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COPYRIGHT:  The concepts and information contained in this 
document are the property of Sinclair Knight Merz Pty Ltd. Use or 
copying of this document in whole or in part without the written 
permission of Sinclair Knight Merz constitutes an infringement of 
copyright. 

LIMITATION:  The sole purpose of this report and the associated 
services performed by Sinclair Knight Merz Pty Ltd (SKM) is to 
UNDERTAKE A FLOOD STUDY in accordance with the scope of 
services set out in the contract between SKM and Mid-Western 
Regional Council. That scope of services, as described in this 
report, was developed with Mid-Western Regional Council. 
 
In preparing this report, SKM has relied upon, and presumed 
accurate, certain information (or absence thereof) provided by the 
Client and other sources.  Except as otherwise stated in the 
report, SKM has not attempted to verify the accuracy or 
completeness of any such information. If the information is 
subsequently determined to be false, inaccurate or incomplete 
then it is possible that our observations and conclusions as 
expressed in this report may change. 
 
SKM derived the data in this report from a variety of sources. The 
sources are identified at the time or times outlined in this report. 
The passage of time, manifestation of latent conditions or impacts 
of future events may require further examination of the project 
and subsequent data analysis, and re-evaluation of the data, 
findings, observations and conclusions expressed in this report. 
SKM has prepared this report in accordance with the usual care 
and thoroughness of the consulting profession, for the sole 
purpose of the project and by reference to applicable standards, 
procedures and practices at the date of issue of this report. For 
the reasons outlined above, however, no other warranty or 
guarantee, whether expressed or implied, is made as to the data, 
observations and findings expressed in this report. 
 
This report should be read in full and no excerpts are to be taken 
as representative of the findings.  No responsibility is accepted by 
SKM for use of any part of this report in any other context. 
 
This report has been prepared on behalf of, and for the exclusive 
use of, Mid-Western Regional Council and is subject to, and 
issued in connection with, the provisions of the agreement 
between SKM and Mid-Western Regional Council. SKM accepts 
no liability or responsibility whatsoever for, or in respect of, any 
use of, or reliance upon, this report by any third party.
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FOREWORD 
The primary objective of the New South Wales Government's Flood Prone Land Policy is to reduce 
the impact of flooding and flood liability on individual owners and occupiers of flood prone 
property, and to reduce private and public losses resulting from floods, utilising ecologically 
positive methods, wherever possible.   Under the Policy, the management of flood prone land 
remains the responsibility of local government. 

The policy provides for a floodplain management system comprising the following five sequential 
stages: 

1.  Data Collection Involves compilation of existing data and collection of additional data 

2. Flood Study Determines the nature and extent of the flood problem 

3. Floodplain Risk 
Management 
Study 

Evaluates management options in consideration of social, ecological and 
economic factors relating to flood risk with respect to both existing and 
future development 

4. Floodplain Risk 
Management Plan 

Involves formal adoption by Council of a plan of management for the 
floodplain 

5. Implementation 
of the Plan 

Implementation of flood, response and property modification measures 
(including mitigation works, planning controls, flood warnings, flood 
preparedness,  environmental rehabilitation, ongoing data collection and 
monitoring by Council 

Mid-Western Regional Council is responsible for local planning and land management in its Local 
Government Area (LGA), including the management of flood prone areas in the townships of 
Kandos and Rylstone.  Through its Floodplain Risk Management Committee, Council proposes to 
prepare a comprehensive Floodplain Risk Management Plan for Kandos and Rylstone in 
accordance with the New South Wales Government's 2005 Floodplain Development Manual. 

This report is represents the first and the second stages of the management process and has been 
prepared for Council by Sinclair Knight Merz. It documents the nature and flooding extents 
throughout Kandos and Rylstone and is an essential resource for the subsequent stages of the 
floodplain management process. 
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1. Introduction  
1.1. Background 

Mid-Western Regional Council (MWRC) is responsible for local planning and land management in 
the towns of Kandos and Rylstone.  Council is currently reviewing its Local Environment Plan 
(LEP) and preparing a Development Control Plan (DCP).  Council has no formal floodplain risk 
management strategies in place to provide an appropriate level of protection for the Kandos and 
Rylstone communities.  Further, Council has no formal emergency management strategies to 
effectively manage the continuing flood problems for the two towns.  Hence, Council proposes to 
develop floodplain risk management plans for both Kandos and Rylstone in phases, in accordance 
with the NSW Government's (2005) Floodplain Development Manual.  Initial investigations 
(including data collection and review of all relevant data) and a flood study, will be undertaken in 
the first phase (Phase 1).  For both towns, a Floodplain Risk Management Study (the Study) and 
Plan (the Plan) will be developed in the second phase (Phase 2), with the Plan being implemented 
in the third phase (Phase 3).            

Sinclair Knight Merz (SKM) was engaged by MWRC in June 2011 to develop a Floodplain Risk 
Management Plan for Kandos and Rylstone encompassing all activities in Phase 1 and Phase 2.  
This report details outcomes from Phase 1 of the project.  

1.2. Study Areas 

1.2.1. Kandos  

The study area for Kandos is shown in Figure 1-1 Kandos (population approximately 1,440) is 
located in the Central Tablelands of NSW.  The town is located on the upper catchment area of 
Cumber Melon Creek, which is a tributary of the Cudgegong River.  Kandos has a history of 
overland flooding and no riverine flooding.  Minor development has modified overland flow paths 
to some extent and future development has the potential to aggravate overland flooding further. 

Council is reviewing its LEP and also preparing a DCP, in order to guide the expansion of the 
township, and Council needs to assess the impact of future urbanisation on the catchment.     
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1.2.2. Rylstone  

The study area for Rylstone is shown in Figure 1-1.  Rylstone (population approximately 730) is 
located in the upper Cudgegong River catchment and has a history of both overland flooding and, 
to a much lesser extent, riverine flooding.  The town experienced several floods in the 1950s and 
overland flooding problems were experienced in some parts of the town in 2010. 

The Cudgegong River is dammed (Rylstone Dam) approximately 1 km upstream of Rylstone, 
which provides water supply for Rylstone and Kandos.  Failure of Rylstone Dam (catchment area 
535 km2 and a storage capacity of 3,038 ML) has the potential to impact on flooding in Rylstone. 

1.3. Overall Objective 

Mid-Western Regional Council (MWRC) needs to develop a Floodplain Risk Management Plan 
(FRMP) for Kandos and Rylstone, to address the existing, future and continuing flood problems, in 
accordance with the NSW Floodplain Development Manual (2005).  To meet the requirements of 
the Manual, Council needs a FRMP in order to: 

 Reduce the flood hazard and risk to people and property in the existing community; 

 Protect, maintain and, where possible, enhance the river and floodplain environment, and 

 Ensure flood management decisions integrate the social, economic and environmental 
considerations.  

The study is being undertaken in three phases.  Major activities undertaken in each phase are 
provided below: 

 Phase 1  

 Initial Investigations 

 A site inspection;  

 Data collection and review of all relevant documents, data and reports; 

 Consultation with the community and stakeholders; and 

 Identification of additional data needs to undertake the study.  

 Flood Study 

 Review of existing hydrologic and hydraulic models for the Cudgegong River 
catchment at Rylstone and defining flood behaviour for 0.5%, 1%, 2%, 5%, 10%, 
20% Annual Exceedance Probability (AEP) events and the Probable Maximum Flood 
(PMF) event;  
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 Investigations of overland flooding for both Kandos and Rylstone under the existing 
catchment and floodplain conditions for the full range of flood events including 0.5%, 
1%, 2%, 5%, 10%, 20% AEP events and the PMF event;  

 Identification of flooding issues within the catchments and an assessment of the 
existing stormwater drainage network in both Kandos and Rylstone; and 

 Preparation of provisional flood mapping for both Kandos and Rylstone for the PMF, 
1% AEP, 1% AEP +0.5m and 20% AEP events.  

 Phase 2 Floodplain Risk Management Study and Draft Plan 

 An assessment of potential flood management and mitigation measures in order to achieve 
improvements necessary to meet the required service levels.  Such measures may include 
improved drainage works within both Kandos and Rylstone, levees, bypass floodways, 
culvert amplification, house floor raising, construction of flood retarding basins, flood 
warning and public education, zoning and development control, voluntary purchase etc;  

 Estimation of flood damages and annual average damages and their net present worth; 

 An economic assessment of the floodplain management measures based on life cycle cost 
and benefits; 

 Prioritisation of improved drainage measures and estimate the cost thereof; and 

 Final flood mapping. 

 Phase 3 Floodplain Risk Management Plan Implementation 

 

1.4. Structure of the Report 

This report describes the Data Collection (Stage 1) and Flood Study (Stage 2) aspects as defined in 
Section 1.3.  The outcome of the Floodplain Risk Management Study (Stage 3) will be produced in 
a separate report.  The report has been divided into the following sections:  

 Section 1: introduces the study 

 Section 2:  provides details on the initial investigations undertaken for the study including 
review of the available data and community consultation 

 Section 3: details riverine flooding assessment for the Cudgegong River in Rylstone, including 
a dambreak assessment for Rylstone Dam   

 Section 4: details stormwater capacity assessment for both Kandos and Rylstone townships   

 Section 5: assesses local overland flooding for both Kandos and Rylstone township 

 Section 6: provides conclusions on the study  

 Appendix A:  Questionnaire sent to residents  

 Appendix B:  Additional topographic data  
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 Appendix C: Flood modelling for Cudgegong River 

 Appendix D: Input data used and results obtained from the stormwater capacity assessment for 
both towns 

 Appendix E: Details on local overland flood assessment for both Kandos and Rylstone    
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2. Initial Investigations 
2.1. Site Inspection 

A site inspection was carried out on 7 and 8 June 2011 to: 
 Gain an appreciation of the catchment characteristics, Rylstone Dam, potential flooding 

problem areas and stormwater systems; and  

 Estimate Manning's roughness coefficients for floodplains. 

2.2. Review of Relevant Reports 

Integrated Water Cycle Modelling (August 2002) 
Hunter Water Australia (HWA) prepared the report for Rylstone Shire Council to document 
outcomes from the integrated water cycle modelling.  HWA developed the following quantitative 
models of the various components of the water cycle:  

 Catchment modelling using RAFTS-XP; 

 Floodplain modelling using MIKE11; 

 Water system modelling using PIPES++;   

 Wastewater system modelling using MOUSE; and 

 Effluent modelling as part of a sustainable effluent management plan.   

The report details the above models developed by HWA and, where appropriate, provides 
recommendations for future work, which could be undertaken to improve the models.  Both 
RAFTS-XP and MIKE11 models developed in the 2002 study were available to this study.  

Windamere Dam PMP Design Flood and Spillway Adequacy Study (1999) 
The report was prepared by SMEC Australia for the NSW Department of Land and Water 
Conservation.  A hydrologic model using RAFTS was developed for the catchment area 
(1,088km2) of Windamere Dam.  The RAFTS model was calibrated against recorded streamflow 
data for three storm events (1971, 1973 and 1976) and the model was verified against recorded 
streamflow data for four storm events (1956, 1986, July 1990 and August 1990).  The verified 
model was used to define inflow and outflow frequency curves for Windamere Dam for storm 
events between 1 in 20 AEP and 1 in 1,000,000 AEP.  Inflows to Windamere Dam for 1 in 20 AEP, 
1 in 50 AEP and 1 in 100 AEP were estimated at 430m3/s, 607m3/s and 768m3/s, respectively.   The 
RAFTS model used in the 1999 study was not available to this study. 
 
Rylstone Flood Study Report (June 1987)  
This reconnaissance flood study report was prepared by the Department of Water Resources to 
define flood behaviour for the town of Rylstone under the current conditions.   The report details 
the results of flood investigations based on the historical flood of February 1955, which was 
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considered as the highest flood recorded in the last century.  The elevation of the 1955 flood is 
equivalent to a gauge height of 4m on the traffic bridge gauge.  No residential or industrial 
properties were affected by 1955 flood and, hence, no flood marks were recorded on buildings or 
other structures.  The Department obtained three flood marks of the 1955 flood, which allowed an 
estimate of the 1955 profile in the town to be made.  Estimated 1955 flood levels at the Filtration 
Plant, Louee Street Bridge, Dabee Street and Cudgegone Street were 570.5, 570.0, 569.5 and 568.5 
mAHD, respectively.    
 
Report on Stormwater Drainage for the Towns of Kandos & Rylstone (July 1975) 
The report was prepared by Sinclair Knight & Partners for Rylstone Shire Council as an outcome 
of a study on the overall drainage systems of Kandos and Rylstone.  The following tasks were 
undertaken as part of the study: 

 Delineation of stormwater catchment boundaries; 

 Calculation of discharge rates in the in 1 in 5 AEP storm event; 

 Comparison of the capacity of the existing structures with calculated discharge rates; and  

 Recommendations for various works.  

While the calculation methods were not stated in the report, it is likely that the flows and pipe 
capacities were estimated based on Rational Method flow calculations and Manning’s n capacity 
calculations, respectively. 

Studies Relating to Rylstone Dam 

MWRC provided over a dozen reports on Rylstone Dam addressing spillway hydrology, dam break 
study, structural review, geotechnical investigation, dam surveillance, dam safety emergency plan, 
portfolio risk assessment, review of environmental factors, flood security upgrade, survey of 
reservoir etc.  The following reports of relevance to this study were reviewed and key outcomes 
from the review are summarised below: 

 Dam Safety Emergency Plan for Rylstone Dam (February 2010) - A Dam Safety 
Emergency Plan (DSEP) for Rylstone Dam was prepared by NSW Public Works for MWRC  
to address preparedness in relation to the occurrence of an emergency condition at Rylstone 
Dam resulting from flooding, earthquake and other emergency situations.  The report provides 
information necessary for emergency agencies to manage a downstream evacuation in the 
unlikely event of a potential dam failure.  The study used flooding conditions downstream of 
the Rylstone Dam based on a Base Safety Conditions (BSC) Study undertaken by Public 
Works Department in 2001 (PWD 2001).  Inundation maps were produced as part of the DSEP 
using 16 surveyed cross sections from the 2001 BSC along Cudgegong River covering a 
distance of 3.1km downstream of the Dam.  Flood inundation maps were used to estimate the 
number of houses inundated by the various flood cases.  The PMF for Rylstone Dam adopted 
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in the study was approximately 6,100 cumecs (m3/s).  The study recommended updating the 
BCS Study based on the 2003 PMF Study for Rylstone Dam, which determined the peak 
inflow to be 14,700 cumecs. 

 Rylstone Dam Survey prepared by GHD Pty Ltd (2009) – company ‘Whelans Insites’ 
undertook a topographic and bathymetric survey over the catchment area of the Rylstone Dam 
extending to RL 580.5 mAHD on 6 and 13 November 2008. The storage volumes at the Dam 
were calculated for various depths from 568.0 to 580.5 mAHD. 

 Rylstone Dam Probable Maximum Flood Study (August 2003) - The report was prepared 
by NSW Department of Commerce for Rylstone Shire Council to assist in the preparation of a 
dam safety emergency plan for Rylstone Dam.  A hydrological model using RORB was 
developed for the catchment area of Rylstone Dam.  The RORB model parameter values were 
estimated using recommended regional relationships.  The Bureau of Meteorology's Bulletin 
53, as amended in December 1996, was used to estimate the probable maximum precipitation 
for the catchment area of Rylstone Dam.  Estimated peak outflows from the Dam for the PMF 
event varied between 5,455 m3/s and 13,350 m3/s depending on the value of kc (a parameter of 
the RORB model).  Hydrographs based on three values of kc (14.32, 21.91 and 42.62) are 
presented in the report.  A kc value of 14.32 provides the upper bound flood estimate while a kc 
value of 42.62 provides the lower bound flood estimate for the PMF event.  The study 
estimated the peak inflow to be approximately 14,700 cumecs (m3/s).  Details on the RORB 
model set up are not available in the report and the RORB model was not available to this 
study.   

 Rylstone Dam, Dambreak Study for Rylstone Shire Council (January 1993) - NSW Public 
Works undertook the dambreak study using the BOSS DAMBRK program.  A 3 km reach of 
the Cudgegong River was modelled in BOSS DAMBRK using 16 cross sections.  Cross 
sections were obtained from Council's on-site physical survey, after confirmation of locations 
by a combined PWD/Council site inspection.  A preliminary estimate on the PMF (peak inflow 
of 6,077 m3/s) was derived from the 6 hour Probable Maximum Precipitation (PMP) event.  
Three hypothetical dambreak scenarios were investigated in the study including a sunny day 
failure and Imminent Failure Flood (IFF) with and without dam failure.  Number of dwellings 
located within the flood inundation zones for the sunny day failure event, IFF without dam 
failure and IFF with dam failure were estimated at 2, 3 and 11, respectively.          

2.3. Review of Available Data 

2.3.1. Rainfall Data 

The Bureau of Meteorology's website was searched to locate rainfall stations in the close proximity 
of both townships.  The rain gauge (No. 062026) located at Rylstone (Ilford Road) is the closest 
rain gauge to both Kandos and Rylstone.   The gauge was opened in 1881 and is still in operation.  
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Twenty (20) highest 1-day (9 AM to 9 AM) rainfall events recorded at the gauge are shown in 
Figure 2-1. 

 Figure 2-1 Recorded 1-day Peak Rainfall in Rylstone (Ilford Road) Gauge 

 

Figure 2-1 shows that the maximum 1-day rainfall recorded at the gauge was 132mm, which 
occurred in 1926, and since 1980 the recorded 1-day peak rainfall is lower than 80mm.   

Significant flooding was experienced in Rylstone and Kandos in December 2010.  A review of 
rainfall data for November and December 2010 indicates that a number of storm events were 
recorded at the gauge indicating wet catchment conditions during both months.  The recorded 
rainfall for November 2010 was more than double the mean monthly rainfall for November and the 
rainfall recorded in December 2010, was almost three times the mean monthly rainfall for 
December.  Wet catchment conditions coupled with additional rainfalls from other storm events 
resulted in flooding in parts on the catchment in December 2010.     

2.3.2. Streamflow Data 

A review of PINNEENA version 9.3 (a surface water database released by NSW Office of Water) 
shows that there are two streamflow gauging sites on the Cudgegong River in Rylstone.  Details on 
the gauges are provided below: 

 Cudgegong River at Upstream Rylstone (GS 421184) - This site commenced in June 2009 and 
water level records for two months are available in PINNEENA. 

 Cudgegong River at Rylstone Bridge (GS 421038) - This gauge was commissioned in 1957 
and was discontinued in 1980.  Monthly flow volumes are available in PINNEENA for this 
site.   
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2.3.3. Data Provided by Council 

MWRC provided the following data including topographic data, aerial photography, GIS layers and 
modelling data:   

 Airborne Laser Survey (ALS)  with a vertical accuracy of +/- 0.15m 

 0.5m contours based on ALS data 

 Corrected Cadastre  accurate to 0.15m 

 Layout plan of the existing drainage system in MapInfo 

 Imagery for the study areas 

 Natural drainage layer in MapInfo 

 Zoning maps in MapInfo 

 Hydrologic and hydraulic modelling data from the Integrated Water Cycle Modelling Study 
(August 2002). 

 

2.4. Review of the Available Computer Models 

2.4.1. Hydrologic Model 

The RAFTS-XP hydrologic model used in the Rylstone Integrated Water Cycle Modelling Study 
(HWA 2002) was provided by MWRC for use in this study.  A review was undertaken on the 
RAFTS-XP hydrologic model prior to using the model in this study.  Outcomes from the review 
are provided below: 

 Catchment Area - The total catchment area of the Cudgegong River represented in the 
RAFTS-XP model is 862 km2 , which is 226 km2 smaller than the catchment area of 
Windamere Dam. The catchment area represented in the model at Rylstone Dam is 533.4 km2 , 
which is almost the same catchment area for Rylstone Dam reported elsewhere.  

 Impervious Areas - A 32.7 ha area is included in the RAFTS-XP model to represent 
impervious areas in Rylstone.  This is considered a reasonable estimate. 

 Rylstone Dam - The storage capacity of Rylstone Dam at the Full Supply Level (FSL) of 
580.03 mAHD, is 3,320 ML (DoC 2004).  However, a storage volume of 13,012 ML is 
represented in the RAFTS-XP model at FSL, which is almost four times the storage capacity 
of Rylstone Dam at FSL.   The spillway discharge is calculated in the model using a 140m 
long broad crested weir (crest at FSL) with a coefficient of discharge value of 2.1.  A 260 m 
long fuse plug at dam crest is also defined in the model.  The report (HWA 2002) does not 
clarify why a stage-discharge table was not used to define the capacity of the spillway.   

 Model calibration and verification - The report (HWA 2002) does not indicate that the model 
was calibrated or validated. 
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 Although the catchment area is located in “Zone 2” as defined in Australian Rainfall Runoff, 
rainfall temporal patterns for "Zone 1" were adopted in the HWA 2002 study. 

 Rainfall losses - An initial rainfall loss of 20mm and a continuing rainfall loss of 2.3mm/hour 
were used for both pervious and impervious areas for all storm events up to and including the 
1% AEP event.  The adopted rainfall losses for pervious areas are considered reasonable, 
however, it is considered appropriate to use 1mm initial loss and zero continuing loss for 
impervious areas.      

 Comparison of design peak discharge - The RAFTS-XP model was used to simulate design 
discharges for 100%, 50%, 20%, 10%, 5%, 2% and 1% AEP event.  A comparison of 
estimated peak discharges for 5%, 2% and 1% AEP events for the Cudgegong River is shown 
in Table 2-1, which shows that design discharges estimated in the HWA 2002 study are 
significantly higher than that estimated in the SMEC 1999 study.  It is to be noted that the 
hydrologic model used by SMEC was calibrated and verified against recorded streamflow 
data, and hence, design discharges estimated in the SMEC study are considered more robust 
than that estimated by HWA.        

 
 Table 2-1 Comparison of Peak Design Discharges (cumecs) 

Flood Event (AEP) Cudgegong River and 
Carwell Creek Junction 
(Catchment area = 862 

km2)1 

Inflow to Windamere 
Dam (Catchment area = 

1,070 km2)2 

5% 492 430 
2% 662 607 
1% 832 768 

1 HWA 2002; 2 SMEC 1999 

Given the wide discrepancy between HWA (2002) estimated peak discharge and SMEC (1999) 
estimates, it was recommended to update the RAFTS-XP model for the Cudgegong River as part of 
this study. 

