glossary only. Please refer to the Glossary in the various ANCOLD 
Guidelines for a more comprehensive definition of all terms. 

AEP - Annual Exceedance Probability - The probability that a particular flood value will be 
exceeded in any one year. 

AFC -Acceptable Flood Capacity - The overall flood discharge capacity required of a dam 
determined in accordance with these guidelines including freeboard as relevant, which is required to 
pass the critical duration storm event without causing failure of the dam. 

ALARP - As Low As Reasonably Practicable principle, which states that risks, lower than the limit 
of tolerability, are tolerable only if risk reduction is impracticable or if its cost is grossly 
disproportionate (depending on the level of risk) to the improvement gained. 

ANCOLD -Australian National Committee on Large Dams 

AR&R 99 -In the context of this paper it refers to 'Australian Rainfall and Runoff, A guide to 
Flood Estimation, Book VI, Estimation of Large to Extreme Floods', 1999. 

BoM - Commonwealth Bureau of Meteorology 

CRCForge - Co-operative Research Centre Focussed Rainfall Growth Estimation - A  regional 
frequency analysis technique used to derive estimates of large to rare rainfall (see Section 3.5). 

Critical Duration Design Flood Event - The design flood event having a duration which causes 
the maximum discharge from a dam for a given Annual Exceedence Probability. 

DCF - Dam Crest Flood -the flood event which, when routed through the storage with the storage 
initially at Full Supply Level, results in still water in the storage, excluding wind and wave effects 
which: 

for an embankment dam, is the lowest point of the embankment crest, 

for a concrete dam, is the level of the non-overflow section of the dam, excluding handrails 
and parapets ifthey do not store water against them; 

for a concrete faced rockfill dam, is the lowest point of the crest structure or a point on a 
wave wall if it is designed to take the corresponding water load. 

Dam Break Flood - The flood event occurring as a consequence of dam failure. 

Dam failure is the physical collapse of all or part of a dam or the uncontrolled release of any of its 
contents. 

Design Life - The useful life for which a structure is designed. 

EAP -Emergency Action Plan (prepared and implemented in accordance with requirements of 
Queensland Dam Safety Management Guidelines (NR&M, 2002a) 

Failure Mode - A way that failure can occur, described by a means by which element or 
component failures must occur to cause loss of the sub-system or system function. 

Fall-back option - is the assessment methodology described in Section 3.2 of these guidelines. 

Fatality rate - is the appropriate fatality rate in Graham's loss of life formula (Graham, 1999). 

FIA - Failure Impact Assessment undertaken and certified in accordance with the requirements of 
the Water Act 2000 and NR&M's Guidelines for Failure Impact Assessment of Water Dams 
(NR&M 2002b). 

Flood Discharge Capacity - The capacity to discharge floods (in m3/sec) 
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Freeboard - The vertical distance between a stated water level and the top of the non-overflow 
section of a dam. The part of the freeboard that relates to the flood surcharge is sometimes referred 
to as the "wet freeboard", and that above the flood surcharge, due to wind and other effects, is 
sometimes referred to as the "dry freeboard". 

FSL -Full Supply Level - The level of the water surface when the water storage is at maximum 
operating level, when not affected by flood. 

Fuse plugs (and fuse gates) - Discharge elements designed to fail in a controlled fashion once a 
design event has been triggered (see Section 3.1). 

Graham's Method -A method for estimating the loss of life due to dam failure (refer to Section 
3.4) 

Height (of dam) - means the measurement of the difference in level between the natural bed of the 
watercourse at the downstream toe of the dam or, if the dam is not across a watercourse, between 
the lowest elevation of the outside limit of the dam and the top of the dam. 

Hydrograph - A graphical representation of a time-discharge curve of the unsteady flow of water. 

Hazard Category - The potential incremental losses and damages directly attributable to the 
failure of the dam. 

Incremental PAR - refer to PAR. 

Limits of Tolerability - A risk that society can tolerate so as to secure certain net benefits (refer to 
Section 3.4) 

LOL - Loss of Life -means the estimated loss of life in the event of a dam failure. 

NRW - The Queensland Department of Natural Resources & Water (previously known as the 
Department of Natural Resources & Mines or NR&M or the Department of Natural Resources, 
Mines and Water or NRMW. 

Outlet Works - A  combination of structures and equipment required for the safe operation and 
control of water released from a reservoir to serve various purposes, e.g. regulate stream flow and 
quality; provide irrigation, municipal, andlor industrial water. 

PAR - Population a t  Risk - means the number of persons, calculated under the guidelines referred 
to in s.482 (I) @) [of the Water Act 20001, whose safety will be at risk if the dam, or the proposed 
dam after its construction, fails. Unless otherwise indicated, PAR is the 'incremental PAR' due to 
the failure event i.e. the difference in the PAR for the same event with dam failure relative to the 
event without dam failure. When 'Total PAR' is referred to, this is the total PAR inundated both 
due to the natural flood event and the natural flood levels aggravated by the failure event. 

PMP Design Flood -The flood resulting from the PMP using AEP neutral assumptions of 
catchment conditions. 

PMF - Probable Maximum Flood - The flood resulting from PMF', and where applicable snow 
melt, coupled with the worst flood-producing catchment conditions that can be realistically 
expected in the prevailing meteorological conditions. 

PMP - Probable Maximum Precipitation - The theoretical greatest depth of precipitation for a 
given duration that is physically possible over a particular catchment area, based on generalised 
methods. 

Probability of Occurrence - The probability that the risk (event) will occur. 
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Referable Dam - A  dam, or a proposed dam for which: 

(a) a failure impact assessment is required to be carried out [under the Water Act 20001; and 

(b) the assessment states the dam has, or the proposed dam after its construction will have, a 
category 1 or category 2 failure impact rating; and 

(c) the chief executive has, under section 487 [of the Water Act 20001, accepted the assessment. 

The following are not referable dams: 

(a) a dam containing, or a proposed dam that after its construction will contain, hazardous 
waste. 

(b) a weir, unless the weir has a variable flow control structure on the crest of the weir. 

The following are not dams and cannot therefore be referable dams: 

(a) a rainwater tank; 

(b) a water tank constructed of steel or concrete or a combination of steel and concrete; 

(c) a water tank constructed of fibreglass, plastic or similar material. 

Ring tank - A dam that has a catchment area that is less than 3 times its maximum surface area at 
full supply level. 

Risk Assessment Procedure - is the assessment methodology described in Section 3.4 of these 
guidelines. 

Risk Profile - The aggregated relationship between the consequences resulting from a range of 
adverse events and their probability of occurrence (see Section 3.4). 

RPEQ -A Registered Professional Engineer of Queensland as defined under the Queensland 
Professional Engineers Act 2002. 

Small Dams Standard - is the assessment methodology described in Section 3.2 of these 
guidelines. 

Societal Discount Rate - The discount rate used in determining the net present value (refer to 
Appendix B) 

Societal Risk - The risk of widespread or large scale detriment and multipleloss of life from the 
realisation of a defined hazard. Refer also to the definition in ANCOLD Guidelines on Risk 
Assessment (ANCOLD, 2003) 

Spillway - A weir, channel, conduit, tunnel, gate or other structure, designed to permit discharges 
from the reservoir when pondage levels rise above FSL; can include secondary, auxiliiuy, 
emergency spillways or fuse plugs. 

Spillway Design Flood -The flood event which can be routed through the dam (with appropriate 
allowance for freeboard due to wind and wave effects) without any damage to individual sections of 
the dam. 

Sunny Day Failure - means a dam failure which is not significantly affected by a natural flood 
occurring at the same time. 

VOSL - Value of Statistical Life 

Weir - A barrier constructed across a watercourse below the banks of the watercourse that hinders 
or obstructs the flow of water in the watercourse. 
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Appendix A - Summary of Written Acceptable Flood Capacity 
Assessment Requirements 
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Summary of Written Acceptable Flood Capacity Assessment 
Requirements 
The Acceptable Flood Capacity Assessment must be certified by a registered professional engineer 
as accurate and reasonable. The following information must be included in a written Acceptable 
Flood Capacity Assessment report: 

Executive Summaryllntroduction 

A general description of the dam and the result of the Acceptable Flood Capacity Assessment 
including: 

Name ofdam; 

Location of dam (i.e. longitude and latitude); 

Real property description of the land on which the dam structure is located 

Photographs of the existing dam or dam site 

Name of the owner of dam (i.e. name of individual or company). 

Dam owner contact details (i.e. postal address, street address, phone number, facsimile, 
email); 

Status of dam (i.e. existing or proposed dam or proposed work); 

Date dam construction completed to current arrangement; 

Development permit and water licence details (if any); 

Date last failure impact assessment accepted by the chief executive; 

The maximum population at risk; 

The failure impact assessment category for the dam; 

Type of dam (i.e. homogenous earthfill dam, zoned earth and rockfill dam, concrete dam or 
other); 

Height and storage capacity of the dam; 

Dam capacity to Full Supply Level (in megalitres); 

Spillway description (Type & Dimensions); 

Spillway discharge rating curves and any applicable operational rules (for gated operations) 
used in determining the AFC; 

Existing Flood Discharge Capacity for the dam at the dam crest level or a level with the 
design freeboard; 

AEP of the Existing Flood Discharge Capacity 

Acceptable Flood Capacity (AFC) for the dam; 

Spillway Design Flood and, if it is less than the AFC, details as to how it was assessed and 
the impacts of floods in excess of the Spillway Design Flood; 

Identified current flood discharge capacity as a percentage of AFC. 
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Data and methodology used 

The Acceptable Flood Capacity Assessment shall include a summary of the data on which the 
assessment is based and the details of the methodology used (small dams standard fallback option 
/risk assessment) including, but not limited to the following: 

Details of the review of the appropriateness and accuracy of the data (including the details of dam 
break analyses for "Fallback Option") must be also included in the assessment. 

Risk assessment 

. Description of methodology for determining design rainfalls and 
results; . Description of methodology for determining spillway capacity 
floods and the results of muting the floods through the storage; 
Description of methodology for assessing consequences of failure 
Basis of the risk assessment process, methodology, parameter 
values and uncertainties including documentation as to: 
o Demonstrate the appropriateness of the assessment; 
o How the risks were identified and assessed; 
o What systems are applied to ensure the risks are properly 

controlled? 

Note that although consideration of the current consequences would be sufjcient for this 
assessment, it is strongly recommended that all likely&ture downstream developments be taken 
into account in assessing AFC. 

Small Dams StandardlFallback 
Option . Description of methodology for 

determining design rainfalls and 
consequent flood magnitudes; 

Details of the operating procedures 
adopted in determining the AFC; 

Details of consequences of dam 
failure for Sunny Day and Flood 
failure conditions 

PAR for each failure case 
considered; 

Interpolations. 

Assessment 

Details of the assessment including, but not limited to the following: 
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Existing Dams 
Dam Crest Flood (DCF) for the existing arrangement, with the 
assigned Annual Exceedance Probability (AEP), to ANCOLD 
Guidelines on Selection ofAcceptable Flood Capaci@for Dams, 
Appendix 1. 
For dams with hazard category of Extreme or High A, PMF, based 
on Book VI, ARR (Nathan & Weinmann, 1999) procedures, with 
FSL the pre-flood reservoir condition, and including information 
on the assigned values for all influencing parameters such as 
temporal and spatial patterns and losses. 
For dams with hazard category of High B or High C, 'PMP Design 
flood' based on Book VI procedures with the reservoir at FSL at 
the start of the flood event or sequence of flood events. 
The assessed hazard category, and potential consequences, noting 
any changes to potential consequences since the previous review 
report-both total and incremental consequences are to he reported 
including the potential for loss of life. 
Assessment of the allowance for freeboard with reasons 
Note of any changes to dam management, operating rules, 
conditions and surveillance procedures since the previous review 
report. 
Information on EAPs in place. 
Identified hydrologic deficiencies including assessment against 
Guideline criteria . Estimated risks of failure and assessment of their tolerability. 
Capacity to accommodate future climate change (i.e. what is in 
reserve?) 

Proposed dams 
Assessed hazard category and 
consequences - total and 
incremental - are to he reported 
including the potential for loss of 
life. 
Hydrologic assessment against 
deterministic criteria. (needs further 
definition) 
DCF and PMF andlor PMP Design 
flood, as for review of existing 
dams, and appropriate. 
Proposals for freeboard provisions 
with reasons for the nominated 
freeboard. . Proposals, including assessed risks, 
for flood management during 
construction 
Proposed dam management 
operating rules, conditions and 
surveillance procedures. 
Provisions, if any, for future 
climate change. 
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Risk reduction proposals for existing dams (following the completion of an 
assessment for the dam) 

Risk reduction measures only need to be considered as part of the risk assessment process when 
considering whether ALARP has been satisfied. 

Risk reduction options considered and comparative assessments against existing 
arrangement. 

Proposed DCF, PMF andlor PMP Design Flood, with assigned AEP, as appropriate for each 
of the options considered. 

Assessed hazard category and potential dam failure consequences, after implementation of 
risk reduction measures. 

Details of any structural measures to be relied on for risk reduction including changes to 
spillways or dam embankments etc. 

Details of any proposed non-structural measures to be relied on for risk reduction including 
changes to dam management, operating rules and flood warning systems, conditions and 
surveillance procedures. 

Proposed freeboard provisions and basis for these for each of the options considered. 

Proposals, including assessed risks, for flood management and construction management 
during construction. 

Interim EAPs, both during planning and during construction. 

Registered Professional Engineer details. 

The Acceptable Flood Capacity Assessment is to incorporate a certification from a Registered 
Professional Engineer (RF'EQ). This certification shall include: 

Name of the certifying RPEQ. 

Registration number. 

Contact details (including postal address, street address, telephone number, facsimile, email 
as appropriate). 

A statement that this AFC assessment is reasonable and accurate and has been done in 
accordance with the NRW Guidelines on Acceptable Flood Capacity for Dams; 

Signature of RPEQ. 

Date. 
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Appendix B - Methodology for Demonstrating Compliance with 
ALARP. 
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Methodology for demonstrating compliance with ALARP. 

The ALARP principle requires that risks should he 'as low as reasonably practicable'. The 
methodology for demonstrating risks are ALARP is to be applied to all assessments where the "risk 
assessment procedure" is used for determining Acceptable Flood Capacity. 

This requirement is to reduce risks to life to the point where further risk reduction is impracticable 
or requires action that is grossly disproportionate in time, cost, trouble and effort to the reduction in 
risk achieved. This principle forms the balance between equity and efficiency, with the balance 
deliberately skewed in favour of equity. 

To decide whether risks are ALARP, it is necessary to consider the possibilities for further risk 
reduction beyond the limits of tolerability and their relative ease or difficulty (the sacrifice) of 
implementing them and to balance these against the benefits of implementing them. To demonstrate 
this, for the purposes of these guidelines, it is necessary to formulate risk reduction options and to 
prepare concepts and realistic cost estimates to undertake the risk reduction measures. 

Each case will depend on the circumstances of the dam under consideration, but further risk 
reduction measures considered should not only include major modifications to the dam structure but 
should also include modifications or additions of individual pieces of equipment andlor components 
of individual structures where such measures are likely to have a significant impact on the overall 
risk of dam failure. In assessing the costs of these further risk reduction measures, only the 
incremental costs associated with risk reductions beyond the limit of tolerability should be 
considered9. 

By undertaking the activities detailed in these guidelines and incorporating the outcomes in their 
decision recommendations, the analysts can assist the decision-maker, who has to make the final 
judgement that risks are A L A R P .  

A particular owner's ability or inability to afford a risk reduction measure - that is, the owner's 
financial circumstances - is not a consideration in deciding whether life safety risks are ALARP. 

The methodology outlined below presents a cost-benefit framework for determining whether the 
ALARF' upgrade improvements are required. This methodology assumes that a number of 
engineering calculations have already been performed to determine the probability of a flood event 
or other hazard (e.g. seismic, wind, piping) causing dam failure based on the probability of the 
event over the life of the dam and the expected loss of life during the event. The answers to these 
calculations are then applied to the methodology presented below. 

A range of potential ALARP spillway capacity upgrades (including any necessary structural 
upgrades to accommodate additional headwaters and flows) should be considered in the assessment. 
The levels of these upgrades must then be used to develop a cost benefit curve for the spillway 
upgrade options, so that the point at which costs equal benefits can be identified. This optimal 
ALARP upgrade standard should then be compared with and plotted on the same graph as the limit 
of tolerability to demonstrate the upgrade point with which dam owners are required to comply. 

The methodology requires the probable loss of life due to dam failure'' and probable property 
damage over the life of the dam due to dam failure to be determined, for both the project that just 
satisfies the tolerable risk criteria without consideration of ALARP" and a range of further potential 
ALARP spillway upgrades. 

The probability of loss of life due to dam failure over the dam's life is calculated by examining the 

Where the overall dam upgmde project is to proceed as one overall project, the project casts associated with an ALARP component of the project 
should only include that proportion of the overall establishment costs associated with the upgrade of the works beyond the 'tolerable limit'. 
lo Note that probability of expected loss of life due to dam failure aver the life of the dam may also be expressed as the probability of death and dam 
failure occurring at the same time. 
I' The minirnum tolerable spillway standard prior to the consideration of ALARP is the spillway capacity which just allows the risk profile to meet 
the limit of tolerability criteria. 
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population at risk, the fatality rate'' and the probability of dam failure during a flood event (or the 
flood event plus a proportional increase in discharge capacity equal to the level of ALARP upgrade 
being examined) over the nominated design life of the damI3 for the particular catchment. The 
probability of expected loss of property due to dam failure over the dam's life is calculated by 
examining the property at risk, the expected damage during a flood event and the probability of dam 
failure during that flood event (or the flood event plus a proportional increase in discharge capacity 
equal to the level of ALARP upgrade being examined). 

The first calculation in the methodology should be applied to the dam arrangement that just satisfies 
the tolerable risk criteria without consideration of ALARP, as follows: 

E(L0L d a m i d  = [,I (Fj x PARJ] x P(FE) 

which simplifies to: 

E(L0L damlib) = E(L0L) x P(FE) 

Where: 
E(L0L de, = total expected LOL over the life of the dam. 
E(LOL) = expected total LOL during a failure event; 
F, = fatality rate for each separate community,(~), in the particular catchment (This rate should be 

calculated for each community as some communities may be suhiect to different levels of flood 
severity and different flood vulnerabilities); 

PAR, = total PAR in each separate community during the failure event corresponding to the fatality rate Fi in 
the particular catchment; 

P(FE) = probability of dam failure during a flood, seismic or other event over the life of the dam; 

The calculation is also applied separately to the proposed ALARP upgrade standard. That is: 

which simplifies to: 

E(L0L dam,ife),)* = E(LOLJiX P(FE)* 

Where: 

E(L0L = total expected LOL over the life of the ALARP upgraded dam. 
E(LOL)* = expected total LOL during a failure event at the ALARP upgraded dam; 
F,* = fatality rate at ALARP upgraded dam for each separate community, (i), in the particular catchment 

(note that this is necessary as some individual communities comprising the PAR may he subject to 
different levels of flood severity and different flood vulnerabilities); 

PAR,* = total PAR in each separate community during the failure event corresponding to the fatality rate F,* 
in the particular catchment; 

P(FE)* = probability of dam failure due to a nominated flood, seismic or other event greater than the 
minimum tolerable spillway standard overthe life of the ALARP enhanced dam; 

Once the expected loss of life is determined based on a dam complying with the tolerable risk level 
and the various levels of ALARP upgrade, the incremental reduction in the probability of loss of 
life from dam failure as a result of the ALARP upgrade being performed may be calculated. This 
requires the difference in the total expected loss of life calculated in the first step to be calculated, 
as follows: 

E(L0L dam~ie)incrementat = E(LOL dam ire) - E(LOL damire))' 

Where: 

E(L0L dm,fe),,,,,,tar= incremental reduction in total expected LOL overthe life of the dam due to the 
ALARP upgrade being performed 

'' The 'fatality rate' is the appropriate fatality rate in Graham's loss of life formula (Graham, 1999) assuming 'no warning time' unless a strong case 
to the contrary is made. 
l 3  To be taken as 150 years from the completion of the spillway upgrade. 
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Similarly, the expected property damage can be considered by determining the incremental flood 
damage due to the failure of the dam during an event and the changes to the operations and 
maintenance costs due to the upgrade. 

E(Damages dam id~nnemsnta l  = Warnages d a m l d  - ElDamages dam life)* 

Where: 

E(Damages demlrej~n,m,,~e~ = Incremental damages due to the dam failure event 

E(Damagesdamlik) =the expected total damages resulting from the event without dam failure 

E(DamagesdmIlfej* = the expected total damages resulting 6om the event with dam failure 

The expected damages are to be basedon the NRW Guidance on the Assessment of Tangible Flood 
Damages @R&M 2002~). 

This incremental reduction in the estimated loss of life over the life of the dam, attributable to the 
ALARP upgrade being performed is then used to determine the expected total benefit (E(TBJ) 
resulting from the ALARP upgrade. This is done by multiplying the VOSL by the incremental 
reduction in the estimated over the life of the dam due to the ALARP upgrade being performed, as 
shown below. 

W B S  = E(LOL damllfejlncremenfal x VOSL 
It is presumed that the expected total benefit will be achieved in the year the upgrade is completed 
(ie, time = t). This is the case as the reduction in the probability of dam failure as a result of an 
increase in the level of AEP flood event that the upgraded dam can endure, will occur in the year 
that the upgrade work is completed. This benefit is not accrued in prior or subsequent years, as the 
timing of the total benefit is taken to align with the reduction in risk and the completion of work. 