2.4.2. Hydraulic Model 

The hydraulic model used in the Rylstone Integrated Water Cycle Modelling Study (HWA 2002) 
was provided by MWRC for use in this study.  A review was undertaken on the MIKE11 hydraulic 
model prior to using the model in this study.  Outcomes from the review are provided below: 

 Model extent – The following flow paths were represented in the MIKE11model: 

 Cudgegong River (70.9 km)  including a 51.6 km reach of Cudgegong River upstream of 
Rylstone Dam    

 Cumber Melon Creek (10.6 km)  which is located outside the area of  interest to this study 
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 Carwell Creek (29.4 km)  which is located outside the study area for this study 

 Coxs Creek (14.7 km) which is located upstream of Rylstone Dam 

 Tong Bong Creek (4.44 km) of Tong Bong Creek 

 Channel network - The Cudgegong River and its associated floodplain is represented as a 
single flowpath within the study area for Rylstone.  The model includes additional flow paths 
that are located outside the study area for this study, which could be excluded from the model 
configuration.      

 Cross Sections - The report (HWA 2001) shows that 18 cross sections used in the MIKE11 
model are surveyed cross sections.  Insufficient information was available on location of cross 
sections and generally cross sections were extrapolated to represent the floodplain in the 
model.  Cross sections for Cudgegong River used in the model further downstream of Rylstone 
Sewage Treatment Works were possibly sourced from the available topographic mapping.  A 
comparison of three surveyed cross sections with the corresponding cross sections extracted 
from the ALS data showed a reasonable agreement between the two sets of data.  Hence, 
additional cross sections need to be extracted from the ALS data for a better representation of 
the terrain in the MIKE11 model.   

 Waterway Crossing - Bridges, weirs etc. represented in the model, need to be updated using 
work as executed drawings and field survey.  

 Manning's n values - Manning's n values used in the model are generally considered 
reasonable estimates.   

 Downstream boundary condition - The model uses a fixed water level at Lake Windamere.  It 
is considered appropriate to use a stage-discharge rating curve as the downstream boundary of 
the model.  A stage-discharge rating curve will be developed for use in the model.       

 

2.5. Community Consultation  

2.5.1. Flood Questionnaire 

A community consultation process was initiated to obtain flood information for past events.   This 
involved sending a newsletter and a questionnaire (included in Appendix A) to 
residents/landowners within the study areas in Kandos and Rylstone.  The newsletter introduced the 
floodplain management process to the residents of the areas, described the purpose of the 
questionnaire and provided the residents with contacts for their responses.  The questionnaire was 
prepared in consultation Council to help identify flood and drainage issues in the study areas and to 
provide reliable flood information to assist in the validation of the hydrologic and hydraulic 
computer models.   An electronic copy of the newsletter and questionnaire was provided to Council 
and Council distributed printed copies of the newsletter and questionnaire to residents in July 2011. 
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 The flood information that was requested included: 

 General information such as: 

 Residents from the Study Area 

 Ownership of the residence 

 How long residents lived at the property 

 Specific flood information such as: 

 Experience on flooding in residence and/or at work 

 Location and depth of flood water in the worst flood experienced 

 Duration of flooding 

 Flood damages to residence and business 

 Disruption to vehicular access to residence during flooding 

 Identify information (eg. flood photographs, newspaper clippings, flood marks etc)  that 
can be provided to Consultants  

 Flooding to residence made worse by works on other properties or by construction of 
roads or other structures 

 Any comments on any other issues associated with this study. 

The responses to community survey were thoroughly reviewed for information of major flooding 
effects that could be useful for validation of the hydrologic and hydraulic computer models.  

2.5.2. Summary of Responses to Flood Questionnaire 

In total of six (6) responses were received from the community to the questionnaire.  Three (3) 
respondents are residents of Rylstone; one respondent is a resident of Kandos; one respondent lives 
in Clandulla (which is located outside the study area) who identified a flooding problem area in 
Rylstone, which is also located outside the study area; and one respondent intends to live in 
Rylstone and identified benefits of flooding on the re-vegetation of the riparian area of the 
Cudgegong River through Rylstone.  A summary of information provided by respondents is 
provided below. 

  



Flood Study for Kandos and Rylstone  

SINCLAIR KNIGHT MERZ       
 
I:\ENVR\Projects\EN03015\Deliverables\Reports\EN03015 Flood Study Report Draft 3May2012.docx PAGE 14 

Kandos 

The owner has been living in the dwelling on 15 George Street, Kandos for the last 30 years.  A 
storm event in 2010 resulted in a 0.4m depth of flooding in the garage and washed out the 
driveway.  Photographs (refer to Figure 2-2 to Figure 2-4) provided by the owner indicate that 
stormwater from Darton Park (located at the corner of George and Mason Street) runs along both 
George Street and Mason Street, which is obstructed by the culvert under the driveway of the 
property on 15 George Street.  The obstruction at the driveway culvert caused stormwater to run 
along the driveway in a northerly direction.  

 

 
 Figure 2-2 Stormwater from Darton Park moving along George Street 
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 Figure 2-3 Stormwater impeded by culvert under the Driveway of 15 George Street  

 

 
 Figure 2-4 Stormwater running along the Driveway of 15 George Street  
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Rylstone 

Information provided by respondents relating to flooding issues in Rylstone is discussed below: 

 Blockage of pipe culvert under driveway of 42 Carwell Street, Rylstone - A pipe culvert 
(approximately 900mm diameter) under the driveway is approximately 75% blocked with silt, 
gravel and rocks.  Stormwater from the adjoining Council yard and Piper Street is drained 
through the pipe culvert under the driveway, and hence, clearing this culvert is desirable. 

 Flooding on 2571 Bylong Valley Way, Rylstone - Two respondents identified flooding on this 
property.  Following further discussion with the owner of the property it is understood that the 
backyard was flooded during a storm event about ten (10) years ago.   

 Re-vegetation and Rylstone Weir -  The respondent (who lives outside the study area) 
highlighted the importance of re- vegetation along the Cudgegong River in mitigating bank 
erosion.  The respondent was involved in re-vegetation of a 450m reach along the Cudgegong 
River upstream of Rylstone.  The respondent believes that removal of the weir will have a 
positive impact on flooding in Rylstone and movement of fish and platypus. 

  Access to Rylstone Cemetery cut-off - The respondent (who lives outside the study area) 
identified flooded sections of Glen Alice Road, Brown Lane and Narrango Road, which cut off 
access to the cemetery.  In 2010, Narrango Road was impassable for a week due to one storm 
event.   

 

2.6. Additional Topographic Survey  

Collection of stormwater details by MWRC was included as part of the study.  Survey of additional 
waterway crossings (eg. bridges, culverts, weirs etc) was included in the scope of the additional 
topographic survey. MWRC engaged Whelans Insites to undertake the additional survey.  
Topographic data provided by Whelans Insites to MWRC are included in Appendix B. 
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3. Cudgegong River Catchment Flooding  
 

3.1. Background 

Cudgegong River drains a catchment area of approximately 590 square kilometres at the southern 
boundary of Rylstone, near the Sewage Treatment Works (STW).  Rylstone Dam (catchment area 
535 square kilometres) is located on Cudgegong River approximately 1.5 kilometres north-east of 
Rylstone.  The dam (15m high, a crest length of 143m and a storage capacity of 3,320 ML at full 
supply level) comprises of a concrete arch section with earthfill embankments on both ends.    

Cudgegong River flows in a westerly direction through a well defined valley for approximately 1 
kilometre downstream of Rylstone Dam.  An unnamed creek joins the river from the south beside 
the Water Treatment Plant (WTP).  Tongbong Creek joins the River from the north approximately 
200 metres downstream of the WTP.  The Wallerawang-Gwabegar Railway line crosses 
Cudgegong River downstream of its junction with Tongbong Creek.  Bylong Valley Way crosses 
the River downstream of the Railway crossing.   The River then flows along the western edge of 
the township into open undulating country before flowing into Windamere Dam reservoir located 
15 kilometres downstream. 

Except for the urban area of the township, the dominant land use within the catchment is forest and 
there are significant rural areas within the catchment.  Urban development in Rylstone extends to 
the edge of the narrow floodplain of the Cudgegong River and only developments on the floodplain 
are playing fields and associated buildings.    

The flood event February 1955 is considered as a major event Rylstone, which is equivalent to a 
gauge height of 4m on the traffic bridge gauge.  No residential or industrial properties were 
affected by 1955 flood, and hence, no flood marks were recorded on buildings or other structures 
(DWR 1987). 
 
3.1.1. Updating of the Hydrologic Model 

The hydrologic model used in the Integrated Water Cycle Modelling (HWA 2002) was updated to 
reconcile estimates of design discharges with SMEC 1999 study.  The following updates were 
made to the RAFTS-XP hydrologic model: 

 The storage capacity of Rylstone Dam was based on the November 2008 Rylstone Dam 
Survey and the spillway rating curve presented in DoC 2004 study was adopted ; 

 An initial rainfall loss of 1mm and a continuing rainfall loss rate of 0 mm/hour were assigned 
to represent losses for the impervious area; and 
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 Rainfall temporal pattern were set to "Zone 2" instead of "Zone 1" defined in the HWA 2002 
study. 

The updated RAFTS-XP model was run for the 36 hour storm (which produced peak discharges in 
Rylstone) for all design flood events.  A comparison of peak discharge between the updated 
RAFTS-XP model and SMEC 1999 study, are shown in Table 3-1, which shows  that discharges 
estimated for Windamere Dam catchment (area 1070 km2) are consistently higher than the 
corresponding discharges estimated in this study.  

 Table 3-1 Comparison of Peak Design Discharges (cumecs) 

Flood Event 
(AEP) 

Cudgegong River and Carwell 
Creek Junction (Catchment 

area = 862 km2)1 

Inflow to Windamere 
Dam (Catchment area = 

1,070 km2)2 

5% 337 430 
2% 451 607 
1% 575 768 

1 this study; 2 SMEC 1999 

Peak discharges estimated for the full range of flood events between 20% AEP and 0.5% AEP 
events are shown in Table 3-2.   Table 3-2 also shows peak inflows and outflows for Rylstone 
Dam, which indicates almost no attenuation of peak discharge due to Rylstone Dam.   
 

Table 3-2 Estimated Peak Design Discharges (cumecs) for 36 Hour Storm 

Flood Event  Rylstone Dam  Tong Bong 
Creek 

Town 
Catchment 

Tong Bong/ 
Cudgegong River (AEP)  Inflow  Outflow 

20%  169  167  26  19  172 
10%  231  230  34  24  238 
5%  327  325  46  32  337 
2%  435  432  57  39  451 
1%  548  546  69  48  575 
0.5%  668  665  83  57  702 

 

The inflow hydrograph for the PMF event adopted in this study was sourced from the DoC’s 2003 
report, which produced a peak inflow of 14,700 m3/s from Rylstone Dam for the 4 hour PMP event. 

3.1.2. Updating of the Hydraulic Model 

A review of the MIKE11 hydraulic model developed in the Integrated Water Cycle Modelling 
(HWA 2002) project was undertaken as part of the study.  Outcomes from the review are provided 
in Section 2.4.2.  The following updates were made to the MIKE11 model: 
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 All flow paths located outside Rylstone were removed from the model set up which 
represented Cumber Melon Creek, Carwell Creek and Cox’s Creek;         

 Reduced lengths of Cudgegong River (between Chainage 51630m to 56140m) and Tong Bong 
Creek (between 3400m to 4440m) were included in the model due to the availability of ALS 
data for the study area within Rylstone;    

 An additional flow path was included in the MIKE11 model to represent the elevation-lake 
area relationship and spillway capacity for Rylstone Dam;   

 In total twenty eight (28) cross sections were used in the MIKE11 model to represent 
Cudgegong River of which 9 cross sections were sourced from the HWA 2002 study and the 
remaining 19 cross sections were extracted from the ALS data; 

 All nine (9) cross sections used to represent Tong Bong Creek were extracted from the ALS 
data; 

 Manning’s n values assigned to cross section were based on site reconnaissance and aerial 
imagery; 

 A tailwater rating curve was used to define the downstream boundary of the model in the 
Cudgegong River; and  

 The foot bridge over Cudgegong River was included in the model. However, Rylstone Weir 
could not be included in the model as the weir crest was located above invert of cross sections 
extracted from the ALS data.    

 

3.2. Flood Behaviour for the Existing Condition 

3.2.1. Flood Behaviour 

The updated MIKE11 model was run for 0.5%, 1%, 2%, 5%, 10%, 20% AEP events and the PMF 
event.  Peak water levels, discharge, velocities and times to reach peak water levels for all 
modelled events are presented in Appendix C.  Peak water level profiles and peak velocity profiles 
in Cudgegong River downstream of Rylstone Dam are shown in Figure 3-1 and Figure 3-3.   
Following observations can be made from Figure 3-1: 

 Variation in peak water level profiles for all flood events between 0.5% AEP and 20% AEP is 
consistent;  

 Peak water levels in Cudgegong River for the 0.5% AEP and 20% AEP vary between 2m to 
3.5m. The range of variation for the two events is the smallest in the vicinity of the foot bridge 
and the range of variation is the largest downstream of the weir; and 

 The flood profile for the PMF event is, at least, 10m above the flood profile for the 0.5% AEP 
event and afflux at the railway bridge and the traffic bridge are very significant.   
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Peak velocities in Cudgegong River for the 20% AEP to 0.5% AEP events vary between 0.5m/s to 
2.5m/s as shown in Figure 3-3.  However, velocities can be as high as 6m/s in the case of the PMF 
event.  

3.2.2. Comparison of Peak Water Level Profiles 

Peak water levels in Cudgegong River for the 1% AEP event estimated in the HWA 2002 study 
were provided by MWRC.  A comparison of peak water level profiles between this study and the 
HWA 2002 study is shown in Figure 3-1.  

 Figure 3-1 Comparison of 1% AEP Peak Water Levels in Cudgegong River 

 

Figure 3-1 shows that upstream of the WTP, 1% AEP peak water levels estimated in this study are 
higher than HWA 2002 study.  However, peak water levels estimated in the 2002 study between 
Bridge Street and the Foot Bridge are up to 0.5m higher than this study.  Downstream of the Foot 
Bridge, peak water levels estimated in this study are up to 0.8m higher than those adopted in the 
2002 study.   
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The sensitivity of the 1% AEP peak water level profile on the adopted downstream boundary 
condition was assessed by lowering and raising the downstream boundary condition by 1m.  The 
resulting 1% AEP peak water level profiles are also shown in Figure 3-1, which indicates that peak 
water levels upstream of Bridge Street are almost insensitive to the adopted tailwater boundary 
condition.  In the vicinity of the STW, 1% AEP peak water level is lowered by 0.2m and raised by 
0.3m due to changes in tailwater boundary condition by 1m indicating robust boundary condition.  
Downstream of the STW, the 1% AEP peak water level profile with 1m lowered tailwater 
boundary condition results in higher water levels than the HWA 2002 study.    

The topographic data available to this study are more detailed than that available to the HWA 2002 
study and consequently flood levels estimated in this study are expected to be more reliable than 
the previous study.       

3.2.3. Flood Mapping 

Modelled peak water levels for the following events were used in ArcMap to delineate flood 
extents which are shown in Figure 3-4.   

 20% AEP; 

 1% AEP; 

 1% AEP + 0.5m (ie. the Flood Planning Level(FPL)); and  

 PMF.   

Figure 3-4 shows that the flood extent for the 20% AEP event is limited within the bank of 
Cudgegong River and flood extents for the 1% AEP event and 1% AEP event plus 0.5m freeboard 
are very similar.  The PMF event causes extensive inundation in Rylstone and the majority areas 
within the township are inundated by the PMF event.  

A flood hazard map was prepared for the Flood Planning Level (FPL) using flood extent for the 
FPL event and peak velocities for the 1% AEP event.  High hazard and low hazard areas were 
identified for the FPL using the criteria adopted in the NSW Government's Floodplain 
Development Manual (2005), and are shown in Figure 3-5.   

The delineation of hydraulic categories is important with the adoption of merit based flood policy.  
This is because the NSW Government's Floodplain Development Manual (2005) recognises three 
hydraulic categories of flood prone land (floodway, flood fringe and flood storage).  Definition of 
floodways, flood storage and flood fringe, as given in the Manual, are presented below: 

 Floodways are those areas where a significant volume of water flows during floods and are 
often aligned with obvious natural channels.  They are areas that, even if only partially 
blocked, would cause a significant increase in flood levels and/or a significant redistribution of 
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flood flow, which may in turn adversely affect other areas.  They are often, but not necessarily, 
areas with deeper flows or areas where higher velocities occur. 

 Flood Storage areas are those parts of the floodplain that are important for the temporary 
storage of floodwaters during the passage of a flood. 

 Flood fringe is the remaining area of land affected by flooding, after floodway and flood 
storage areas have been defined.   Development in flood fringe areas would not have any 
significant effect on the pattern of flood flows and/or flood levels. 

After reviewing the nature of riverine flooding in Rylstone and considering the fact that the low 
flow channel of the Cudgegong River is poorly represented in the ALS data, it is recommended that 
the flood extent for the 20% AEP event be classified provisionally as floodway and the remaining 
areas would be classified as flood fringe.  It is further recommended that the provisional hazard 
categories be based on hazard categories shown in Figure 3-5.     
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3.3. Flood Behaviour with Potential Failure of Rylstone Dam 

Failure of Rylstone Dam has the potential to impact on flooding in Rylstone.  Hence, an assessment 
was made to quantify potential impact on flood behaviour in Rylstone.    

3.3.1. Dam Break Scenarios 

Scenarios investigated in this study included the following: 

 A sunny day failure of Rylstone Dam; 

 A Dam Crest Flood (DCF) with and without failure of Rylstone Dam; and 

 A PMF event with and without failure of Rylstone Dam.  

For all scenarios, it was assumed that the reservoir was at Full Supply Level (FSL).  This 
assumption is consistent with the previous dambreak study for Rylstone Dam undertaken by Public 
Works (PWD 1993).  The discharge hydrographs (with a peak inflow of 14,700 cumecs) generated 
by a 4 hour PMP was sourced from the DPWS 2003.  The DCF was estimated to be about 0.37 
PMF.  A 1% AEP flood was assumed downstream of the Dam for all flood scenarios and a small 
release was assumed for the Sunny Day Failure scenario. 

3.3.2. Failure Mechanism 

Rylstone Dam consists of a central concrete arch with embankment sections on both ends.  The 
failure mechanism due to overtopping can be rapid due to sudden failure of the concrete section or 
slow due to erosion failure of the embankment sections.  Based on the outcomes from the 
sensitivity undertaken by PWD (1993), a failure of the concrete section was investigated in this 
study.  A failure time of 5 minutes and vertical side slopes with a breach width of 50m were 
adopted for the failure of the concrete section for all dam break scenarios.  The failure mechanism 
was represented in the MIKE11 model for the investigated scenarios.     

3.3.3. Modelling Results 

Modelling results for the dam break scenarios in terms of peak water levels, discharges, velocities 
and times to peak water levels are presented in Appendix C.  Peak water level, peak velocity and 
time to peak water level profiles along Cudgegong River downstream of Rylstone Dam are 
presented in Figure 3-6, Figure 3-7 and Figure 3-8, respectively.  Figure 3-6 and Figure 3-7 
show that both peak water levels and peak velocities in Cudgegong River for the flood scenarios 
with and without dam failure remain almost unchanged, indicating the capacity of the storage is too 
small to dominate flooding conditions downstream.  However, Figure 3-8 shows that times to peak 
water levels are slightly shorter for flood scenarios with dam break.   
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In the case of the Sunny Day Dam failure, peak water levels in Cudgegong River upstream of the 
Sewage Treatment Works (STW) are higher than 0.5% AEP event.  The difference in peak water 
level between Sunny Day Dam failure and 0.5% AEP event gradually increases upstream of the 
STW and the increment is up to a maximum of 3m at the toe of the Dam.  Peak velocities in 
Cudgegong River for the Sunny Day Dam failure vary between 1m/s to 4 m/s.  Times to reach peak 
water levels for the Sunny Day failure scenario vary from 0.25 hour at the toe of the dam to 0.67 
hour upstream of the STW.    
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4. Stormwater Capacity Assessment 
 

4.1. Background 

Computer models were set up in the DRAINS program to assess the capacity of the existing 
drainage systems for both Kandos and Rylstone. DRAINS simulates the rainfall-runoff process on 
natural and developed catchments, developing flow hydrographs at each entry point in the drainage 
system and then routing and combining flows through the drainage network.  DRAINS is capable 
of modelling multiple storm patterns, pit bypass flows and overland flows.  

4.2. Approach 

4.2.1. Modelling Program 
The computer program that was selected for use in this study was DRAINS (O’Loughlin and Stack, 
2003).  DRAINS is a comprehensive program for designing and analysing urban stormwater 
drainage systems.  DRAINS is an updated version of the ILSAX (O’Loughlin, 1993) program.  
DRAINS includes additional functionality compared to the ILSAX program and allows more 
detailed and accurate modelling of drainage systems including overland flowpaths. 

DRAINS can model drainage systems of all scales, from very large to very small.  The program 
converts rainfall patterns to stormwater runoff hydrographs and routes these through a network of 
pipes, channels and streams. DRAINS carries out the hydrological modelling using ILSAX, the 
Rational Method and storage routing models, together with hydraulic modelling of pipes and open 
channels and automatic design procedures for piped drainage systems.  

DRAINS has been used extensively in NSW and has almost become an industry standard for 
analysing and designing piped stormwater systems.  The version of the DRAINS program used in 
this study was version 2012.04 – 12 March 2012. 

4.2.2. Setting Up DRAINS Models 
The DRAINS models were configured based on pit and pipe survey collected for Council for this 
study. The survey data was comprised of an MS Excel spreadsheet with the following details: 

 Pits: Easting, Northing, pit inlet type and dimensions, depth of pit, comments. 

 Pipes: Conduit type (pipe or box culvert), dimensions, invert levels, Easting and Northing of 
surveyed point (typically one point per pipe), number of cells, comments. 

 Bridges in the study area were also surveyed but not included in the DRAINS models. 

The drainage features included in the DRAINS models are pits, pipes and overflow routes. The pit 
and pipe survey data was plotted in MapInfo as point data, to define their location. Pipe lines were 
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then digitised manually, based on CAD data accompanying the survey table data and the aerial 
photography, to link up the pits and headwall inlets and outlets on each stormwater branch.  

For the purposes of this study, it was assumed that all pits were of unlimited capacity; hence, the 
drainage system capacity is defined by pipe capacity.  

Overflow routes were then manually digitised to define the surface flow routes between pits, 
headwall inlets/outlets and for other flow paths. The overflow routes were defined typically as 
following the surface contours and natural overland flow paths, rather than the street drainage, 
which is a more realistic representation for overland flow patterns in larger magnitude events. This 
approach in configuration results in overland flows often bypassing stormwater pits, and hence the 
drainage network cannot intercept these flows. 

Catchment SIM was used to automatically generate a sub-catchment at each pit and to produce a 
GIS sub-catchment layer.  Impervious fractions and travel times were estimated from aerial 
photography and ALS by overlaying the sub-catchment layer onto land-use GIS layers. An 
impervious fraction value, visually estimated from the aerial photography, was adopted for each 
land-use type. The impervious fractions are tabulated in Table 4-1. 

 Table 4-1 DRAINS Sub-Catchment Land-Use Impervious Fractions  

Land Use Fraction Impervious 

Open Space 0.05 
Commercial 0.50 
Railway 0.20 
Road 0.70 
Rural/Rural Residential 0.10 
Urban/Residential 0.30 
Quarry 0.80 
 

Overland flowpaths, destinations and travel times were determined from the ALS and aerial 
photography data. Sub-catchments were typically assigned to a pit or headwall at its outlet where 
appropriate; otherwise, a simple node was digitised at the sub-catchment outlet and linked to the 
downstream drainage network with an overflow route. 

Significant storages upstream of overland flow paths were modelled as detention basins.  Only one 
significant storage was identified in the study area, that being the storage upstream of the Railway 
embankment on the flow path to the north of Kandos Quarry, with a storage depth of 
approximately 6m before it overflows over the railway embankment, and a storage volume of 
approximately 25,000m3. Other minor storages were identified upstream of the Railway 
embankment, to the north of Kandos Railway Station, but were considered to be relatively small 
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and unlikely to significantly attenuate flood flows, and hence were excluded from the DRAINS 
model.    

Input data used in the DRAINS models for both Kandos and Rylstone are included in Appendix C. 

4.2.3. Parameter Values Used in DRAINS 
The following modelling approach and assumptions have been adopted in the DRAINS modelling: 

 Pit inlet blockage factors were assumed to be zero (unblocked), to maintain the unlimited pit 
inlet capacity assumption; 

 A pit hydraulic loss coefficient (Ku) value of 1.5 was adopted for the purposes of this study. 
For part-full flows, Ku values were set to 35 mm;  

 Sag pits were defined with a typical sag storage volume of 10m3 and a depth of 0.5m; 

 Headwall inlets were assumed to have a Ku value of 0.5; 

 It was assumed that all impervious areas are directly connected, i.e. that supplementary areas = 
0;  

 The pipe roughness was kept at the default Colebrook-White roughness coefficient value of 
0.3mm; and  

 Travel times for sub-catchments and overflow routes were based on the longest flow path 
determined in Catchment SIM and flow velocities of 0.7 m/s for paved areas and 0.5 m/s for 
grassed areas. 

 

4.2.4. Estimation of Design Rainfall and Runoff 
An ILSAX hydrological model was adopted for the DRAINS modelling with the following 
parameters used: 

 An Antecedent Moisture Condition “AMC” of 3 (“Rather Wet” soil moisture condition) for 
storm events up to and including the 1% AEP event. An AMC of 4 (“Totally Saturated” soil 
moisture condition) was adopted for the 0.5% AEP and PMF events; 

 A soil type of 3 (slow infiltration rates which may have layers that impede downward 
movement of water); 

 Paved area depression storage of 1 mm and grassed area depression storage of 5 mm. 

 

Design rainfall intensities for the 20%, 10%, 5%, 2%, 1% and 0.5% AEP events were estimated 
based on Intensity-Frequency-Duration (IFD) parameter values from the Bureau of Meteorology 
online IFD calculator for both Kandos and Rylstone. Temporal patterns for AR&R Zone 2 
(Murray-Darling Basin) were assumed. The DRAINS models were run for the 10, 15, 20, 25, 30, 
45, 60, 90, 120 and 180 minute duration events for these design AEP events. 
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Intensities for the PMP events were calculated based on the Generalised Short Duration Method 
(GSDM) (BOM, 2003). Design temporal patterns from GSDM were adopted.  A constant rainfall 
depth across each catchment was assumed. The PMP storm was also run for the 15, 30, 45 and 60 
minute storm durations.  

4.3. Stormwater Capacities for Rylstone 

DRAINS model results for are presented in Appendix C and model results for Rylstone were 
analysed to determine the design capacity for each pipe, which is mapped in Figure 4-1.  The pipes 
with a 1% AEP capacity are typically located in the upper sections of the drainage network or on 
minor branches, where there is typically a number of overflow routes bypassing this section of the 
network. These overflow routes tend to converge on the lower sections of the drainage network, 
hence the flows intercepted by the network are relatively larger and the pipe event AEP tends to be 
smaller. 

4.4. Stormwater Capacities for Kandos 

The DRAINS model results (presented in Appendix C) for Kandos were analysed to determine the 
design AEP capacity event for each pipe, which is mapped in Figure 4-2.  The estimated pipe 
capacities range from less than the 20% AEP event to greater than the 1% AEP event. The pipes 
with a 1% AEP capacity are typically located in the upper sections of the drainage network or on 
minor branches, where there is typically a number of overflow routes bypassing this section of the 
network. These overflow routes tend to converge on the lower sections of the drainage network, 
hence the flows intercepted by the network are relatively larger and the pipe event AEP tends to be 
smaller. 

The majority of pipes in Kandos have adequate capacities for events up to 20% AEP.  The main 
stormwater system starting at Buchanan Street and crossing Angus Avenue, Rodgers Street, Dangar 
Street, Fleming Street and finally discharging on Dunn Street have capacities less than 20% AEP in 
the section between Buchanan Street and Fleming Street which run through private properties. 

Note that there is uncertainty in the pipe network configuration upstream of pipe ST00520 (corner 
of George Street and Bent Street, Kandos). It was difficult to determine the exact configuration 
from the available survey, Council GIS layers, aerial photography and DEM due to incomplete and 
conflicting information.  There is therefore likely to be some inaccuracy in the pipe hydraulic 
conditions at this location, though overland flows are likely to be estimated satisfactorily 
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5. Local Overland Flooding 
5.1. General 

Stormwater drainage, which surcharges the piped drainage system, is likely to be conveyed along 
the street system and natural flow paths in the towns, and/or rural areas bordering the towns.  
Hydraulic modelling was undertaken to estimate flooding conditions in major overland flow paths 
including depths, velocities and flood hazard category of flow in the street and other overland flow 
paths.  Hydraulic models for the main flow paths in the two towns were set up using HEC-RAS.   

A Digital Elevation Model (DEM) was created using the ALS data for each town.  The DEM was 
used to cut adequate cross sections for the selected overland flow paths to be represented in the 
HEC-RAS models.  Major hydraulic structures and obstructions to flow and bed resistances were 
defined in the HEC-RAS model.   The flows applied to the HEC-RAS models were computed from 
the DRAINS modelling and represented discharges surcharging or not captured by the existing 
piped system.    

5.2. Approach 

5.2.1. HEC-RAS Model Development 
HEC-RAS (US Army Corps of Engineers, 2003) program was used to undertake hydraulic 
modelling of the main overland flow paths in and around both Kandos and Rylstone. Main flow 
paths modelled using HEC-RAS were selected on the basis of the following considerations: 

 Location: flow paths that run through a number of properties; and 

 Peak discharge: those flow paths carrying a relatively high discharge are more likely to present 
a flood risk.  

Cross-sections, which were extracted from the ALS data, were used to set up the HEC-RAS 
models.  The ALS data represented the existing topographic conditions.  The cross-sections were 
located at more frequent intervals in potential flooding problem areas, in order to define flood 
levels and velocities in more detail at these locations.  It was assumed in the HEC-RAS model that 
existing fencing would fail and would allow floodwater to move freely from one property to 
another without forming a solid obstruction.  A high Manning’s n value of 0.1 was used in HEC-
RAS models to represent friction losses through properties. Recent aerial photography of the area 
and a site reconnaissance were used to assign Manning’s n values to model cross sections.   

The HEC-RAS models were set up to include the overland flow paths connected to and including a 
section of the downstream main waterways. This was done to ensure that realistic tailwater 
conditions were applied to the local overland flow paths affecting both Kandos and Rylstone 
townships.  
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All HEC-RAS models were run for steady-state solutions for the mixed flow regimes, which were 
considered suitable for the level of detail required in this study.  Normal flood depths were used to 
define both upstream and downstream boundary conditions for running the models for the mixed 
flow regimes.   

All HEC-RAS models were run for 20%, 10%, 5%, 2%, 1%, 0.5% AEP and PMF events under the 
existing conditions.  

5.2.2. Flood Behaviour 
 A set of flood surfaces was created using the HEC-RAS modelling results for the 20% AEP, 1% 
AEP, 1% AEP + 0.5m free board (ie. FPL) events and the PMF.  The modelling results were 
imported into the GIS, where each cross-section was attributed with the flood level results.  This 
allowed the creation of flood surface data.  The intersection between the DTM (created using ALS 
data) and the flood surfaces was calculated, which defined the extent of flooding.  This allowed 
flood prone areas to be accurately defined.  Flood maps were produced from the GIS, showing 
inundation extents for each flood event.  All analysis and mapping was undertaken using ArcMap.   

A flood hazard map was prepared for the Flood Planning Level (FPL) using flood extent for the 
FPL and peak velocities for the 1% AEP event.  High hazard and low hazard areas were identified 
for the FPL using the criteria adopted in the NSW Government's Floodplain Development Manual 
(2005). 

 

5.3. Local Overland Flood Behaviour for Rylstone  
Detailed HEC-RAS modelling results in terms of peak water levels, discharges and velocities for 
all modelled events are given in Appendix E.  Flood extents for the four selected flood events for 
Rylstone are presented in Figure 5-1 which shows the following:    

 A number of properties are impacted by local overland flooding in a 20% AEP events.  These 
properties are located on the southern end of Louee Street between Dawson Street and Melon 
Street; Cudgegong Road between Dawson Street and Piper Road; Dawson Street; Short Street; 
and Coombers Street.  

 The extent of inundation in a 1% AEP event is slightly more extensive than the 5% AEP 
extent.  

 The FPL covers more areas than the PMF indicating that flood levels in some areas are within 
0.5m of the 1% AEP flood levels. 

 

Flood hazards for the FPL are shown in Figure 5-2 which shows that the flood hazard for majority 
of the flooded areas have low hazard and high hazard areas are located at isolated locations. Flood 
hazard on sections of Tongbong Road, Short Street and Main Street are high for the FPL.    
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5.4. Local Overland Flood Behaviour for Kandos  
Detailed HEC-RAS modelling results in terms of peak water levels, discharges and velocities for 
all modelled events are presented in Appendix E.  Flood extents in Kandos for the selected flood 
events are presented in Figure 5-3 which shows significant flooding in Kandos for the 20% AEP 
event.  Overflows associated with the main stormwater system crossing the Railway at the corner 
of Davies Road and McLachlan Street result in flooding of adjoining properties located along its 
overland flow paths.  Properties along the overland flow path for the stormwater system crossing 
Georges Street are impacted by overflows in the 20% AEP event.  A number of properties on 
Davies Road are also impacted due to in the 20% AEP event.  An overland flow path runs east to 
west between Lloyd Avenue and Anzac Avenue which impacts of a number of properties in the 
20% AEP event.   

The flood extent for the 1% AEP event is slightly more extensive than the 20% AEP flood extent. 
In some areas the PMF is less than 0.5m higher than the 1% AEP event and in some areas the PMF 
is higher than the FPL.    

Flood hazards for the FPL are shown in Figure 5-4 which indicates the following: 

 Flood hazard is generally low in the majority of the flooded areas; and 

 Areas with high flood hazard are present on overland flow paths between Dangar Street and 
Dunn Street; Whites Crescent, Davies Road; Ilford Road; Cario Street and Anzac Avenue.  
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7. Conclusions  
In accordance with NSW Government policy, Mid-Western Regional Council is committed to 
preparing a Floodplain Risk Management Plan for townships of Kandos and Rylstone.  This report 
documents the first two stages of the process of preparing the Plan – that is, the preparation of a 
flood study report. 

The study area included townships of Kandos and Rylstone.  The township of Kandos is located in 
the upper catchment areas of Cumber Melon Creek and hence not subject to riverine flooding.  
However, isolated areas within the township have experienced local overland flooding due to 
limited stormwater capacity. The township of Rylstone is located on the left bank (looking 
downstream) of Cudgegong River which has a very narrow floodplain consisting of a series of river 
flats.  Rylstone Dam is located 1 kilometre upstream of the town.  Rylstone experienced local 
overland flooding in recent years due to limited stormwater capacity.  However, both residential 
and commercial/industrial properties within the township are yet to be impacted by riverine 
flooding in recent memory. 

A community consultation was undertaken to collect information on flooding from the community.  
Information provided by the community indicated no major flooding issues in Kandos and 
Rylstone.  

Hydrologic and hydraulic computer models for Cudgegong River used in a previous study were 
updated to define riverine flood behaviour for Rylstone.  A range of flood events between 20% 
AEP and PMF events was investigated and flood extents and provisional flood hazard mapping 
were undertaken to define flood behaviour in Rylstone.  Flood behaviour due to potential failure of 
Rylstone Dam was also assessed. 

The capacity of the stormwater systems for both Kandos and Rylstone was assessed through the 
development of computer based hydrologic model DRAINS.  Hydraulic modelling was undertaken 
using HEC-RAS hydraulic models to define local overland flood behaviour for both towns.  
Results from HEC-RAS models were used to map flood extents and hazards on local overland flow 
paths.        

Detailed hydrologic and hydraulic modelling undertaken in this study provide a sound platform for 
the flood modelling tasks that will be undertaken during preparation of the Floodplain Risk 
Management Study and Plan for Kandos and Rylstone.        
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9. Glossary 
Annual Exceedence Probability 
(AEP) 

The chance of a flood of a given or larger size occurring in 
any one year, usually expressed as a percentage. 

Australian Height Datum (AHD) A common national surface level datum approximately 
corresponding to mean sea level. 

Average Annual Damage (AAD) Depending on its size (or severity), each flood will cause a 
different amount of flood damage to a flood prone area. 
AAD is the average damage per year that would occur in a 
nominated development situation from flooding over a very 
long period of time.  

Average Recurrence Interval 
(ARI) 

The long-term average number of years between the 
occurrences of a flood as big as or larger than the selected 
event. For example, floods with a discharge as great as or 
greater than the 20 year ARI flood event will occur on 
average once every 20 years. ARI is another way of 
expressing the likelihood of occurrence of a flood event. 

Catchment The land area draining through the main stream, as well as 
tributary streams, to a particular site.  It always relates to an 
area above a specific location. 

Development Is defined in Part 4 of the EP&A Act 

In fill development: refers to the development of vacant 
blocks of land that are generally surrounded by developed 
properties and is permissible under the current zoning of the 
land. Conditions such as minimum floor levels may be 
imposed on infill development. 

New development: refers to development of a completely 
different nature to that associated with the former land use. 
Eg. The urban subdivision of an area previously used for 
rural purposes. New developments involve re-zoning and 
typically require major extensions of exiting urban services, 
such as roads, water supply, sewerage and electric power.  

Redevelopment: refers to rebuilding in an area. Eg. As urban 
areas age, it may become necessary to demolish and 
reconstruct buildings on a relatively large scale. 
Redevelopment generally does not require either re-zoning 
or major extensions to urban services. 

Effective Warning Time The time available after receiving advise of an impending 
flood and before the floodwaters prevent appropriate flood 
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response actions being undertaken. The effective warning 
time is typically used to move farm equipment, move stock, 
raise furniture, evacuate people and transport their 
possessions. 

Flood Relatively high stream flow which overtops the natural or 
artificial banks in any part of a stream, river, estuary, lake or 
dam, and/or local overland flooding associated with major 
drainage (refer Section C6) before entering a watercourse, 
and/or coastal inundation resulting from super-elevated sea 
levels and/or waves overtopping coastline defences 
excluding tsunami. 

Flood fringe areas The remaining area of flood prone land after floodway and 
flood storage areas have been defined. 

Flood liable land Is synonymous with flood prone land (i.e.) land 
susceptibility to flooding by the PMF event. Note that the 
term flooding liable land covers the whole floodplain, not 
just that part below the FPL (see flood planning area) 

Floodplain Area of land which is subject to inundation by floods up to 
and including the probable maximum flood event, that is 
flood prone land. 

Floodplain risk management 
options 

The measures that might be feasible for the management of 
particular area of the floodplain. Preparation of a floodplain 
risk management plan requires a detailed evaluation of 
floodplain risk management options. 

Floodplain risk management plan A management plan developed in accordance with the 
principles and guidelines in this manual. Usually include 
both written and diagrammatic information describing how 
particular areas of flood prone land are to be used and 
managed to achieve defines objectives. 

Flood plan (local) A sub-plan of a disaster plan that deals specifically with 
flooding. They can exist at state, division and local levels. 
Local flood plans are prepared under the leadership of the 
SES. 

Flood planning levels (FPLs) Are the combination of flood levels (derived from 
significant historical flood events or floods of specific 
AEPs) and freeboards selected for floodplain risk 
management purposes, as determined in management studies
and incorporated in management plans. FPLs supersede the 
"designated flood" or the “flood standard” used in earlier 
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studies.  

Flood proofing A combination of measures incorporated in the design, 
construction and alteration of individual buildings and 
structures subject to flooding, to reduce or eliminate flood 
damages. 

Flood readiness Readiness is an ability to react within the effective warning 
time. 

Flood risk Potential danger to personal safety and potential damage to 
property resulting from flooding. The degree of risk varies 
with circumstances across the full range of floods. Flood 
risk in this manual is divided into 3 types, existing, future 
and continuing risks. They are described below. 

Existing flood risk: the risk a community is exposed to as a 
result of its location on the floodplain. 

Future flood risk: the risk a community may be exposed to 
as a result of new development on the floodplain. 

Continuing flood risk: the risk a community is exposed to 
after floodplain risk management measures have been 
implemented. For a town protected by levees, the continuing 
flood risk is the consequences of the levees being 
overtopped. For an area without any floodplain risk 
management measures, the continuing flood risk is simply 
the existence of its flood exposure. 

Flood storage areas Those parts of the floodplain that are important for the 
temporary storage of floodwaters during passage of a flood. 
The extent and behaviour of flood storage areas may change 
with flood severity, and loss of flood storage can increase 
the severity of flood impacts by reducing natural flood 
attenuation. Hence, it is necessary to investigate a range of 
flood sizes before defining flood storage areas 

Floodway areas Those areas of the floodplain where a significant discharge 
of water occurs during floods. They are often aligned with 
naturally defined channels. Floodways are areas that, even if 
only partially blocked, would cause a significant 
redistribution of flood flow, or a significant increase in flood 
levels. 

Freeboard Provides reasonable certainty that the risk exposure selected 
in deciding on a particular flood chosen as the basis for the 
FPL is actually provided. It is a factor of safety typically 
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used in relation to the setting of floor levels, levee crest 
levels, etc. (See Section K5). Freeboard is included in the 
flood planning level.  

Hazard A source of potential harm or situation with a potential to 
cause loss. In relation to this manual the hazard is flooding 
which has the potential to cause damage to the community. 
Definitions of high and low hazard categories are provided 
in Appendix L. 

Local overland flooding Inundation by local runoff rather than overbank discharge 
from a stream, river, estuary, lake or dam.  

m AHD Metres Australian Height Datum (AHD) 

m/s Metres per second.  Unit used to describe the velocity of 
floodwaters. 

m3/s Cubic metres per second or "cusecs".  A unit of 
measurement of creek or river flows or discharges.  It is the 
rate of flow of water measured in terms of volume per unit 
time. 

Mainstream flooding Inundation of normally dry land occurring when water 
overflows the natural or artificial banks of a stream, river, 
estuary, lake or dam. 

Modification measures Measures that modify either the flood, the property or the 
response to flooding. Examples are provided in Table 2.1 
with further discussion in Appendix J. 

Overland flowpath Te path that floodwaters can follow as they are conveyed 
towards the main flow channel or if they leave the confines 
of the main flow channel.  Overland flowpaths can occur 
through private property or along roads. 

Probable Maximum Flood (PMF) The largest flood that could conceivably occur at a particular 
location, usually estimated from probable maximum 
precipitation couplet with the worst flood producing 
catchment conditions.  Generally, it is not physically or 
economically possible to provide complete protection 
against this event.  The PMF defines the extent of flood 
prone land, that is, the floodplain. 

Risk Chance of something happening that will have an impact. It 
is measured in terms of consequences and likelihood. In the 
context of the manual it is the likelihood of consequences 
arising from the interaction of floods, communities and the 
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environment. 

Runoff The amount of rainfall which actually ends up as a 
streamflow, also known as rainfall excess. 

Stage The amount of rainfall which actually ends up as 
streamflow, also known as rainfall excess. 

SES State Emergency Service of New South Wales. 

Stage hydrograph A graph that shows how the water level at particular location 
changes with time during a flood. It must be referenced to a 
particular datum. 
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Appendix A Questionnaire 
 



 

 
Kandos and Rylstone Flood Study - 

Questionnaire 
 

 
Mid-Western Regional Council is overseeing the “Kandos and Rylstone Flood Study”.  Council has 
contracted the Consultant, Sinclair Knight Merz (SKM), to undertake the study.  The study is aimed 
at addressing the stormwater flooding issues within Kandos and both stormwater and riverine 
flooding issues within Rylstone. The Consultant would like to receive feedback from the 
community on a number of issues and topics already highlighted by the Council with regard to 
stormwater/ riverine flooding in the townships of Kandos and Rylstone.   
 
If you cannot answer any question, or do not wish to answer a question, then leave it unanswered 
and proceed to the next question.  Your input to this important study will be greatly 
appreciated.  If you need additional space, please add sheets.   
 
If you would prefer to provide a letter with your comments or send your response to this 
questionnaire directly to the consultant, this would also be welcomed.  Contact details of the 
Consultant's Project Manager are provided below: 
 

Akhter Hossain 
P O Box 164 
St Leonards, NSW 1590 
email: ahossain@globalskm.com   

  
 
  
Place a tick or write a number in the relevant box as per instruction or write answers. 
 

Kandos and Rylstone Flood Study Questionnaire   
1

Quest-
ion No. 

Question and Answer 

1.  Do you live (reside) or have lived in the study area shown on the attached plan?  
A   Yes (Please provide your address) ..................................................................................   
                                                                     .................................................................................. 
A   No (Go to Question 3) 
 

2.  Do you own or rent your residence in the study area (Kandos and Rylstone)?  
A   Own 
A   Rent 
How long have you lived in the study area?  (Please write number of years)………........    
            