A societal discount rate of 6%, as noted in Queensland Treasury Guidelines (Qld Treasury, 2000 
and Qld Treasury 1997) is to be adopted when determining the net present value of cash flows. The 
expected total cost of the upgrade should also be ascertained in current year dollars using the same 
societal discount rate. This will necessarily require the dam owner to consider the timing of cash 
flows associated with the upgrade and apply a similar 6% discount rate. The discounting 
calculations are presented below. 

and 

Where: 

r = societal discount rate 
t = the time period in which the benefit will be received and the costs will be incurred 
E(TBa) = expected total benefit in current year dollars 
E(TCd = expected total cost in current year dollars 

These expected total benefits and costs may then be compared to establish if the ALARP upgrade is 
likely to produce total benefits in excess of total costs (ie, a cost benefit ratio of less than unity). If 
the net benefit is positive then the project should go ahead. The cost- benefit decision calculation is 
presented below: 

If: E(TCd / E(TBd 5 I 9 ALARP spillway upgrade required 
E(TCo) / E(TBo) > I + ALARP spillway upgrade not required 

This calculation illustrates that where the analysis produces a cost to benefit ratio of less than or 
equal to one (ie, benefits at least match the costs), then the ALARP upgrade would be required. An 
example of how this methodology should be applied appears in the example presented below. 
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Through this process, the cost benefit curve can be plotted so that the appropriate level of dam 
upgrade may be identified. 
From a social economic perspective, the appropriate level of upgrade beyond the limit of 
tolerability would be where the marginal benefits of the total spillway upgrade equal the marginal 
costs of the total spillway upgrade. This is the point at which total net benefits are maximised. This 
point may be determined by graphing the cost benefit curve, of total expected benefits against the 
relative increase in flood discharge capacity based on the calculations performed for the range of 
ALARP spillway upgrades. 
When relying on 'risk assessment', dam owners are required to undertake upgrades at least to the 
'tolerable risk' line. The extent to which the spillway needs to be further upgraded depends on 
whether the point at which the total benefits equal the total costs lies beyond the limit of tolerability 
or not. 

ALARP upgrade options to be considered 

There are a wide range of potential upgrade options to be considered as part of the upgrade process 
to reduce the risks below the tolerable risk level. Such options that might be considered include (but 
may not be limited to): 

Widening or deepening an existing spillway 

The addition of spillway gates or some other flow control structure 

Modifying the operating systemslrules for the structure so that risk of failure is reduced 

Structural modifications to the dam to enable it to safely pass overtopping flows 

Additions/modifications to dam embankments and foundations to reduce the risk of failure 

The addition of additional spillways such as higher level auxiliary spillways or fuse plug 
spillways 

Raising or modifying non-overflow dam sections to reduce the risk of failure 

Diversion of some of the catchment around the dam 

A combination of any or all of the above. 

The required accuracy of the necessary estimates for these options will be dependent on the 
sensitivity of the outcome. The accuracy need not be high where the result is clear-cut one way or 
the other. 

The actual ALARP upgrade options to be considered in each particular case will be dependent on 
the circumstances at each individual dam and advice may need to be sought from an RPEQ 
experienced in dam engineering. Non-structural options can only be considered if it can be clearly 
demonstrated that such options can be relied on in the long term and are under some degree of 
control by the dam owner. 
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Example 

An example of the ALARP methodology is provided below to illustrate the practical application of 
calculating the life benefits achieved by upgrading the sizelcapacity of a spillway by 10% beyond 
the limit of tolerability standard. The assumptions made below are presumed to have been provided 
through engineering studies and calculations 

Figure B1 - Example of Demonstrating Compliance with ALARP 
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Percentage Increase in Splllway Capacity beyond Tolerable Limit 

Assumptions: 
P(FE) = 0.04878 (=probability of a 1 in 3000 year AEP event occurring over a 150 year life of the 

dam) 
P(FE)* = 0.02107 (= probability of a 1 in 7045 year AEP event [equivalent to a 10% increase in 

spillway capacity] occurring over a 150 year life of a dam 
F = 0.15 (for medium severity flooding where houses would be damaged during flood events) 
PAR = 10 (obtained from Failure Impact Assessment studies) 

VOSL = $5m AUD (2004 dollars)14 

t = 5 (ie, upgrade will be completed in year 5) 

E(TC) = $250,000 (ie, expected total cost of ALARP upgrade over five years as follows: 
year 1: 5%; year 2: 5%; year 3: 15%; year 4: 35%; year 5: 40%) 

Probability of death given dam failure 
Under tolerable safety standard 

E(L0L = [ (F, X PARJ + (Fk x PARJ + (F, x PAR J ] x  P(FE) 
= [0.15 x 10]x 0.04878 = 0.07317 

Afer ALARP spillway improvement 
E(LOL = [(F,*X PAR,) + (Fk*x PARJ + (F,*x PARJ] x P(FE)* 

= [0.15 x 101 ~0 .02107  =0.03160 

'Q~ssumed based on a figure within the strong to very strong ANCOLD justification m g e  for risks just above the broadly acceptable risk. 
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Incremental reduction in probability of death given dam failure 

lncrementalE(L0L dam~,k) = E(L0L - E(L0L damrr,J* 

= 0.07317 - 0.03160 = 0.04157 

Expected Benefit ofALARP spillway upgrade 

In year 5: 

E(B,) = Incremental E F O L  dm,,*,) x VOSL 
E(B5) = 0.04157 x $5,000,000 = $207,850 

At time zero: 

E(Bo) = E(Bt) / (l+r)'= $207,850 / l . 0 6 ~ =  $155,990 

Expected indexed Cost ofALARP spillway upgrade at time zero 
E(Co) = [E(CJ/ (J+r)'] + [E(Ct.J / (l+rjf-'] + [E(C,.J/ (J+r)1.2] +...+ [E(C,.J / (J+r)*y 

= $100,000 / 1.06'+ $87,50011.064 + $37,50011.06~ + $12,50011.06~ + $12,50011.06 
= $198,500 

Cost-Benefit Analysis 
E(Co) / E(Bo) = $198,500 1 $155,900 = 1.27 

In this example, for this potential project, as the costs of undertaking the additional upgrade 
outweigh the benefits, the dam owner would not be required to increase the minimum safety of the 
spillway by 10% above the tolerable limit to sustain a larger AEP flood event. Had the benefits 
outweighed the costs however, the upgrade would have been required. 

Such cost -benefit assessments should be undertaken for a range of upgrades beyond the limit of 
tolerability, so that the optimal level of ALARP upgrade could be identified. If this was done and a 
cost-benefit curve of the type shown in the Figure B1 for 'Project Type A' might result. 

To achieve compliance with the minimum safety standard, dam owners are required to undertake 
upgrades until the optimal upgrade point is reached (being the point at which benefits equal costs). 
Thus, for the Project Type A example, where no point is below a Cost-Benefit ratio of 1 .O, no 
further upgrade would be required to satisfy ALARP. However, if a cost-benefit curve like 'Project 
Type B' resulted, a additional 21% upgrade would be required in order to satisfy ALARP. 
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Appendix C - Methodology for Interpolating Required AEP 
within a particular Hazard Category using Fallback Procedure 
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Methodology for Interpolating Required AEP within a particular Hazard 
Category using Fallback Procedure 
The following methodology can be applied for interpolating the required AEP of the Acceptable 
Flood Capacity within a specific Hazard Category for the Fallback procedure. 

The following interpolation procedure is to be applied within any 'Severity of Damage and Loss' 
and 'Population at Risk' cell of Table 2: 

(a) Once the consequences of failure (level of damage) and the PAR have been assessed using 
the provisions of Section 3.3, determine the appropriate Hazard Category and determine the 
Annual Exceedence Probabilities (AEPs) to be applied at each of the points A, B, C and D 
using the AEPs set out in Table 2. (Note the points A, B, C and D are not to be confused 
with the hazard category in Table 2) 

Level of 
Damages 

(b) Determine the 'x' and'y' coordinates for the most critical failure case. 
x = the relative severity of damage and loss relative to the boundaries of the damage scale 
y = the log of the PAR 

1 Y 

Where 'x' and 'y' are calculated as follows: 

x = [loglo(Damage)-loglo (Damage @ A)]/[loglo (Damage @ B)-Loglo (Damaged @A)] 

y = loglo(PAR/lO) 

Where the values of damages at AID and B/C have been interpolated from the ranges of 
damages contained in ANCOLD 2000b for: 

1. Estimated Costs 

2. Service and Business relating to the Dam 

3. Social 

Hazard 
Category 

4. Natural Environment 

With the lowest AEP selected corresponding to the worst combination of 'x' and 'y' values 
being adopted. 

Note for 'Major' levels of damage, the maximum value of the 'x' coordinate shall be taken 
to correspond to twice the level of damages at the boundary between 'medium' and 'major'. 

(c) Using the following relationship, determine for each combination of 'PAR' and 'Level of 
Damages' the required AEP of the design flood and select the smallest AEP as the required 
AEP of the AFC. 
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a, = the log (AEP) of the design flood at point A 
a2 =the log (AEP) of design flood at point B - a, 
a3 =the log (AEP) of design flood at point D - a, 
a4 =the log (AEP) of design flood at point C - a,  - a2 - .a3 

By way of example for the case of 

a PAR of 29 and serious damage or destruction of 10 houses producing a 'Medium' level of 
residential damages15. 

A catchment area of less than 100km2 

Because the catchment area is less than 100 km2, Table 2 indicates the notional AEP of the Probable 
Maximum Precipitation is 1.0~10-7 and the Hazard Category is 'High C'. 

Medium 
lo4(* 

V 

Point 'A' corresponds to a PAR of 10 and, from Appendix D of ANCOLD Guidelines on 
Assessment of Consequences of Dam Failure (ANCOLD, 2000b), a level of damages equivalent to 
the destruction of four houses. 

PAR 

10to100 

Point 'B' corresponds to a PAR of 10 and a level of damages equivalent to the destruction of forty- 
nine houses. 

1 HighC 

" 

Point 'C' corresponds to a PAR of 100 and a level of damages equivalent to the destruction of forty- 
nine houses. 

Point 'D' corresponds to a PAR of 100 and a level of damages equivalent to the destruction of four 
houses. 

From Table 2 of this Guideline, the AEP of the AFC at point 'A' and 'B' is 1.0~10-4 and the AEP 
of the AFC at points 'C' and 'D' is the probability of the PMP or 1.0~10-5 (whichever is greater) i.e 
1.0~10-5. 

Thus . . . 
At point A y = log(l0) = 1, x = 0, required AEP = 1.0~10" 
At point B y = log(l0) = 1, x = 1, required AEP = 1.0~10" 
At point C y = log(100) = 2, x = 1, required AEP = 1 . 0 ~ 1 ~ ~  
At point D y = log(100) = 2, x = 0, required AEP = 1.0~10 '~  

At the point of interest x = (log 10-log 4)/(log 49- log 4) = 0.366 

'' Under the ANCOLD Guidelines on the Assessment of Consequences of Dam Eailwe (ANCOLD 2000b) a 'Medium' level of residential damages 
corresponds to 'Destroy 4 to 49 houres or damage to a number'. 

-- 
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a2 = loglo(l.OxlO~') - al = -4 3 -4)  = 0 

cl, = loglo(1.0x103 - a, = -5 - (-4) = -1 
5 a4=log~~(l.Ox10') - a,-a2-a3=-5-(-4)-(-1)-o= 0 

Which gives a required AEP of the Acceptable Flood Capacity of 

Log(AEP) = a, + a2 x + a3 y + ad xy 

= - 4 + o * x - l y + O * x y  

= -4 - 1 * 0.4624 = -4.4624 

Therefore the required AEP is lx I 0'4.4624 = 3.45 1 c5 
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Guidelines for Failure Impact Assessment of Water Dams 

1 Introduction 
There is community concern regarding the potential for medium to large dams, including ring tanks and some weirs, to fail and 
threaten lives. In the past dam safety has been regulated by the Water Resources Act 1989 and then superseded by the Water 
Act 2000. 

New legislation, the Water Supply (Safety and Reliabilityl Act 2008 (the Act), which supersedes provisions of the Water Act, 
received assent on 21 May 2008. The dam safety provisions of the Act commenced on 1 July 2008. 

The Act details the provisions for referable dams and the process for determining whether a dam is referable or not. Dam 
owners need to check whether their dam is suhiect to this leeislation. The Act reauires owners of oarticular dams to assess the - 
impacts of dam failure on the safety of people living downstream of the dam, by way of a dam failure impact assessment, to 
determine whether the dam is a referahle dam. The new legislation also provides for regular ongoing assessment of the 
potential threat to people from unexpected flooding caused by a failure of one of these dams. 

These guidelines are prepared pursuant to s. 342 of the Act for failure impact assessment of water storage dams and issued by 
the chief executive of the Department of Environment and Resource Management (DERM). The Act can he accessed on the 
internet at <www.legislation.qld.gov.au>. 

This version of the guidelines are a simple update of the April 2002 guidelines updating the name of the department and the 
new legislation references. There are no fundamental changes to the basic failure impact assessment process methodology in 
this updated version of the guidelines. 

1.1 Dam safety 
Under the Act, the chief executive of DERM is responsible for the regulation of referable dams in Queenslaud. 

The chief executive becomes involved in the assessment of applications for development permits that seek approvals to: 

build new referahle dams or 

carry out operational works on existing referahle dams that will increase the storage capacity of those dams by more 
than 10 per cent. 

The chief executive has the power under the Sustainable Planning Act 2009 (s. 244) to impose conditions relating to dam 
safety on development which approve the above dams and works. The development permit is attached t i t h e  land 
where the referahle dam is located and hinds the owner, future purchasers and any occupier of the land. 

The chief executive also has the power under the Act to impose safety conditions on existing referable dams. The chief 
executive can modify these conditions if the chief executive believes that the changes are in the interests of dam safety. Safety 
conditions are taken to form part of a development permit for the dam and can he imposed regardless of whether the dam 
owner already has a development permit for the dam. They attach to the land where the dam is located and hind the owner, 
future purchasers and any occupier of the land. 

The chief executive can also give directions to take stated action to an owner or operator of a referable dam by issuing a 
written notice. Such a notice will only be issued if: 

there is a danger of the dam failing and 

action is necessary to prevent or minimise the impact of the failure. 

These notices also attach to the land where the referahle dam is located, binding the owner of the land at the time it is issued 
and any future owners. 

The Guidelines for Failure Impact Assessment of Water Dams and the Queensland Dam Safety Management Guidelines for 
referahle dams have been developed to help owners comply with the Act and dam safety conditions for referable dams (these 
include both conditions relating to dam safety imposed on development permits and safety conditions imposed under the Act). 

The Guidelines for Failure Impact Assessment of Water Dams provide information about: 

referahle dams 

failure impact ratings . failure impact assessment and how it is done . certification of a failure impact assessment 
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lodging a failure impact assessment for an existing dam 

lodging a failure impact assessment for a new or proposed dam 

lodging a failure impact assessment for works on an existing dam 

timing requirements for undertaking failure impact assessments 

processes for accepting, rejecting or reviewing a dam failure impact assessment 

responsibilities, penalties and provisions for appeals. 

More information on changes to the legislation and dam safety generally can be found in the Queensland Dam Safety 
Management Guidelines. 

For further information on this guideline or the information outlined above, please contact: 

Dam Safety 
Office of the Water Supply Regulator 
Depatment of Environment and Resource Management 

Ph: (07) 3224 7215 

<www.derm.qld.gov.au> 
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2. Overview-Requirements of the legislation 

2.1 What is a dam failure? 
A dam is considered to have failed when: 

a part or all of the dam physically collapses, for example, when: 

o the earth wall slumps 

o part of the wall erodes when overtopped 

o foundation weakness removes a section of a concrete dam wall. 

or 

there is an uncontrolled release of any of the contents from the dam, for example, when: 

o a gate or valve fails 

o an outlet pipe breaks. 

2.2 What is a failure impact assessment? 
A failure impact assessment of a water storage dam is the process used under the Act to determine the number of people whose 
safety could be at risk should a dam fail (population at risk). The results of the assessment are used to determine: 

whether a dam is referable and 

the failure impact rating of a dam. 

2.3 What is a failure impact rating? 
A failure impact rating is a measure of the population at risk should a dam fail. There are two categories: 

Category 1- between two to 100 people at risk by the dam failing. All category 1 dams are referable dams under the 
Act. 

Category 2-more than 100 people at risk by the dam failing. All category 2 dams are referable dams under the Act. 

If less than two people are at risk by the dam failing then the dam is not given a failure impact rating and is not referable under 
the Act. 

The chief executive imposes dam safety conditions on referable dams based partly on the failure impact rating. Dam safety 
conditions can be imposed either when a development permit relating to a referable dam is granted or, after the dam has been 
constructed (as safety conditions under the Act, which are taken to form part of a development permit for the dam). 

2.4 Who certifies a failure impact assessment as complete and accurate? 
A failure impact assessment must be certified by a registered professional engineer, which is a person, company or unit 
registered under the Profissional Engineers Act 2002. He or she is responsible for certifying, as specified in these guidelines, 
the: 

accuracy and content of a dam failure impact assessment 

adequacy and accuracy of the modelling used to calculate the population at risk 

e accuracy of the assessed population at risk and other matters. 

An assessment cannot he certified by an engineer who is: 

the owner of the dam being assessed or 

an employee of the owner of the dam or 

the operator of the dam or 

an employee of the operator of the dam. 
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2.5 How do you failure impact assess a dam? 
An assessment can be done using one of the following methods: 

2.5.1 Simplified assessment 
This might typically be used when the flow of water proceeds down well-defined channels and when there is little doubt 
regarding the level of population at risk. For example, it might be used when: 

the dam is large and located upstream from a major urban population and where it is clear that more than 100 people 
would suffer the impact of dam failure (that is, the dam would have a category 2 failure impact rating) or 

the dam is small and there are no people at risk should the dam fail (that is, the dam would not be a referable dam). 

2.5.2 Comprehensive assessment 
This might be used when the flow of water proceeds down well-defined channels and when there is some uncertainty in 
estimates of the population at risk. 

This is a detailed assessment and must include a dam break analysis for a range of dam failure scenarios such as overtopping, 
sabotage, seeping and piping failure. 

A dam owner may choose to commission a comprehensive assessment even though a simplified assessment wuld be 
acceptable under these guidelines. However, the owner must undertake a wmorehensive assessment if the reeistered - 
professional engineer is: . uncertain that the dam will have a category 1 or 2 failure impact rating and the owner wishes to justify the lower 

category 1 failure impact rating or 

uncertain that the dam will have a category 1 failure impact rating, or it is not a referable dam, and the owner wishes 
to justify the dam not being referable. 

2.5.3 Two-dimensional flow analysis 
This form of assessment might need to be used if the population at risk is situated close to a possible dam breach(es) 
location(s) and there is a risk that the population will be inundated by water from the dam before it concentrates in downstream 
channels. This method is likely to be needed for ring tanks. 

2.6 Do I need to undertake a failure impact assessment to obtain a failure 
impact rating? 
See Chart 1 @age 9). 

Yes, if you are the owner of a dam that is not already assigned a category 2 failure impact rating and the dam: 

exceeds, or will after its construction, exceed the height and storage criteria specified in the Act (refer to 2.7) or . is under notice from the chief executive to undertake a failure impact assessment of the dam (s. 343(5) of the Act). 
Notices will only be issued if the chief executive reasonably believes the dam will be given a category 1 or category 2 
failure impact rating. 

The failure impact assessment will be due: . if the dam exceeds, or will after its construction, exceed the height and storage criteria specified in the Act: 

o if the dam bas not already been assigned a category rating, it is due now 

o if the dam has already been assigned a category 1 rating, it will be due within the period stated in the notice 
of the acceptance of the previous failure impact assessment. . If the dam is subject to a notice from the chief executive to undertake a failure impact assessment, by tbe due date 

stated in the notice. 

2.7 Does my dam exceed the height and storage criteria specified in the 
Act? 
Yes, if your dam is, or after construction will be: 

more than eight metres in height with a storage capacity of more than 500 megalitres or 

4 
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more than eight metres in height with a storage capacity of more than 250 megalitres and a catchment area that is, 
more than three times its maximum surface area at full supply level. 

2.8 Do all dams that exceed the height and storage criteria specified in the 
Act require a failure impact assessment? 
See Chart 1 (page 9). 

Yes, unless it is: 

a dam which has already been assigned a category 2 failure impact rating or 

a dam which contains hazardous waste or 

a proposed dam which will contain hazardous waste or 

a weir that does not have a variable flow control structure on its crest, 

2.9 Do I need to undertake a failure impact assessment if I want to 
increase the storage capacity of my dam? 
Yes, if either: 

you are the owner of an existing referable dam and 

you want to cany out operational work that will increase the storage capacity of that dam by more than 10 per cent 
and 

your existing development permit for the dam does not authorise the carrying out of those works 

or i f  

the dam did not previously exceed the height and storage criteria specified in the Act (refer section 2.7) and the 
increase in dam size means that the dam will exceed the criteria. 

2.10 What if I receive a notice from the chief executive to undertake a failure 
impact assessment? 
You must comply with the notice. 

The chief executive can issue a notice requiring the owner of an existing dam, or a dam being constructed, to undertake a 
failure impact assessment (s. 343(5)). Notices will only be issued: 

for dams that do not meet the height and storage criteria specified in the Act (refer section 2.7) if the chief executive 
reasonably believes the dam will be given a category 1 or category 2 failure impact rating 

for dams that meet the height and storage criteria specified in the Act (refer section 2.7) if the chief executive 
reasonably believes the dam will be given a different rating category to that it was previously given and the 
reassessment under s. 345 of the Act is not yet due 

2.11 Who pays for the failure impact assessments? 
See also Responsibilities 3.1 

The owner of the dam must pay the cost of the failure impact assessment unless: 

the dam does not meet the size criteria ins. 343(1) of the Act and 

the assessment is undertaken in response to anotice(s. 343(5) of the Act) from the chief executive and 

the resultant assessment is accepted by the chief executive and 

in that assessment the dam is not given a failure impact rating and is therefore not a referable dam. 

If applicable the chief executive will pay the reasonable costs of: . preparing the assessment 

certifying the assessment . any review of the assessment that occurs under s. 351 of the Act. 

5 
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2.12 Who submits the failure impact assessment? 
See Chart 1 (page 9) and Chart 2 (page 10) 

The owner of the dam. 

The owner must submit a failure impact assessment that has been certified by a registered professional engineer. The failure 
impact assessment must be carried out in accordance with these guidelines and clearly detail how the assessment was 
undertaken and justify the conclusion. 

The failure impact assessment is then submitted to the chief executive of DERM for acceptance. 

2.13 When must I submit my failure impact assessment if I plan to construct 
a new dam that exceeds the height and storage criteria specified in the Act? 
See Chart 1 (page 9) and Responsibilities 3.4. 

Prior to a development permit being submitted for approval. 

You must ensure the failure impact assessment is completed, and accepted by the chief executive, before the development 
application is submitted to the assessment manager. The development application must be accompanied by a copy of the 
information notice accepting the failure impact assessment. 

2.14 When must I submit my failure impact assessment if I plan to carry out 
works that will increase the storage capacity of my referable dam by more 
than 10 per cent? . You must ensure the failure impact assessment is completed, and accepted by the chief executive, before work begins. . You must also obtain a development permit approving the works before commencing, and supply evidence of the 

accepted failure impact assessment with the application for the development permit. . In some cases, the Act will also require the chief executive to give written consent (as the water manager under the 
Act) to the development application being made. Consent will be required in cases where a water entitlement is 
required to operate the dam. The entitlement could be a water allocation, an interim water allocation or a water 
licence. 

2.15 How often do I need to undertake a failure impact assessment once I 
have my failure impact rating? 
See Chart 1 (page 9). 

The notice issued by the chief executive accepting the FIA will state the period within which the owner must have another 
failure impact assessment canied out. The period must be at least five years if your dam: . has a category 1 failure impact rating or 

is not given a failure impact rating in a dam failure impact assessment accepted by the chief executive, but your dam 
exceeds the specified height and storage criteria outlined in the Act (refer to 2.7). 

Each five-year period rnns from the date the last assessment was accepted by the chief executive. 

For dams deemed to have a failure impact rating of Category 1 under the Water Regulation 2002, the firsireassessment of the 
failure impact assessment was due on 20 April 2007. 

A further dam failure impact assessment will also be required if your dam is a referable dam and you want to cany out 
operational work that will increase the storage capacity of the dam by more than 10 per cent and the existing development 
permit for the dam does not authorise the carrying out of those works. This further assessment is required because of the 
application for the development permit for the works to be carried out must be supported by evidence the chief executive has 
accepted a dam failure impact assessment for the dam. 

A further dam failure impact assessment will also be required if you are given a notice by the chief executive to have your dam 
failure impact assessed (s. 343(5)). 

Further dam failure impact assessments are not required iE . your dam has a category 2 failure impact rating as it is considered unlikely that such a dam would be given a lower 
rating if reassessed 

6 
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the chief executive issued you with a notice under s. 343(5) to have your dam failure impact assessed, the dam failure 
impact assessment is accepted by the chief executive, the dam is assessed as not having a catcgory I or categuty ? 
failure impact rating (that is, it is nut a ret'crablc dam), and the dam docs ndt meet thc specilied height and storage 
criteria outlined in the Act 

2.16 When must I submit my failure impact assessment if I receive a notice 
from the chief executive requiring me to undertake a dam failure impact 
assessment? 
The notice you receive will state the date when the failure impact assessment must he submitted 

2.17 What details must be included in the written failure impact 
assessment? 
See Section 5 on page 35 for a complete list. 

However in general the assessment must include: 

general information (for example, name of owner, operator, address, geographical location etc.) 

catchment area details 

dam description 

data and analysis . results of failure impact assessment (include detailed discussion) 

registered professional engineer's written certification. 

2.18 What happens to my failure impact assessment once it is submitted? 
See Chart 2 (page 10) and Responsibilities 3.3. 

The chief executive of DERM can: 

accept a failure impact assessment or 

reject a failure impact assessment or 

require a review of a failure impact assessment. 

A failure impact assessment may be rejected or a review of it may be required if it is: . not completed in accordance with these guidelines . incomplete in a material particular (for example, the assessment is not certified by a registered professional engineer) 

incorrect in a material particular (for example, the assessment did not take into account downstream residential 
development). 

The owner of the dam will be given written notice of the chief executive's decision. 

Before requiring a review of, or rejecting an assessment, the chief executive can request additional information about the 
assessment. 

If a failwe impact assessment is not initially accepted and is then reviewed, corrected or completed, it will need to he 
recertified and resubmitted. 

Details of the process for accepting, rejecting or reviewing a failure impact assessment are presented in Chart 2 on page 10 
(including the appeals process against the chief executive's decision). 

2.19 What happens if I don't do a dam failure impact assessment as 
required? 
See responsibilities 3.1 and 3.2. 

A dam owner may he prosecuted for failing to comply with the Act if he or she fails to cany out and submit a failure impact 
assessment as required. Penalties may also apply if a person gives information which is false or misleading to the registered 
professional engineer certifying the dam failure impact assessment or if the registered professional engineer certifies a dam 
failure impact assessment the engineer knows is false or misleading. 
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2.20 What happens to my waterworks licence issued under the Water 
Resources Act 1989? 
For dams which are no longer referable 

Owners may find that their dam, which was referable under the Wafer Resources Act 1989 and had a waterworks licence, is not 
referable under the Water Act 2000 and subsequently the Wafer Supply (Safeefy andReliability) Act 2008. The Water Act 
transitioned existing hazardous waste dams licensed under the repealed Water Resources Act as licensed environmentally 
relevant activities with dam safety conditions being deemed to be conditions of the dam's environmental authority or 
development approval. 

However, take note that there may be certain waterworks licence conditions which still apply. For example: 

If  your dam was licenced under the Water Resources Acf 1989 and is no longer considered to be a referable dam, 
conditions on the waterworks licence other than dam safety conditions may still continue to apply (for example, 
conditions dealing with the interference with the flow of water in a watercourse continue to apply). 

For dams which are still referable 

If your dam was licenced under the Water Resowces Act 1989 and is still a referable dam under the Act, the licence for that 
dam will he taken to be a development permit approving the dam. Any safety conditions issued as part of the existing 
waterworks licence continue to apply and form part of the development permit. 
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Char t  1: How to determine if your d a m  is referable and w h e n  a d a m  failure i m p a c t  assessment is requ i red 

Does your dam have 
a population at riskof Your dam is not a referabledam. 
fewerthan 2 people? 

Does your dam contain or is your dam intended to contain hazardous waste? 

Has your dam been 

U For a cams anich edceeo the speclteo 
a mens ons n s 34311) of tne Act a fa '.re 
.m3act iisses,ment m.st oe cameo o ~ t  at U 

Yes - 

~~ ~~~~~ 

I ' I intervals set bv the chief executive in the notice I I 
I I accepting the f l ~ .  (See notes 1 and 2) I I 

deemed to have a Your dam was not a referable dam on commencement of the 
failure impact rating 
under a regulation? 

failure impact rating, a failure 
impact assessmentwill need to 
be carried out at intewals set by 
the chief executive in the notice 

Yes 

rlfyo~rdam was licenced ' 
under me Water Resources 
Acf 1989, your dam will 
remain a referable dam until 
a failure impact assessment 
shows that it is not s 
referable dam. 

If your dam is a proposed 
dam or an existing 
uniicenced dam, afailure 
impact assessment wili have 
10 be done to decide if the 
dam isor will be referable , 