3.  Do you own or manage a business in the study area? 
A   Yes, For how many years? ………………. 
A   No (go to Question 5) 
 

4.  What kind of business? 
 
A   Home based business 
A   Shop/commercial premises 
A   Light industrial 
A   Heavy industry 
A   Others, please write type of business ……………………… 
 

mailto:ahossain@skm.com.au


Kandos and Rylstone Flood Study Questionnaire   
2

Quest-
ion No. 

Question and Answer 

5.  Have you had any experience of flooding (due to storm events as well) in and around where 
you live or work? 
A   Yes 
A   No (Go to Question 14) 
 

6.  How deep was the floodwater (from storm water as well) in the worst flood/ storm event that 
you experienced? 
Please estimate the depth …………………….......... 
What was the year of this flood?…………………… 
Where was this flood?  
A   At your house? 
A   At work? 
A   Elsewhere? 
Please provide the street address for this flood?  ………………………......................... 
 

7.  How long did the floodwaters stay up? 
A   Few minutes 
A   Less than one hour 
A   More than one hour 

8.  What damage resulted from this flood in your residence?  
(Please indicate either “none”,  "minor", "moderate" or "major".  
 
A Damage to garden, lawns or backyard 
A   Damage to external house walls 
A   Damage to internal parts of house (floor, doors, walls etc) 
A   Damage to possessions (fridge, television etc) 
A   Damage to car 
A Damage to garage 
A   Other damage, please list………………………………………. 
A   What was the cost of the repairs, if any?…………………......... 
 

9.  What damage resulted from this flood in your business? 
 (Please indicate either “none”,  "minor", "moderate" or "major".) 
 
A   Damage to surroundings 
A Damage to building 
A   Damage to stock 
A   Other damages, please list………………….. 
A   What was the cost of the repairs, if any?…………………. 
 

10.  Was vehicle access to/from your property disrupted due to floodwaters during the worst 
flooding/ storm event? 
 
A   Not affected   
A Minor disruption (roads flooded but still driveable)  
A   Access cut off 
 

11.   What information can you provide on past floods/ storm events that created flooding? (You 
can tick more than one box).  Please write any descriptions at the end of the questionnaire 
 
A    No information   
A     Information on extent or depth of floodwater at particular locations, newspaper clippings   
 or other images on the past floods  
A    Any permanent marks indicating maximum flood level for particular floods 
A     Memory of flow directions, depth or velocities 



Kandos and Rylstone Flood Study Questionnaire   
3

Quest-
ion No. 

Question and Answer 

12.  Do you consider that flooding of your property has been made worse by works on other 
properties, or by the construction of roads or other structures? 
 
A   Yes (please provide further details. Attach extra page if necessary. Provide sketch if 
 possible. 
A   Unsure 
A   No 
 

13.  Do you have any photographs of past floods that would be useful for the consultant to help 
him understand the area flooded or other flood effects?  If possible please attach the 
photographs (with dates and location) which will be copied and returned. 
 
A   Yes (either attach or the consultant will contact you to arrange for a copy to be made and 
 returned) 
A   No 
 

14.  Do you wish to comment on any other issues associated with this study?  Please add 
comments at the end of the questionnaire Or please indicate your willingness to answer 
questions over the phone?. 
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________ 
 

15.  Do you wish to remain on the mailing list for further details, Newsletters etc? 
 
A   Yes (please provide contact details, see next question) 
A  No 
 

16.  If you would like, please provide details of where you live and how we can contact you if we need 
to follow up on some details or seek additional comment.   
 
Name:     ____________________________________________________________ 
 
Address: _____________________________________________________________ 
 
    _____________________________________________________________ 
 
Telephone: ...................................... 
Fax: ................................................. 
Email:……………………............... 
 

 Space for additional comments  
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________
________________________________________________________________________ 
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Table D1‐1:Rylstone subcatchments data

Catchment 
draining to pit

Total area 
(ha)

Paved 
area (%)

Grass 
area (%)

N_HW2 0.37 45.4 54.6
N_R024 1.83 41.6 58.4
Pit01 0.17 0.1 99.9
34 0.09 60.8 39.2
RYLSTONE6 0.15 36.4 63.6
RYLSTONE1 0.58 31.1 68.9
ST00081 0.4 49.1 50.9
ST00079 0.41 54.2 45.8
ST00080 0.07 70 30
Pit3 1.3 41.9 58.1
41 2.89 38.7 61.3
39 0.98 36.2 63.8
40 0.06 69.9 30.1
43 0.13 64.4 35.6
35 2.1716 38 62
36 1.86 42.2 57.8
38 0.59 43.6 56.4
30 0.38 48.4 51.6
29 1.04 39.1 60.9
N_R010 0.49 45.9 54.1
27 0.47 71.5 28.5
N_R009 1.53 40 60
21 0.48 54.4 45.6
22 0.13 38.1 61.9
23 0.89 41.7 58.3
24 0.43 51.1 48.9
19 0.86 35.2 64.8
20 0.18 45.2 54.8
13 0.14 63.9 36.1
14 0.73 43.8 56.2
10 0.29 55.6 44.4
11 0.39 41.6 58.4
8 0.48 47.8 52.2
9 0.44 51.8 48.2
1 0.3 26.5 73.5
N_R027 0.74 56.6 43.4
N_R185 2.01 33.8 66.2
N_R183 0.32 60.4 39.6
N_R180 0.39 17.5 82.5
N_R179 0.73 21.9 78.1
N_R178 0.73 16.7 83.3
N_R176 0.25 53.9 46.1
N_R173 0.54 51.8 48.2
N_R172 4.92 18.8 81.2
N_R171 0.38 23.4 76.6
N_R170 0.31 17.9 82.1
N_R169 0.22 25.3 74.7



N_R168 0.6 37.3 62.7
N_R167 0.24 52.4 47.6
N_R165 3.65 26.2 73.8
N_R162 0.39 36.9 63.1
N_R161 0.25 45.1 54.9
N_R160 1.08 31.7 68.3
N_R159 0.27 45.2 54.8
N_R158 1.63 35.4 64.6
N_R157 1.4 20.2 79.8
N_R156 0.33 50.8 49.2
N_R155 0.43 28.8 71.2
N_R151 10.75 7.7 92.3
N_R150 2.82 15.6 84.4
N_R147 0.79 50.6 49.4
N_R145 0.27 50.1 49.9
N_R144 0.27 46.2 53.8
N_R143 0.25 59.6 40.4
N_R142 3.07 33.4 66.6
N_R141 3.62 36.5 63.5
N_R140 1.12 43.1 56.9
N_R136 1.6 39.4 60.6
N_R133 0.24 50.8 49.2
N_R132 0.16 34.2 65.8
N_R131 0.23 33.2 66.8
N_R130 0.46 45.5 54.5
N_R128 1.51 32.9 67.1
N_R127 0.14 70 30
N_R125 0.67 41.9 58.1
N_R124 0.07 31.1 68.9
N_R123 0.79 35.8 64.2
N_R122 0.55 21.2 78.8
N_R121 0.95 35.6 64.4
N_R120 1.05 57.8 42.2
N_R119 2.15 37.8 62.2
N_R118 0.64 35.7 64.3
N_R116 0.13 50.6 49.4
N_R114 0.12 32.7 67.3
N_R113 0.35 49.8 50.2
N_R112 1.12 31.2 68.8
N_R111 0.47 37.3 62.7
N_R110 0.24 45.9 54.1
N_R109 0.93 37.7 62.3
N_R107 0.18 38.4 61.6
N_R106 0.71 33.7 66.3
N_R105 0.44 49 51
N_R103 0.27 4.3 95.7
N_R102 1.07 25 75
N_R101 0.98 32.8 67.2
N_R100 3.76 27.1 72.9
N_R099 1.03 19.1 80.9
R_18_out 1.28 24.7 75.3



N_R095 0.24 30.3 69.7
N_R094 0.54 34.9 65.1
N_R092 0.18 33.5 66.5
N_R090 0.23 51.3 48.7
N_R089 0.54 17.5 82.5
N_R088 0.51 14.1 85.9
N_R087 0.71 18.5 81.5
N_R086 0.91 24.4 75.6
N_R084 0.72 31.5 68.5
N_R083 0.92 31.2 68.8
N_R081 1.03 33.9 66.1
N_R080 0.71 25.9 74.1
N_R079 0.31 30.1 69.9
N_R078 0.55 40.3 59.7
N_R077 0.46 30.1 69.9
N_R076 0.26 30 70
N_R075 0.28 33.9 66.1
R17_out 1.13 24.1 75.9
N_R074 2.84 40.7 59.3
N_R070 2.61 5.4 94.6
N_R069 6.81 11.7 88.3
N_R068 16.12 13.3 86.7
N_R065 5.34 6.4 93.6
N_R064 14.87 6 94
N_R063 4.71 17.5 82.5
R16_out 4.72 7.4 92.6
R15_out 2.47 6.2 93.8
R14_out 1.35 20.3 79.7
N_R049 1.28 21.5 78.5
N_R050 0.05 63.7 36.3
N_R051 0.81 47.4 52.6
N_R061 0.04 53.4 46.6
N_R060 0.15 66.6 33.4
R8_out 1.57 12.6 87.4
R7_out 14.96 10.4 89.6
R6_out 0.76 16 84
R5_out 0.96 9.3 90.7
R4_out 6.26 22.6 77.4
R3_out 8.31 10.7 89.3
N_R018 0.2 63.4 36.6
N_R020 0.85 27.1 72.9
N_R019 10.63 16.4 83.6
N_R012 0.04 39.5 60.5
ST00116 0.4 49 51
N_R146 3.26 30.6 69.4
N_R072 11.58 10.1 89.9
N_R071 3.31 10.4 89.6
N_R046 0.4 42.3 57.7
N_R043 1.05 23.8 76.2
N_R034 325.68 8.1 91.9
N_R054 1.41 28.2 71.8



N_R040A 0.27 38.4 61.6
N_R038 0.16 20.3 79.7
N_R036 0.18 55.9 44.1
N_R021 0.28 70 30
HW7 2.47 17.2 82.8
HW6 0.48 31.9 68.1
HW3 1.24 20.8 79.2
HW8 0.18 57.9 42.1
HW1 0.74 19.7 80.3
15 0.27 42.5 57.5
51 0.13 69 31



Table D1‐2: Rylstone peak pipe flow results

Pipe ID 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP 0.5% AEP PMF
ST00489 0.252 0.25 0.251 0.25 0.246 0.25 0.233
P_50 0.474 0.474 0.474 0.474 0.474 0.474 0.474
P_RYLSTONE9 0.349 0.349 0.349 0.349 0.35 0.35 0.35
P_RYLSTONE10 0.335 0.338 0.331 0.33 0.33 0.331 0.336
P_34 0.43 0.43 0.43 0.43 0.43 0.43 0.432
Rylstone5 0.037 0.044 0.053 0.061 0.071 0.09 0.267
RYLSTONE3 0.338 0.431 0.52 0.55 0.571 0.59 0.602
RYLSTONE4 0.339 0.431 0.542 0.626 0.732 0.816 0.828
ST00010 0.101 0.121 0.145 0.166 0.193 0.239 0.425
ST00009 0.099 0.122 0.146 0.168 0.195 0.241 0.444
ST00003 0.318 0.319 0.319 0.319 0.319 0.319 0.319
ST00062 0.066 0.081 0.099 0.11 0.128 0.159 0.522
ST00063 0.066 0.081 0.099 0.11 0.129 0.16 0.53
ST00065 0.066 0.081 0.096 0.109 0.129 0.158 0.406
ST00066 0.067 0.081 0.097 0.109 0.129 0.158 0.287
P_52 0.408 0.436 0.464 0.49 0.495 0.502 0.497
A30 0.759 0.76 0.761 0.761 0.762 0.764 0.767
ST00056 0.268 0.269 0.269 0.269 0.269 0.269 0.269
ST00057 0.2 0.264 0.324 0.36 0.407 0.419 0.427
ST00054 0.217 0.284 0.345 0.387 0.449 0.578 0.585
ST00055 0.246 0.32 0.39 0.418 0.423 0.464 0.47
ST00044 0.265 0.266 0.269 0.269 0.27 0.27 0.284
ST00045 0.385 0.386 0.386 0.387 0.387 0.387 0.387
ST00046 0.4 0.407 0.43 0.416 0.43 0.484 0.499
ST00047 0.437 0.438 0.44 0.44 0.447 0.45 0.451
ST00043 0.162 0.197 0.221 0.23 0.225 0.226 0.251
ST00039 0.447 0.51 0.513 0.517 0.519 0.52 0.516
ST00040 0.405 0.405 0.407 0.408 0.409 0.405 0.458
ST00041 0.307 0.308 0.305 0.301 0.298 0.326 0.324
ST00038 0.218 0.287 0.348 0.39 0.467 0.496 0.504
ST00036 0.118 0.145 0.173 0.197 0.229 0.271 0.27
ST00037 0.119 0.146 0.173 0.197 0.23 0.277 0.36
ST00029 0.304 0.305 0.305 0.305 0.305 0.305 0.308
ST00030 0.265 0.271 0.267 0.266 0.268 0.267 0.267
ST00031 0.322 0.323 0.341 0.343 0.343 0.342 0.343
ST00032 0.439 0.466 0.474 0.485 0.487 0.489 0.49
ST00033 0.461 0.462 0.463 0.464 0.465 0.466 0.473
ST00034 0.472 0.472 0.472 0.472 0.472 0.472 0.474
ST00027 0.169 0.228 0.281 0.313 0.36 0.361 0.362
ST00028 0.24 0.308 0.328 0.329 0.332 0.333 0.334
ST00022 0.037 0.044 0.052 0.06 0.069 0.084 0.387
ST00023 0.169 0.212 0.265 0.309 0.36 0.459 0.89
ST00024 0.17 0.215 0.268 0.313 0.364 0.462 0.807
ST00021 0.074 0.088 0.105 0.121 0.141 0.173 0.283
ST00021B 0.17 0.204 0.244 0.281 0.325 0.374 0.381
ST00018 0.162 0.188 0.197 0.209 0.217 0.216 0.222

Peak pipe flows (m3/s)



ST00019 0.697 0.704 0.729 0.736 0.738 0.737 0.757
ST00020 0.807 0.81 0.81 0.81 0.81 0.81 0.81
ST00014 0.072 0.086 0.104 0.12 0.14 0.179 0.366
ST00017 0.959 0.998 1.037 1.07 1.102 1.164 0.614
ST00075 0.344 0.355 0.369 0.383 0.394 0.424 1.729
RYLSTONE14 0.32 0.428 0.563 0.707 0.853 1.209 1.473
A26 0.814 1.076 1.187 1.235 1.283 1.357 0.959
ST00001 0.425 0.47 0.478 0.485 0.491 0.5 1.091
A22 0.117 0.15 0.182 0.209 0.244 0.316 0.419
A20 0.339 0.431 0.543 0.626 0.655 0.692 9.802
A13 0.178 0.194 0.212 0.232 0.247 0.288 2.009
RYLSTONE 12 0.305 0.317 0.328 0.337 0.348 0.365 0.14
ST00008 0.067 0.08 0.096 0.11 0.128 0.161 0.577
A19 1.442 1.934 2.485 2.933 3.486 4.974 0.404
ST00007 0.481 0.491 0.502 0.512 0.522 0.539 0.896
A17 0.703 0.939 1.199 1.428 1.502 1.562 0.41
ST00061 0 0 0 0 0 0 0.329
ST00060 0.066 0.081 0.099 0.109 0.128 0.159 0.286
P_HW7 0.277 0.3 0.308 0.316 0.323 0.338 0.365
ST00051 1.587 1.66 1.735 1.803 1.858 1.979 0.515
ST00050 0 0 0 0 0 0 0.591
ST00048 0.515 0.554 0.588 0.617 0.656 0.725 0.374
ST00049 0.35 0.365 0.381 0.396 0.41 0.44 0.562
ST00026 0.251 0.259 0.268 0.275 0.281 0.293 0.562
P_HW1 0.268 0.273 0.277 0.28 0.283 0.289 0.602
ST00490 0.344 0.358 0.372 0.384 0.397 0.422 0.395



Table D1‐3: Rylstone peak overland flow results

Overland 
flowpath ID from to 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP 0.5% AEP PMF
O_8 8 9 0.014 0.038 0.085 0.116 0.169 0.261 1.785
O_9 9 12 0.199 0.477 0.754 0.965 1.237 1.825 10.633
O_12 12 R1_out 0.089 0.341 0.619 0.83 1.103 1.692 10.501
O_10 10 11 0 0 0 0 0 0 0.509
O_11 1 N_R002 0 0 0 0 0 0.032 1.476
O_RYLSTONE6 RYLSTONE6 N_R004 0 0 0 0 0 0 0.148
O_HW1 HW1 N_R005 0.027 0.109 0.197 0.264 0.35 0.542 2.391
O_21 21 22 0.153 0.278 0.433 0.581 0.74 1.065 6.148
O_22 22 23 0.224 0.351 0.508 0.662 0.823 1.155 6.352
O_25 25 26 0.842 1.171 1.556 1.907 2.298 3.081 14.596
O_26 26 N_R007 1.045 1.415 1.909 2.351 2.843 3.911 19.74
O_N_R007 N_R007 N_R008 1.516 1.886 2.38 2.822 3.313 4.382 20.21
O_28 28 N_R009 0 0 0 0 0 0 0.917
O_N_R009 N_R009 30 0.402 0.513 0.644 0.732 0.841 1.074 5.059
O_N_R010 N_R010 Pit01 0.336 0.429 0.521 0.587 0.697 0.867 3.971
O_30 30 31 0 0.058 0.2 0.312 0.439 0.717 5.253
O_31 31 32 0.043 0.163 0.306 0.408 0.538 0.816 5.352
O_50 50 RYLSTONE9 0 0 0 0 0 0 0
O_RYLSTONE9 RYLSTONE9 RYLSTONE10 0.125 0.125 0.125 0.125 0.125 0.125 0.125
O_RYLSTONE10 RYLSTONE10 34 0.152 0.152 0.152 0.152 0.152 0.152 0.152
O_33 33 34 0.381 0.566 0.776 1.05 1.304 1.818 9.933
O_34 34 N_R011 0.531 0.732 0.939 1.233 1.489 2.006 10.138
O_N_R011 N_R011 HW2 0.961 1.162 1.369 1.663 1.919 2.436 10.569
O_N_R012 N_R012 HW3 0.965 1.175 1.387 1.665 1.925 2.461 10.596
O_HW3 HW3 N_R013 1.871 2.402 2.998 3.627 4.279 5.829 26.78
O_N_R015 N_R015 HW3 0 0 0 0 0 0 0.404
O_HW4 HW4 HW5 0 0 0 0 0 0 1.099
O_37 37 38 0 0 0 0 0 0 0
O_38 38 N_R017 0.078 0.116 0.15 0.179 0.218 0.288 1.557
O_N_R017 N_R017 HW4 0.515 0.554 0.588 0.616 0.656 0.726 1.995
O_HW8 HW8 N_R006 0.155 0.264 0.398 0.516 0.638 0.897 5.205
O_29 29 N_R010 0 0 0 0 0 0.093 2.221
O_45 45 46 0 0 0 0 0 0 0.194
O_46 46 47 0 0 0 0 0 0 0.19
O_47 47 52 0 0 0 0 0 0 0.314
O_48 48 52 0 0 0 0 0 0 0.166
O_39 39 40 0 0 0 0 0.047 0.241 2.236
O_40 40 43 0 0 0 0 0 0.012 2.106
O_41 41 42 0.229 0.375 0.553 0.709 0.876 1.217 6.753
O_52 52 Pit3 0 0 0 0.003 0.031 0.072 0.432
O_43 43 42 0 0 0 0.016 0.08 0.192 2.499
O_44 44 pit1 0.688 0.819 0.961 1.051 1.114 1.276 3.379
O_27 27 28 0 0 0 0 0 0.009 1.145
O_N_R019 N_R019 N_R020 2.822 3.696 4.847 6.113 7.285 10.971 50.164
O_N_R021 N_R021 N_R022 0 0 0 0 0 0 0.14
O_N_R023 N_R023 N_R186 0.066 0.081 0.099 0.109 0.128 0.159 0.577
O_N_R186 N_R186 45 0.066 0.081 0.099 0.109 0.128 0.159 0.717
O_51 51 Pit3 0.72 1.079 1.505 1.915 2.343 3.416 5.191
O_HW7 HW7 N_R025 0 0.077 0.189 0.314 0.447 0.758 4.893
O_1 1 N_R027 0 0 0 0 0 0 0.499
O_N_R036 N_R036 N_R037 0.426 0.703 1.046 1.38 1.767 2.525 13.988
O_N_R037 N_R037 N_R038 0.906 1.194 1.547 1.891 2.288 3.063 14.488
O_N_R038 N_R038 N_R039 0 0 0 0 0 0 18.857
O_N_R039 N_R039 R18_out 1.927 2.559 3.31 4.053 4.902 6.516 30.654
O_N_R029 N_R029 N_R039 0.703 0.939 1.199 1.428 1.502 1.562 2.009
O_HW6 HW6 N_R016 0.746 1.439 2.318 3.256 4.102 6.222 38.246
O_N_R061 N_R061 N_R054 0.535 0.705 0.873 0.978 1.161 1.501 7.198
O_ST00081 ST00081 N_R059 0 0 0 0 0 0 0.727

Peak overland flows (m3/s)