No 

~~~ 

accepting the FIA. (See notes 1 
and 2) 

failure impact assessment wiil be 
required 10 carry out operational 
work that wiil increase storage 
capacity of the dam by more than 
10%'. 

I impact rating. I 
Undemke a failure impact as 1 ---------- _____, 
safety will be at risk if your dam fails (this is the population at risk). 

- 
Yes 

I For dams with a category2 I 

dam safety provisions in the Water Supply (Safety and Reliability) 
Act 2008. Hazardous waste dams are dealt with under the 
Environmental Protection Act 1994. "' 

P 

A failure impact assessment must be carried out: 
fora proposed dam - priortomnstruction and seeking a 
development permit 
for existing unlicenced dams -within 1 year of the dam 
safety provisions of the Act commencing 
forexisting licenced dams -within 5 years of the dam 
safety provisions of the Act commencing 
when the chief executive issues a notice under s. 343 of 
the Act (see Note 1) 
when the storage capacity of a referable dam wiii be 
increased by more than 10% 

, 

I ~ o e s  your 

l a  .re tnpan raing f.nher 
fa ~ l e  lmpact assessments n I 
no1 be req. re0 (except for' 

Y B S  

r 
Does orwili your weir have a 

J . 

I - - - - - - - - - - - - - - -  . 
I Notes: I 

I 
1, Each period (as stated in the I 

I notice) runs from the date the last I 
I failure impact assessmentwas I 
I accepted by the chief executive. I 

I 1 2. The chief executive may issue a i 
I dam owner with a written notice to I 
I have a dam failure impact assessed I 
i at any time (regardlessof its size), if I 
I the chief executive reasonably I 

I I believes the dam wiil be given a 

For operational work that wiil increase storage 

b capacitfaf a referabledam by more than 10%, a 
development permit approving the work (specifying 
dam safety conditions) will be required before work 
begins. 

dam have a 
population at 
riskof 
between 2 
and 100 

1 above). I 

NO , 
Doesor will your dam meet 
the speufled dimensions in s. 
343(1) of the Act as follows? 

(a) more than 8m in height 
and have a storage capacity 
of more than 500ML or 

(b) more than 8m in height 
and have a storage capacity 
of more than 250ML and a 
catchment area that is more 
than 3 times its maximum 
surface area atfull supply 
level. 

\ 

variable flow control structure 
on the crest of the wier? 

i .. 
NO 

c , 

Your weir is nota referable dam 

, J 

r Y r 

' I category I or category 2 failure I 

r 
Your dam isa referable dam 

For existing dams licenced under the Wafer 
Resources Act 1989, the licence for the dam is 
taken to be a development permit under the 
Sustainable Planning Act 2009 and conditions which 
applied to the dam as part of the waterworks licence 
(including dam safety conditions) continue to apply. 
The chief executive will have the power to impose 
amended or additional safety conditions on the dam. 
For existing unlicenced dams, the chief executive 
will have the power to impare safety conditions on 
the dam. 
For proposed dams, a development permit 
approving the construction of the dam (specifying 
dam safety conditions) wili be required before 
construction of the dam begins. 

'vour 

vas + 

N. - Has the chief executive given you 
a written notice to have the dam 
failure impact assessed 
(regardless of itr size) under s. 
343(5) of the Act? 

dam has 
a 
category 
I failure 
impact 

~ e r  .--+ 

people? , 
NO , \ 

. 2 . / 

\ 

Does your 
dam have a 
population at 
risk of more 
than 100 
people? 

W. + 

a 
taur 

Y", 

Your dam is not a referable dam. 

dam has " 
category 
2 failure 
impact 
rating. 

\ I 

yes + 
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Chart 2: Process for accepting, rejecting or reviewing dam failure impact assessments 

I -7 I , 
Dam ownerundertakes a damfailure impact 
assessment (assessment) in accordance with 
Guidelines for Failure impact Assessment of 

Water Dams (guidelines). 

- if the dam is an existing dam, the chief 
executive will issue an information notice 
requiting the dam owner to have a new 

assessment completed and certiiied and 
submitted to the chiefexecutive by the due 

date. 

3 

. J , I 
J 

Dam owner has assessment ceitified by 
registered professional engineer (Qid)'. 

Dam owner has the assessment re-certified 
executive of DERM by required date. by registered professional engineer (Qid)'. 

A 

\ 2 

1 1 , > 

Chief executive can 
accept the assessment. 

< 
Chief executive can: - require a review of Me assessment pr - reject the assessment. 1 + 
Chief executive may require a review or may reject ' 
the assessment only if the assessment is: 

incorrect or inmmplete in a material pariicuiar or 
not campieted in accoidance with the 
guidelines. , 

L 
Chief executive may require thedam ownerto give 

' 
additional information about the assessment to help 
the chief executive decide if the rejection or a review 
is necessary + 

N~ Does chief executive: 
< - require a review of the assessment or - reject the assessment? 

1 Yes 

I 5 

. 

if the chief 

Chief executive must give 
the dam owner notice of 
the acceptance of the 
assessmentwithin 30 
business days aiterthe 
acceptance. 

' 

Chief executive must givethe dam owner notice of 
the decision to reject or require a review of the 
assessmentwithin 30 business days of making the 
decision. 

executive 
requires a review 

of the 
assessment, the 
dam owner must 

have the 
assessment 
reviewed, 

corrected or 

. J 
Yes 

chief executive? 

NO 

The dam owner applies to the chief executive for an 
internal department review of the decision. 

4 
Chief executive makes s decision (called a review 
decision) about the assessment. 

'A registered pmfessionai is the dam owner ssBstied with the review decision? 
engineer (Qid) is not permitted to 
certify or re-certify a milure 
impact assessmentfar a dam or 
proposed dam, if that engineer is 
the owner, an employee of the 
owner, the operator, or an Thedam owner appeals Dam owner accepts decision by 
employee ofthe operatorfor that in the Planning and Environment Couit. Planning and Envirnnment Court. 
dam. 

If the chief 
executive rejects 
the assessment. 
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3. Responsibilities 

3.1 Responsibility of the owner 
A failure impact assessment must he undertaken by a dam owner if the dam is not deemed to have a failure impact rating under 
a regulation and: 

the dam exceeds the specified height and storage criteria outlined in the Act (refer to 2.7) or 

the dam owner is issued with a notice by the chief executive of DERM under s. 343(5) of the Act. 

Section 343(2) of the Act requires the owner of a dam that is not referahle to have the dam failure impact assessed if, because 
of any works proposed to he carried out in relation to the dam, the dam will meet the height and capacity criteria in s. 343(1) 
after the works are carried out. 

If works are proposed that would increase the capacity of a non-referahlu dam (which meets the height and capacity criteria in 
s. 313(1) of the ,\ct) hy I O  per ccnt then the owner of the dam must havc thc dam hilure impact assessed (s. 313(3) of the 
Water Supply Act), 

The owner of a referahle dam must have the dam failure impact assessed if the storage capacity of the dam will increase by 
more than 10 per cent after proposed works are carried out (s. 343(4) of the Water Supply Act). 

The Act sets out timing requirements for dam failure impact assessments (see Chart 1, page 9). 

The chief executive sets the timeframe when hrther failure impact assessments are required (see Chart 1, page 9). The owner 
must ensure another assessment of the dam is completed and given to the chief executive within the period set by the chief 
executive after the last assessment was accepted by the chief executive. The timeframe for further failure impact assessments 
must he no less than five years (s. 345(2)). Such assessment must he undertaken by a dam owner if: 

the dam is given a categoty 1 failure impact rating in an assessment accepted by the chief executive, or . the dam is not given a failure impact rating in an assessment accepted by the chief executive, hut the dam exceeds the 
height and storage criteria specified in the Act or 

the dam owner is given a notice to have the dam failure impact assessed under s. 343(5) or . the dam is given a category 1 or categoty 2 failure impact rating in an assessment accepted by the chief executive, and 
the owner wants to cany out operational work that will increase the storage capacity of the dam by more than 
10 per cent and those works are not authorized by the existing development permit for the dam. 

A further failure impact assessment does not apply to the owner of: . a dam given a category 2 failure impact rating under the last assessment of the dam, or . an existing dam, or a dam heing constructed that was issued a notice by the chief executive to have the dam failure 
impact assessed, where it was not given a category 1 or category 2 failure impact rating, or . the dam does not meet the criteria of more than eight metres in height and have a storage capacity of more than 
500ML, or a storage capacity of more than 250ML and a catchment area that is more than three times its maximum 
surface area at full supply level. 

The owner of the dam must pay for a dam failure impact assessment, unless the chief executive requires the owner to cany out 
a dam failure impact assessment (under s. 343(5) of the Act) on a dam that does not meet the size criteria in s. 343(1) and 
subsequently the assessment is accepted by the chief executive and the dam is assessed as not heing referahle. In these 
circumstances, the chief executive must pay the reasonable cost of preparing and certifying the dam failure impact assessment. 

A development permit may he required as per section 3.4 of these guidelines. 

Please note that the provisions of the Act relating to referable dams and flood mitigation do not affect the liability of a dam 
owner or operator for any loss or damage caused by the failure of a dam or the escape of water kom a dam. 
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3.2 Responsibility of the certifying engineer 
A registered professional engineer must certify each failure impact assessment. Penalties apply if a registered professional 
engineer certifies a failure impact assessment that contains information that the engineer knows is false or misleading and does 
not disclose this 

The written certification must state: 

that the assessment has been prepared in accordance with these guidelines and that it is not based on information that 
the registered professional engineer knows is false or misleading 

that the certifying registered professional engineer is not the owner, an employee of the owner, the operator, or an 
employee of the operator of the dam being assessed 

that it is an accurate estimate ofthe population at risk and that the estimate is consistent with: 

o the detail and accuracy of the modelling used 

o the extent of the failure impact zone . the certifier's judgment of the appropriateness and accuracy of the information included in the assessment 

the certifier's view ofthe veracity of the information included in the assessment, as well as specifying the information 
on which the assessment was made 

that the certifier is satisfied that the inspection of the site has accounted for sufficient points of impact, covering the 
failure impact zone as a minimum, to justify the failure impact rating 

that the certifier is satisfied with the locations of cross-sections and the intervals between those cross-sections for each 
individual numerical model generated for the dam failure impact assessment. 

For failure impact assessments completed following an initial assessment accepted by the chief executive (that is, the second 
and subsequent assessments), it may be permissible to use the same inundation data used in the previous assessment of the 
population at risk. However, the registered professional engineer's certification must include justification of this approach in 
the reassessment (refer to section 4.8 for details). 

3.3 Responsibility of the chief executive 
See Chart 2 (page 10). 

The chief executive may accept, reject, or require a review of a failure impact assessment. If a failure impact assessment is 
accepted and the dam is referable (that is, it has a category 1 or a category 2 failure impact rating), the chief executive may 
impose dam safety conditions on the dam. Dam safety conditions can he imposed either when the development permit for the 
dam or for works proposed to be undertaken on the dam is granted (as development permit conditions), or after the dam has 
been built (as safety conditions). 

The chief executive may reject or require areview of a failure impact assessment if the assessment: 

has not been completed in accordance with these guidelines or . is incomplete in a material particular (for example, the assessment is not certified by a registered professional 
engineer) or 

is incorrect in a material particular (for example, the assessment did not take account of downstream residential 
development)' 

The chief executive may require the dam owner to supply additional information to assist in the decision to reject or require a 
review of the assessment. 

The owner of the dam will be given written notice within 30 business days of a decision being made to accept, reject or require 
a review of the failure impact assessment. 

Ifthe chief executive requires a review ofthe assessment, the dam owner must review, correct or complete the failure impact 
assessment, have it re-certified by a registered professional engineer and resubmit the assessment by the date specified in the 
information notice, 

' The chief executive reserves the right to check the accuracy of an assessment, although the certifying registered professional engineer 
retains responsibility for the accuracy of the assessment. 
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If the chief executive rejects an assessment relating to an existing dam, the dam owner must prepare a new failure impact 
assessment, have it certified by a registered professional engineer and submit the assessment by the date specified in the 
information notice. 

If the chief executive rejects an assessment relating to a proposed dam, the dam owner will not be required to complete a new 
assessment by a specified date. However, if the proposed dam meets the height and storage criterion outlined in the Act (refer 
section 2.7), it will still be necessary for the dam owner to obtain an accepted failure impact assessment before- 

a. a properly made application for a development permit is made, and 

b. before construction of the dam begins 

A dam owner may apply to the chief executive for an internal review of the decision, if the chief executive requires a review 
of, or rejects, a dam failure impact assessment. The chief executive will then review the failure impact assessment and make a 
review decision (see Chapter 7 of the Act). 

If a dam owner is not satisfied with the review decision, the appeal provisions of the Act allow the owner to appeal this 
decision in the Planning and Environment Court (see Chapter 7 of the Act). 

3.4 Responsibilities under the Sustainable Planning Act 2009 
A development permit must he obtained if a person wants to cany out operational work, that is, the construction of a new 
referable dam or that wilt increase the storage capacity of a referable dam by more than 10 per cent. A development permit is 
an approval under the Sustainable Planning Act 2009, which allows particular development (for example, construction of a 
new referable dam) to occur. A development permit may impose conditions (for example, safety conditions) on the approved 
development. 

A development permit is only issued after a development application has been assessed and approved using the Integrated 
Development Assessment System (IDAS) under the Sustainable Planning Act. 

A development application for the construction of a new referable dam or for canying out operational work that will increase 
the storage capacity of a referable dam by more than 10 per cent must be lodged with an assessment manager, who is then 
responsible for administering the assessment and approval process2. The development application must be supported by 
evidence the chief executive has accepted a failure impact assessment for the dam (refer to s. 561 of the Act). Additionally, if a 
water entitlement is required under the Act to operate the dam (for example, the proposed dam is on a watercourse) the 
development application must be accompanied by the chief executive's written consent (as the water manager under the Act) 
to the application being made. 

The assessment manager for a development application for construction of a new referable dam or for operational works that 
will increase the storage capacity of a referable dam by more than 10 per cent will generally be the local government if its 
planning scheme makes the construction of the new dam, or the canying out of the operational works, assessable development. 
If the local govemment does not make the dams' construction, or the operational works assessable development under its 
planning scheme, a regulation under the Sustainable Planning Act may make the chief executive the assessment manager. Even 
in those cases where the chief executive is not the assessment manager, the chief executive will have the power to require dam 
safety conditions to be imposed on the development permit. 

In some cases, a dam may become referable after it is constructed (for example, if the chief executive issues a s. 343(5) notice 
to have the dam failure impact assessed and the dam is assessed as having a category 1 or category 2 failure impact rating). In 
these cases, the chief executive has the power to impose safety conditions on the dam under the Act and these are taken to be 
part of a development permit for the dam. However, as the dam was not a referable dam prior to its construction, there is no 
requirement for the dam owner to apply for a new development permit under the Sustainable Planning Act. 

The appeal provisions of the Sustainable Planning Act allow appeals in the Planning and Environment Court against the decision made 
about the development application. 
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4. Methodology 

4.1 Introduction 
The owner needs to undertake (possibly in conjunction with a registered professional engineer) the following activities when 
preparing a failure impact assessment: 

the dam site needs to be inspected at least once 

data needs to he collected and its appropriateness and accuracy assessed 

the dam failure zone must be identified and an assessment of the population at risk calculated . finally, the failure impact assessment needs to he certified by a registered professional engineer and submitted to the 
chief executive. 

4.2 Dam site inspection 
Site inspections are mandatory. These ensure that the information upon which the failure impact assessment is based is correct 
and up to date, and also enable an appreciation of the characteristics of the site. The datefs) and name(s) of the personnel 
involved in the site inspection must be included in the failure impact assessment. 

Site inspections must include areas that could be affected by dam failure both upstream and downstream of the dam. Site 
inspections are needed to: 

verify the accuracy of all mappinglaerial photogrammeby or satellite imagery that is, used in the assessment 

verify the existence of buildings and other places of occupation to justify the failure impact rating identified in the 
assessment 

identify other storages on the same waterway 

identify buildings and other places of occupation along waterways, which may house population at risk (for example, 
camping facilities) 

identify catchment modification works (for example, diversion drains and levee banks). 

The registered professional engineer certifying the failure impact assessment must be satisfied that the inspection of the site 
bas accounted for sufficient points of impact, covering the failure impact zone as a minimum, to justify the failure impact 
rating. The registered professional engineer must include a statement to this effect in the certification. 

Less rigour will be required for a failure impact assessment where a dam obviously has a category 2 failure impact rating (as 
this is the highest rating applicable) than if a dam is either on the border of not being referable or on the border of having a 
category 1 failure impact rating3 and the owner wishes to justify the adoption of the lower failure impact rating. 

4.3 Data collection 
The registered professional engineer certifying the failure impact assessment must judge the appropriateness and accuracy of 
the information included in the assessment and indicates in the certification, the engineer's views on the assessment 
information. 

A wide array of information needs to he collected to determine the effects of a dam failure as detailed below. 

4.3.1 General information 
Floods due to dam failure are generally significantly larger than natural floods. They can rise very rapidly, form steep wave 
fronts and carry large amounts of debris and sediment. 

Flood information can be used in the assessment including: 

available historic flood levels 

hydrographic data 

' Note: A detailed inundation map may still have to be produced as part of the preparation of an Emergency Action Plan for the dam. 
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rainfalllnmoff model results 

dam break flood model results under sunny day and incremental conditions, 

4.3.2 Dam and storage information 
Information should be gathered which outlines the dam's physical dimensions used to determine potential breach 
characteristics and incremental flooding effects (for example, stability of slopes, earthquake effects, condition of components, 
materials and spillway capacity). Such information should include: 

type of dam and location (including latitude and longitude) 

spillway type and adequacy (including flood control facilities such as gates and secondary spillways) 

dimensions such as height and length of embankments and the width of the crest 

storage capacity to full supply level and to the crest ofthe dam (stage capacity curve) 

use of dam including contents of the storage area 

possible causes and modes of failure 

comments on design, foundations and any unusual conditions 

design studies or reports. 

4.3.3 Topographic information 
Topographic information can be sourced from a number of areas, with the decision as to which data is used being based on 
issues such as the availability, relevancy and accuracy of the information. Sufficient topographic information must be obtained 
to accurately determine: 

the shape and slope of the valley downstream of all potential failure locations 

controls on the downstream flow, such as culverts, vegetation, weirs, bridges, embankments, surface roughness and 
temporary storage on the flood plains 

location of major downstream tributaries. 

If regional maps do not provide sufficient detail for a failure impact assessment, further information may need to be obtained 
from sources such as: 

road maps 

orthographic, topographic, military and cadastral plans 

surveyed cross-sections . aerial photographs 

satellite imagery 

local residents, 

Orthographic maps, if they exist, are generally very useful for failure impact assessments as they combine contour information 
with images of buildings, roads etc. Contours can be used as flood level indicators. 

It is important to note that mapping or aerial photogrammeby may not contain recent developments, for example, houses or 
other places of occupation (refer to Appendix A). Information contained in photogrammeby that plays an integral role in the 
assessment must be veritied by site inspections. 

For dam break models where the need for precision is not great, model cross-sections may be based on existing SUNey 
information such as stream strips, cross sections, and the most reliable topographic maps available. It may also be possible to 
extend survey cross sections by using contours from maps etc. 

Cross sections may need to he taken at locations where there are buildings or other places of occupation as well as at sufficient 
other locations, including hydraulic controls such as bridges, weirs, waterfalls, to allow reasonable dam break models to be 
established. 

As a guide to cover the inundation area, the cross sections should extend for at least half the vertical height of the dam above 
the stream bed at each location. This height of the cmss-sections may be able to be decreased at greater distances downstream 
of the dam. 

SOQ.002.001.0406



Guidelines for Failure Impact Assessment of Water Dams 

Where extreme precision is required, extensive, detailed surveys ofthe downstream valley may he necessary. In such 
circumstances, sumeys may also be required to locate and determine natural surface levels at all buildings or other places of 
occupation that are thought to be at risk. 

4.3.4 Hydrographic data 
The inflow hydrograph into a storage during a flood event can affect the results of a dam break analysis. Its impact will depend 
on a number of parameters such as: 

the size of the available flood storage 

the height of the dam 

the size and capacity of its spillway 

the shape of the valley downstream of the dam. 

For lower accuracy analyses, only one roughness coefficient might be sufficient in representing the whole floodplain at each 
cross-section. In such analyses, it might also he appropriate to adjust roughness coefficients using text hook allowances. 

To obtain an indication of model sensitivity to variation of the assumed roughness the model must be run with values of 
Manning's 'n'4 varying either side of the adopted roughness coefficient. 

Some of the potential errors in hydrographic data include: 

extrapolation of existing flood data to predict a much larger, deeper and faster flood 

short circuiting of the much higher flows at loops in a watercourse resulting in a shorter effective flow length 

selecting channel cross-sections that do not accurately represent a watercourse channel 

excluding the effects of the flood wave on the storage in the tributary creeks and other near stream storages 

excluding distributory flows. 

Where previous flood records exist in the river or stream reach under consideration, the hydraulic model should be calibrated 
to match the available flood inundation data so that the numerical dam break model can be demonstrated to approximate actual 
flow conditions. If these records are not available, or are available for a limited range of flows, some assessment must be made 
of the potential impact on the accuracy of the modelled results. All modelling must he subjected to sensitivity analyses to test 
sensitivity to model assumptions. 

Hydrographic characteristics of each study reach must be assessed and validated using aerial photography (where available) 
and site inspections. 

4.3.5 Hydrologic data 
Downstream tributary inflows may impact on the dam break flood, particularly if population centres are some distance 
downstream of the dam. Simpler analyses on smaller dams would not normally consider inflows kom tributaries downstream 
of the dams. Concurrent rainfall to produce downstream trihutary flows should be based on the lesser of the following rainfalls 
over the tributary catchments (see Table 1 below). 

Table 1 

1.0 e-3 or greater ( Does not need to be considered 

Annual exceedance 
probability (AEP) of dam 
break flood rainfall 

AEP of dam break flood rainfall 
multiplied by 1000 

Annual exceedance probability of 
concurrent rainfall 

' Manning 'n' is a roughness parameter used to model energy losses in streams. Unless reasonable discharge and water level calibration is 
available, reference should be made to standard hydraulic engineering texts for appropriate values of Manning's 'n'. 

I 

1.0 e-' or less 0.01 
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4.3.6 Downstream community information 
Downstream community information must include the location, number and nature of buildings and other places of occupation 
(for details see Appendix A) and approved camping and recreational areas in the failure impact zone. 

This informatiou may be obtained from maps, persons with local knowledge and emergency action plans for the dam. Recent 
aerial photogrammeby also provides usefnl information on the location of downstream structures. As stated above, site 
inspections must be undertaken to verify downstream community information to ensure the informatiou is up to date and 
identifies buildings and other places of occupation obscured by trees. 

4.4 Determination of failure impact zone (see also analytical techniques) 
The failure impact zone is the area affected by flooding as a result ofthe failure of the dam. The magnitude of the flood impact 
is determined by the difference between the flood impacts associated with a particular event with dam failure and the same 
event without dam failure. Failure impact zones must be determined for all: 

failure events specified within the analytical technique used for the failure impact assessment (refer to Box 1) and 

for all other failure events relevant to the dam. 

The failure impact zone ends when the: 

flood caused by a dam failure is retained within the bed and hanks and no more people (including people on boats) are 
at risk downstream or upstream or 

difference between the flooding effect with dam failure and the flooding effect without dam failure (that is, the 
incremental effect of the dam failure on the impacted zone) is less than 300 millimetres. 

It should he noted that: 

While the dam failure impact zone is generally located downstream, areas upsheam can also be affected and should 
be included where relevant (for example, an upstream area may be affected by the abnormal operation of discharge 
control devices such as gates or inflatable bags). 

Where people work in a mine pit, excavation or local depression below the dam that would fill after dam failure to t6e 
point it would inundate the people, they would he considered to be in the failure impact zone unless there was a 
prepared path of escape that would not be blocked by inflows. 

In some circumstances (for example, during a ringiank failure) a dam breach may discharge onto a flood plain before 
the flow concentrates into a downstream channel. In such a situation there may be areas where the incremental 
flooding is more than 300 mm, separated by areas where the incremental flooding is less than 300 mm. When 
determining the failure impact zone, all areas where the incremental effect is 300 mm or higher must be included. 

Where a dam has multiple segments such as a main embankment and one or more saddle dams, failure of each of 
these segments must be considered for its effect on the failure impact zone. The case producing the maximum 
population at risk must be used to determine the failure impact rating. 

A map showing the extent of the failure impact zones must be included in the written assessment. 

4.5 Population at risk 
People are considered part of the population at risk if: 

they occupy buildings or other places of occupation that lie within the failure impact zone and 

any part of the ground where these buildings or other places of occupation are located would be covered by 300 mm 
or more of water. 

When the failure impact zone is being determined, the number, location and nature of buildings and other places of occupation 
must be identified. A particular population at risk is determined by allocating default populations to each such site depending 
on its nature. (See Appendix A for default populations). For example, a detached house has a default population of 2.9 people. 
If 10 detached houses were inundated by 300 mm or more of water (and there was no natural flooding at the time) and these 
were the only buildings or other places of occupation located in the failure impact zone, the population at risk for that dam 
failure event is 29 people. 

Note: The written assessment must state the nature of the site and justify the populations used for those places of occupation 
not listed in Appendix A. 

The population at risk is the difference between the population at risk for a specific dam failure and the population at risk for 
the same flood had dam failure not occurred (that is, the incremental population at risk). The failure impact rating is 
determined using the highest incremental population at risk from a range of failure events relevant to the dam. 
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For example: 

Dam failure during a flood: 170 people are at risk from a dam failure, and 20 of those people are at risk 6om the 
natural flooding even if dam failure does not occur; it follows that 150 people are at risk if the dam fails (that is, 170 
people minus 20 people). In the diagram below, house A is not included in the population at risk assessment for this 
event as it is inundated by natural floodwater. House B is included in the assessment of population at risk if the 
ground on which the house is located is inundated by at least 300 mm. 

Figure l-Dam failure during a flood 

Flood level plus dam break 

Flood level without breaching 

Incremental 
failure flood 

depth 

A sunny day dam failure (when flooding is due to dam failure only): if 40 people are at risk from a dam failure, the 
population at risk is 40 people as nobody is at.risk if the dam does not fail. In the diagram below, houses A and B are 
included in the assessment of population at risk if any part of the ground on which the houses are located is inundated 
by at least 300 mm. 

Figure 2--Sunny day dam failure 

Normal river level plus dam break 

Normal river level 

Incremental L- 
failure flood 

4.6 Accuracy of population at risk calculations 
A variety of factors may affect the accuracy of population at risk calculations. These must be considered to ensure the 
reliability of population at risk calculations. Factors include: . the accuracy of cross-sections used in the analysis 

the locations of cross-sections used in the analysis 

the accuracy of the hydraulic modelling 

availability and accuracylreliability of calibration data and the degree of extrapolation required to model dam break 
flows 

assumed hydraulic roughness parameters 

assumed breach development times 

locations, numbers and elevations of buildings and other places of occupation. 

Sensitivity analyses or sensitivity tests assess the potential impact of some factors on the size of the population at risk and are 
normal practice for dam failure impact assessments. For example: 

What if the elevations of buildings or other places of occupation are at the lower hounds of the accuracy of the 
available survey information (for example, the accuracy of contours used to assess flood inundation is 2 metres)? 

What is the population at risk if all buildings or other places of occupation were 2 metres lower than assumed in the 
analysis? 
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Does the population at risk change if conservatively short breach formation times are used? . Does the population at risk change if conservatively high stream channel roughness parameters are used? 

The degree of conservativeness should reflect the amount of calibration data available to determine stream channel roughness 
for the watercourse reaches in question. 

The written dam failure impact assessment should include i statement on the range of the estimate of population at risk for the 
critical case. Such an assessment should indicate values for the upper limit of population at risk that could reasonably he 
expected as a result of the analysis and a similarly derived lower limit of population at risk. 

4.7 Analytical techniques 

4.7.1 Introduction 
Three analytical techniques may he used in preparing dam failure impact assessments. These are two-dimensional flow 
analysis, simplified assessment techniques and comprehensive assessment techniques. These techniques may be used alone or 
in cornhination. Certifying registered professional engineers need to be satisfied that the techniques selected and the accuracy 
of the models developed are reasonable for the situations under consideration (see Box 1 and refer to section 2.5). 

4.7.2 Two-dimensional flow analysis 
This analysis will typically need to be used downstream of ring tanks and gully dams where embankments are close to 
buildings or other places of occupations that may be inundated by dam failure. This analysis calculates the extent of inundation 
on a local scale prior to the flow entering the main watercourse. This typically occurs on flood plains where there are few or no 
defined gullies for dam break floodwater to follow. Additionally this technique may be used close to gully dam abuanents 
where failure may inundate buildings and other places of occupation immediately downstream of the dam. 

Two-dimensional flow analysis takes curvilinear flow paths into account as flow discharges 'om the breach and spreads out 
downstream. Models used in such analyses need to he able to simulate the dynamic behaviour of overland flow over complex 
geometries. There are a number of models that are capable of being used to determine these local effects. These include those 
based on the shallow water wave equations such as those discussed in Wang et al(2000) and Zoppou and Roberts (1999). A 
numher of standard commercial software packages are also capable of determining inundated areas for two-dimensional flow 
(for example, MlKE21-Danish Hydraulic Institute, DELFT-FLS-Delft Hydraulics). 

Details on dam breach mechanisms for two-dimensional flow analyses are detailed in section 4.7.5 

Box 1 Minimum failure even t s  which m u s t  b e  cons ide red  in t h e  failure impact a s s e s s m e n t  

Two dimensional flow analysis and comprehensive analysis . sunny day dam failure where the failure occurs at the full supply level and there is no concurrent flooding 
if the probable maximum flood (or lesser flood event) overtops the dam, assume the dam fails with the water level at 
the crest of the non-overflow section of the dam embankment. Where there is no defined non-overflow section, failure 
levels up to the headwater level produced by the Acceptable Flood Capacity headwater level is to he considered (refer 
to DERM, 2010). 
if the probable maximum flood does not overtop the dam, assume the dam fails with the water at the level of the 
probable maximum flood 
if the dam is filled through pumping, assume failure at the crest level occurs (from pumping alone) when the pumps 
fail to stop pumping 
failure due to the maloperation or malfunction of flow control structures. If the dam has the capability to significantly 
vary flood discharges through crest gates, sluices or some other type of viuiable flow control structures, the possibility 
of either failure or malfunction of these structures must he considered 
where there are premises between the sunny day impact zone and the highest natural flood levels, intermediate flood 
events are to be considered when the no failure flood levels falls just below buildings and other places of occupation 
that would he inundated with dam failure. 

Simplified assessment 
sunny day dam failure where the failure flood occurs with the storage at full supply level and there is no other 
concurrent flooding 
dam crest flood when failure occurs during a flood event or during pump filling with the water level at the crest of the 
non-overflow section of the dam embankment . where there are premises between the sunny day impact zone and the highest natural flood level, intermediate events 
are to he considered when the no failure flood levels fall just below buildings and other places of occupation that 
would then be inundated with dam failure. 
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4.7.3 Simplified assessment 
A simplified failure impact assessment technique may be justified where there is little doubt as to the population at risk and the 
cost of a comprehensive assessment is anticipated to be high relative to the potential benefits. It involves the conservative use 
of topographic and hydrographic data and an empirically determined breach discharge. 

This is an approximate technique, which uses the normal depth at a section to estimate maximum flood levels at a point for a 
given discharge. As such this technique does not take any backwater effects into account. It must not be used where backwater 
effects are expected to he significant in terms of the affected population at risk. Aside from the backwater effects, the principal 
areas of uncertainty are the accuracy of the stream slopes, the cross-sections, and the locations and levels of the impacted 
buildmgs. 

Unless more accurate techniques are used which result in the hreach size indicated in section 4.7.5, the maximum breach 
discharge from a dam during a breaching event, QBREACH must be determined using Equation 1. The empirical discharge 
relationship is based on the failure of a typical homogeneous earthfill embankment. 

Equation 1 Q,,= 2.5 F V"76H a.'m'lsec 

where: 

F = 1.3 a factor to account for the simplified nature of the assessment 

V = total volume of water released (in megalitres) 

H = maximum depth of water in the storage (in metres) 

Where a case for assessing population at risk includes flow through dam spillways or other discharge points, an additional flow 
Q D c ~  must be added to the hreach discharge. This additional flow will include the total discharge through any dam spillways 
with the appropriate storage level for the failure event. 

If alternative techniques are applied to determining the dam discharge, the factor F must still be applied to the hreach 
discharge. 

For embankments exceeding 12 metres in height or embankments made up of non-cohesive materials such as gravels or ash, 
the breach characteristics may differ and the expected peak discharge must he adjusted accordingly. 

A survey of the cross-sections at buildings or other places of occupation that could be affected is normally required. Survey 
data may be relative to the creek bed at the cross section under consideration. The distance of the sections downstream of the 
dam should also be determined using aerial photography or available maps. 

The water level at any particular cross-section resulting from the discharge from a dam breach should be consistent with the 
normal depth for the section using the maximum breach discharge and Equation 2: 

~ 2 1 3  ~ 1 1 2  

Equation 2 Q =  A 
n 

where: 

R = hydraulic radius = Ail' (metres) 

S =stream slope (metreslmetre) 

A = flow cross-sectional area (square metres) 

P =wetted perimeter of cross-section (metres) 

n =Manning's numberS 

Manning 'n' is a roughness parameter used to model energy losses in streams. Unless reasonable discharge and water level calibration is 
available, reference should be made to standard hydraulic engineering texts for appropriate values of Manning's 'n'. 
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Figure 3-Parameters fo r  water  level de terminat ions  fo r  simplified a s s e s s m e n t  

Water s u h e  prof~le we- *.. --..__ 

.-. ---__..__-• ,,k 
Wetted Penmeter = P 
Hntlrn~llfr Radl115 = R = PJP 

When sufficient depths at downstream sections have been determined the results should be plotted on a map. Interpolation 
between calculated points should be based on the accuracy ofprevailing topography and contours. 

4.7.4 Comprehensive assessment 

If a simplified assessment is not accurate enough to adequately calculate the population at risk, then a comprehensive dam 
break analysis may he required. A comprehensive assessment is a detailed assessment of the failure impact zone and the 
population at risk if the dam fails. Dam break analyses must be undertaken for a range of dam failwe scenarios (refer to Box 1) 
and use current hydraulic modelling practice and suitably documented and validated numerical models. Software capable of 
being used to cany out dam break analysis includes: 

BOSS FLOODWAV-International NWS DAMBRK (Version 3.0) 

Danish Hydraulics Institute-MIKE FLOOD 

Some estimate of the accuracy of each model must be made and this accuracy must be taken into account in assessing potential 
population at risk as indicated in section 4.6. The impact on population at risk will be greatest in areas with higher populations 
(for example, towns), and it may be justified to selectively improve accuracy in these areas. 

Initially, cross-sections should be taken at or near the intervals shown in Table 2. However, the registered professional 
engineer certifying the assessment must be satisfied with the locations of cross-sections and the intervals between these 
cross-sections for each individual numerical model generated for the failure impact assessment. 

Table  2 

Storage (megalitres) Indicative intervals between cross-sections Indicative total distance downstream 

20,000 1 kilometre Up to 60 kilometres 

2000 0.5 to 1 kilometre Up to 20 kilometres 

200 Not greater than 0.5 kilometre Up to 5 kilometres 

The total distances downstream in Table 2 are based on actual dam break studies indicating the distances downstream where 
the incremental effects of the dam break flood become relatively small. 

Care should be taken to treat each case as site specific, particularly where the downstream valley is confined and narrow for 
great distances. In these cases, the dam break flood may not dissipate quickly and greater distances downstream may need to 
be considered, especially where there are buildings and other places of occupation at risk. 

When carrying out dam break studies, other factors that must be included are: 

downstream hydraulic roughness 

other significant downstream hydraulic coefficients such as expansion and contraction coefficients . dam break characteristics including breach base width, breach side slopes, breach depth, time for completion of 
breach 

spillway discharge rating curve 

storage versus height curves 
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inflow hydrograph 

downstream tributary inflows. 

The output from a dam break analysis must include: 

hydrograph at each section (flow versus time) 

depths at each section at appropriate time intervals 

velocities at each section at time intervals 

flood peak arrival times at each section 

the first rise in water level at each section 

recession time of the dam break flood. 

This information needs to be summarised in tables and plotted on a map. The preferred map scale is 1 in 5000 with contours at 
maximum two metre intervals. However this can be varied depending on the scale of the inundated area. 

It is expected that a detailed dam break analysis will provide results that are at best accurate to +I- Im vertically. However, it 
should be noted that most dam break models are based on two-dimensional cross sections. Real life effects such as run-up 
around bends, the effects of rolling wave fionts and the effects of debris building up into secondary dams and then breaking 
may not be catered for in such models. 

Details on dam breach mechanisms for comprehensive assessments are described in section 4.7.5. 

4.7.5 Dam breach mechanisms for two-dimensional flow analyses and comprehensive 
assessments 
Assumptions made of dam breach parameters can significantly affect the results of dam break analyses. The most significant 
parameters are the dimensions of the fully developed breach and the time it takes for the breach to develop. 

Breach analyses must include sensitivity tests using assumed breach parameters to gauge their impact on the overall analysis. 

The following procedure must be used for determining the magnitude of any potential dam breaches (Allen 1994). The same 
procedure is to be used for determining the ultimate size of the breach for both overtopping failures and for sunny day failures. 
In piping failures, it is to be assumed that the breach is initiated at the level which produces the maximum discharge fiom the 
breach. Unless special provisions are made, overtopping failures should be initiated as soon as the embankment is overtopped. 

1. Examine the structure, or proposed structure, of the dam and obtain any available service histories, design reports or 
design reviews which may indicate likely modes andlor locations of breaches for that type of structure. 

2. Consider all possible breach mechanisms, with a view to selecting the critical mechanism after running dam break 
inundation models for each alternative breach. 

Then for embankment dams: 

3. Calculate Breach Formation Factor for the assumed failure condition: 

BFF=V,* h 

where 

BFF =Breach Formation Factor 

V, = Total volume of water to flow through the breach (megalitres) 

h = Height differential between headwater and tailwater levels (metres) 

4. u se  Figure 4 to determine the volume of material expected to be removed during the formation of the breach V,,, (cubic 
metres). 
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5. Determine the size of breach that corresponds to V, assuming a trapezoidal breach with side slopes of between IH: N and 
M:2V. Note: If V, is more than the volume of material available in the embankment, assume the embankment is 
effectively removed and replace V, with this volume. 

6. Unless special circumstances prevail (such as avery high embankment being required to store a relatively small volume of 
water), check to see that the breach size is within the following range of parameters (refer to Figure 5 below). That is,- 

1.06 <Bib < 1.74 with a meanof 1.29 and a standard deviation of 0.18 

0.84 < Bld < 10. 93 with a mean of 3 and a standard deviation of 2.62 

side slope 0 in the range 10' to 50' off vertical. 

Figure 5-Notation for breach parameters 

7. Use figure 6 to determine the breach development time 
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8 .  Ruh the dam break model and examine the hydraulic conditions occurring in the hreach throughout the discharge and 
qualitatively modify the parameters accordingly. For example, if the hreach ouMow is heavily affected by tailwater, 
increase the breach development time or reduce the size of the breach to reflect the reduced erosive capacity of the flow. If 
the discharge continues at high levels long after the breach bas been fully developed, increase the size of the breach. 

Note: Saddle dams are likely to fail relatively quicker and more completely than main embankment dams because they store 
more water for a given embankment volume. 

9.  Conduct a sensitivity analysis on the adopted parameters with due regard to the composition of the embankment. 

And for Concrete dams: 

10. Determine the storage level at which failure is likely to occur. If no design information is available, assume removal oftbe 
top of the non-overflow section above the change of section and the dam foundation. However, this assumption should be 
checked during model analysis, and, if a more critical case is identified, this should be adopted. 

11. Assume that at least 30 per cent of the monoliths in the main section of a mass gravity structure are instantaneously 
removed at either the change of section or the dam foundation (refer to Figure 7 below). 

Figure 7-Typical mass concrete dam cross-section 

- 
Change of - Section 

- Foundation 

12. Assume complete removal of any arch dam or multiple arch dam as rapidly as the model will allow 

13. Conduct a sensitivity analysis on the adopted parameters. 

4.7.6 Two or more dams on the same watercourse 
Sometimes, two or more dams occur on the same watercourse. In such circumstances, it must be assumed that the failure of an 
upstream dam may trigger the failure of downstream dams. If the downstream dam cannot store the contents of the upstream 
dam without failure, the combined effect of multiple dam failures must be considered when determining the incremental 
population at risk for the upper dam for failure events. Similarly, if failure of a downstream dam could contribute to the failure 
of an upstream dam (such as through a rapid drawdown failure if headwaters of the downstream dam back up against the 
upstream dam), the potential failure of the upper dam must be considered when determining the incremental population at risk 
of the lower dam for failure events. The dam failure case producing the highest incremental population at risk must be used to 
determine the failure impact rating for the dam. 

4.7.7 Other failure events 
If the registered professional engineer considers that other failure events could result in a higher incremental population at risk, 
these failure conditions must he considered and described in the failure impact assessment. These failures may include: 

storage rim instability 

factors such as deterioration, old age, design or construction faults and poor maintenance 

damage due to fire, wind (for example, causing beaching leading to a hreach) and escape of water into mining 
tunnels/shafts beneath reservoirs . vandalism 
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4.8 Periodic re-assessment of failure impact rating 
Provided that: 

the records of the previous failure impact assessment still exist and 

there have not been substantial changes in: 

o the stream channel cross-sections and roughness 

o the embankment and spillway geometry and 

o the magnitude of the design floods 

it is permissible for each consequential re-assessment of a failure impact rating (afier the last failure impact rating has been 
accepted by the chief executive) to use the same inundation data as used in the previous analysis for assessment of the 
population at risk. 

However, the population at risk must be re-calculated as part of each re-assessment of the failure impact rating. 

In all other cases, reassessment will require a complete analysis following procedures outlined in these guidelines. 

The registered professional engineer's certification must include justification of the approach adopted in the re-assessment. 

SOQ.002.001.0418



5. Summary of failure impact assessment requirements 
The following information is to be included in a written failure impact assessment: 

Executive summarylintroduction percentage of catchment which has- 

A general description of the dam and a summary of the o bare ground, rock, pavements, roofs, city areas 
results of the failure impact assessment including: ( M y  built) 

type ofdam 

general location of the dam 

height and storage capacity of the dam 

the maximum population at risk 

o rocky, clayey or non-absorbent soil with scanty 
herbage 

o open forest or grassed land, cereal crops 

o average grassed timberlandof medium soil 
texture 

a description of the critical failure event producing the o heavily timbered country, closely cultivated land 
maximum population at risk and pasture 

the recommended failure impact assessment category o qand 
for the dam 

General information 

nameofdam . . - - . - - . . 
owner of dam (that is, individual or company) 

. . ... . - 

average catchment slope. 

Dam description 

type (that is, homogenous earthfill dam, zoned earth 
and rockfill dam, concrete dam or other) 

dam owner contact details (that is, postal address, height (that is, the measurement of the difference in 
street address, phone number, facsimile, email) level between the natural bed of the watercourse at the 

status of dam (that is, existing or proposed dam or downstream toe of the dam or, if the dam is not across 

proposed work) a watercourse, between the lowest elevation of the 
outside limit of the dam and the top of the dam) 

property description of dam (for main part of dam 
wall including portion, parish, county and locality) total length of main dam (that is, metres from end of 

left abutment to end of right abutment) 
location of dam (that is, longitude and latitude) 

total length and brief description of other dam 
date dam construction completed to current components (for example, saddle dams) 
arrangement 

saddle dam details 
licence or development permit number (if any) 

purpose of storage (for example, water supply for 
date last failure impact assessment accepted by the irrigation) 
chief executive 

dam capacity to full supply level (in megalitres) 
date last failure impact assessment submitted to the 
chief executive dam surface area at Full Supply Level 

attach relevant maps (including map number, scale, details of the storage capacity curve used in the 

map date and height accuracy). Copies of inundation analysis. 

maps in electronic format are also desirable. Spillway description 
attach copies of relevant aerial photographs (if any) type of spillway 
(including photographic series name, film number, run 
number, approximate scale, date flown, photograph dimensions of spillway. 
number@)) 

Data 
attach other topographic or cadastral source data (for 
example, detailed survey plans, orthographic maps, summary of the data collected for the analysis and an 

property boundary details) assessment of the appropriateness and accuracy of the 
data 

name of watercourse or offstream storage (including 
adopted middle thread distance (AMTD) measured in summary of the findingslverification of the site 

kilometres). including details of who undertook the inspection and 
inspection date(s) 

Catchment details spillway rating cume used in the analysis 
catchment area (hectares) 

details of the critical flood used in the analysis and a 
catchment general description summary of the methodology used to derive it. 

28 
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Results and discussion statement that he or she is not the owner or operator, 
an employee of the owner or operator . analytical technique used (that is, two-dimensional 

flow analysis, simplified assessment or statement of certification (refer to section 3.2 for 
comprehensive assessment or a combination of these) details of what is required in this statement) 
and justification for use 

signature 
details of modelling used iucluding- . date. -. 
o model or models used in the analysis 

o breach parameters adopted and the basis for their 
adoption 

o hydrological inputs used 

o statement of calibration data used to validate the 
models generated 

o degree of extrapolation adopted 

o cross-sections used and roughness parameters 
adopted 

o predicted accuracy of the modelling, both in terms 
of flood levels and the population at risk 

o statement on the sensitivity of the model results to 
the various adopted parameters with supporting 
evidence drawn from the modelling undertaken. 

failure events considered 

reasonable upper and lower limits of population at risk 
as a result of the analysis 

recommended failure impact rating (that is, categoly 1 
or 2 failure impact rating or not referable) and the 
critical dam failure condition determining this rating 

failure impact zone accounting for sufficient points of 
impact for all relevant failure events including map 
showing the extent of the failure impact zones (hard 
copy mandatory and electronic format desirable) 

incremental population at risk for all relevant failure 
events (including the nature of the site and 
justification for the populations used for places of 
occupation not listed in Appendix A) 

statement on the range of population at risk that can 
be reasonably expected for the critical case as a result 
of the analyses. 

detailed summary of the buildings and other places of 
occupation containing population at risk, and the 
location of this population 

details of dam break analyses 

commentary on sensitivity analyses. 

Certifying registered professional engineer 

name 

registration number 

contact details (including postal address, street 
address, telephone number, facsimile, email as 
appropriate) 
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6.2 Software 
Standard commercial packages capable of determining inundated areas for two-dimensional flow include: 

MME 21-Danish Hydraulic Institute 

DELFT-FLS-Delft Hydraulics. 

Standard commercial packages useful for dam break analysis include: 
) 

BOSS FLOODWAV, NWS DAMBRK (Version 3.0FIntemational 

MIKE 1 1-Danish Hydraulics Institute 

RUBICON. 
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7. Appendices 

ther places : of occupa 
- - 

opulatiou 

7.1 Appendix A-Default populations 
. . . .  

ture of buildings o r  o 

Detached housing I 2.9 per house 

Semi-detached, row or terrace l~ousing ' 2.0 per house 

Multi-unit buildings ' 1.7 per unit 

Blocks of flats 1.7 per flat 

House or flat attached to a shop, office, etc. I 2.5 per house or flat 

Approved caravan parks '.I6 1.8 per caravan site 

Approved camping grounds '.I6 0.45 per camping site 

Hotellmotel accommodation 1.0 per bedroom 

Child care centres 0.4 per child and staff member 

Kindergartens, pre-schools 0.25 per student and staff member 

Primary schools (day) 0.25 per student and staff member 

High schools (day) 0.3 per student and staff member 

Tertiary education centres 

Lectures-day 0.35 per shldent and staffmember attending during the day 

Lectures--evening 0.15 per student and staff member attending during the night 

Offices 0.4 per employee 

Restaurants 0.3 per member of staff and diners' places 

Medical centres lo 1.7 per member of staff 

Total of all personnel working in inundated area where the 
Mines path to escape the inundation will be cut-off by the incoming 

flows. 

Tavedhotel bars " 0.15 per m2 of patrons' area 

Shops, shopping centres IZ 2.0 per 100 m2 of gross area 

Hospitals l3 1.0 per bed plus 0.33 times the total number of staff 

Institutional accommodation l4 1.0 per bed plus 0.33 times the total number of staff 

Service stations l5 0.4 times the total number of staff 

Industrial buildings and other non-residential sites 0.4 times the total number of staff 

Department of Transport and Main Roads moorings 2.0 per mooring 
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Notes: 

1. The occupancies for these dwellings are derived from the overall Queensland figures for persons, by dwelling sbucture 
and occupied dwelling structures, by tenure type (private dwellings) in the 1996 census. 

2. This occupancy comes from an analysis of 1999 figures for the number of permits issued, the numbers of campers per 
permit and the duration of each permit for 20 camping grounds under the control of the Department. The average number 
of campers per permit was 3.0 and the average site occupancy rate was 14.5 per cent. Therefore an average occupancy 
value of 0.45 campers per site has been adopted. 

3. This occupancy assumes that a hotellmotel bedroom will typically accommodate two people, who will be present for half 
of any one day, and that number of staffwill compensate for the fact that generally not all rooms will be (fully) occupied. 

4. This occupancy is based on atypical 9.5 hour day (8:OO-5:30). 

5. These occupancies are hased on a typical 6 hour day (9:OO-3:OO). 

6. This occupancy is hased on a typical 7 hour day (8:30-3:30). 

7. These occupancies are based on a typical 8 hour day (9:OO-5:OO) for day lectures and a typical 3 hour day (6:OO-9:OO) for 
evening lectures. 

8. This occupancy is based on atypical 9 hour day (8:30-5:30). 

9. This occupancy is based on the following assumed patronage: 

a. 10 per cent full-9:00 am-noon, 2:00 pm-4:30 pm 

h. full-noon-2:00 pm, 6:30 pm-10:30 pm 

c. staff numbers are 10 per cent of number of places. 

10. This occupancy is based on a 10 hour day (8:OO-6:OO) and assumes 3 patients at the location for each doctor and other staff 
member. 

11. This occupancy is hased on the following assumed breakdown of daily patronage: 

a. 10 per cent of daily peak-10:OO am-noon 

b. daily peak-noon-2:00 pm 

c. 15 per cent of daily peak-2:00 pm-5:00 pm 

d. daily peak-5:00 pm-7:00 pm 

e. 50 per cent of daily peak-7:00 pm-8:00 pm 

f. 25 per cent of daily peak-8:00 pm-10:OO pm. 

The Liquor Licensing Division of the Department of Employment, Economic Development and Innovation cited 
maximum numbers of patrons as 2/m2 standing and l/mZ dining. The occupancy rate is therefore based on an assumed 
annual average forthe daily peak patronage of 0.6/m2 plus a 10 per cent allowance to cover staff. 

12. This occupancy rate is an estimate based on information &om the former Appendix B of Volume 1 of the Guidelines for 
Planning and Design of Sewerage schemes (issued by Department of Natural Resources) which has now been superceded 
by the DERM Planning Guidelines for Water Supply and Sewerage. 

13. The occupancy rate of 1.0 per bed assumes that the number of visitors will compensate for the fact that generally not all 
beds will be occupied. The staff factor applies to the sum oftbe numbers of staff on different shifts. 