O_N_R040A N_R040A N_R040B 0 0 0 0 0 0 0.32
O_RYLSTONE1 RYLSTONE1 RYLSTONE2 0 0 0.023 0.076 0.169 0.505 4.03
O_RYLSTONE2 RYLSTONE2 N_R041 0 0 0 0 0 0.144 3.67
O_N_R041 N_R041 N_R042 0.339 0.431 0.542 0.626 0.732 0.959 4.486
O_N_R042 N_R042 N_R043 0 0 0 0 0.077 0.267 3.527
O_N_R044 N_R044 N_R045 0 0 0 0 0 0 0
O_N_R046 N_R046 N_R047 0 0.067 0.185 0.324 0.466 0.722 5.17
O_N_R047 N_R047 N_R048 0.425 0.537 0.663 0.808 0.956 1.222 5.67
O_N_R062 N_R062 N_R048 0.444 0.566 0.714 0.844 1.011 1.335 6.187
O_N_R051 N_R051 N_R054 0.158 0.201 0.255 0.292 0.335 0.428 2.022
O_N_R054 N_R054 N_R053 0.509 0.767 1.017 1.271 1.583 2.172 11.847
O_N_R057 N_R057 N_R058 0 0 0.158 0.373 0.648 1.18 11.713
O_N_R034 N_R034 N_R035 3.816 5.454 7.668 10.464 12.867 20.797 102.01
O_N_R063 N_R063 N_R066 0.453 0.611 0.805 1.009 1.202 1.758 8.242
O_N_R064 N_R064 N_R066 0.989 1.383 1.912 2.524 3.039 4.695 22.226
O_N_R066 N_R066 N_R067 1.414 1.924 2.57 3.318 3.986 6.186 28.976
O_N_R065 N_R065 N_R067 0.528 0.695 0.912 1.16 1.406 2.087 9.818
O_N_R067 N_R067 N_R068 1.879 2.515 3.334 4.227 5.043 7.803 36.252
O_N_R074 N_R074 N_R026 0.406 0.514 0.646 0.789 0.942 1.248 5.765
O_N_R027 N_R027 N_R083 0.241 0.3 0.364 0.41 0.483 0.605 2.685
O_N_R084 N_R084 N_R085 0.128 0.17 0.221 0.251 0.29 0.381 1.813
O_N_R083 N_R083 N_R085 0.379 0.475 0.585 0.692 0.816 1.058 4.929
O_N_R086 N_R086 N_R028 0.129 0.173 0.226 0.278 0.339 0.451 2.146
O_N_R085 N_R085 N_R087 0.496 0.643 0.805 0.926 1.102 1.431 6.742
O_N_R087 N_R087 N_R028 0.586 0.773 0.977 1.149 1.371 1.786 8.437
O_N_R028 N_R028 N_R088 0 0 0 0 0.205 0.673 11.219
O_N_R088 N_R088 N_R089 0.107 0.137 0.167 0.191 0.339 0.859 11.219
O_16 16 N_R090 0 0 0 0 0 0 0.086
O_15 15 N_R090 0.067 0.08 0.096 0.111 0.129 0.161 0.75
O_N_R092 N_R092 N_R093 0.344 0.43 0.528 0.597 0.695 0.894 5.06
O_14 14 N_R095 0 0 0 0 0 0 1.268
O_N_R094 N_R094 N_R090 0.152 0.194 0.245 0.279 0.322 0.424 3.096
O_N_R095 N_R095 N_R094 0.058 0.069 0.084 0.096 0.112 0.143 1.778
O_N_R100 N_R100 N_R036 0.531 0.704 0.915 1.118 1.359 1.838 8.634
O_N_R101 N_R101 R_17_out 0.166 0.219 0.283 0.336 0.389 0.506 2.418
O_N_R102 N_R102 N_R104 0.355 0.456 0.564 0.698 0.823 1.067 5.005
O_N_R103 N_R103 N_R104 0.06 0.073 0.089 0.103 0.121 0.159 0.741
O_N_R104 N_R104 N_R036 0.381 0.493 0.63 0.77 0.909 1.184 5.591
O_N_R107 N_R107 N_R108 0.044 0.053 0.064 0.073 0.085 0.107 0.496
O_20 20 N_R108 0 0 0.06 0.1 0.168 0.307 2.607
O_N_R108 N_R108 N_R105 0.044 0.053 0.123 0.17 0.253 0.408 3.04
O_N_R106 N_R106 N_R105 0.107 0.139 0.179 0.215 0.26 0.348 1.62
O_N_R105 N_R105 26 0.216 0.284 0.362 0.488 0.643 0.922 5.464
O_N_R110 N_R110 25 0.298 0.39 0.5 0.59 0.69 0.912 4.282
O_N_R109 N_R109 25 0.173 0.226 0.291 0.33 0.38 0.496 2.342
O_19 19 N_R115 0 0 0 0 0.008 0.119 1.858
O_N_R114 N_R114 N_R115 0.029 0.035 0.042 0.048 0.056 0.071 0.336
O_N_R115 N_R115 20 0.029 0.035 0.042 0.048 0.06 0.184 2.149
O_N_R111 N_R111 N_R110 0.272 0.359 0.461 0.541 0.63 0.823 3.854
O_23 23 18 0.262 0.412 0.603 0.798 1.009 1.439 7.86
O_18 18 24 0.262 0.412 0.603 0.798 1.009 1.439 7.86
O_N_R116 N_R116 N_R117 0.033 0.039 0.047 0.054 0.063 0.078 0.361
O_N_R006 N_R006 N_R117 0.404 0.521 0.664 0.788 0.916 1.187 5.612
O_N_R117 N_R117 21 0.416 0.536 0.682 0.812 0.947 1.231 5.825
O_N_R118 N_R118 24 0.117 0.154 0.199 0.226 0.26 0.34 1.612
O_N_R119 N_R119 HW8 0.371 0.482 0.617 0.735 0.854 1.108 5.249
O_N_R120 N_R120 N_R102 0.212 0.264 0.327 0.378 0.437 0.551 2.551
O_N_121 N_R121 RYLSTONE1 0.192 0.253 0.313 0.348 0.415 0.533 2.464
O_32 32 N_R126 0.399 0.58 0.784 1.02 1.264 1.726 8.948
O_N_R128 N_R128 32 0.243 0.319 0.412 0.495 0.59 0.769 3.655
O_N_R127 N_R127 N_R126 0.037 0.044 0.053 0.06 0.07 0.084 0.399
O_N_R126 N_R126 N_R125 0.405 0.589 0.796 1.06 1.311 1.784 9.187
O_N_R125 N_R125 34 0.444 0.646 0.865 1.16 1.434 1.948 10.064



O_N_R124 N_R124 N_R129 0.017 0.02 0.024 0.028 0.033 0.042 0.198
O_N_R123 N_R123 N_R129 0.122 0.158 0.202 0.241 0.291 0.387 1.801
O_N_R129 N_R129 N_R113 0.139 0.178 0.226 0.267 0.316 0.427 1.943
O_HW2 HW2 N_R012 0.965 1.174 1.386 1.665 1.925 2.461 10.596
O_N_R130 N_R130 N_R139 0.203 0.254 0.312 0.35 0.407 0.518 2.387
O_N_R131 N_R131 N_R135 0.056 0.067 0.081 0.093 0.108 0.137 0.636
O_N_R132 N_R132 N_R134 0.039 0.047 0.056 0.065 0.075 0.095 0.445
O_N_R136 N_R136 ST00076 0.241 0.308 0.389 0.47 0.563 0.754 3.434
O_ST00073 ST00076 N_R062 0.126 0.247 0.395 0.525 0.693 1.017 5.869
O_ST00116 ST00116 N_R139 0.101 0.121 0.144 0.166 0.193 0.239 1.1
O_N_R139 N_R139 N_R135 0.304 0.374 0.457 0.512 0.599 0.757 3.374
O_N_R135 N_R135 N_R134 0.349 0.428 0.522 0.592 0.692 0.876 3.944
O_N_R134 N_R134 N_R133 0.376 0.464 0.565 0.642 0.751 0.952 4.331
O_N_R133 N_R133 N_R046 0.406 0.507 0.618 0.708 0.828 1.048 4.872
O_N_R050 N_R050 N_R140 0.013 0.016 0.019 0.021 0.025 0.03 0.147
O_N_R040 N_R140 ST00076 0.204 0.26 0.327 0.385 0.453 0.593 2.753
O_Pit01 Pit01 N_R141 0.124 0.225 0.329 0.404 0.521 0.71 4.125
O_N_R141 N_R141 N_R142 0.588 0.76 0.971 1.286 1.592 2.192 11.145
O_N_R142 N_R142 N_R148 0.973 1.28 1.615 1.93 2.308 3.241 15.007
O_N_R014 N_R014 N_R148 0.515 0.554 0.588 0.617 0.656 0.725 0.896
O_N_R148 N_R148 HW3 1.481 1.825 2.197 2.529 2.949 3.948 15.883
O_N_R145 N_R145 N_R146 0.453 0.694 0.969 1.155 1.408 1.955 10.346
O_HW5 HW5 N_R149 0 0 0 0 0 0 0.693
O_N_R146B N_R146B N_R150 2.268 3.058 3.98 4.85 5.769 7.763 37.556
O_N_R150 N_R150 HW6 2.315 3.097 4.05 5.041 5.946 8.163 38.748
O_pit1 pit1 N_R147 0.688 0.819 0.961 1.051 1.114 1.276 3.379
O_N_R147 N_R147 N_R146 1.564 2.037 2.588 3.087 3.623 4.829 22.063
O_Pit3_out Pit3_out N_R152 1.291 1.693 2.189 2.712 3.228 4.487 21.203
O_N_R151 N_R151 N_R152 0.809 1.089 1.468 1.904 2.294 3.683 17.394
O_ST00080 ST00080 N_R153 0.117 0.144 0.172 0.198 0.229 0.282 1.279
O_N_R153 N_R153 N_R130 0.117 0.144 0.172 0.198 0.229 0.282 1.279
O_N_R143 N_R143 N_R141 0.062 0.076 0.09 0.104 0.12 0.148 0.674
O_N_R144 N_R144 N_R154 0.065 0.08 0.096 0.11 0.128 0.159 0.73
O_35 35 N_R154 0.169 0.304 0.446 0.528 0.666 0.944 5.326
O_36 36 N_R054 0.182 0.265 0.371 0.46 0.573 0.799 4.077
O_N_R154 N_R154 N_R145 0.414 0.646 0.911 1.087 1.327 1.849 9.782
O_N_R059 N_R059 N_R156 0.101 0.121 0.145 0.166 0.193 0.239 1.151
O_N_R156 N_R156 N_R155 0.185 0.22 0.264 0.303 0.352 0.437 2.058
O_N_R155 N_R155 N_R061 0.269 0.33 0.396 0.456 0.531 0.669 3.197
O_N_R157 N_R157 N_R061 0.268 0.368 0.472 0.532 0.633 0.828 3.995
O_N_R159 N_R159 N_R147 0.702 0.906 1.156 1.438 1.736 2.375 11.167
O_N_R160 N_R160 44 0.178 0.234 0.304 0.365 0.426 0.554 2.646
O_N_R161 N_R161 N_R164 0.063 0.075 0.09 0.103 0.12 0.149 0.689
O_N_R163 N_R163 N_R164 2.196 2.863 3.737 4.659 5.543 8.24 37.903
O_N_R152 N_R152 N_R163 2.17 2.831 3.697 4.609 5.51 8.155 37.424
O_N_R162 N_R162 N_R163 0.085 0.11 0.132 0.152 0.177 0.224 1.03
O_N_R164 N_R164 N_R019 2.214 2.885 3.764 4.693 5.583 8.294 38.209
O_N_R165 N_R165 N_R166 0.468 0.608 0.771 0.977 1.181 1.622 7.562
O_N_R158 N_R158 N_R166 0.235 0.303 0.385 0.469 0.564 0.763 3.479
O_N_R166 N_R166 N_R159 0.668 0.865 1.111 1.41 1.707 2.321 10.94
O_N_R060 N_R060 N_R157 0.04 0.047 0.056 0.064 0.074 0.09 0.42
O_N_168 N_R168 N_R167 0.132 0.169 0.204 0.234 0.273 0.345 1.589
O_N_R022 N_R022 N_R173 0 0 0 0 0 0 0
O_N_R172 N_R172 N_R173 0.542 0.731 0.961 1.217 1.485 2.095 9.86
O_N_R173 N_R173 N_R174 0.646 0.862 1.126 1.387 1.683 2.344 10.795
O_N_R171 N_R171 N_R174 0.065 0.089 0.117 0.131 0.153 0.205 0.965
O_N_R174 N_R174 N_R175 0.708 0.947 1.23 1.486 1.799 2.5 11.488
O_N_R170 N_R170 N_R175 0.046 0.064 0.085 0.102 0.121 0.16 0.77
O_N_R175 N_R175 N_R176 0.752 1.009 1.308 1.571 1.891 2.641 12.054
O_N_R176 N_R176 N_R177 0.771 1.032 1.337 1.61 1.927 2.702 12.315
O_N_R169 N_R169 N_R177 0.035 0.048 0.063 0.074 0.087 0.113 0.546
O_N_R177 N_R177 51 0.8 1.069 1.382 1.665 1.976 2.787 12.669
O_N_R187 N_R025 N_R182 0.277 0.375 0.497 0.63 0.77 1.095 5.178



O_N_R178 N_R178 N_R182 0.128 0.178 0.225 0.253 0.299 0.398 1.883
O_N_R182 N_R182 Pit3 0.128 0.178 0.225 0.253 0.299 0.398 1.883
O_N_R179 N_R179 N_R181 0.104 0.141 0.186 0.228 0.28 0.367 1.762
O_N_R180 N_R180 N_R181 0.068 0.094 0.12 0.135 0.159 0.212 1.003
O_N_R181 N_R181 N_R151 0.169 0.232 0.303 0.36 0.427 0.567 2.731
O_N_R018 N_R018 N_R184 0.053 0.062 0.074 0.085 0.099 0.12 0.562
O_N_R183 N_R183 N_R184 0.065 0.08 0.098 0.113 0.132 0.166 0.769
O_N_R184 N_R184 N_R165 0.109 0.133 0.161 0.183 0.212 0.27 1.196
O_ST00079 ST00079 ST00080 0 0 0 0 0 0 0.657
O_N_R167 N_R167 N_R152 0.156 0.203 0.251 0.292 0.349 0.449 2.141
O_N_R185 N_R185 N_R079 0.333 0.436 0.563 0.674 0.791 1.03 4.898
O_N_R079 N_R079 N_R078 0.395 0.517 0.661 0.784 0.915 1.195 5.614
O_N_R078 N_R078 N_R077 0.515 0.662 0.835 0.979 1.144 1.489 6.822
O_N_R077 N_R077 N_R076 0.605 0.775 0.971 1.132 1.326 1.73 7.837
O_N_R076 N_R_076 9 0.655 0.838 1.048 1.218 1.428 1.866 8.427
O_13 13 11 0 0 0 0 0 0 0
O_N_R090 N_R090 N_R092 0.269 0.336 0.415 0.471 0.547 0.706 4.296
O_N_R075 N_R075 8 0.655 0.838 1.048 1.218 1.428 1.866 8.427
O_N_R093 N_R093 N_R081 0.344 0.43 0.528 0.597 0.695 0.894 5.06
O_N_R004 N_R004 N_R092 0.037 0.044 0.053 0.061 0.071 0.09 0.413
O_N_R003 N_R003 HW1 0.17 0.215 0.268 0.313 0.364 0.462 0.807
O_N_R005 N_R005 R_17_out 0.294 0.381 0.474 0.544 0.634 0.831 2.72
O_N_R112 N_R112 N_R111 0.181 0.239 0.31 0.373 0.439 0.572 2.731
O_N_R113 N_R113 N_R008 0.204 0.258 0.322 0.377 0.442 0.59 2.656
O_R_18_out R_18_out N_R089 0.213 0.288 0.379 0.437 0.511 0.667 3.218
O_N_R089 N_R089 N_R038 0.384 0.52 0.684 0.781 0.927 1.466 12.426
O_N_R099 N_R099 N_R038 0.172 0.238 0.313 0.352 0.414 0.553 2.621
O_N_R122 N_R122 N_R044 0.117 0.15 0.182 0.209 0.245 0.317 1.473
O_N_R053 N_R053 N_R057 0.814 1.084 1.345 1.608 1.931 2.537 12.213
O_42 42 N_R147 0.229 0.375 0.553 0.719 0.941 1.385 9.178
O_N_R071 N_R071 R10_out 0 0 0 0 0 0.061 4.235
O_N_R146 N_R146 N_R146B 1.309 2.06 2.943 3.78 4.667 6.599 37.056
O_Pit3 Pit3 Pit3_out 0.548 0.952 1.449 1.973 2.487 3.74 20.458
O_N_R040B N_R040B RYLSTONE1 0.067 0.08 0.096 0.11 0.128 0.161 0.739
O_24 24 25 0.488 0.729 1.019 1.275 1.535 2.068 10.015
O_N_R072 N_R072 R9_out 0.324 0.583 0.888 1.3 1.644 2.791 15.53
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Table D2‐1:Kandos subcatchments data

Catchment 
draining to pit

Total area 
(ha)

Paved 
area (%)

Grass 
area (%)

ST00297 0.17 67.5 32.5
ST00298 0.91 38.5 61.5
ST00299 0.33 43.4 56.6
N_K005 0.32 48 52
ST00304 0.15 68.7 31.3
ST00306 0.46 51.6 48.4
ST00308 1.09 35.7 64.3
ST00309 0.96 46.8 53.2
ST00301 0.67 47.3 52.8
ST00300 0.09 63.5 36.5
ST00302 0.19 67.7 32.3
ST00310 0.07 69.9 30.1
ST00311 2.91 38.1 61.9
ST00312 2.25 41.7 58.3
ST00313 0.46 49.8 50.2
N_K052 0.09 48.2 51.8
ST00315 0.01 70 30
ST00318 1.9 36.5 63.5
ST00319 0.74 49.8 50.2
ST00316 1.61 41.2 58.8
ST00317 0.84 53.4 46.6
ST00320 0.42 44.7 55.3
ST00322 0.64 51.3 48.7
ST00323 0.09 64.9 35.1
ST00324 1.99 33.8 66.2
ST00325 0.26 41.5 58.5
ST00328 0.16 53.1 46.9
ST00501 0.03 65.9 34.1
ST00327 1.15 39.5 60.5
ST00326 0.14 50.3 49.7
ST00329 0.17 40.8 59.3
ST00330 0.71 33.3 66.8
ST00332 2.54 37.7 62.3
ST00331 0.02 70 30
ST00335 0.1 43.1 56.9
ST00337 0.22 65.6 34.4
ST00338 0.67 43.8 56.2
ST00340 1.56 33 67
ST00341 0.24 55.5 44.5
ST00342 0.51 42.8 57.2
ST00345 0.52 43.9 56.1
ST00346 0.03 70 30
ST00348 1.69 36.2 63.8
ST00347 0.25 55 45
ST00350 1.15 40.9 59.1
ST00349 0.33 42.7 57.3
ST00351 0.54 41 59



ST00354 0.18 50.7 49.3
ST00360 0.12 56.6 43.4
ST00361 2.4 21.8 78.2
ST00370 10.59 7.7 92.3
ST00375 0.43 38.1 61.9
ST00372 1.46 39 61
ST00377 0.58 38.1 61.9
ST00376 0.12 67.6 32.4
ST00380 0.3 52.9 47.1
ST00367 0.26 49.1 50.9
ST00384 0.01 61.8 38.2
ST00383 4.78 14.1 85.9
ST00381 5.09 12.9 87.1
ST00366 0.09 67.2 32.8
ST00365 5.95 19.5 80.5
ST00379 0.18 37.4 62.6
ST00388 1.51 40.2 59.8
ST00387 6.22 9.9 90.1
N_K060 0.03 59.9 40.1
ST00389 0.15 45.2 54.8
ST00390 0.33 50.2 49.8
ST00392 11.6 7.5 92.5
ST00393 0.06 69.6 30.4
ST00394 0.3 51.4 48.6
ST00401 0.14 56.2 43.8
N_K043 4.82 39.1 60.9
N_K046 2.84 37.1 62.9
ST00397 0.21 53 47
ST00396 0.36 42.6 57.4
ST00403 0.28 70 30
ST00402 2.59 35.7 64.3
ST00398 17.83 10.3 89.8
ST00404 4.43 40.2 59.8
ST00410 0.03 66.3 33.7
ST00510 0.01 70 30
ST00411 0.43 37.4 62.6
ST00412 1.83 38.4 61.6
ST00413 0.26 67.5 32.5
ST00415 0.63 38.4 61.6
ST00416 0.29 46.5 53.5
ST00418 0.02 63.6 36.4
ST00420 0.17 60.8 39.2
ST00421 0.1 66.9 33
ST00424 0.05 70 30
ST00425 0.36 30.4 69.6
ST00427 0.02 70 30
ST00430 3.56 39.4 60.6
K5_out 0.86 33.4 66.6
ST00432 1.86 9.9 90.1
ST00433 1.51 9.3 90.8
ST00499 1.15 39 61



N_K051 0.32 44.7 55.3
ST00500 0.28 20.5 79.5
ST00529 3.49 39.5 60.5
K1_out 1.3 29.2 70.8
K2_out 6.45 19.6 80.4
K3_out 0.99 31 68.9
K4_out 0.82 39.9 60.1
HW1 0.58 25.7 74.3
HW2 0.67 29.1 70.9
HW3 0.88 41 59
N_K007 0.9 32.4 67.6
N_K008 0.43 32 68
HW6 5.48 12.9 87.1
N_K016 0.8 7.7 92.3
N_K017 2.98 16.1 83.9
N_K018 0.66 36.5 63.5
K8_out 4.25 20.5 79.5
N_K020 0.96 28.4 71.6
HW7 0.28 25.4 74.6
K7_out 0.23 32.8 67.2
N_K024 0.25 29.4 70.6
HW9 21.96 9.1 90.9
HW8 44.79 7.4 92.6
N_K026 1.16 33.9 66.1
HW12 15.29 6.3 93.7
HW10 99.74 21.4 78.6
N_K032 151.85 8.9 91.1
ST00303 0.81 44.6 55.4
N_K035 0.78 37 63
N_K038 0.74 43 57
N_K040 1.27 14.7 85.3
HW13 3.96 16 84
N_K049 0.15 68 32
N_K050 0.52 39.4 60.6
N_K053 1.18 33.8 66.2
K9_out 1.01 36.7 63.3
K10_out 0.28 26.7 73.3
K11_out 4.87 36.7 63.3
N_K055 0.99 37.9 62.1
K12_out 1.07 29.1 70.9
N_K056 0.8 35.1 64.9
K13_out 0.99 36.2 63.8
N_K057 0.58 43.5 56.5
N_K058 0.05 62.5 37.5
N_K059 1.27 36.5 63.5
N_K061 0.03 56 44
N_K062 0.76 13.1 86.9
N_K063 1.06 18 82
HW15 1.32 36.3 63.7
N_K068 0.26 37.1 62.9
N_K069 0.28 42.1 57.9