14. These occupancies are identical to those for hospitals. It has been assumed that lower visitor numbers will offset the higher 
bed occupancy ratio for institutions. 

15. This occupancy rate applies to the sum of the numbers of staff on different shifts. It contains a 20 per cent allowance to 
cover customers. 

16. Only camping areas and caravan parks approved by government agencies (local, state or federal) or included in local 
authority planning schemes should be included. Because ofthe difficulties associated with determining the number of 
sites, and their permanence, of non-approved camping grounds and caravan parks, they are excluded &om assessment. 
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7.2 Appendix B-Definitions 
AMTD is adopted middle thread distance 

Annual exceedance probability is the probability that a particular flood value will be exceeded in any one year. 

Bed and banks for a watercourse or lake is the land over which the water within the watercourse or lake normally flows or the 
land normally covered by that water, whether permanently or intermittently. This does not include land adjoining or adjacent to 
the bed or banks that is, from time to time covered by floodwater. 

Dam means: 

1. (a) works that include a barrier, whether permanent or temporary, that does or could impound water; and 

(b) the storage area created by the works. 

2. The term includes an embankment or other structure that controls the flow of water and is incidental to works 
mentioned in item l(a). 

3. The term does not include the following: 

(a) a rainwater tank 

(b) a water tank constructed of steel or concrete or a combination of steel and concrete 

(c) a water tank constructed of fibreglass, plastic or similar material. 

Dam break flood is the flood event produced by a dam failure. 

Dam crest flood is the flood event which, when routed through the storage with the storage initially at full supply level, results 
in a still water level in the storage, excluding wind and wave effects which: 

for an embankment dam, is the lowest point of the embankment crest 

for a concrete dam, is the level of the non-overtlow section of the dam, excluding handrails and parapets if they do not 
store water against them 

for a concrete faced rockfill dam, is the lowest point of the crest structure. 

Dam failure is the physical collapse of all or part of a dam or the uncontrolled release of any of its contents. 

Development has the meaning given by the Sustainable Planning Act 2009, section 7.  Development is any of the following- 

a. carrying out building work 

b. canying out plumbing or drainage work 

c. canyiug out operational work 

d. reconfiguring a lot 

e. making a material change of use of premises. 

Development permit is a development permit as defined under the Sustainable Planning Act 2009. A development permit 
authorises assessable development to take place: 

a. to the extent stated in the permit; and 

b. subject to: 

i. the conditions of the permit; and 

ii. any preliminary approval relating to the development the permit authorises, including any conditions of the 
preliminary approval. 

Failure impact assessment is an assessment about the safety of a dam or proposed dam certified: 

a. by a registered professional engineer who is not, for the dam, or the proposed dam 

i. the owner or 

ii. an employee of the owner or 

iii. the operator or 

iv. an employee of the operator and 

h. in accordance with the Guidelines for Failure Impact Assessment of Water Dams issued by the chief executive. 
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Failure impact zone is the area affected by the failure of the dam. The w n e  is limited to the area where the incremental effect 
of a dam break flood is 300 mm or higher. 

Pull supply level is the level of the water surface of the dam when the water storage is at maximum operating level when not 
affected by flood. 

Hazardous waste is any substance, whether liquid, solid or gaseous, derived by, or resulting from, the processing of minerals 
that tends to destroy life or impair or endanger health; or ash resulting from the process of power generation. 

Height for a dam, the measurcment ofthc difference in level hrtween the natural bed of the watercourse at the downstream 
toe ufthc barrier or, if the bamer is not across a watercourse, between the lowest elevation of the outside limit of the hanier of 
the dani and the top of the barrier. 

Height for a weir, barrage or dam, means the measurement of the difference in level between the natural bed of the 
watercourse at the downstream toe of the harrier or, if the barrier is not across a watercourse, between the lowest elevation of 
the outside limit of the barrier and the top of the harrier. 

Incremental effect is the difference between flood impact that what would occur under a given set of conditions with no dam 
break and the flood impact under the same set of conditions with a dam failure. 

Information notice is a formal notice of a decision made under the Act. The Act states when information notices must be sent. 
Information notices must state: 

the decision (Act requirement) . the decision maker's findings on material questions of fact (section 27B Acts Interpretation Act 1954 requirement) 

the evidence on which those findings were based (section 27B Acts Interpretation Act 1954 requirement) 

the reasons for the decision (Act requirement) 

the name and address of any other person who was given the notice (Act requirement) 

that the person to whom the notice is given may appeal for an internal review of the decision within 30 business days 
after the notice is given (Act requirement) . how to apply for an internal review (Act requirement), 

Owner of land means any of the following, and includes the occupier of the land: 

a. the registered proprietor of the land under the Land Title Act 1994 

b. the lessee or licensee under the LandAct 1994 of the land 

c. the holder of a mineral development licence or mining lease over the land under the Mineral Resources Act 1989 

d. the person or body of persons who, for the time being, has lawful control of the land, on trust or otherwise 

e. the person who is entitled to receive the rents and profits of the land. 

Owner of a referable dam means the owner of land on which the referable dam is constructed, or is to he constructed. 

Population a t  risk is the number of persons, calculated using these guidelines, whose safety will be at risk if the dam, or the 
proposed dam after its consrmction, fails. For the purposes of this guideline, persons are considered to be at risk if they are 
within the failure impact wne. 

Probable maximum flood is the flood resulting from probable maximum precipitation, and where applicable snow melt, 
coupled with the worst conditions that can he realistically expected in the prevailing meteorological conditions. 

Probable maximum precipitation is the theoretical greatest depth of precipitation for a given duration that is, physically 
possible over a particular catchment area, based on geueralised methods. 

Referable dam is a dam or a proposed dam: 

a. which must have a dam failure impact assessment carried out under the Act 

h. for which the assessment states that the dam, or the proposed dam after its construction will have a category 1 or 
category 2 failure impact rating 

c. for which the chief executive has, under section 349, accepted the assessment. 

The following are not referable dams: 

a. a hazardous waste dam 
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b. a weir, unless the weir has a variable flow control structure on the crest of the weir. 

The following are not dams and cannot therefore be referable dams: 

a. a rainwater tank 

b. a water tank constructed of steel or concrete or a combination of steel and concrete 

c. a water tank constrncted of fibreglass, plastic or similar material. 

Registered professional engineer is a registered professional engineer, a registered professional engineering company or a 
registered professional engineering unit as defined under the Professional Engineers Act 2002. 

Ring tank is a dam that has a catchment area, that is, less than three times its maximum surface area at full supply. 

Storage capacity means the capacity of water ordinarily stored in a thing. 

Top of the barrier for a weir, barrage or dam, means the level of the top of the barrier exclusive of any parapet or ancillary 
structure or, if the banier includes a spillway, the level of the top of the abutment walls adjoining the spillway exclusive of any 
parapet or ancillary structure. 

Water means: 

a. water in a watercourse, lake or spring 

h. underground water 

c. overland flow water 

d. water that has been collected in a dam 

e. includes any other liquid or a mixture that includes water or any other liquid or suspended solid. 

Weir means a barrier constructed across a watercourse below the banks of the watercourse that hinders or obstructs the flow of 
water in the watercourse. 
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1 Introduction 
Currently, there are an estimated 300 referable dams in Queensland. These dams fulfil an important 
role in our society including water supply, hydroelectric power generation, process water management, 
flood control, sediment and water conuol and recreation. 

The failure of these dams can have significant consequences ranging from loss of life or injury to 
economic loss and damage to property and the environment. Queensland has had a good darn safety 
record. However, continuirlg incidences of dam failures around the world highlight the need and 
importance of dam safety management programs. 

In Queensland, under the Water Act 2000 and common law, responsibility for the safety of a dam rests 
with the dam owner. Dam owners may he liable for loss and damage caused by the failure of a dam or 
the escape of water from a dam. Consequently, dam owners need to be committed to dam safety and 
have an effective dam safety management program. A dam safety management program is intended to 
minimise the risk of a dam failing and to protect life and property from the effects of such a failure 
should one occur. 

1.1 Purpose 

The aim of this guideline is to describe practices dealing with the construction and management of 
referable dams and assist dam owners to safely manage their dams and protect the community from dam 
failure. 

It is to l x  used by: 

owners of referable dams 
operators of referable dams 
employees of referable darn owners and operators 
consultants for referahle dam owners and operators 

This guideline outlines best practice in dam safety and is primarily advisory in nature. However, 
development permit conditions imposed on indimdual dams under the provisions of the Water Act 2000 
and the Integrated Planning Act 1997, may "call up" or reference relevant sections of these guidelines as 
a way of undertaking particular activities (eg preparing an emergency action plan). To assist users of 
these guidelines a brief overview of Queensland's regulatory arrangements for referable water dams is 
given in section 3. 

1.2 Scope 

This guideline has been developed specifically for referable dams. However, it may he used by owners 
of dams which are not referahle to develop a dam safety management program. 

1.2.1 What is a referable dam? 

A dam is referable if: 

a failure impact assessment is required to be carried out under the Water Act 2000, and 
that assessment states that the dam has or will have a Category 1 or Category 2 failure impact 
rating. And 
the chief executive has, under the Water Act 2000, accepted the assessment. 
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In addition, some dams may be made referable by: 

a replation made under the Water Act 2000, or 
the transitional provisions in the Water Act 2000. 

A failure impact assessment is required when a dam is or will be: 

* more than 9 metres in height and have a storage capacity of more than 500 megalitres or 
more than 8 metres in height and have a storage capacity of more than 250 megalitres, and a 
catchment area that is more than 3 times the surface area of the dam at full supply level. 

Additionally. the chief executive may give a dam owner a notice to have a dam failure impact assessed 
(regardless of its size), if the chief executive reasonably believes the dam will have, a Category 1 or 
Category 2 failure impact rating. 

Referable dams are classified according to categories which are based on the population at risk if the 
dam fails. 

Dams with a Category 1 failure impact rating have between 2 and 100 people at risk 

Dams with a Category 2 failure impact rating have over 100 people at risk. 

If less than 2 people are at risk by the dam failing then the dam is not referable under the Water Act 
2000. 

The following are also not referable dams under the Water Act 2000: 

a dam containing, or a proposed dam that after its construction will contain, hazardous waste 
a weir, unless the weir h a  a variable flow control Structure on its crest. 

The following are not dams under the Water Act 2000 and therefore cannot be referable dams: 

a rainwater tank 
a water tank constructed of steel or concrete or a combination of steel and concrete 
a water tank constructed of fibreglass plastic or similar material. 

The Guidelines for Failure Impact Assessments of Water Dams published by the Department of 
Natural Resources and Mines (NR&M) provide additional information on undertaking a failure 
impact assessment to determine the population at risk for a dam. 

1.2.2 Replacing old guidelines 

This guideline comes into force with the commencement of the dam safety provisions of the Water 
Act 2000. This guideline replaces the 1994 guidelines lmown as the Queensland Dam Safety 
Management Guidelines 1994. 
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2 What is a Dam Safety 
Management Program? 

A dam safety management program is a system that incorporates dam safety values as part of the culture 
of the organisatioll and the day-to-day operation of a referable dam. A dam safety management program 
comprises policies, procedures and investigations which minimises the risk of dam failure. 

A dam safety management program includes: 

+ site investigation 
design 
construction 

* operation and maintenance 
surveillance 
remedial action and modification 
abandonment and removal of dams, 

Its benefits are that the: 

owner is aware that the dam complies with current engineering standards for safety 
owner is assured that the dam is operated in a safe manner 
owner has the condition of the dam assessed on a regular basis 
owner is prepared for an emergency situation at the dam 
risk of dam failure is minimised. 

2.1 Documentation for a safety management program 

A dam safety management program should ultimately result in six levels of documentation being 
available for each dam. These are: 

1. Investigation, Design, and Construction Documentation including Dam Book, Design Repon and 
As-Constructed Details (or Construction Report)' 

2. Standing Operating Procedures (SOPS) 
3. Detailed Operating and Maintenance Manuals (DOMMs) 
4. Inspection and Evaluation Reports 
5. Dam Safety Review Repon 2 

6. Emergency Action Plan (W). 

Dam owners should securely store these documents 

Dam owners should ensure that each of the levels of documentation is identified for inspection and 
auditing purposes. The documentation could either be combined into a single document or left as 
groups of documents. 

Details on the preparation of these documents and issues to be addressed are outlined in the following 
sections of this guideline. 

1 m e r e  appropriate. For example, the As-Constructed Drtails (or Construction Report) and Design Report for an older 
dam may not have been prepared or retained. 

2 Wliere appropriate. For example, a new dam is unlikely to liave had a safety review as these are generally undertaken 
every 20 years. 
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2.2 Training of personnel engaged in dam safety 

Dam owners should ensure personnel engaged in dam safety related investigations and studies have 
adequate experience and training relevant to the type of dam and the facilities being managed. 

Dam owners should ensure that the operating personnel involved in the day-to-day dam safety activities 
(as outlined in SOPS and EAPs) are experienced and/ or trained in aspects of operation of the owners 
dam. 

Dam Owners should develop a program for keeping the skills of their dam operation staff up  to date 
through training programs, courses and 'on the job' training. 

2.3 Quality management of dam safety management programs 

The Australian Standard for Quality Systems ASNZS IS0 9001.3:1994 (Lam) [Quality Systems - Model for 
quality assurance in design, development, production, installation and servicing] can be used as a model 
for the quality assurance required for dam safety 

Developing and maintaining comprehensive documentation for a dam safety management program as 
described in these guidelines and quality management audits provide elements of a quality mmagenm 
system. Audit points should be identified within the dam safety management program to allow 
measurement of the effectiveness of the progrant and its components. 

The dam owner, an internal auditor or a third party should conduct quality management audits on a 
systematic basis. When an internal auditor is used, it may be necessary to establish a management 
structure in which the dam safety functions are independent of the dam operator, 

A quality management audit of doculnentation should establish: 

adequacy of the policies and the dam saiety management program as a wholc (systems audit) 
adequacy of the process and the necessary studies used to establish the documentation (process 
audit) 
adequacy of specific procedures, documentation or a specific investigation (validation audit). 

Some of the specific issues: which should be examined in a quality management audit, include: 

the authority for performing activities 
allocation of responsibilities for particular activities 
actions to be undertaken and circumstances for such action. 
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3 Regulation of Referable Dams 
Dam safety of referable dams is regulated to protect the community from dam failure. The ch~ef 
executive of the Department of Natural Resources and Mines (NR&M) is responsible for regulating 
referable &dms. Dams are regulated by the chief executive through: 

safety conditions imposed on referable dams under the Water Act 2000 (which are partly based on 
the failure impact rating of the dam) 

' development permits containing conditions imposed under the Integrated Plarzning Act 1997, 
issued to approve the development of a dam (which are partly based on the failure impact rating of 
the dam) 
auditing of compliance with dam safety conditions (ie safety conditions imposed under the Water 
Act 2000 and development permit conditions imposed under the Integrated Planning Act 1993 
emergency action provisions contained in the Water Act 2000. 

3.1 Development permits 

3.1.1 General 

Dam safety conditions attach to development permits and incorporate requirements specific to each 
individual dam. The safety conditions must be relevant to, but not an unreasonable imposition on, 
the dam or reasonably required for the dam. Dam owners can appeal against dam safety conditions 
imposed or changed by the chief executive. 

Part of the intention of these conditions is to ensure a dam owner develops a dam safety 
management program for their dam. These guidelines provide advice on how to develop a dam 
safety management program. Dam safety conditions may require a dam owner to develop specific 
plans, procedures and reports that will form part of the dam safety management program. If the 
specific plans, procedures and reports have already been developed by the dam owner (in 
accordance with these guidelines), those documents will generally be cited in the conditions for that 
dam. 

For example, each dam will generally be issued with a dam safety condition dealing with Emergenq 
Action Plans. Where a dam atready has an Emergency Action Plan, the condition might state: 

The curreizt Emergency Action Plaiz for the dam is Document XYas updatedfroin time to time. 

7l~e danz owner nzusl provide one copy of the cuweizt Emergency Action Plan to the Chief Executive, 
Departnzeizt of Natural Resources and  Mines by date. 

The contact details contained in the Emergency Action Plan must be reviewedprior to DATE each 
yeal: 

The Enzergency Action Plan must be reviewed al least everyfive yearsfrol?z (date) 

The dam owner must ensure that the current (and changed? Emergency Action Plan is provided to 
the followingparties 

Specific localgouernment(s) eg Esk Shire Council 
Local counter disaster agencies affected by emergency events .eglpswicb Counter Disaster 
Coordination Committee 
NREM - Dam Safety 
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Any additionalgroup specij3c to this dam 

In all emergencies, the dam owner must respond in accordance with the Emergency Action Plan. 

In the event of an emergency. the dam owner must also, within 7 days of the euent, prepare an 
Emergency Event Report andpmvide a copy of the report to the Department ofNatural Resources 
and Mines. . 

The Emergency Event Report must contain: 

a description ofthe event; 
instrumentation readings (where appropriate); 
description of any observed damage; 
photographs; 
details of communication which fookplace during the emergency; and 
comment on the adequacy of the EAP 
any recommendations or suggested changes to the EAI! 

3.1.2 New Dams and Works that Increase Storage Capacity 

A development permit is an approval under the Integrated PlanizingAct 1997 which allows 
"assessable development" to occur according to conditions stated in the permit. The construction of 
a new referable dam and carrying out work that will increase the storage capacity of a referable dam 
by more than 10% is "assessable rtevelopment". The chief executive bas the power under Integrated 
Planning Act 1997, to impose and change dam safety conditions on development permits issued 
approving these types of development. 

A development permit will attach to the land where the referable dam is located. This means it will 
hind: 

the current owner of the land 
future owners of that land 
any occupier of that land (eg a tenant) 

A person wanting to construct a new referable dam under the Water Act 2000 must apply for and 
obtain a development permit before starting construction. A dam o m e r  must also obtain a 
development permit to carry out works that will increase the storage capacity of a referable dam by 
more than lo%, before that work commences. The Water Act 2000 requires a development 
application for these types of assessable development to be supported by evidence that the chief 
executive has accepted a failure impact assessment of the dam. 

Prior to submission of a development application, owners and their consultants should consult with 
officers of the Dam Safety Group in NR&M to discuss technical details of the development and 
potential dam safety conditions. The Dan1 Safety Group provides advice to the chief executive on 
dam safety conditions to be attached to development permits. Datn owners should ensure that they 
use relevant guidelines prepared by the chief executive when designing and constructing their dam. 

Prior to construction of any referable dam, the chief executive will overview each proposal and may 
require changes to be made to the proposal prior to granting a darn development permit. Where 
conflicts of opinion exist, the chief executive may seek advice from independent experts before 
making a decision. 
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3.1.3 Development Permits for Existing dams 

For existing licenced dams which are referable under the Water Act 2000 the previous licences for the 
dams will be taken to be a development permit3 which has dam safety conditions attached. Dam 
safety cotiditions applied to this development permit for existing licenced dams will therefore 
initially originate from the dam's waterwork license under the Water Resources Act 1989 (Qld). The 
chief executive also has the power under the Watev Act 2000 to impose and change additional safety 
conditions on the dams. 

These safety conditions are taken to be development perniit conditions for the purposes of 
enforcement. 

For existing unlicenced dams, which are referable under d ~ e  Water Act 2000, the chief executive will 
develop and apply safety conditions under the Water Act 2000. 

The chief executive also has the power to change those safety conditions if satisfied changes should 
be made in the interests of dam safety. The safety conditions are taken to be development permit 
conditions for the purpose of enforcement. 

3.2 Auditing 

The chief executive: to identify shortfalls in a dam safety management program and areas of non- 
compliance, may carry out audits of compliance with development permit conditions. 

There are two Acts in Queensland which deal with enforcement of dam safety The Water Act 2000 
contains provisions to enable the chief executive to issue a compliance notice if that Act is contravened 
(eg fail to carry out a failure impact assessment when one is required). Additional% as dam safety 
conditions are development permit conditions for the purpose of enforcement , penalties apply under 
the Integrated PlanningAct 1997 (Qld) for failing to comply with a development permit condition. 

3.3 Emergency action provisions 

The chief executive has the power to issue a direction to take emergency action under 5.494 of the Water 
Act 2000. This notice is only issued if the chief executive is satisfied or reasonably believes that: 

there is a danger of the failure of the referable dam and 
action is necessary to prevent or minimise the impact of the failure 

If a person fails to comply with a notice without a reasonable excuse, action may be taken. The 
compliance provisions of the Water Act 2000 will allow any person to bring an enforcement order 
proceeding in the District Coun and seek a Court order forcing a person to cotnply with the notice. 

In addition, the chief executive has power under the Water Act 2000 to act to prevent or minimise the 
impact of a dam failure, if a notice is not complied with. The chief executive can recover any reasonable 
expenses incurred when taking such action and may also make the expenses incurred a charge on the 
land. 

Emergency actioli notices also attach to the land where the referable dam is located, binding the owner 
of the land at the time it is issued and any future owners. 

3 Defined under the lntegmted Planning Act 1997 
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4 Investigation, Design and 
Construction 

4.1 Introduction 

Dams engineering is not an exact science as it frequently involves uncertainties beyond prevailing 
knowledge. It relies heavily on mathematicdl principles, physical laws, experienced judgement and 
known safe practices. 

Dam safety management requires that critical uncertainties are recognised, investigated and resolved to 
acceptable risk levels. Consequently, the investigation, design and construction phase of dams 
engineering plays an important role in dam safety 

At time of writing philosophies of risk assessment and management were starting to influence the 
design, management and operation of water dams throughout Australia. This guideline embraces those 
philosophies as f x  as they have been incorporated in published ANCOLD Guidelines. Dam owners are 
encouraged to utilise those philosophies to develop management and operation programs. However, 
this guideline will await broader dam community assessment of the methodologies before incorporating 
risk management ac a recommended approach to management. 

4.2 Issues concerning the dam owner 

No two dams are the same. There are many issues including safety issues, which a dam owner should 
consider when developing a dam. Issues that are specific to dam safety include: 

the failure impact rating of the dam (that Lc whether the dam will have a Category 1 or Category 2 
Failure impact rating) 
the resources required to adequately address the technical issues associated with the investigation, 
design and consuuction of a dam 
the resources required to adequately manage the dam in a safe manner 
dam safety statutory requirements 
the consequences of potential dam failure. 

Other issues, while possibly having dam safety implications, are primarily asset ownership issues. These 
include: 

environmental or downstrea~n impacts which need to be considered 
the economic viability of the dam 
long-term maintenance management implications of dam ownership. 
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4.3 Consequence assessment 

The regulation of referable dams under the Water Act 2000 is based solely on the population at risk in 
the event of a dam failure. However, dam designers, on behalf of dam owners, may also wish to 
consider other potential consequences to determine design standards for a dam. These other 
consequences may include: 

economic loss of the asset 
commercial losses and social in~pacts 
impacts due to loss of water supply 

' damage to property and infrastructure 
environmental damage. 

If the owner wishes to take these factors into account he or she could undertake an assessment of the 
consequences of dam failure. A methodology for undertaking a consequence assessment can be found in 
the Australian National Committee on Large Dams (ANCOLD) Guidelines on the Assessment of the 
Consequences of Dam Failure. 

The effort and resources a dam owner should put into a dam safety management program and the scope 
of the program is related to the consequences of the failure of a dam on life and property, as well as the 
complexity and novelty of the dam. 

Some of the more common scenarios to be considered in consequence assessments include: 

dam break - the uncontrolled release of pondage for 'sunny day' conditions and a range of flood 
events 
remote floods - flood surges well downstream of dam which can coincide with storage release 
upstream floods -backwater effects of the dam during floods 
water supply loss -failure of pumps, outlet facilities, reservoir pollution etc 
operational problems - accidental opening of flood gates, equipment maifunction etc. 

A consequence assessment should provide a profile of the potential damage of dam failure. In cases 
where failure does not impact on population and is of economic consequence only to the owner, a case 
may exist for a minimal dam safety management program. In contrast, where the potential for 
substantial damage costs exist and significant impact on others is likely, dam safety management should 
be more rigorous. 

Dam owners should periodically review the consequence assessment to monitor any change in 
cirfumstances such as development downstream. Such developineuts can make non-referrable dams 
'reierable' and can cause changes to the required design standards. 

4.4 Investigation 

Many investigations are undertaken when developing a dam. Most focus on comparing alternate sites 
and determining the viability of a particular site, rather than focussing on dam safety issues. Examples of 
these investigations include: 

' economic assessment of a dam, including water pricing studies 
land use studies 
impact assessment studies, including social, cultural heritage, and environmental studies 

Two areas of investigation predominantly relate to dam safety issues. These are: 
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4.4.1 Geological and geotechnical investigations 

These include geological and geotechnical assessments of the site and materials. They are generally 
carried out in stages ranging from broad seoping levels to more detailed investigations depending on 
the findings of each stage. Each stage should be thoroughly planned to ensure that all matters, 
which may affect dam safety are identified, investigated and appropriately resolved by the designer. 

Investigations should not be limited to the dam site alone. The geology, topography and the depth of 
water held in the storage area should he considered. This ensures that major leakages, slope 
instabilities and significant reservoir-induced seismic activities, which may jeopardise the safety of the 