N_K073 8.81 7.6 92.4
N_K075 0.08 61.6 38.4
N_K077 0.09 66.8 33.3
N_K080 0.14 18.6 81.4
N_K082 0.17 62.6 37.4
N_K084 0.04 70 30
HW17 1.46 38.6 61.4
N_K089 0.97 40.8 59.2
N_K090 0.44 30.9 69.2
N_K093 0.07 55.8 44.2
N_K094 0.22 45.9 54.1
N_K095 0.21 35.2 64.8
N_K096 0.65 38.9 61.1
N_K098 0.73 35.4 64.6
N_K099 0.59 43.3 56.7
N_K101 0.15 39.8 60.2
N_K103 0.15 55.7 44.3
N_K104 0.05 70 30
N_K106 1.06 39.7 60.3
N_K109 0.07 70 30
N_K110 0.25 41.9 58.1
N_K112 1.27 36.1 63.9
N_K113 1.86 44.3 55.7
N_K114 3.99 35.5 64.6
N_K115 2.19 40.9 59.1
N_K116 0.12 56.8 43.2
N_K117 0.17 33.4 66.6
N_K120 0.17 63.4 36.6
N_K121 1.54 37.6 62.4
N_K122 0.51 30.1 69.9
N_K123 0.09 65.3 34.7
N_K125 0.03 69.3 30.8
N_K127 24.39 5 95
N_K128 2.13 34.6 65.4
N_K129 0.4 30.7 69.3
N_K130 0.11 67.6 32.4
N_K132 3.36 38.9 61.1
N_K133 0.04 69.6 30.4
N_K134 0.75 43.7 56.3
N_K135 0.2 32.2 67.8
N_K136 0.28 44.5 55.5
K14_out 0.55 47.5 52.5
N_K137 1.24 37.3 62.7
N_K138 0.36 34.4 65.6
N_K139 0.45 36.8 63.2
N_K141 0.81 28 72
N_K142 1.14 14.4 85.6
N_K143 5.51 8.8 91.2
N_K144 0.97 40.2 59.8
ST00429 0.1 45.9 54.1
ST00428 0.46 36.3 63.7



ST00356b 0.27 56.8 43.2



Table D.2.2: Kandos peak pipe flow results

Pipe ID 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP 0.5% AEP PMF
ST00277 0.09 0.11 0.133 0.158 0.182 0.242 0.554
A46 1.565 1.72 1.93 2.232 2.328 2.419 3.055
ST00278 1.782 1.807 1.835 1.839 1.872 1.948 2.664
ST00135 0.991 0.992 0.991 0.991 0.991 0.991 0.968
ST00137 0.456 0.446 0.448 0.448 0.447 0.447 0.408
ST00136 0.338 0.346 0.323 0.336 0.34 0.33 0.312
ST00134 0.471 0.472 0.472 0.472 0.472 0.472 0.472
ST00132 0.62 0.62 0.62 0.62 0.62 0.62 0.674
P_ST00299 0.072 0.083 0.098 0.112 0.129 0.161 0.21
ST00127 0.311 0.336 0.35 0.355 0.356 0.358 0.382
ST00126 0.198 0.227 0.265 0.303 0.311 0.313 0.316
ST00130 0.23 0.265 0.309 0.355 0.405 0.496 0.631
ST00275 0.44 0.442 0.442 0.443 0.442 0.444 0.44
P_ST00431 0.638 0.638 0.639 0.64 0.641 0.641 0.643
A71 0.788 0.806 0.828 0.852 0.871 0.942 1.344
A72 1.959 2.464 3.174 4.046 4.817 6.7 10.221
A66 0.458 0.469 0.483 0.494 0.507 0.537 0.896
KANDOS 21 0.158 0.155 0.157 0.158 0.156 0.156 0.143
KANDOS 22 0.428 0.429 0.429 0.429 0.429 0.429 0.428
ST00165 0.159 0.185 0.219 0.245 0.285 0.293 0.298
ST00166 0.267 0.267 0.267 0.267 0.267 0.267 0.274
ST00167 0.43 0.43 0.43 0.43 0.43 0.43 0.432
ST00169 0.083 0.096 0.113 0.132 0.157 0.189 0.393
ST00170 0.082 0.096 0.113 0.132 0.157 0.189 0.418
ST00172 0.014 0.016 0.02 0.024 0.027 0.027 0.147
ST00171 0.262 0.306 0.361 0.368 0.371 0.373 0.381
ST00173 0.026 0.03 0.038 0.061 0.118 0.186 0.265
ST00174 0.284 0.33 0.387 0.437 0.492 0.493 0.494
ST00175 0.439 0.442 0.444 0.445 0.447 0.447 0.449
ST00176 0.096 0.107 0.121 0.128 0.134 0.135 0.153
ST00177 0.437 0.44 0.441 0.442 0.442 0.443 0.443
ST00179 0.009 0.01 0.012 0.039 0.095 0.235 0.438
ST00178 0.389 0.39 0.39 0.39 0.39 0.399 0.409
P_ST00510 0.397 0.399 0.402 0.422 0.477 0.505 0.506
ST00180 0.165 0.191 0.225 0.258 0.296 0.37 0.462
ST00181 0.255 0.297 0.351 0.368 0.37 0.372 0.374
KANDOS7 0.369 0.376 0.383 0.391 0.397 0.412 0.538
C15 0.196 0.238 0.29 0.34 0.395 0.519 0.635
C14 0.242 0.249 0.256 0.264 0.27 0.286 0.414
ST00195 0.506 0.509 0.512 0.514 0.515 0.515 0.526
ST00196 0.946 1.079 1.111 1.104 1.105 1.101 1.091
ST00208 0.051 0.059 0.069 0.079 0.09 0.111 0.183
ST00209 0.135 0.156 0.183 0.211 0.241 0.298 0.312
ST00210 0.134 0.155 0.182 0.209 0.24 0.298 0.49
ST00207 0.609 0.604 0.616 0.585 0.623 0.558 0.627
ST00197 0.818 0.815 0.817 0.807 0.809 0.814 0.896

Peak pipe flows (m3/s)



ST00198 1.117 1.117 1.118 1.119 1.12 1.12 1.152
ST00199 0.661 0.638 0.618 0.614 0.611 0.608 0.57
ST00183 0.333 0.333 0.334 0.333 0.334 0.328 0.33
P_ST00414 0.346 0.344 0.35 0.344 0.346 0.332 0.334
ST00184 0.143 0.166 0.195 0.224 0.257 0.322 0.435
ST00212 0.09 0.099 0.118 0.136 0.163 0.163 0.252
ST00213 0.115 0.124 0.141 0.151 0.171 0.182 0.228
ST00214 0.54 0.542 0.541 0.542 0.542 0.542 0.535
ST00215 0.572 0.572 0.573 0.573 0.573 0.573 0.573
ST00216 0.515 0.515 0.525 0.528 0.532 0.524 0.579
ST00200 0.91 0.91 0.91 0.91 0.91 0.91 0.91
P_N_K043 0.542 0.54 0.541 0.542 0.543 0.545 0.561
P_N_K044 0.659 0.659 0.659 0.659 0.659 0.659 0.659
P_N_K045 0.931 0.932 0.932 0.934 0.933 0.933 0.931
ST00201 1.032 1.032 1.032 1.032 1.03 1.031 0.998
P_N_K046 1.058 1.067 1.072 1.069 1.063 1.062 0.798
ST00188 0.232 0.231 0.228 0.229 0.227 0.233 0.194
ST00187 0.221 0.222 0.225 0.228 0.231 0.235 0.248
C06 0.216 0.214 0.216 0.218 0.223 0.224 0.354
ST00203 0.666 0.544 0.554 0.535 0.527 0.539 0.45
ST00202 0.053 0.063 0.072 0.084 0.094 0.113 0.538
ST00191 0.199 0.229 0.268 0.3 0.302 0.304 0.429
P_ST00333 1.65 1.654 1.655 1.652 1.653 1.651 1.653
ST00193 0 0 0 0.012 0.054 0.137 0.397
ST00163 0.006 0.007 0.008 0.01 0.012 0.011 0.061
ST00162 0.043 0.05 0.062 0.078 0.089 0.112 0.387
ST00161 0.184 0.194 0.195 0.206 0.207 0.201 0.209
ST00160 0.271 0.273 0.276 0.288 0.308 0.31 0.326
ST00508 0.131 0.155 0.186 0.23 0.264 0.276 0.389
ST00157 0.477 0.517 0.565 0.594 0.61 0.628 0.642
ST00150 0.155 0.179 0.209 0.24 0.274 0.337 0.603
C01 0.05 0.051 0.052 0.05 0.054 0.053 0.091
P_ST00328 0.043 0.049 0.058 0.073 0.083 0.087 0.263
ST00503 0.176 0.176 0.201 0.217 0.231 0.226 0.348
ST00504 0.427 0.429 0.429 0.429 0.429 0.432 0.41
ST00153 0.545 0.551 0.561 0.57 0.575 0.575 0.575
ST00152 0.439 0.441 0.445 0.449 0.451 0.451 0.451
ST00143 0.103 0.119 0.139 0.159 0.183 0.227 0.298
ST00144 0.125 0.145 0.17 0.194 0.222 0.271 0.309
ST00145 0.126 0.146 0.171 0.197 0.224 0.28 0.403
ST00146 0.555 0.555 0.555 0.555 0.555 0.555 0.555
P_ST00530 1.005 1.006 1.01 1.011 1.015 1.014 1.024
ST00148 0.199 0.229 0.269 0.299 0.304 0.313 0.342
P_ST00318 0.651 0.651 0.685 0.698 0.704 0.709 0.713
ST00204 0.648 0.669 0.648 0.648 0.65 0.65 0.626
ST00219 0.211 0.245 0.293 0.33 0.346 0.356 0.371
ST00220 0.241 0.286 0.343 0.381 0.402 0.42 0.45
ST00221 0.356 0.409 0.471 0.533 0.561 0.563 0.566
ST00222 0.329 0.385 0.396 0.396 0.396 0.396 0.396
ST00225 0.428 0.43 0.431 0.432 0.432 0.432 0.437
ST00256 0.219 0.216 0.211 0.219 0.217 0.198 0.198



ST00526 0.547 0.547 0.547 0.547 0.547 0.547 0.554
ST00258 0.3 0.296 0.277 0.277 0.281 0.279 0.288
ST00259 0.46 0.461 0.461 0.461 0.462 0.462 0.475
ST00260 0.46 0.461 0.461 0.463 0.464 0.465 0.486
P_ST00380 0.067 0.077 0.09 0.103 0.118 0.146 0.532
ST00263 0.707 0.708 0.708 0.708 0.708 0.708 0.709
ST00264 0.478 0.479 0.479 0.479 0.479 0.479 0.479
ST00265 0.475 0.475 0.475 0.475 0.476 0.475 0.477
ST00239 0.14 0.162 0.204 0.259 0.298 0.312 0.482
ST00246 0.474 0.475 0.478 0.474 0.49 0.468 0.436
ST00249 0.432 0.431 0.434 0.44 0.438 0.433 0.432
ST00527 0.431 0.431 0.432 0.433 0.433 0.432 0.434
ST00267 0.476 0.475 0.475 0.48 0.481 0.482 0.49
ST00253 0.032 0.037 0.044 0.055 0.063 0.065 0.327
ST00243 0.093 0.112 0.139 0.169 0.199 0.29 0.537
ST00520 0.534 0.534 0.535 0.535 0.535 0.536 0.538
ST00242 0.217 0.231 0.248 0.261 0.271 0.269 0.314
ST00241 0.166 0.173 0.184 0.191 0.193 0.193 0.227
KANDOS 10 0.468 0.478 0.491 0.504 0.515 0.54 0.817
C10 1.058 1.107 1.144 1.175 1.201 1.268 1.799
C09 1.557 1.607 1.644 1.675 1.701 1.768 2.041
ST00375 0.062 0.061 0.061 0.061 0.061 0.062 0.072
ST00237 0.209 0.207 0.207 0.207 0.208 0.206 0.2
C07 0.191 0.185 0.186 0.185 0.185 0.18 0.126
ST00238 0.399 0.41 0.422 0.44 0.442 0.442 0.45
ST00230 0.187 0.217 0.255 0.296 0.352 0.408 0.416
ST00232 0.048 0.056 0.067 0.083 0.095 0.097 0.483
A44 0.606 0.708 0.84 0.938 1.068 1.364 2.481
ST00247 0.47 0.47 0.47 0.47 0.47 0.469 0.473
ST00248 0.47 0.469 0.509 0.528 0.515 0.503 0.471
ST00128 0.158 0.183 0.214 0.246 0.278 0.286 0.297
ST00129 0.181 0.209 0.245 0.281 0.318 0.324 0.423
A54 6.203 7.058 7.934 8.315 8.567 9.198 16.848



Table D.2.3: Kandos peak overland flow results

Overland flowpath 
ID from to 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP 0.5% AEP PMF
O_N_K039 N_K039 ST00405 0.255 0.297 0.351 0.368 0.37 0.372 1.816
O_ST00408 ST00408 ST00406 0.165 0.191 0.225 0.258 0.296 0.37 0.462
O_HW8 HW8 N_K023 0 0 0 0 0 0.828 37.92
O_N_K023 N_K023 N_K024 1.959 2.464 3.174 4.046 4.817 7.527 47.994
O_HW9 HW9 N_K025 0.47 0.749 1.154 1.651 2.112 3.629 25.511
O_N_K024 N_K024 N_K071 1.961 2.466 3.178 4.054 4.827 7.536 48.089
O_N_K025 N_K025 N_K071 1.258 1.555 1.982 2.503 2.983 4.568 26.855
O_N_K071 N_K071 N_K022 3.201 3.992 5.127 6.549 7.802 11.829 71.587
O_N_K022 N_K022 K7_out 3.201 3.992 5.127 6.549 7.802 11.829 71.587
O_HW7 HW7 N_K021 0.238 0.278 0.328 0.375 0.431 0.552 2.893
O_N_K026 N_K026 N_K072 2.761 3.271 3.926 4.492 5.214 7.043 37.946
O_N_K027 N_K027 N_K072 2.305 2.803 3.445 3.999 4.708 6.507 37.074
O_HW12 HW12 N_K027 2.999 3.547 4.253 4.85 5.636 7.594 40.836
O_N_K072 N_K072 N_K073 3.704 4.425 5.344 6.169 7.116 9.732 52.665
O_N_K073 N_K073 N_K074 3.704 4.425 5.344 6.169 7.116 9.732 52.665
O_N_K074 N_K074 N_K020 3.712 4.434 5.354 6.208 7.164 9.807 52.893
O_N_K020 N_K020 HW7 0.021 0.025 0.03 0.037 0.042 0.043 0.232
O_N_K075 N_K075 N_K076 0.904 1.089 1.327 1.578 1.845 2.533 13.219
O_N_K017 N_K017 N_K076 0.908 1.093 1.332 1.589 1.856 2.545 13.317
O_N_K076 N_K076 N_K018 0.137 0.163 0.196 0.227 0.264 0.355 1.93
O_N_K016 N_K016 N_K018 0.24 0.295 0.365 0.447 0.526 0.737 3.74
O_ST00432 ST00432 N_K077 0.218 0.267 0.33 0.392 0.457 0.625 3.308
O_ST00433 ST00433 N_K077 1.552 1.88 2.29 2.758 3.222 4.426 22.939
O_N_K077 N_K077 K8_out 1.096 1.321 1.606 1.919 2.24 3.064 16.07
O_N_K018 N_K018 N_K077 0 0 1.097 4.624 7.753 17.785 81.352
O_HW10 HW10 N_K028 6.203 7.058 9.031 12.939 16.32 26.984 98.197
O_N_K028 N_K028 N_K029 6.203 7.058 9.031 12.939 16.32 26.984 98.197
O_N_K029 N_K029 N_K030 6.203 7.058 9.031 12.939 16.32 26.984 98.197
O_N_K030 N_K030 N_K013 6.203 7.058 9.031 12.939 16.32 26.984 98.197
O_N_K013 N_K013 N_K012 6.203 7.058 9.031 12.939 16.32 26.984 98.197
O_N_K012 N_K012 N_K011 6.23 7.094 9.078 13.007 16.421 27.158 98.197
O_HW6 HW6 N_K011 6.23 7.094 9.078 13.007 16.421 27.158 98.197
O_N_K011 N_K011 HW11 6.23 7.094 9.078 13.007 16.421 27.158 98.197
O_HW11 HW11 N_K031 0.194 0.226 0.267 0.306 0.352 0.448 2.326
O_N_K007 N_K007 N_K079 0.065 0.077 0.095 0.119 0.137 0.149 0.806
O_ST00500 ST00500 N_K079 0.134 0.156 0.193 0.244 0.283 0.305 1.581
O_N_K008 N_K008 N_K077 0.024 0.028 0.034 0.042 0.048 0.049 0.259
O_N_K077 N_K077 K6_out 0.032 0.039 0.047 0.059 0.069 0.075 0.407
O_N_K080 N_K080 N_K008 0.387 0.529 0.681 0.789 0.956 1.317 10.123
O_ST00430 ST00430 ST00431 5.413 6.774 8.719 10.962 13.091 20.261 124.46
N_K032 N_K032 HW10 0 0 0 0 0.004 0.073 1.637
O_ST00301 ST00301 ST00302 0 0 0 0 0 0 0
O_ST00300 ST00300 ST00302 0 0 0 0 0 0 1.918
O_ST00302 ST00302 ST00430 0.044 0.05 0.059 0.077 0.089 0.092 0.47
O_N_082 N_K082 N_K083 0.395 0.644 0.923 1.242 1.53 2.167 13.968
O_ST00306 ST00306 N_K083 0.161 0.161 0.161 0.161 0.161 0.161 0.161
O_ST00307 ST00307 ST00308 0.323 0.373 0.425 0.472 0.532 0.651 2.888
O_ST00308 ST00308 ST00309 0.309 0.446 0.671 1.064 1.403 2.16 15.233
O_ST00309 ST00309 N_K004 1.236 1.345 1.569 1.962 2.301 3.059 16.132
O_N_K004 N_K004 HW2 0 0 0 0 0.256 1.058 14.201
O_HW2 HW2 N_K002 1.565 1.72 1.93 2.232 2.582 3.476 17.255
O_N_K002 N_K002 HW3 0.014 0.164 0.347 0.627 0.909 1.691 15.866
O_HW3 HW3 N_K003 1.782 1.92 2.144 2.46 2.778 3.636 18.528
O_N_K003 N_K003 K4_out 0.402 0.652 0.939 1.263 1.556 2.201 14.127

Peak overland flows (m3/s)



O_N_K083 N_K083 ST00309 0.361 0.418 0.492 0.563 0.646 0.81 4.176
O_ST00316 ST00316 HW17 0 0 0 0 0 0 4.57
O_HW17 HW17 N_K070 0.606 0.708 0.84 0.938 1.068 1.364 7.05
O_N_K070 N_K070 N_K084 0 0 0 0 0 0 0.664
O_HW1 HW1 N_K001 0.09 0.11 0.133 0.158 0.182 0.242 1.217
O_N_K001 N_K001 N_K085 0.625 0.731 0.867 0.968 1.103 1.406 7.277
O_N_K084 N_K084 N_K085 0.711 0.833 0.989 1.11 1.273 1.641 8.48
O_N_K085 N_K085 K3_out 0 0 0 0.01 0.058 0.139 1.912
O_ST00317 ST00317 ST00318 1.065 1.362 1.727 1.993 2.326 3.117 17.008
O_ST00318 ST00318 ST00319 1.722 2.018 2.414 2.756 3.129 3.954 19.04
O_ST00319 ST00319 N_K053 0 0 0 0 0 0 0.884
O_ST00313 ST00313 N_K052 0 0 0 0 0 0.01 1.164
O_N_K052 N_K052 ST00315 0 0 0 0 0 0 0.99
O_ST00315 ST00315 ST00530 0.646 0.846 1.075 1.247 1.461 1.956 10.199
O_ST00529 ST00529 ST00530 0.211 0.418 0.692 0.894 1.137 1.686 11.073
O_ST00530 ST00530 ST00318 0.714 0.785 0.866 0.936 1.05 1.265 5.61
O_N_K037 N_K037 ST00529 0 0 0 0 0 0 0.661
O_ST00299 ST00299 N_K005 0.07 0.12 0.186 0.254 0.295 0.361 1.722
O_N_K005 N_K005 N_K086 0.232 0.474 0.682 0.917 1.138 1.615 12.085
O_ST00304 ST00304 N_K086 0.232 0.477 0.733 1.034 1.31 1.924 13.436
O_N_K086 N_K086 ST00306 0 0 0 0 0.035 0.127 1.973
O_ST00298 ST00298 ST00304 0.244 0.423 0.594 0.817 1.035 1.458 10.355
O_ST00303 ST00303 ST00304 0 0 0 0 0 0.072 1.614
O_N_K035 N_K035 N_K034 0.392 0.521 0.626 0.771 0.918 1.188 7.124
O_ST00311 ST00311 N_K034 0.018 0.021 0.025 0.032 0.037 0.038 0.195
O_ST00310 ST00310 N_K084 0.159 0.185 0.219 0.245 0.285 0.293 0.298
O_N_K036 N_K036 N_K087 0.159 0.185 0.219 0.245 0.285 0.293 0.298
O_N_K087 N_K087 ST00303 0.044 0.051 0.06 0.073 0.087 0.092 0.47
O_ST00297 ST00297 ST00431 0 0 0 0 0 0 0.626
O_ST00425 ST00425 ST00426 0 0 0 0 0 0 0.588
O_ST00426 ST00426 ST00427 0 0 0 0 0 0 0
O_ST00424 ST00424 ST00423 0 0 0 0.044 0.103 0.231 2.786
O_ST00427 ST00427 ST00421 0 0 0 0 0 0.07 2.848
O_ST00421 ST00421 ST00420 0.207 0.24 0.283 0.324 0.372 0.469 2.438
O_N_K089 N_K089 ST00417 0.036 0.113 0.211 0.336 0.388 0.586 2.7
O_ST00417 ST00417 ST00412 0 0.017 0.047 0.064 0.084 0.133 1.059
O_ST00411 ST00411 ST00412 0.43 0.532 0.731 0.931 1.137 1.486 7.841
O_ST00412 ST00412 ST00413 0.535 0.651 0.844 1.051 1.275 1.679 8.502
O_ST00413 ST00413 ST00416 0.1 0.117 0.137 0.158 0.182 0.23 1.175
O_N_K090 N_K090 ST00416 0.28 0.41 0.668 0.882 1.099 1.547 9.443
O_ST00416 ST00416 N_K092 0 0 0 0 0 0 0
O_ST00414 ST00414 N_K092 0 0 0 0 0 0 1.224
O_ST00415 ST00415 N_K042 0.28 0.41 0.668 0.882 1.099 1.547 9.443
O_N_K092 N_K092 N_K091 0.708 0.859 1.118 1.365 1.596 2.157 11.259
O_N_K091 N_K091 N_K043 0.018 0.022 0.026 0.032 0.037 0.038 0.209
O_N_K093 N_K093 N_K094 0.072 0.083 0.1 0.13 0.149 0.156 0.826
O_N_K094 N_K094 N_K046 4.673 5.706 7.021 8.36 9.835 13.688 72.371
O_ST00336 ST00336 N_K047 0 0 0 0 0 0 0.163
O_ST00334 ST00334 N_K047 0 0 0 0 0 0 0.033
O_ST00337 ST00337 ST00333 4.579 5.618 6.939 8.277 9.756 13.609 72.316
O_N_K047 N_K047 ST00333 0 0 0 0.013 0.054 0.136 1.921
O_ST00338 ST00338 ST00339 4.125 5.185 6.548 8.097 9.455 13.675 79.12
O_ST00333 ST00333 N_K095 0.303 0.355 0.421 0.472 0.587 0.826 5.656
O_ST00340 ST00340 N_K095 0 0 0 0 0 0 1.526
O_ST00339 ST00339 ST00340 4.143 5.215 6.598 8.217 9.546 13.946 81.758
O_N_K095 N_K095 ST00332 0.059 0.068 0.079 0.091 0.104 0.127 0.646
O_ST00341 ST00341 ST00332 3.584 4.675 6.124 7.673 9.141 13.659 84.645
O_ST00332 ST00332 ST00331 5.839 6.931 8.38 9.928 11.396 15.918 81.96
O_ST00331 ST00331 N_K054 0.124 0.143 0.169 0.207 0.247 0.274 1.388