dam, are considered in the design. 

AU work undertaken in the geological and geotechnical investigation stage should be properly 
recorded and presented in a comprehensive report. This will enable the designer to define the extent 
of any further work required prior to finalising the design. Investigations are generally on going 
through the construction period as the foundations become fully exposed or the extent of any 
foundation work, such as grouting, is recognised. Consequently, investigative reports need to be 
updated and amended as construction proceeds. When construction is complete, a full and 
comprehensive report should be available as a reference for on-going surveiUance of the dam and 
subsequent safety reviews. 

4.4.2 Hydrological investigations 

A suite of hydrological investigations should be undertaken to develop dam safety data for the 
proposed dam. These hydrological investigations, which are independent of yield hydrology*, 
involve: 

developing an appropriate run-off model for the catchment 
calibrating this run-off model with historical flood data where possible 
assessing any operating limitations and criteria, which are to apply to spillway discharges 
assessing the consequences of potential failure of the dam: 
- particularly the population at risk - see NR&M Guidelines for Failure Impact Assessment of 

Water Dams 
- for best practice purposes to determine other consequences of failure (eg economic and 

environmental costs) using the ANCOLD Guidelines on Assessment of the Consequences of a 
Dam Failure (May 2000) if appropriate 

- determining the spillway design standard, spillway design flood and, if the spillway is a gated 
suucture, determining any operating rules which are to be applied. 

AU work (including documentation of mathematical models) undertaken in hydrological 
investigations should be properly documented and presented in a comprehensive report. This will 
enable the designer to finalise the design and will assist subsequent reviews of this aspect of the 
design. 

4 Meld hydrology is a major issue for the d.m owner but has minor significance to dam safety 
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4.5 Design 

4.5.1 General 

Factors which should be considered during the design of a dam, include: 

1. Physical characteristics 

dam type 
location and alignment 
size and shape 
appurtenant works. 

2. Geotechnical information 

material properties and availability 
foundation properties and treatment 
geological characteristics 
seismic loadings. 

3. Hydraulic aspects 

type of spillway, means of flow control and enera  dissipation 
hydrological characteristics 
hydraulic design and water loadings 
stream diversion requirements 
flood mitigation capacity. 

4. Stability 

structural capacity of principle elements 

5. Construction methods and sequencing 

including watercourse diversion requirements during construction 

6. Operational aspects 

operational complexity and reliability 
requirements for ongoing monitoring 
technical capability and availability of operations personnel. 

7. Environmental aspects 

environmental impacts including the effects of storage and barriers 
effect on upstream and downstream areas 
magnitude of downstream releases. 

4.5.2 Specific Design Requirements 

Whiie the way in which these aspects are applied to a particular dam depends on its dam failure 
impact rating, size, importance, complexity and consequences of a dam failure, the key principles 
are: 

. all dams structures should be designed to suit the loads to be applied to them in accordance 
mth. 
- ANCOLD guidelines 
. relevant Australian Standards 
. notices (compliance and information) issued from time to time by the chief executive 
. generally accepted engineering practices 
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in particular, dams must be able to withstand seismic loadings, flood loadings, normal operating 
loadings, construction loadings, post construction loadings. 
the regional and site geology must be understood and engineering geology models developed to 
form the basis for design 
the foundations must be capable of supporting the dam structure and controlling seepage 
the reservoir basin and rim must be sufficiently impermeable to prevent excessive losses of 
water (Any seepage must be controlled and instability must not occur at any stage of reservoir 
operation.) 
construction materiaL~ must be identified to meet site and design requirements 
the spillway size must be established on the basis of accepted engineering standards-ANCOLD 
Guidelines on Selection of Acceptable Flood Capacity for Dams, 2000 (Hydrological and 
meteorological information used in the design must be appropriate for the dam locality and 
dam use) 
the cut-off design must be established on the basis of the loadings, strength of the available 
materials and the need to control the seepage (For embankment dams, the designer must 
incorporate adequate lines of defence including properly designed drains and properly designed 
filters to ensure the long-term integrity of the seepage control system) 
the outlet works must meet the requirements for the reservoir operation and must have 
provisions for safe operation and maintenance 
provision must be made for the long-term monitoring of the structural performance of the dam 
and its components 
an appropriate dam safety management program must be developed and adhered to through 
the investigation, design and construction processes to ensure all matters are properly attended 
to and adequately recorded. 

Some of these factors may have a direct impact on dam safety, while others may have an indirect 
impact. The dam designer should be a registered professional engineer, highly experienced and with 
a good lcnowledge and understanding of dams. In some cases, dam owners tnay want to establish a 
review board of experts to provide guidance on the design of the dam. For large projects, dam 
owners may wish to engage a project design engineer who is assigned technical coordination 
responsibility for the dam during its design and constmction. 

These factors influence the construction cost of a dam. The designer should develop a design, which 
meets accepted safety standards and the needs of the owner (including budget). The designer 
should be aware of new technology and metl~ods being adopted elsewhere, which may provide cost 
savings. Such savings should be critically evaluated in terms of possible long-telm costs, which may 
occur should safety and operational problems be experienced with the dam. The more that is 
known about the site conditions and foundation materials the less conservative the design has to be, 
resulting in lower construction costs. 

The designer should establish specific onsite constmction and operational inspection programs for 
review by appropriate design personnel and technical specialists. These programs should include 
frequent inspections during construction to confirm that site conditions conform to those assumed 
for design or to determine if design changes may be required to suit the actual conditions. A major 
requirement is inspection and approval by the dam designer of the dam foundation and foundation 
treatment before the placing of dam materials. The final design inspection of the construction should 
include a complete review of the surveillance undertaken and testing of any operating equipment. 

The designer should determine surveillance requirements for the dam including: 

inspections -operational design inspections should continue throughout the life of tlle project, 
in accordance with a formal inspection program covering all project features. The inspection 
program should meet the regulatory requirements specified in the dam safety conditions in the 
development permit Queensland 
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instmmentatioi~ - as part of the surveillance requirements, there may be a need for 
instrumentation (eg settlement and foundation pressure). The designer should identify the 
need for, and position of instrumentation and include a schedule for timely reading, collecting, 
reducing, and interpreting the data. The design should include an advarice determination of 
critical instrument observations or rates of data change and a plan of action if observations 
indicate a critical condition may occur. These critical instrumentation figures should be based 
on the design assumptions. 

4.6 Construction 

The supervising constmcting engineer@) should be experienced in dams engineering and be able to 
detect when variations to specified procedures are necessary, or when special attention is required in 
relation to: 

foundation treatment 
material selection and placement 
material manufacture (eg fdters) 
material testing 
stream diversion 
concrete manufacture 
construction equipment selection 
other issues which can affect the safety of the dam 

The constructing engineer should have: 

a comprehensive understanding of the design 
responsibility for technical coordination between design and construction engineers 
responsibility for managing the construction staff to assure compliance with specifications. 

One of the most important aspects of dam construction is the foundation inspection. It is seldom 
possible to fully identrfy all the characteristics of the foundations of a darn during the investigation stage. 
Once the foundations have been fully exposed and prepared, there may be a need to amend the design 
requirements. Inspections by the designer are necessary to confirrn ally amendmetits. If unanticipated 
conditions such as geological features are encountered, the designer must be involved in determining 
appropriate design changes. 

Regular site visits and inspections by the designer and review engineers (where appropriate) are 
recommended. 

- "  
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4.7 Design and construction documentation 

4.7.1Data Book 

Dam owners should compile and maintain a Data Book. A Data Book is a convenient source of 
information summarising aU pertinent records and history It should encompass the documentation 
of investigation, design, construction, operation, maintenance, surveillance, remedial action as well 
as monitoring measurements. A Data Book may be large and consist of several documents eg 
drawings, electronic data files and printed reports or smaller depending on the type and complexity 
of the dam. 

1 4.7.1 1 Data Book Checklist I I Data Books should include the following mformation: 

I General I Foundation Information 

I Table of Contents I Description 
Design and Analysis 

Illstorical Events (prior to 
construction, during construction 
and subsequent operation) 
Record of lncldents at the dam 
Relevant Correspondence 

Background Information 
Statist~cal Summary of the mam 
features of the dam 
Aerlal Photograph of the Dam (if 
available) 

I Geological lnformation 

- 
Treatments 
Construct~on Records, Changes, and 
Modlficat~ons 
Instrumentation 
Known deficiencies (eg seepage, etc) 

+ Relevant Correspondence 

Regional Information 
S~te  lnformat~on 
Seismlc~ty 
Relevant Correspondence 

Hydrologic lnformation 
Design Floods 
Current Inflow Design Flood 
Relevant Correspondence 
Fa~lure Impact Assessment 
Consequence Assessment 

Dam Structure 
Descr~pt~on 
Design and Analys~s 
Treatments 
Construction Materials 
Consuuctlon records, changes, and 
modifications 
Instrumentation 
Deficiencies (eg craclung, etc) 
Relevant Correspondence 
as consuucted drawings 

Other Features -Spillway, Outlet 
Works, Mechanical Systems 

Description 
Design and Analys~s 
Deta~ls of relevant control systems 
and operating pr~nciples 
as constructed dramngs 
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4.7.2 Design Report 

On most projects, a Design Report should be compiled once the design and construction stages are 
completed. However, on major projects, this may have to be staged. The designer should document 
the design and construction of the dam including: 

Designer's Operating Criteria (DOC), eg gate operating rules and cone valve operation protocols 
design parameters adopted and assumptions made (and their bases) 
methods of analyses 
results of analyses and investigations (numerical and physical) 
hydraulic model testing of final spillway arrangements 
complete set of drawings and specifications 
summary of As-Constructed docun~entation and other construction infomation (see 4.7.3). 

The Design Report must contain sufficient inforn~ation so that in the event of any safety problems 
relating to the dam, information can be quickly and easily obtained to resolve the prohlem. 

When preparing a design report, the designer should consult the checklist of dam technology issues 
included as Appendix 3 - Checktist of Dam Technology Issues. 

4.7.3 As-Constructed documentation 

The constructing engineer should provide a complete record of the consmction to assist in 
determining solutions to any safety problem, which may arise during the life of the dam. As a 
minimum, this record should include: 

decisions to adapt the design to actual field conditions 
as-consuucted drawings indicating the actual lines, Levels and dimensions to which the structure 
is built 
construction processes 
systematically compiled and comprehensive photographs and, where appropriate, videos of the 
construction, with particular. coverage of significant events which include: 

foundation treatment 
material preparation and placement 
fdters, cut-offs 
core materials 
joint preparation 

foundation surface mapping of rock defects 
material test results and comparison with assumed design parameters 
instmmentation data including precise instrument locations and initial instrument readings 
construction inspection reports. 

The As-Constructed document.dtion should be summarised and either incorporated into the Design 
Report or produced as a separate Construction Report. 
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5 Operations and Maintenance 
5.1 Introduction 

Proper operation and maintenance is essential for the continued viability and safety of a dam and its 
associated structures. Improper operation of a dam may result in dam failure, and poor maintenance can 
result in abnomd deterioration of the dam, reduced life expectancy of the dam and increase the 
possibility of dam failure. 

Dam owners should have in place an operation and maintenance program, which is described by the 
following documentation: 

Standing Operating Procedures 
Detailed Operating and Maintenance Manuals 
Recording a r~d  Work Assignment system. 

5.2 Standing Operating Procedures 

Dams are normally designed to operate within a range of operating criteria. A good dam safety 
management program will ensure that: 

these operating criteria are known 
the dam is operated within these criteria 
the dam is maintained so that it can perform within the established criteria. 

This should be done through Standard Operating Procedures (SOPS). These procedures should: 

define responsibilities for actions critical to the safety of the dam 
identify procedures for particular daily activities, which ensure that thesr activities are done safely, 
in the same way each time and in accordance with development permit conditions 
ensure appropriate people are notified when unforseen or unusual events occur. 

Dam owners should ensure they operate their dam in accordance with the SOPS. 

SOPS are beneficial as they provide information on procedures for a dam (including responsibilities and 
timings). They help to: 

ensure long term adherence to operating procedures and across changes in ownership and 
operating personnel 
ensure that a task is completed in the correct, repeatable manner. They reduce the probability of 
dam threatening situations by providing operating protocols for personnel to follow. Examples of 
situations, which may be avoided by using appropriate Sol's, include: 

'out of date' procedures being applied to activities such that the dam is not operated in the 
manner expected by others 
problems not being fuced because dam safety inspections are not performed or are not carried 
out by appropriate people 
critical equipment not being checked so that it is not operational when needed 
the incorrect operation of flood mitigation dams which may result in decreased flood mitigation 
capability or the amplification or extension of flooding 
failure to open gated spillways at the appropriate time, which can cause overtopping of the 
gates and subsequent failure of the dam 
iailnre to close gated spillways or outlet works which may empty a reservoir. 
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SOPs provide documentation of the way in which various task$ are performed and provide a permanent 
record of actions taken to operate the dam. If action results in an undesirable outcome, SOPs may assist 
in determining the reason and amendments can he made to the SOP. SOPs enable reviews of an 
organisation's operations to improve efficiency. 

Dam owners should develop SOPs for their dam and operate the dam in accordance with these SOPs. 
This guideline concentrates on those SOPS, which deal with dam safety issues such as: 

personnel training and procedural issues 
emergency action and incident reporting 
critical operating procedures 
monitoring and surveillance. 

When developing SOPs, a dam owner should consider issues, which may affect the complexity of the 
SOPs including: 

the complexity of dam operations (The more complex the operation is, the more detailed and 
comprehensive the SOPs should be. For example, detailed SOPs will be required for a dam with a 
spillway, which is controUed by large, high capacity gates, which could release damaging flood flows 
downstream in the event of maloperation.) 
degree of backup required 
complexity of spillway arrangements 
simplicity of flow release regimes. 

The location of SOPS is critical to their effectiveness. At least one copy of the SOPs should be located 
where dam operations are controlled and operational decisions are made. This is parricularly important 
for structures with variable flow control. 

In addition, to ensure that SOPs remain effective over time, dam owners should ensure each SOP is 
reviewed annually 

5.2.1 Developing SOPS 

There are a number of tests that can be applied to determine whether a SOP needs to be developed 
for a task. Before writing a procedure ior a task, you should consider what the consequences would 
be if the task was performed incorrectly That is: 

What costs would be incurred as a result of the task being performed incorrectly? 
What resources would be required to remedy the situation? . What time would it take to remedy the situation? 
What are the safety implications? . What are the environmental implications? 
If today wac nly first day in the job, would I know: 

Enough about the organisation and its different functional areas to perform the required 
tasks? 
With whom I should communicate and what inputs I need, wbere they come from, how I 
access them, and whether I need someone's assistance? 
What to do with the output of nly job and to whom I should direct it? 
If the adverse consequences of performing the task incorrectly are minimal, the task may not 
need to be documented. 
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i 5 2 1 1 Comprehenstve Checklist of SOPS 

Not all  of the followtng SOPS will be applicable to each dam. The requirement for indivtdual SOPS 
needs to be dec~ded case-by-case Where appltcable, SOPS should be prepared to deal wth the 
following issues 

I people are available to operate the dam 

ISSUE REASON FOR INCLUSION 

Setting of Normal Operat~on Crrtena To ensure the dam is operated and mamtuned 
m accordance wtth known operating hmts eg 

Documentat~on control and review 

Undenahng of a Failure Impact Assessment 
every five years 

gate operating limits or restricted FSL's due to 
stability limits 

to operational states of the dam 

Personnel Training and Procedural Issues 

To ensure SOPS and other controlled 
documents are properly updated and only 
the current version of the procedures is 
used for dam operations 

For compliance with the requirements of the 
Water Act 2000 

- .  
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Comprelmnsii,e Checklist oiSOPs (coni.) ' ISSUE 
'l 

REASON FOR INCLUSION 

Critical Operating Procedures 

Test operation of critical equipment 

Pump operation plan for water harvesting 
that includes monitoring 

Notification of Spillway Discharge 

Spillway Gate flood operations including: 
water level monitoring procedures 
discharge Control and flood release 
protocols including monitoring and warning 
of areas of impact prior to releases (for 
campers etc) as required in the Emergency 
Action Plan 
coordination of releases with ofher dams 
or downstream tributaries (where appropriate) 
communication security and failsafe 
procedures 

Bulkhead Gate Instagation, Penstock drainage, 
Trash screen removal and installation 

Confined Space Access 

Monitoring and Surveillance 

To reduce the risk of the equipment not 
operating as planned. Such a procedure should 
provide for: 

an annual pattern of test operation of gates 
or other crest control devices5 
regular testing of backup power supplies 
regular testing of sump pumps 
regular testing of communications 

To minimise the risk of overtopping of the 
dam through over-pumping 

To ensure emergency planners are aware of 
significant spillway discharges during flood 
events 

To ensure spillway operations proceed in 
accordance with agreed procedures which 
maximise the safety of the dam and minimise 
disruption to flood aCfected communities 

To ensure the safety of operations and 
maintenance personnel 

To maximise the safety of people in and around 
the dam 

Water level monitoring procedures and the 
monitoring of i d o w  events 

Instrumentation surveillance and data 
recording 

Owners routine dam safety inspection 
including checklists and reporting 
requirements 

To ensure dam hydrology and spillway 
performance can be reviewed 

To ensure monitoring and surveillance is 
carried out and the data are rapidly 
analysed and reviewed 

To ensure routine dam safety inspections are 
carried out consistently and to appropriate 
standards 

i. , 
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ISSUE 

Dam Safety 5 yearly comprehensive Inspection I To ensure the inspections are carried out 

REASON FOR INCLUSION 

Dam Safety Annual inspecttons (if annual 
inspections are required by developinent 
permit conditions) 

Monitoring and Surveillance (continued) 

To ensure the inspections are carried out 
consistently and to appropriate standards 

conformance with procedure 
equipment testing 
major planned and unplanned maintenance 
and special one off jobs at the dam 
tesung of gate functions 
painting proyams 
flood discharges and resewox levels 
incldent details 
reports dispatched and recelved 

+ notification of receipt of ch 
documentauon (eg SOPs) 

( ~ f  required by development permit conditions) 

Requirement for lnspecuon during and after 
flood events and after seismic events 

Inspection, resling and mainrenance of 
mechanical and electrical equipment 

Queensland 

cons~stently and to appropriate standards 

To ensure the emergency action plan and any 
remedial works are triggered during and 
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5.2.2 SOPS Checklist 

The following comments are suggested to assist in the preparation of SOPS: 

Preliminary pages of the combined SOPs should include: 
- cover sheet 
- title page 
- table of contents 
- revision sheet 
- any necessary certification and/or verification required by the dam owner 
- an aerial photo of the dam if possible. 
In terms of formatting, it is recommended to: 
- bind SOPs in loose-leaf folder so that it is easy to make revisions, additions and updates 
- start each procedure on a new page 
- use a standardised format for each procedure 
- the title of each procedure should be short and adequately identify the task 
- use lists rather than narration to outline instructions and information whenever possible. 
All areas of responsibility in the administration, operation and maintenance of the dam should 
be clearly indicated in the SOPs. Some of the operational aspects of dam ownership and 
operation that should be addressed include: 
- operation of equipment at the dam 
- reservoir inflow and flood forecasting 
- authorising spillway flood releases 
- authorising irrigation releases 
- recording reservoir data 
- routine inspection 
- maintenance 
- modification 
- correct method of opening and closing guard gates 
- dam safety and surveillance. 
The operating personnel responsibilities should he specifically identified and should include 
regularly scheduled duties personnel are required to perform. 
Administrative and operational relationships between the various operating and end user 
organisations should be detailed. (Both formal and informal agreements should be referenced.) 
Organisational arrangements in the forin of flow charts can be beneficial. For example, 
agreements on allocation of responsibility for operation. 
Write procedures clearly and concisely Avoid using vague words (for instance use a specific 
word such as "annually" rather than the word "periodically"). 
Each procedure should identify the stepby-step actions or groups of actions in sufficient detail 
to describe the task in a logical manner. 
Where appropriate, include drawings, sketches, graphs, manufacturer's instructions, 
photographs etc in appendix or text to increase understanding. 
Where appropriate, if a SOP requires a form or forms to be filled out to confinn that a task 
described in the SOP was undertaken copies of the forin should be appended to the SOP 
Where appropriate, the use of drawings, marked photographs, colour coding and numbering of 
valves and switches are recoininended to supplement step-by-step operation or maintenance 
instructions. These aids simplify instructions and reduce the chance of error in their use. 
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5.2.3 Level of Attendance 

'She owner should ensure that the level of operator attendance for the dam is appropriate for the 
failure impact rating of the dam as well as the: 

consequences of the dam failure 
' proximity of the population at risk and the available warning time 

remoteness of the dam and ease of access during flood events 
reliability of remote sensing and transmission of warning trigger data to offsite control centres 

' availability of hackup operations personnel 
' other activities conducted at or near the dam by the dam operator 

need to trigger Emergency Action Plans 
complexity of gate operations and associated need for skiUed operators 
preparedness of operations staff 
inspection post seismic or flood events compared with monitoring as flood event evolves. 

Por example, the level of attendance for a particular dam with a Category 1 failure impact rating 
which has simple operating requirements, a distant population at risk and a long warning time, may 
involve regular visits and inspections (eg daily visits and inspections). In contrast, a dam with a 
Category 2 failure impact rating with complex operating requirements and a high population at risk 
in close proximity, may require qualified dam operators in residence andlor an appropriate electronic 
surveillance, control and communication system. The reliability of electronic systems should he 
considered in determining the level of attendance during flood events. 

Further, a dam owner may wish to assign the operation of a dam to a nominated operator (the dam 
owner still retains responsibility for dam safety). If this occurs, the dam owner should ensure the 
nominated operator: 

is aware of the potential damage which could result from the different modes of failure relevant 
to the dam 
is aware of the Designers Operating Criteria and what constitutes an abnormaliry 
operates the dam in accordance with SOPS 
participates in dam safety inspections and the surveillance program 
is empowered to initiate Emergency Action Plans should the need arise 
is empowered to communicate directly with the relevant parties (eg advise chief executive of 
NR&M) should there be a need to operate the dam outside a SOP 

5.3 Detailed Operating and Maintenance Manuals 

While a SOP outlines the protocols for operation of a system in the dam (eg water releases by gate 
operation), Detailed Operations and Maintenance Manuals (DOMMs) address how to operate, maintain 
and overhaul individual pieces of equipment for a dam and its associated structures (eg the operation, 
maintenance and replacement of valves and motors for the gates). 'She dam owner should operate and 
maintain the dam in accordance with the DOMMs. 

The DOMMs are important as equipment, which is operated or maintained in an incorrect or 
inappropriate manner, can affect the safety of a dam. Significant work should not commence on 
equipment for a dam and its associated structures without proper authorisation from the dam owner. 

'The information in the DOMMs should be complete, accurate and up to date and cover all facilities and 
equipment. Further, for those issues which are critical to the safety of the dam, the dam owner should 
ensure the DOMMs are reviewed annually so that the manuals remain accurate and up to date. 
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The manuals should contain the following: 

Work Instructions, which detail the way in which equipment should be operated and outline the 
steps involved in performing a task. For example, a work instruction may be developed for the use 
of the gantry crane for placement of bulkheads gates. 
Maintenance Scliedules, which detail the asset, description of task, frequency of maintenance and 
special requiremctlts for servicing and maintaining die equipment. For example, a maintenance 
schedule should be developed for maintaining and servicing all mechanical and electrical 
equipment. 
Equipment data sheets or Manufacturer's Manuals, which comprise technical information needed 
for maintenance, repair and overhaul of equipment. For example, an equipment data sheet or 
manufacturer's manual should exist for the operation, maintenance, repair and overhaul for the 
emergency generating set. 

Dam owners should ensure that DOMMs developed for their dam reflect the operating complexity, 
location of the dam and distribution of responsibilities between maintenance and operational personnel. 
Tile DOhMs should be located on site at the dam at least for day-to-day use. For procurement and 
administrative reasons, it may be advisable to hold a second copy in the dam owner's off~ce. This is 
particularly important for structures with variable flow control. 

The DOMMs or at least their drafts should be available prior to the initial filling of the reservoir 

5.4 Recording and Work Assignment system 

The Recording and Work Assignment system issues detailed work orders for operational staff (and others 
such as consultants) and records the outcomes of the order. Work orders originate from requirements 
of the SOPS and DOMMs. These work orders set out who is responsible for work, supervising 
responsibilities, recording details of the work and the date of the work. Datn owners should have a 
Recording and Work Assignment systeln which is capable of issuing and tracking work orders. 

The Recording and Work Assignment system can consist oE 

' checklists 
' logs 

card files 
computerised systems. 

This system plays an important role in verifying work undertaken on the dam for dam safety purposes. 
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6 Surveillance 
6.1 Introduction 

Surveillance is the continual examination of the physical condition and operation of a dam. Surveillance 
programs should be capahle of detecting problems or unsafe conditions at an early stage so that 
corrective measures can be taken and dam safety is not compromised. To obtain a historical context for 
defects, surveillance should commence as early in the life of the dam as possible to detect the 
development of any problem or unsde uends and to provide full background information on a dam's 
performance. 

A dam safety management program begins with the initial investigation of the dam foundation and 
continues through its design, construction and operation. While many prohlems may occur and need to 