O_ST00342 ST00342 N_K054 5.859 6.956 8.411 9.947 11.441 15.982 82.426
O_N_K054 N_K054 K11_out 1.027 1.236 1.466 1.686 1.982 2.559 13.482
O_ST00326 ST00324 K11_out 0 0 0 0 0 0 1.218
O_ST00322 ST00322 ST00323 0.178 0.205 0.24 0.275 0.315 0.385 1.946
O_ST00323 ST00323 ST00324 0.564 0.656 0.774 0.871 1.001 1.277 6.8
O_ST00324 ST00324 K10_out 0 0 0 0 0 0 0
O_ST00418 ST00418 N_K048 0 0 0 0 0 0 2.715
O_ST00420 ST00420 N_K048 0.156 0.182 0.216 0.246 0.282 0.352 3.806
O_N_K049 N_K049 ST00498 0 0.03 0.069 0.109 0.155 0.249 3.746
O_ST00498 ST00498 ST00499 0.173 0.259 0.356 0.451 0.579 0.838 5.128
O_ST00499 ST00499 N_K096 0.249 0.341 0.463 0.602 0.754 1.063 6.417
O_N_K096 N_K096 ST00501 0 0 0 0 0 0 0.198
O_ST00328 ST00328 ST00327 0.583 0.792 1.017 1.217 1.505 2.058 12.806
O_ST00327 ST00327 ST00326 0 0 0 0 0 0.057 1.329
O_N_K050 N_K050 N_K051 0 0 0 0 0 0 1.922
O_N_K051 N_K051 ST00330 0 0.046 0.148 0.235 0.318 0.423 3.864
O_ST00330 ST00330 ST00502 0.392 0.521 0.626 0.771 0.918 1.188 7.124
O_ST00311 ST00311 ST00312 0.255 0.297 0.351 0.402 0.464 0.593 3.127
O_N_K099 N_K099 ST00409 0 0 0 0 0 0.078 0.308
O_ST00510 ST00510 ST00403 0 0 0 0 0 0 2.36
O_ST00410 ST00410 ST00404 1.81 2.148 2.438 2.839 3.321 4.354 22.8
O_ST00404 ST00404 ST00403 0.147 0.171 0.202 0.225 0.258 0.334 1.774
O_N_K098 N_K098 N_K099 0 0 0 0 0 0 1.445
O_N_K038 N_K038 N_K039 0 0 0 0.034 0.094 0.222 2.757
O_ST00409 ST00409 ST00410 0.167 0.28 0.424 0.591 0.752 1.176 7.383
O_HW13 HW13 N_K145 0 0 0 0 0 0.014 2.313
O_N_K040 N_K040 N_K102 0.196 0.238 0.29 0.34 0.395 0.519 0.635
O_N_K041 N_K041 N_K102 0.196 0.238 0.29 0.34 0.395 0.532 2.813
O_N_K102 N_K102 N_K101 0.536 0.656 0.807 0.981 1.15 1.588 7.921
O_N_K145 N_K145 HW14 0.294 0.407 0.552 0.719 0.881 1.304 7.509
O_HW14 HW14 ST00406 0.184 0.331 0.507 0.717 0.92 1.436 7.888
O_ST00406 ST00406 ST00405 0 0.063 0.342 0.584 0.79 1.307 9.036
O_ST00405 ST00405 N_K101 0.215 0.28 0.607 0.936 1.199 1.865 11.983
O_N_K101 N_K101 ST00404 0.038 0.043 0.053 0.068 0.078 0.081 0.415
O_N_K103 N_K103 ST00404 0.763 1.068 1.5 1.997 2.441 3.799 24.415
O_ST00398 ST00398 N_K104 0 0 0 0 0 0 0.437
O_ST00397 ST00397 ST00400 0 0 0 0 0 0 1.088
O_ST00400 ST00404 N_K104 0 0 0 0 0 0 0.832
O_ST00396 ST00396 ST00400 0.765 1.07 1.503 2.001 2.445 3.806 24.589
O_N_K104 N_K104 ST00403 2.192 2.754 3.329 4.169 5.032 7.056 39.132
O_ST00403 ST00403 ST00402 3.119 3.735 4.353 5.217 6.093 8.322 42.553
O_ST00402 ST00402 ST00401 3.576 4.411 5.253 6.342 7.474 10.421 58.333
O_ST00401 ST00401 N_K043 0.403 0.55 0.788 1.038 1.331 2.274 16.072
O_ST00392 ST00392 ST00393 0.38 0.549 0.792 1.023 1.321 2.262 16.074
O_ST00393 ST00393 ST00394 0.463 0.629 0.874 1.113 1.396 2.352 16.296
O_ST00394 ST00394 ST00401 0 0 0 0 0.019 0.039 0.883
O_ST00390 ST00390 ST00391 0 0 0 0 0 0 0.707
O_ST00391 ST00391 ST00392 5.113 6.108 7.366 8.658 10.082 13.783 69.74
O_N_K043 N_K043 N_K044 4.952 5.946 7.204 8.496 9.92 13.621 69.578
O_N_K044 N_K044 N_K045 4.756 5.747 7.004 8.298 9.723 13.425 69.518
O_N_K045 N_K045 ST00513 4.46 5.451 6.708 8.002 9.426 13.129 69.228
O_ST00513 ST00513 N_K046 0.037 0.044 0.054 0.067 0.077 0.081 0.421
O_ST00389 ST00389 N_K105 0.105 0.155 0.216 0.264 0.386 0.533 3.433
O_ST00388 ST00388 ST00387 0.212 0.368 0.569 0.777 1.059 1.667 10.926
O_ST0387 ST00387 N_K060 0.781 0.974 1.167 1.387 1.668 2.292 12.389
O_ST00384 ST00384 ST00385 0.781 0.974 1.167 1.387 1.668 2.292 12.389
O_ST00385 ST00385 N_K105 0.805 1.072 1.367 1.708 2.101 3.199 19.216
O_N_K105 N_K105 ST00386 0.379 0.677 0.965 1.312 1.714 2.822 18.967
O_ST00379 ST00379 N_K106 0.605 0.827 1.211 1.654 2.065 3.35 20.477



O_N_K109 N_K109 N_K108 0 0 0 0 0 0 0
O_N_K107 N_K107 N_K112 0.237 0.28 0.332 0.374 0.43 0.554 2.921
O_N_K112 N_K112 N_K111 0.034 0.033 0.035 0.034 0.035 0.036 0.035
O_ST00368 ST00368 N_K111 0.211 0.245 0.289 0.33 0.38 0.481 2.502
O_N_K055 N_K055 ST00343 0.03 0.037 0.044 0.055 0.063 0.065 0.34
O_N_K116 N_K116 ST00344 0 0 0 0.028 0.091 0.191 2.214
O_ST00343 ST00343 ST00344 0 0 0 0 0.083 0.199 2.511
O_ST00344 ST00344 ST00345 0 0 0 0 0.061 0.215 3.442
O_ST00345 ST00345 ST00346 0.363 0.416 0.474 0.538 0.631 0.789 4.066
O_ST00346 ST00346 K11_out 0 0 0.059 0.113 0.187 0.352 3.616
O_ST00348 ST00348 ST00347 0.388 0.454 0.532 0.592 0.675 0.864 4.501
O_ST00347 ST00347 K12_out 0.003 0.068 0.155 0.24 0.341 0.541 4.764
O_ST00350 ST00350 ST00349 0.505 0.581 0.685 0.787 0.904 1.136 5.999
O_ST00349 ST00349 K13_out 0.19 0.221 0.26 0.342 0.398 0.429 2.193
O_N_K056 N_K056 ST00350 0.039 0.045 0.053 0.061 0.07 0.088 0.451
O_N_K117 N_K117 N_K114 0 0 0 0 0 0.012 1.805
O_ST00351 ST00351 ST00353 0.187 0.217 0.255 0.296 0.352 0.408 0.416
O_ST00352 ST00352 ST00353 0 0 0 0 0 0 0.058
O_ST00354 ST00354 ST00353 0.225 0.26 0.306 0.352 0.415 0.504 2.644
O_ST00353 ST00353 N_K114 0.141 0.163 0.192 0.236 0.282 0.312 1.579
O_N_K057 N_K057 N_K058 0.147 0.171 0.201 0.242 0.288 0.328 1.701
O_N_K058 N_K058 N_K059 0.453 0.527 0.621 0.711 0.817 1.035 5.554
O_N_K059 N_K059 N_K118 1.539 1.811 2.16 2.64 3.034 4.124 26.965
O_N_K118 N_K118 N_K119 1.539 1.811 2.16 2.64 3.034 4.124 26.965
O_N_K119 N_K119 N_K114 0.119 0.133 0.153 0.179 0.199 0.246 1.129
O_ST00357 ST00357 ST00355 0.367 0.438 0.526 0.619 0.713 0.922 4.481
O_ST00355 ST00355 N_K113 2.109 2.571 3.161 3.778 4.327 5.747 27.817
O_ST00358 ST00358 ST00356 2.652 3.113 3.706 4.336 4.889 6.321 28.563
O_ST00356 ST00356 HW15 2.242 2.666 3.257 3.929 4.495 5.967 82.839
O_HW15 HW15 N_K064 2.71 3.144 3.748 4.434 5.01 6.506 83.586
O_N_K064 N_K064 HW16 0 0.19 0.484 0.795 1.103 2.043 49.694
O_HW16 HW16 N_K066 2.21 2.644 3.248 3.934 4.51 6.006 83.126
O_N_K065 N_K065 N_K066 1.058 1.296 1.628 1.97 2.304 3.309 18.412
O_N_K062 N_K062 HW16 0.555 0.784 1.103 1.429 1.755 2.775 17.218
O_ST00370 ST00370 ST00369 1.028 1.257 1.575 1.901 2.227 3.247 17.691
O_ST00369 ST00369 N_K062 0.085 0.103 0.128 0.158 0.186 0.268 1.513
O_N_K063 N_K063 ST00359 0 0 0 0 0 0 0.031
O_ST00360 ST00360 ST00359 0 0 0 0 0 0 1.115
O_ST00359 ST00359 ST00358 0.294 0.347 0.41 0.459 0.534 0.693 3.491
O_N_K111 N_K111 N_K120 0.317 0.373 0.441 0.496 0.571 0.746 3.762
O_N_K120 N_K120 N_K124 2.135 2.427 2.821 3.213 3.581 4.583 20.066
O_N_K121 N_K121 N_K124 2.32 2.695 3.169 3.638 4.068 5.184 22.618
O_N_K124 N_K124 N_K123 0.108 0.126 0.149 0.17 0.196 0.25 1.307
O_N_K122 N_K122 N_K123 0.309 0.377 0.463 0.561 0.656 0.9 4.482
O_ST00361 ST00361 N_K123 0.107 0.145 0.177 0.212 0.246 0.285 1.238
O_ST00375 ST00375 N_K125 0 0 0 0.004 0.087 0.232 3.179
O_ST00372 ST00372 N_K125 0.602 0.824 1.206 1.649 2.058 3.342 20.439
O_N_K067 N_K067 N_K109 0.371 0.637 0.931 1.273 1.666 2.764 18.78
O_ST00386 ST00386 ST00379 0 0 0 0 0 0 1.136
O_ST00377 ST00377 ST00376 0.171 0.197 0.247 0.314 0.362 0.377 1.947
O_ST00376 ST00376 N_K125 0.058 0.146 0.271 0.414 0.543 0.913 6.672
O_ST00383 ST00383 N_K105 0 0 0 0 0 0 0
O_ST00382 ST00382 ST00381 0 0 0 0 0 0 0.25
O_ST00380 ST00380 ST00367 0.164 0.261 0.393 0.541 0.676 1.076 7.173
O_ST00381 ST00381 ST00366 0.13 0.15 0.176 0.201 0.231 0.285 1.297
O_ST00367 ST00367 ST00363 0.058 0.067 0.079 0.09 0.104 0.129 0.661
O_N_K110 N_K110 N_K111 0.396 0.494 0.628 0.777 0.914 1.318 7.493
O_ST00366 ST00366 N_K061 0.666 0.814 1.003 1.222 1.432 1.988 10.214
O_ST00365 ST00365 ST00364 1.137 1.286 1.474 1.693 1.903 2.459 10.685



O_ST00364 ST00364 N_K061 0.077 0.104 0.163 0.202 0.228 0.291 1.306
O_ST00363 ST00363 ST00362 0.508 0.535 0.595 0.633 0.66 0.722 1.738
O_ST00362 ST00362 N_K121 2.609 3.058 3.629 4.216 4.761 6.1 27.038
O_N_K123 N_K123 ST00358 0.062 0.076 0.091 0.114 0.131 0.14 0.736
O_N_K068 N_K068 N_K059 0.068 0.083 0.1 0.124 0.142 0.151 0.792
O_N_K069 N_K069 ST00351 0.23 0.265 0.309 0.355 0.405 0.496 0.631
O_N_K006 N_K006 HW2 0.255 0.388 0.491 0.64 0.783 1.123 8.543
O_N_K034 N_K034 ST00303 0 0 0 0 0.001 0.093 0.223
O_N_K126 ST00422 ST00417 1.583 1.987 2.558 3.233 3.814 5.658 33.141
O_N_K127 N_K127 N_K032 0.063 0.073 0.09 0.115 0.132 0.14 0.718
O_N_K128 N_K128 ST00357 1.901 2.167 2.675 3.058 3.476 4.4 21.307
O_N_K129 N_K129 ST00357 1.474 1.69 1.979 2.328 2.652 3.524 16.607
O_ST00325 ST00325 K11_out 0.137 0.192 0.287 0.385 0.487 0.539 2.694
O_N_K053 N_K053 K9_out 0 0 0 0 0 0 0
O_N_K061 N_K061 N_K121 0.164 0.22 0.321 0.428 0.532 0.599 2.987
O_ST00374 ST00374 N_K130 0.361 0.528 0.712 0.874 1.088 1.451 7.043
O_ST00373 ST00373 N_K130 0.303 0.343 0.356 0.371 0.388 0.401 0.786
O_N_K130 N_K130 N_K125 0 0 0 0 0.073 0.196 3.989
O_ST00501 ST00501 N_K131 0.361 0.528 0.712 0.874 1.088 1.529 10.363
O_ST00329 ST00329 ST00330 0.763 0.885 1.042 1.194 1.37 1.719 8.812
O_ST00502 ST00502 N_K131 0.011 0.013 0.015 0.019 0.021 0.022 0.119
O_N_K131 N_K131 ST00327 0.764 0.921 1.122 1.33 1.612 2.22 11.51
O_N_K132 N_K132 ST00333 0.866 1.04 1.264 1.479 1.762 2.39 12.451
O_N_K133 N_K133 ST00530 0.134 0.155 0.182 0.234 0.272 0.296 3.692
O_N_K060 N_K060 N_K134 0.047 0.057 0.069 0.087 0.1 0.107 0.562
O_N_K134 N_K134 ST00385 0.481 0.495 0.521 0.551 0.583 0.648 1.979
O_N_K048 N_K048 N_K049 0.506 0.544 0.589 0.622 0.67 0.758 2.622
O_N_K135 N_K135 ST00498 0.261 0.303 0.358 0.409 0.47 0.597 3.115
O_N_K042 N_K042 N_K136 0.195 0.346 0.522 0.652 0.843 1.262 11.21
O_N_K136 N_K136 N_K091 0 0 0 0 0 0 0
O_N_K137 N_K137 ST00392 0.176 0.205 0.243 0.278 0.32 0.409 2.116
O_N_K139 N_K139 K5_out 0.216 0.255 0.304 0.347 0.402 0.534 2.852
O_N_K140 N_K140 ST00300 0.422 0.524 0.666 0.824 0.967 1.407 7.975
O_N_K141 N_K141 ST00427 0.234 0.271 0.335 0.427 0.491 0.521 2.678
O_N_K142 N_K142 N_K017 0.086 0.099 0.117 0.153 0.179 0.193 0.987
O_N_K143 N_K143 N_K017 0.275 0.319 0.376 0.388 0.397 0.4 0.528
O_N_K144 N_K144 ST00374 0.101 0.246 0.404 0.518 0.691 1.064 10.278
O_N_K138 N_K138 N_K048 0.4 0.699 0.997 1.39 1.803 2.985 19.998
O_ST00423 ST00423 ST00422 0.427 0.547 0.712 0.886 1.089 1.463 8.913
O_ST00431 ST00431 N_K139 1.03 1.197 1.412 1.754 2.179 3.558 23.07
O_N_K106 N_K106 N_K067 0.299 0.359 0.436 0.524 0.608 0.792 4.038
O_N_K125 N_K125 N_K108 0 0 0 0 0 0 0
O_N_K108 N_K108 N_K118 4.82 5.849 7.163 8.503 9.98 13.835 72.485
O_N_K115 N_K115 N_K118 0 0 0 0 0 0 0.258
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Appendix E Overland Flood Behaviour  
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Procurement Title Provision of Banking Services to Mid-Western
Regional Council

Tender Number 2012/01

Project Manager Neil Bungate

Records Folder No. A0411201

Whole of Life Cost $ 403,000

Risk Classification Medium

Procurement Method Request for Tender

Evaluation Plan
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1 Introduction

1.1 About this Evaluation

1.1.1 The following Evaluation Plan outlines the policy and procedures in the
evaluation of responses to the Request for Tender (RFT) – 2012/01 Provision
of Banking Services.

1.1.2 The nominated Tender Evaluation Panel (TEP) contained therein will be
subjected to the contents of this Plan. This document has been prepared for
use by the TEP in conducting the assessment of responses to the RFT.

1.2 About this Evaluation Plan

1.2.1 The conduct of the evaluation must be consistent with the evaluation process
detailed in the RFT. This Evaluation Plan seeks to establish this linkage and
also provides:

a) a description of the staff resources, including a description of the roles
and the responsibilities of the TEP;

b) protocols for handling tenders;

c) the disallowance of late tenders;

d) protocols for identifying and handling conflicts of interest;

e) protocols for safekeeping of tenders;

f) the evaluation criteria and the associated weightings to be applied;

g) evaluation methodology;

h) the nominated approver (Procurement Delegate); and

i) an indicative evaluation timetable.

1.2.2 Any departure from this evaluation plan by the TEP after it has been
approved may create procurement risk which may have serious management
and legal implications for Mid-Western Regional Council (MWRC).

1.3 Objective of the Evaluation

1.3.1 The overall objective is to evaluate tenders and identify tenders
demonstrating best value for money.

1.3.2 Value for money is a comprehensive assessment that takes into account both
cost represented by the assessment of price, and value represented by
technical assessment in the context of the risk profile presented by each
Tender.

1.3.3 To identify best value for money requires the TEP to take into account all
relevant risks, benefits and costs over the whole of life procurement cycle.
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2 The Procurement

2.1 Purpose of the Procurement

2.1.1 Council invites authorised deposit-taking institutions (ADI) to tender for the
provision of a full range of banking services to the Council. Legislation and
Council policy require the tender of Banking Services to Council. A full
range of banking services is essential for cash management, providing a
range of facilities for customers to pay accounts, provide sufficient
information to satisfy auditing requirement.

2.2 Tenders Received

2.2.1 In accordance with the Procurement Plan, an RFT will be issued for this
procurement.

2.2.2 A Tenderer means any person or organisation who receives the RFT and who
submits a Tender in response.

2.2.3 Tenders received in response to the RFT will be assessed in accordance with
this Evaluation Plan.
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3 The Evaluation Governance

3.1 Declared Evaluation Roles

3.1.1 Declared Evaluation Roles are:

a) Chairperson of the Tender Evaluation Panel;

b) Tender Evaluation Panel Member;

c) Tender Evaluation Working Group Member;

d) Probity Advisor;

e) Probity Auditor; and

f) Procurement Delegate.

3.2 The Tender Evaluation Panel

3.2.1 The Tender Evaluation Panel (TEP) comprises the Chairperson of the Panel
and Panel members as follows:

Role Description Appointee

Chairperson of the Tender
Evaluation Panel

To manage the evaluation
process and report to the
Procurement Delegate.

Neil Bungate – Financial
Accoutant

Tender Evaluation Panel
Members

Perform a detailed
evaluation of the tender
submissions.

Leonie Johnson – Acting
Group Manager Finance &
Administration

Wendy Cruz – Senior
Accounts Payable Officer

Kate Riach – Manger
Customer Service

3.2.2 Individuals nominated on the TEP may change with approval of the General
Manager.

3.2.3 Panel members will possess the necessary technical/subject matter skills to
effectively assess tenders.

3.2.4 Each member is to possess a sound understanding of the requirements and
will maintain confidentiality, probity and will conduct a fair and unbiased
process.

3.3 The Role of the Tender Evaluation Panel

3.3.1 The outcome of an evaluation is a recommendation of preferred tenderer(s)
that MWRC may enter into contract negotiation with and, if required, make
recommendations on the negotiation strategy that should be employed.

3.3.2 The role of the TEP will be to evaluate the tenders received and make a
recommendation on the preferred tenderer(s) to the Council.
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3.3.3 The preferred tenderer(s) must be those offering best value-for-money while
taking into account all relevant risks, benefits and costs over the whole
Procurement Life Cycle.

3.4 Tender Evaluation Working Groups

3.4.1 The TEP may form Tender Evaluation Working Groups to provide assistance
during the conduct of the evaluation and act on its behalf.