he overcome during these phases, there is always a risk that not all problems have manifested 
themselves or been detected by the time the dam has reached its operational phase. 

Any unusual behaviour, regardless of how seemingly insignificant, should be identified and recorded 
because this may he the forewarning of a newly developed unsafe condition. 

The causes and processes of dam failure are varied and the knowledge gained from previous dam 
failures has contributed to the advancement of specialised knowledge essential to the prevention of 
funher failures. Case histories of dam incidents reveal many remarkable similarities in antecedent 
conditions and processes of deterioration. 

Each dam should have its own surveillance program. The scope of a surveillance program should be 
appropriate to the she of the dam and storage, the population at risk and other consequences of dam 
failure, the level of risk at the dam, and the value of the dam to the owner. 

A surveillance program should include: 

monitoring of instrumentation 
collection of information or data relating to dam performance (eg investigation, design and 
construction reports) 
evaluation and interpretation of the data 
a range of inspections, from routine inspections hy operational staff through to comprehensive 
inspections by engineers. 

Each of these is considered in more detail in the following sections. 

Experienced dams engineers should be consulted on the nature and extent of suitable surveillance 
programs. Generally, larger more complex structures with novel design features require more detailed 
and comprehensive surveillance programs. These should he instigated during the design and 
construction phases and in response to emergent prohlen~s. 

6.2 Monitoring 

Monitoring is the collection, presentation and evaluation of infomation from measuring devices 
installed at or near dams. Monitoring is needed: 

to detect deterioration in performance of the dam 
to detect trends or hehaviour to establish compliance with design expectations (If the trends 
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indicate non-compliance with design expectations, remedial action should be initiated.) 
to rectify dam design issues which could not be resolved to high reliability during the design and 
construction stages (Such issues can only be addressed with a monitoring strategy, which can 
substantiate design expectations by establishing a correlation with actual behaviour. Some 
behaviour responds slowly over many years while some may not become evident for many years.) 

The designer, review engineer, or inspection engineer should identify the issues that need t o  be 
monitored and incorporate appropriate instrumentation into the dam. For instance, for a farm dam, it 
may be concluded that there is no need for any instrumentation. Forms of monitoring include: 

deformation surveys 
water level measurements (mcluding rainfall) 
seepage and pore pressure measurements 
measurements to confirm design parameters 
foundation pressure management 
stresses in embankments or structural components 

' spillway performance and condition 
monitoring of deficiencies (eg cracking or erosion) 

' seismic monitoring 
level of surveillance data. 

The preferred frequency of monitoring varies over time. Factors influencing the frequency of 
monitoring include: 

the consequences of a dam failure 
the nature of the behaviour being monitored 
the stage of maturity of the dam (eg monitoring should be more intense during the construction 
and initial filling stages than during the operational phase) 
the existence of any problems or events (eg special events, such as record floods and earthquakes, 
will require more intense monitoring). 

Dam owners should ensure that dam monitoring programs are reliably executed and that all 
instrumentation is maintained in a reliable condition and provides accurate readings throughout the life 
of the dam. Instrumentation available varies according to complexity, robustness and cost. Regardless of 
the instruments used, the dam owner must be able to ensure that the appropriate standard of 
monitoring is achieved. 

The designer of the dam should determine the monitoring program, instrumentation used and 
frequency of observations initially in the design and construction phase. Dam owners should have a 
dams engineer review the appropriateness of the monitoring program. the instrumentation used and the 
frequency of observation a5 part of each comprehensive dam safety inspection, Instrumentation may 
need to be retrofitted if potential problems are identified. 

There may be potential for remote monitoring and automation of data collection. However, 
n~alfunctions of remote monitoring and automatic data gathering during times of extreme weather 
conditions suggest that careful consideration be given to the reliability of such systems, especially when 
some form of operational control relies upon the monitoring. Owners should ensure that backup 
facilities are available for checking remote monitoring and accessing operational data for the dam during 
critical periods. 

As the design and installation of instrumentation systems is a specialised area of dams engineering, dam 
owners should engage engineers experienced in this field. 

& The inclusion of accelerolneters in dams in cooperation with wider seismic networks (state or national) 
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should be considered. This is important in seismically active areas or for large dams where reservoir 
induced seismicity could occur. Interpretation of data and maintenance of systems should he undertaken 
by a seismologist. 

6.3 Data collection and management 

Dam owners are responsible for the collection, storage and presentation of all data associated with the 
operation and maintenance of a dam. There are two types of data: 

Static data does not change with time. Such data will normally be stored in the data books, dam 
safety reviews and reports. Static data usually encompasses all design and construction 
investigations, including the Designers Operating Criteria. Much of this information is found in the 
Design Report and As-Constructed documentation. 

As much of the static data will never be changed, it may be reduced and stored on microfilni or some 
electronic storage medium. Sufficient, easily accessible infonnation should be kept on hand in Data 
Boolcs to provide information for any situations which could arise. 

Dynamic data changes with time. It includes data derived from dam safety surveillance, monitoring, 
operations and maintenance activities. This data is accumulated in the 1)am Safety Inspection and 
Surveillance Reports. Much of the dynamic data is suitable for computer storage and presentation, 
particularly that arising from monitoring. 

For data collection and management purposes, dam owners should be aware of: 

the svengths and limitations or computer storage and retrieval systems (eg ease of access for 
retrieval of inlormation) 
issues associated with compatihili~y of computer systems. 

Dam owners should ensure that the system used to collect and process the data has facilities to detect 
the occurrence of "obviously different'' data, which can be caused by: 

data recording and transfer errors 
instrumentation malfunction 
abnormal behaviour of the dam. 

These situations should be investigated immediately If the change is attributed to abnormal behaviour, 
the owner should initiate further investigations to explain the abnom~ality and ensure that it is not 
indicative of a worsening dam safety situation. These abnormalities can be a trigger for remedial action. 

6.4 Surveillance evaluation 

Not aU dam deficiencies can be detected hy visual inspections. There are many cases where an analysis 
of surveillance data has detected problems not evident by other means. Surveillance evaluation is an 
assessment of the safety of a dam in terms of its condition and operation based on data obtained from 
dam safety inspections and monitoring. 

Data is accumulated during the course of surveillance, monitoring and operation of a dam. For ease of 
understanding, it may be beneficial to reduce this data into graphical form. Dam owners should ensure 
this data is evaluated on a regular basis to monitor the continued safety of each dam. Data evaluation 
should be assigned to an experienced dams engineer who should make recommendations based upon 
their interpretations. 

Some examples of how areas of dam performance are considered in a surveillance evaluation include: 
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assessment of the available pressure, movement and seepage monitoring data by analysis of the 
impact (if any) of all monitoring results 
assessment of the seepage from the storage (A plan should be provided showing position, quantiry, 
and quality of seepage.) 
the recent movement survey for the dam 
the foundation and embankment pressures being experienced by the dam. A plan showing the 
position and purpose of the individual piezolneters should be provided. 

Surveillance evaluation is conducted as pan of a periodic dam safety inspection (at five yearly intervals), 
although evaluation may be undertaken at more frequent intervals or at times of concern. 

Following evaluation, a Surveillance Report should be prepared. Experienced dam engineers familiar 
with the entire history of the dam should prepare this report. The Surveillance Report should: 

review all dam safety inspections and surveillance data for a dam 
identify any anomalous trends 
make recommendations on any actions required to ensure the continued safety of the dam 
summarise and extend previous repotts to provide a clear picture of long-term trends. 

Anomalies and concerning trends identified in the Sumeillance Report should be considered as 
deficiencies. It is the responsibility of the dam owner to ensure that appropriate remedial actions are 
taken and documented. Further guidance on surveillance evaluation can be found in Appendix 3. 

6.5 Dam safety inspections 

One of the most important activities in a dam surveillance program is the frequent and regular dam 
safety inspection for abnormalities in conditions and deterioration of the dam. 

Dam safety inspections are conducted to determine the status of the dam and its features relative lo its 
structural and operational safety. Different types of dam safety inspections should be undertaken for 
different purposes: 

6.5.1 Routine inspections 

Purpose: To identify physical deficiencies of the dam 

Reporting: There is no standard report for these inspections as they can vary from a short 
weekly check for a small farm dam to a twice daily dam check using a 
checklist. 

Undenaken by: The dam owner or field and operating personnel as part of their normal duties 
at the dam. 

Discussion: Routine Inspections are best carried out by someone involved in the day to 
day running of the dam. Much of the inspection and observation should be 
incorporated in the daily work routine of such officers. The Standing 
Operating Procedures (SOP) should outline the requirements regarding: 

the timing and frequency of the inspections 
who should be involved (In some cases electrical expertise may be needed 
to inspect some elements of dams.) 
the reporting requirements. 
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6.5.2 Periodic inspections 

Purpose: Generally carried out by a dams engineer with the purpose of identrfying 
physical deficiencies of the dam by visual examination and review of 
surveillance data against prevailing knowledge. 

Reporting: The report should fuUy document the status of the dam and dl defects or 
unsafe conditions and outline a strategy for taking remedial action (including 
preliminary costing and, if several defects or conditions are found, 
prioritisation of actions). 

Undertaken by: An experienced dams engineer who is a Registered Professional Engineer 
WEQ). 

Discussion: The inspection should assess all physical aspects of the dam. A periodic 
inspection requires preparation of checklists, preparation of mechanical 
equipment, and preparation of access (confined and difficult areas). These 
inspections are generally carried out on a five yearly basis. However many 
dam owners may opt to undertake a less extensive periodic inspection more 
regularly (eg annually). This inspection may exclude aspects of five yearly 
inspections such as: 

a test operation of aU equipment . evaluation of all surveillance data 
major function checks and maintenance inspections. For example: 

flip bucket dewatering 
conduit dewatering 
diver inspection of intake works 
conduit video inspection. 

The timing of the inspection depends on the regional wealher pattern. For example, if a distinct wet 
season exists inspections are best carried out immediately after the wet season, to allow remedial 
work to be planned and undertalcen prior to the next wet season. Guidance on these inspections 
follows in Appendix 4. 

6.5.3 Special inspections 

Purpose: 'The examination of a particular physical feature or operational aspect of a dam 
for some special reason. For example, a special inspection may be carried out 
on a particular feature of a dam that has been identified as having a possible 
deficiency or has been subject to abnormal loading conditions. 

Reporting: The report should fully document the status of the particular physical feature 
or operational aspect of a dam subject of the investigation as well as any other 
defects or unsafe conditions and outline a strategy for taking remedial action 
(including preliminary costing and, if several defects or conditions are found, 
prioritisation of actions). 

Undertaken by: A specialist dams engineer. 

Discussion: These inspections are often carried out with a degree of urgency. It requires 
some insight into the nature of the feature or defect being investigated to 
determine what specialist needs to be engaged to carry out the inspection. The 
inspection will address only issues that relate to the subject feature and is in 
addition to the reylar and periodic inspections. Guidance on these Queensland 
inspections follows in Appendii 4. Government 

D!PARIMiNTOi N"TLIWL REIOURCII AWD MtNB Nstuial Rerourcer 
This version approved Febiuaiy2002 WEENSLAND D M  SAFElY MMlAGEMENT GUIDELINES and Miner 

SOQ.002.001.0459



6.5.4 Comprehensive inspections 

Purpose: A periodic inspection of the dam and a review of the owner's whole dam 
safety management program. 

Reporting: The report should assess all aspects of the dam safety management program 
and fully document: 

deficiencies identified in the dam safety management program and its 
documentation 
a strategy for overco~ning the deficiencies (including prioritisation of actions 
if several deficiencies are identified). 

Guidance on these inspections foUows in Appendix 4. 

Undertaken by: An experienced dams engineer who is a RPEQ. 

Discussion: This inspection should incorporate: 

a periodic inspection 
an assessment of the appropriateness and adequacy, the effectiveness and 
application (including the owner's response to inspection report and Safety 
Review recommendations) of the clam safety management program and 
documentation for the darn including: 

SOPS 
D O m s  
Emergency Action Plan 
Data Book 
Design RcportISafety Review 
Surveillance and inspection program and records. 

(This assessment should take into account applicable development permit 
conditions for the dam and the requirements outlined in this guideline.) 

6.5.5 Regulatory audits 

Purpose: Independently, NR&M in its role as Regulator may audit dam safety 
management programs for referable dams in Queensland. These audits will 
generally examine compliance with development permit conditions dealing 
with dam safety and the outcomes of inspections and Safety Reviews. Such 
audits assist dam owners to compare their practices with industry standards 

Undertaken by: NRhM 

Reporting: The report may indicate: 

deficiencies in the dam safety management program and its documentation 
non-compliance with development permit conditions 
proposed actions by NR&M and the dam owner 
comments on the efficiency and the effectiveness of the dam safety 
management program. 

Discussion: Generally the audit will be carried out on dams at random. Dams with a 
questionable management performance record are more likely to be audited. 
The outcome of these audits will assist NR&M to assess the effectiveness of 

/@ 'L. 
their regulation program throughout the state. 
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7 Safety Reviews 
7.1 Introduction 

A safcty review is a procedure for systematically assessing the safety of a dam aher its original 
consuuction. It is a fresh engineering assessment of the iiitegity of all elements of a dam It usually 
incorporates a: 

current failure impact assessment 
detailed review of structural, hydraulic, hydrologic and geotechnical design aspects 
review of historical operational performance 
review of surveillance reports 

' comprehensive inspection of the dam 
' comparison of the standards used for building and upgrading the dam against current design 

standards. 

7.2 Steps involved in a Safety Review 

The steps involved in a safety review include: 

Collect background information on the dam. This includes all relevant historical investigation, 
design, consuuction, remedial, operation and maintenance, monitoring and inspection data. 
Compare the performance of the dam with the standard set by the original design engineers (if 
known) and the relevant standards and guidelines existing at the time of the review. The review 
must include a prediction or assessment of the theoretical performance of the dam against current 
standards and guidelines. 
Where design aspects are based on assumptions or are incomplete, the Safety Review should 
include basic investigations and detailed analysis to substantiate the design. 
In the case of incoinplete documentation, further investigations may be required, particularly in the 
case of an initial safety review. Where insufficient plans or data exist of critical elements, additional 
investigation activities should be undertaken to resolve uncertainties. Typical investigation activities 
include: 
- survey to establish lines and dimensions 
- testing of materials in the dam and its foundation 
- geological drilling and mapping 
- calculation of revised flood estimates 
- updating of earthquake forces. 

Particular attention should be given to changes in land use that may have occurred since construction of 
the dam which may affect design and operation criteria. This includes such activities as mining, 
urbanisation or clearing of the catchment area both upstream and downstream of the dam. 

The design assumptions and standards used should be reviewed and compared with current best 
practice, eg 

the foundation integrity (bearing, seepage) applied should be reviewed and compared with current 
best practice 
the spillway adequacy should be reviewed and compared with current accepted engineering 
standards, ie ANCOLD-Guidelines on Selection of Acceptable Flood Capacity for Dams 
the embankment and outlet structure should be reviewed and checked as to whether it can 
withstand appropriate loadings (including seismic) in accordance with current engineering practice. 
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Conclusions should be developed regarding the adequacy of the main elements of the dam fie 
foundations, main wall, spillway, outlet works, associated equipment and monitoring system). 

Comments should be made regarding adequacy of the dam safety surveillance and illspection program 
and operation and maintenance procedures. Such comments and conclusions should reflect prevailing 
knowledge in hydrology, hydraulics, soil mechanics, geology, structural analysis and design criteria 
relating to dams. 

Further guidance in the issue to be addressed when undertaking a Safety Review can be obtained from 
Appendix 3 -Checklist of Dam Technology Issues. 

The level of sophistication of Safety Reviews varies depending on the complexity of the dam. For 
example, a Safety Review for a large gated structure requires a greater range and depth of studies than 
for a small grassed bywash earth dam. In addition, Safety Reviews are not necessarily completed when 
the Safety Review Report is finalised. Subsequent investigations recommended in the Report are often 
required and may take years to fiualise. 

7.3 Frequency of Safety Review 

The frequency of dam safety reviews is generally based on the age of the dam and the appropriateness of 
the technology used on that dam. Safety reviews are generally conducted on a maximum twenty-year 
Lycle but may also be initiated in response to issues such as: 

an absence of design and constmction documentation 
' a regulatory requirement 

detection of abnormal hehaviour 
changes in acceptable design and construction standards 
proposals to raise or tnodiiy a dam 
changes in Standing Operating Procedures. 

7.4 Safety Review personnel 

the Safety Review of a dam can be quite complex and personnel engaged in safety reviews should be 
experienced in dam technology. Where necessary, the services of suitably experienced geologists, 
hydrologists and other specialists should be utilised. Consideration should also be given to 
independent review by engineers other than those who carried out the original design of the dam. 

7.5 Safety Review Reports 

A Safety Review Report should be produced to document the safety review and should include: 

a statement on the safety of the dam indicating whether or not the dam is in a satisfactory condition 
and capable of meeting current design criteria 
report on comprehensive inspection 
parameters adapted and assumptions made (and their bases) for review analyses) 
methods of review analyses and results (numerical and physical) 
identification of any deficiencies in the dam including criticality ratings for these deficiencies6 
recommendations for remedial work, emergency action andlor further studies which should be 
undertaken and timings for these. 

6 A deficiency may be insufficient knowledge about a particular aspect of a dam. 
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Whilst dam owners may engage consultant engineers to carry out the Safety Review and prepare the report, 
the recommendations contained in a Safety Review Report will be considered a5 originating from the dam 
owner. The dam owner will be responsible for implementing the recommendations. Comprehensive 
inspections and ultimately audits undertaken by the Regulator, will evaluate the dam owners response to 
Safety Review Reports. 

When preparing a Safety Review Report the reviewer should consult the checklist of dam technology issues 
included as Appendix 3-Checklist of Dam Technology Issues. 
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8 Deficiencies, Incidents, Failures 
and Remedial Action 

8.1 Introduction 

There are a nurnher of situations that may require remedial action at a dam. These situations can vary 
from a minor deficiency in the dam, to a major incident or even dam failure. 

A deficiency threatens the safety of a dam and may he detected by surveillance inspections and 
evaluations or dam safety reviews. Deficiencies include: 

inappropriate or deficient design or constmction 
changes to design criteria 
changes in the failure impact rating of the dam (for example an increase from a category 1 failure 
rating to a category 2 failure impact rating) 
time based deterioration or breakdown of materid; 
maintenance related problems 
deficiencies in the dam safety management program 
inappropriate operating techniques 
inadequate surveillance procedures 
damage to dam (eg landslides, erosion, earthquake etc). 

;\n incident is an event, which could deteriorate to a very serious situation or endanger the dam 
Examples of incidents include: 

rapid change in seepage 
overtopping of eanh embankment 
excessive beaching 
excessive embankment erosion 
spillway or bywash erosion or blockage 
excessive cracking or displacement in concrete dams and spillways 
sliding, rotation or settlement of the dam 
~nalfunction of gates or crest bags. 

The lailure of a referable dam means the physical collapse of all or part of the dam or the uncontrolled 
release of any of its contents. Causes of failure include: 

overtopping of embankment dams 
collapse or erosion of spillways 
internal erosion or piping through eanh emhanknients or abutments 
failure of release conduits 
overturning of concrete darns 
deterioration of maintenance deficiencies. 
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8.2 The need for remedial action 

Remedial action is required in response to a deficiency, incident or dam failure. The type of remedial 
action required and its urgency is determined hy the nature of the event. 

Remedial action may include: 

preventative measures to stop situations worsening; 
short telm actions such as activation of Emergency Action Plans (including evacuations), illstallation 
and operation of warning systems, modification of operating procedures including lowering of 
reservoir lcvcls by controlled release and increased surveillance; 
long term actions such as structural changes to a dam; 

' changes to operating procedures; 
decommissioning of a dam. 

In life threatening situations, remedial actions may involve short-term actions including the removal of 
persons at risk, modification to operations, controlled release of storage, increased surveillance and 
provision of alarm systems. 

8.3 Remedial action review 

There may be a number of remedial actions which can be undertaken in response to an incident, 
deficiency or failure. A Remedial Action Review should be undertaken which methodically evaluates the 
various options. 

The Remedial Action Review should include: 

determination of the risk of failure of the dam 
preparation of a failure impact assessment to determine the current population at risk and a 
consequence assessment to determine other consequences such as economic and environmental 
damage 
development of possible solutions 
quantitative risk analysis 
estimation of the benefits and implementation costs of each solution 

' justification for the adoption of the preferred remedial action. 

8.4 Communication of incidents and failures 

All dam incidents and failures, either actual or suspected, should be documented. lithe dam owner is 
not already aware of the incidents and failures, such rnformation should he conveyed by the dam 
operator (or consultants) to the dam owner for consideration and action'. Dam owners should ensure 
that permanent records of such events are kept in the dam safety inspection and el.aluation reports. 

7 Iniorrnation on dam deficiencies is provided to the dam owner as a pan of periodic and comprehen~ive inspections. 
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9 Emergency Action Planning 
9.1 Introduction 

An Emergency Action Plan (EAP) is a formal plan that: 

' identifies emergency conditions which could endanger the integrity of the dam and which require 
immediate action; 
prescribes procedures which should be followed by the dam owner and operating personnel in the 
event of an emergency; 
provides timely warning to appropriate emergency management agencies for their implementation 
of protection measures for downstream communities. 

The standards used for design, construction, operation, maintenance and inspection of dams are 
intended to minimise the risk of dam failure. However, as unusual circumstances could result in dam 
failure, dam owners need to identify conditions which could lead to failure situations and which may 
require dam safety emergency planning. 

Emergency planning takes place at two levels: 

to prescribe activities at the dam - known as the Emergency Action Plan which is prepared and 
operated by the dam owner, and 

' to prescribe activities below or beyond the dam - known as the Counter Disaster Plan, which is 
prepared and operated by the appropriate local Disaster District Co-ordination Committee (DDCC) 
with significant input from the dam owner. 

An EAP should indicate who is responsible for undertaking particular actions under emergency 
circumstances and must be tailored to the conditions at each dam. 

9.2 Dam owner's role 

A dam owner should: 

develop and maintain an EAP 
in all emergencies, respond in accordance with the EAP 
determine the area of potential inundation or other impact from dam failure 
establish and maintain a communication system for the timely notification of impending and actual 
emergencies 
provide the Disaster District Co-ordination Committee (DDCC) with details of emergency response 
actions at the dam (eg, flood releases) and estimates of their downstream impacts 
develop a test schedule to ensure the EhP is functional and staff are familiar with the W 

9.3 Process for developing an EAP 

When developing an E 4  the following steps should he taken by or on behalf of, the darn owner: 

determine and identify those conditions that could forewarn of an emergency and spec* the 
actions to be taken and by whom under what circumstances 
in consultation with the District Disaster Coordinator (DDC) for the impacted area (or the Disaster 
District Manager from the Department of Emergency Services), identify all jurisdictions, agencies 
and individuals who should be involved in the EAP (for example, local governments, the 
Queensland Police Service and downstream residents) 
identify response actions to be taken in response to potential emergencies 
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' identlfy any necessary resources, special tools, equipment, keys and indicate where they can he 
located if required in an emergency 

' list and prioritise all persons and entities (including contact details) involved in the notification 
process and the roles and responsibilities assigned to them (eg a flow chart may be used) 
identlfy primary and secondary communication systems, both internal (between persons at the 
dam) and external. (between dam personnel and outside entities) 
develop a drait of the W 
hold meetings with all parties (including emergency management agencies) included in the 
notification list, to review the draft EAP 
make any revisions, obtain the necessary plan approval and disseminate the EAP to those who have 
responsibilities under the EAP 
test and revise the FM at regular intervals. 
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issues To Re Considered in Enieigency.4aPcfion Nanr (cant) 

~- . 
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General characteristics When and what t o  check 

- check water levels 

Beaching or notching of the During or after periods of 
upstream face of embankmenrs sttong wind - inspect upstrea 
by waves generated over Long, face of embankment 

1 splllway discharge or dfverston - inspect embankment toe 1 
flows 
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Issues To Be Considered In Emergencyhction Plans (cant) 

on embankment batters or poor inspect embankment batters 
for damage to armouring or 

andlor occasionally increased look for environmental 
seepage or increased changes such as vegetation 

damage, salt scalds, etc 

the embankment or foundation to after unaccountable increases 
form an open conduit or pipe in seepage flows, look for an 

emission polnt 

seepage control (could be initial look for "evergreen" spots, 
signs of piping failure) boggy ground or pools 

Seepage flow through the storage After detection of cloudy water 
cloudy appearance of embankment is cloudy and at seepage monitoring points 

increasing (piping failure has - look for the source of 

Increase in the normal rate of After detection - check for 
gallery seepage differential movement or 

cracking in concrete 
components 

Fc~tintl~~ion hilure Sliding. n11:1ri~1n or sc~rlcmen~ 1)urillg rutriiiic inrpcc~ion i,r 

of pan or entue dam ~mmediately aiter earthquakes - 
tnspect for evidence of 
foundatton movement or 
displacement tmmed~ately 
adjacent to dam 

Shde in downstream Slide in the downstream face Dunng routine inspection - 
slope look for cracks or scarps near 

I the crest and bulges at the toe 

Flow slide Collapse and flow of soil around During routine inspection and 
the storage periphery especially with sedimentary/ 

colluvial soils - look for 
material displacement around 
the storage rim 
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