3.4.2 Any Tender Evaluation Working Group (TEWG) formed will report to the TEP.

3.4.3 Any TEWG formed will undertake tender evaluation in accordance with this
Evaluation Plan.

3.4.4 The membership of a TEWG will be decided by the TEP prior to
commencement of Stage 2 of the evaluation process.

3.4.5 The role of TEWG will be clearly defined and documented by the TEP.

3.4.6 The outcomes of any assessment undertaken by an Evaluation Working
Group will be reported to the TEP.

3.5 The Procurement Delegate

3.5.1 The Procurement Delegate must be a person who has authority to commit
MWRC to the nominated whole-of-life value in the Procurement Plan.

3.5.2 The nominated Procurement Delegate for this procurement process is:

Role Description Appointee

Procurement Delegate
To review and approve the
recommendations of the
TEP.

Council

3.5.3 The Procurement Delegate must decide who MWRC will enter into contract
negotiations with.

3.5.4 In making this decision, the Procurement Delegate must take into
consideration the Evaluation Report submitted by the TEP.

3.5.5 A departure from the TEP’s recommendation may create procurement risk
which may have serious management and legal implications for MWRC.
Legal advice must be sort before such a decision is taken.

3.6 Weighted Evaluation Criteria

3.6.1 Some evaluation criteria mean more than others. MWRC reflect this relative
importance through assigning weight to individual evaluation criteria.

3.6.2 Weighted Evaluation Criteria are used to determine the effectiveness of a
tender against the Statement of Requirement contained in the RFT.

3.6.3 The effectiveness is calculated as a percentage by multiplying scores
assigned by the TEP by the nominated criteria weight.
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3.6.4 Weighting applied to the Evaluation Criteria for this procurement is detailed
within the Evaluation Model at Appendix 3.

3.7 Changes to the Evaluation Plan

3.7.1 This plan will not be materially changed after the tender closing date has
passed; this will ensure there is no basis for allegations that the evaluation
methodology was changed after potential contact with tenderers.

3.7.2 No change will be made to the Evaluation Model (Appendix 3) after tenders
have been opened.

3.8 Commencing the Evaluation

3.8.1 The Evaluation Process must not commence until the Evaluation Plan has
been approved.

3.9 Tender Evaluation Software

3.9.1 MWRC does not currently utilise any tender evaluation software.

3.10 Clarifications/Presentations/Interviews

3.10.1 In addition to tenders received, the TEP may in its absolute discretion:

a) invite some or all tenderers to give presentations for the purpose of
demonstrating the features and capabilities of their applications and
specifically how their proposed solution would address MWRC’s
requirements; and

b) visit tenderer reference sites and conduct discussions with, and visits to,
customers of a tenderer (whether or not listed as referees in the
tenderer’s Tender).

3.10.2 The TEP may seek clarification from, and enter into discussion with any or all
the tenderers in relation to their tender.

3.10.3 The TEP may seek additional information in respect of any aspect of a tender
at any time.

3.10.4 The TEP is not under any obligation to take into account additional
information provided by a tenderer in response to a request and will not do so
where that would introduce unfairness into the evaluation process.

3.10.5 It is permissible for the TEP during evaluation phases to clarify any errors of
form, such as technical omissions, ambiguities and anomalies, in a tender
with the tenderer. However, this should not extend to a substantial re-tailoring
of the tender.

3.10.6 It is not permissible for the TEP to negotiate during an evaluation process.

3.10.7 The Chair of the TEP will determine if further information or clarification is
required from any tenderer.
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3.11 Unintentional Errors of Form

3.11.1 If the TEP considers that there are unintentional errors of form in a tender, the
TEP may ask the tenderer to correct or clarify the error. However, this should
not extend to a substantial re-tailoring of the tender.

3.12 Scoring Scales

3.12.1 Each non-price response to the Tender Response Schedule within the RFT
will be scored on a scale from 0 – 10. The response will be judged definitively
or as a value judgement as follows:

Score Definitive Answers Value Judgement

0 Unsatisfactory Fails to meet the requirement.
Unimaginative/No apparent economic benefit.

2 Poor Minimal Compliance. Moderately creative/benefits
difficult to assess.

4 Satisfactory Moderately satisfies the requirement.
Worthwhile concept/may realise benefits.

6 Good Partially satisfies the requirement.
Creative/enduring benefits over time.

8 Very Good Satisfies the majority of the requirement.
Highly creative/enduring high benefits.

10 Excellent Fully satisfies the requirement.
Exceptional/immediate & enduring high benefits.

3.12.2 Scores must be recorded against each response. Where a score of less than
ten (10) is made, a comment must be provided. Comments must detail
deficiencies in the tenderer’s response. There should be a clear linkage
between the score and comment. That is, a score of 0 should have an
appropriate degree of substantiation as to why the tenderer fails to meet the
requirement.

3.12.3 Where a tender response exceeds requirements, or the criteria is not
applicable to the tender, a score of ten (10) will be awarded. A note should be
made of where the tender response exceeds stated requirements.

3.12.4 As a guide, careful consideration should be given to comments as these
comments substantiate the treatment of a tender during the evaluation
process. Comments provide the basis of de-briefing unsuccessful tenderers
so should give sufficient detail of deficiencies.
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4 Probity and Ethics

4.1 About Probity and Ethics

4.1.1 Probity is the evidence of ethical behaviour in a particular process.

4.1.2 Probity is defined as complete and confirmed integrity, uprightness and
honesty. It contributes to sound procurement processes that accord equal
opportunities for all participants. A good outcome is achieved when probity is
applied with common sense.

4.1.3 Procurement must be conducted with probity in mind to enable the
Department and tenderers to deal with each other on the basis of mutual trust
and respect. Adopting an ethical, transparent approach enables business to
be conducted fairly, reasonably and with integrity.

4.1.4 Ethical behaviour also enables procurement to be conducted in a manner that
allows all tenderers to compete as equally as possible. The procurement
process rules must be clear, open, well understood and applied equally to all
parties to the process.

4.1.5 The basis for government procurement policy is Section 44 of the FMA Act,
which specifies that Chief Executives are responsible for ensuring the ethical
use of resources, including in relation to government procurement.

4.2 Conflict of Interest

4.2.1 Any person with a Declared Evaluation Role for this evaluation must detail
any circumstances that may give rise to an actual or potential conflict of
interest.

4.2.2 In the first instance, the Chair of the TEP should be notified of any conflict of
interest.

4.3 Confidentiality

4.3.1 The establishment of security procedures for handling tender-related
documents are as follows:

a) requiring all officials and external consultants with access to tender
information to sign an appropriate confidentiality undertaking;

b) storing documents which contain tender-related, commercially sensitive
information in appropriately secure conditions; and

c) allowing only authorised officials with a direct “need-to know” access to
tender-related sensitive information.

4.3.2 Any person with a Declared Evaluation Role must be instructed by the Chair
of the TEP that each tender response contains confidential information and as
such should be treated in the appropriate manner and not left on desks
(overnight or weekends) or removed from the evaluation area without prior
written approval by the Chairperson of the TEP or nominee. All evaluation
material must be treated in the same manner.
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4.3.3 As decisions must be made without ‘fear or favour’ the potential for a conflict
of interest must be avoided, and if one exists, it should be declared for public
record.

4.3.4 All tender responses will be treated as Commercial in Confidence and
tenderer’s intellectual property must not be plagiarised or placed in the public
domain.

4.4 Conflict of Interest and Confidentiality Declaration

4.4.1 Any person with a Declared Evaluation Role will be required to sign a Conflict
of Interest and Confidentiality Declaration form at Appendix 1.

4.4.2 Any person providing administrative assistance to the TEP or to a Tender
Evaluation Working Group will be required to sign a Conflict of Interest and
Confidentiality Declaration form at Appendix 1.

4.5 Probity Advice to Staff

4.5.1 The Chair of the TEP should circulate advice (Appendix 2) in relation to
probity protocols during the procurement process to staff that may come into
contact with potential tenderers.

4.6 Probity Advisor

4.6.1 The Probity Adviser will provide advice to the TEP on probity matters to assist
the Evaluation Committee in ensuring that all tenders are analysed fairly,
uniformly and transparently.

4.6.2 The Probity Adviser is not a member of the TEP and must not engage in any
evaluation activity.

4.6.3 The Probity Adviser must sign a Probity Declaration form at Appendix 1, and
must not have any Conflict of Interest with any tenderer.

4.6.4 The Probity Adviser will also be available for the tenderers to raise concerns
they may have regarding fairness throughout the RFT process.

4.6.5 The Probity Adviser will report to the Chair of the TEP; however the Probity
Adviser may also approach the Procurement Delegate.

4.6.6 The Probity Advisor is:

Name Mr Ian Roberts
Position Manager Governance
Telephone (02) 6378 2868
Email Ian.Roberts@midwestern.nsw.gov.au

4.7 Probity Auditor

4.7.1 If required, the Probity Auditor will be appointed by the General Manager.

4.7.2 The Probity Auditor will be self-directing and will independently establish a
program of audit testing based on identified criteria.
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4.7.3 At the end of the Evaluation Process the Probity Auditor will report an
objective opinion on probity issues to the General Manager.

4.7.4 The Probity Auditor will not be contacted to resolve any specific probity issues
during the evaluation.

4.7.5 The Probity Auditor may be contacted by the Probity Advisor to endorse any
actions taken to resolve a probity issue during the evaluation. Endorsement is
limited to ensuring probity requirements have been met by actions taken and
it is appropriate to continue with the evaluation.

4.7.6 The Probity Auditor:

has not been appointed for this procurement.
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5 The Evaluation Process

5.1 Stage 1 – Opening the Tender Box

5.1.1 No tenders are to be opened before the Closing Time.

5.1.2 The MWRC Tender Box will be opened by the Project Manager and two
Council Officers delegated by the General Manager.

5.1.3 The MWRC Electronic Tender Box will be opened by three witnesses who are
registered on Tenderlink. Opening the Electronic Tender Box will be
automatically recorded by Tenderlink. MWRC will receive an RFT lodgement
summary of the registration receipt of each tender and content thereof.

5.1.4 Late Tenders will not be accepted (or considered further) unless lateness is
clearly due to a mishandling of the tender by MWRC or it is evident that
formal tender documents and all other requisite essential information were
posted or lodged at a Post Office or other recognised delivery agency before
the deadline for the closing of tenders. The reasons for admitting any Late
Tender must be documented by the TEP in the Evaluation Report.

5.1.5 Late Tenders (i.e. those received after the Closing Time) must not be opened.

5.1.6 Tenders will be assessed against the Minimum Content and Format
Requirements specified in the RFT.

5.1.7 Any tender failing to meet a Minimum Content and Format Requirement
specified in the RFT must not be considered further.

5.2 Stage 2 – Tendering Conditions

5.2.1 The Tendering Conditions are mandatory requirements. They are minimum
standards that suppliers must meet in order to participate in this procurement
process.

5.2.2 Remaining tenders will be assessed against the Tendering Conditions stated
in the RFT.

5.2.3 Any tender failing to meet a Tendering Condition specified in the RFT must
not be considered further.

5.3 Stage 3 – Compliance Evaluation

5.3.1 Remaining tenders will be evaluated to assess the risk associated with
responses to the following:

a) Compliance with Conditions of Tender;

b) Compliance with the Draft Contract;

c) Tenderer Details; and

d) The Tenderer’s Declaration.

5.3.2 Tenders representing unacceptable levels of risk may be excluded from
further consideration.
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5.4 Stage 4 – Technical Worth

5.4.1 For each remaining tender a quantitative (score) and qualitative (comment)
assessment of the response to the Statement of Requirement will be
conducted to determine the degree of effectiveness against the Evaluation
Criteria.

5.4.2 Scoring will be conducted in accordance with the Scoring Scales.

5.4.3 The Chair of the TEP may determine that assessments are carried
individually or as a group. Where individual assessments are conducted the
Chair should nominate a statistical method to calculate a preliminary final
score for the group to consider. Where individual evaluations are conducted a
consensus final score for each criteria (for each tender) must be reached
where the standard deviation between individual scores is higher than 2.5.

5.4.4 The assessment should also include identification of any risk issues. Where a
risk is identified a substantive comment should be made.

5.4.5 The TEP will undertake a gap analysis (i.e. the difference between what is
offered in a tender and what is required by MWRC) to determine the possible
materiality of any weaknesses of a tender.

5.4.6 Any tender demonstrating a significant gap, which would reduce the likelihood
of MWRC achieving the stated project objective, may be excluded from
further consideration.

5.5 Stage 5 – Price Evaluation

5.5.1 The TEP will then consider pricing details for remaining tenders and identify
tenders which are cost-effective.

5.5.2 If appropriate, the TEP may use ‘marginal cost/marginal utility’ to assist in
identifying cost-effective tenders. The principal of the model states the critical
point is where an increment of cost is matched by an equal increment of
utility. This condition is met when a line is drawn on the marginal cost/utility
graph through the zero point at an angle of 45º with each axis. The last plot
cut by the line as it is moved at 45º towards maximum utility and minimum
cost is the plot representing the optimum utility for minimum cost. This plot is
considered to represent best value for money.

5.5.3 The TEP will also identify any risks associated with tendered pricing.

5.5.4 Tenders which are not cost-effective may be excluded from further
consideration.

5.6 Stage 6 – Risk Analysis

5.6.1 A risk evaluation will be conducted for remaining tenders against risk issues
identified, using the risk matrix (Appendix 4).

5.6.2 The risk evaluation may also include such security, referee or financial checks
and procedures as considered necessary in relation to the Tenderer, its
officers, employees, partners, associates or related entities (including
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consortium members and their officers or employees if applicable). These
checks may include (without limitation) ascertaining risk associated with each
Tenderer in relation to: financial viability; corporate history; significant
litigation (past, present or pending); past performance; experience,
qualifications and skills of resources; and other issues of risk.

5.6.3 A risk profile of each tenderer will be created for each tender taking into
account the collective determination of risk magnitude for each risk issue
identified.

5.6.4 Any tender demonstrating unacceptable risk, which would reduce the
likelihood of MWRC achieving the stated project objective, may be excluded
from further consideration.

5.7 Stage 7 – Presentations

5.7.1 The TEP will determine the need for presentations for remaining tenderers.
The TEP may in its absolute discretion invite some or all tenderers to give
presentations for the purpose of demonstrating how their tender would
address the Statement of Requirements.

5.7.2 At least two members of the TEP will attend all presentations. An agenda
must be established and transmitted to the tenderers prior to the
presentations.

5.7.3 The TEP will assess presentations in the context of further developing the risk
profile for a tenderer.

5.7.4 Any tender demonstrating unacceptable risk, which would reduce the
likelihood of MWRC achieving the stated project objective, may be excluded
from further consideration.

5.8 Stage 8 – Interviews

5.8.1 For remaining tenders, the TEP may in its absolute discretion visit tenderer
reference sites, and/or visit customers of a tenderer (whether or not listed as
referees), to conduct an interview for the purpose of assessing how the
tenderer would address the Statement of Requirements.

5.8.2 At least two members of the TEP will participate in all interviews.

5.8.3 The TEP will assess interviews in the context of further developing the risk
profile for a tenderer.

5.8.4 Any tender demonstrating unacceptable risk, which would reduce the
likelihood of MWRC achieving the stated project objective, may be excluded
from further consideration.

5.9 Stage 9 – Evaluation Recommendations

5.9.1 Remaining tenders will be assessed to determine their relative ability to
satisfy the overall requirement (Technical Worth) at a competitive cost and at
an acceptable risk.



MWRC EVALUATION PLAN

Page 16 of 24

5.9.2 A preferred tenderer, or tenderers, will be recommended on a value for
money basis.

5.9.3 The TEP will develop an Evaluation Report containing the recommendation of
preferred tenderer(s).

5.9.4 The Evaluation Report must contain:

a) an executive summary containing an overview of the tender, including
its purpose, advertising period and number of tender responses
received

b) a listing of each tender received;

c) a listing of late tenders;

d) a listing of conforming tenders;

e) a listing of non-conforming or alternative tenders;

f) a statement relating to the evaluation methodology;

g) a summary of the tender evaluation process;

h) details of the tender evaluation panel;

i) a summary of the evaluation findings; and

j) confidential attachments (Evaluation Plan; Scores and Prices)
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6 Concluding the Evaluation

6.1 Final Review

6.1.1 If appointed, the Probity Adviser will review the draft evaluation report.

6.1.2 The Probity Adviser may propose amendments to the Evaluation Report to
the Chair of the TEP.

6.1.3 The TEP will consider any proposed amendments suggested by the Probity
Adviser.

6.1.4 The TEP will agree to a Final Evaluation Report. Any dissenting report should
be an appendix to the majority report.

6.1.5 If appointed, the Probity Auditor should be provided with all procurement
documentation needed to conduct the independent program of audit testing
and reporting to the Procurement Delegate.

6.2 The Procurement Delegate’s Decision

6.2.1 The TEP will submit the Final Evaluation Report to the Procurement Delegate
for consideration.

6.2.2 If appointed, the Probity Auditor will submit an audit report on the
procurement process to the Procurement Delegate for consideration.

6.2.3 The Procurement Delegate will decide who MWRC enters into contract
negotiations with. The decision must be consistent with the core principle
underpinning Australian Government procurement, i.e. obtaining best value
for money.

6.2.4 The Procurement Delegate must not force a TEP to change its Evaluation
Report.

6.3 Notification and Debriefing

6.3.1 All tenderers will be informed in writing of the outcome of their tender after the
Procurement Delegate has made a decision.

6.3.2 Unsuccessful Tenderers may request in writing:

a) a statement of the reasons their tender was unsuccessful; and

b) an opportunity to be debriefed.

6.3.3 The content and/or format of any statement or debriefing is at MWRC’s
absolute discretion.
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7 Plan Authorisations

7.1 Project Manager

7.1.1 This Evaluation Plan and the RFT have been reviewed; both are compliant
with the MWRC Procurement Policy and MWRC Tendering Procedure. This
Evaluation Plan is consistent with the evaluation process described in the
RFT, and the RFT can be published:

…………………………… …………………………… ……/……/…….

Name & Role Signature Date

7.2 Chair – Tender Evaluation Panel

7.2.1 The evaluation will be conducted in accordance with this Evaluation Plan:

…………………………… …………………………… ……/……/…….

Name & Role Signature Date

7.3 Group Manager

7.3.1 The Evaluation Plan is approved and the Request for Tender can be
published.

7.3.2 I understand this procurement may proceed to contract unless it is the public
interest to cancel the procurement.

…………………………… …………………………… ……/……/…….

Name & Role
Signature Date
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Appendix 1 Conflict of Interest and Confidentiality Declaration

I, the undersigned, do not currently have a conflict of interest and acknowledge my
obligation to immediately make written notification to the Chair of the Tender
Evaluation Panel of any conflict of interest including, but not limited to any:

 ownership of shares in any of the companies associated with a Tenderer;

 employment, contract for services or potential employment or contract for
services opportunities for myself or members of my family with Tenderers or
their sub-contractors;

 contact with any of the officer(s) of any Tenderers (or their sub-contractors)
regarding their Tender;

 involvement with the preparation of a Tender; and

 other relevant matter likely to affect my objective and impartial evaluation of
any Tenders.

Also, I acknowledge that during the evaluation process that I will not discuss issues
regarding the evaluation with any Tenderer and will refer all enquires to the Chair of
the Tender Evaluation Panel.

Should I, due to changed circumstances, be subjected to any of the above situations,
I will immediately provide written notification to the Chair of the Tender Evaluation
Panel of the circumstances and suspend myself from further evaluation activities
pending further consideration by the Tender Evaluation Panel.

Person making the Probity Declaration Witness

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

Signed Signed

..................................................................
Print Name

...........................................................
Print Name

.................................................
Date

.................................................
Date
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Appendix 2 Probity Advice to Staff

Probity Advice to Staff

The procurement process is underway for RFT, and a Probity Adviser for the process
has been appointed.

It is essential that interested providers and the public at large are able to have
complete confidence that the processes involved have been conducted in a manner
which has due regard to probity; being, complete and confirmed integrity, uprightness
and honesty.

It is possible that individuals or companies may approach MWRC staff, in either an
official or informal way, seeking details of the tendering processes. In order to
ensure the probity of the projects is maintained at the highest standard it has been
decided to implement a process for responding to and reporting these contacts.

All individuals or organisations that make contact regarding the procurement process
shall be advised that the appropriate point for discussion of the issues involved or for
the provision of information is the Contact Officer. The Contact Officer is:

Name Neil Bungate
Position Financial Accountant
Telephone 6378 2812
Email neil.bungate@midwestern.nsw.gov.au

No public statements shall be made by MWRC staff unless specifically authorised by
the Contact Officer and the Corporate Communications Manager. By having a
nominated point of contact we will ensure that all parties are given equal access to
the same information.

Outside parties, with whom MWRC has an existing business relationship, may
contact staff as part of the normal day-to-day relationship. It is important that staff
follow the following guidelines throughout the entire process:

 No discussion shall be held with any potential Tenderer about the evaluation
process in relation to any aspect of any Tender or the evaluation process
without the prior approval or at the direction of the Contact Officer or
nominee.

 No potential Tenderer shall receive or be perceived to have received
additional information to that which is publicly available in respect of the
selection process.

 Potential Tenderers shall be advised to deal directly with the Contact Officer
in all matters in relation to the selection process, their tender or its current
status. Staff shall refuse to enter discussions of this nature.

 Should any potential Tenderer request a copy of any document excluding the
RFT, they should be referred to the Contact Officer. Staff should provide no
documents other than the RFT, which should then be recorded in the Register
of RFT’s Issued.
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 Unusual or exceptional invitations from any party with a declared interest in
the procurement should not be accepted.

 Routine business meetings and social activities may continue as usual, but
managers and employees shall exercise caution, and shall not discuss the
evaluation, the evaluation procedures, or contents of responses to any RFT.
Contact with potential Tenderers should be reported to the Contact Officer.

 Where any party in an unrelated business meeting or social situation seeks to
raise issues in respect of the evaluation, or contents of any RFT, the
employee shall indicate that it is not appropriate to discuss such matters.

The purpose of these instructions is to assist individuals having contact with this
process to acquit their responsibilities in a way which is, and is seen to be, fair and
unbiased.

Questions from MWRC staff regarding these instructions are to be directed to the
Contact Officer.

Staff should contact the Probity Advisor with any concerns in relation to the probity of
this process. The Probity Advisor is:

Name Mr Ian Roberts
Position Manager Governance
Telephone (02) 6378 2868
Email Ian.Roberts@midwestern.nsw.gov.au
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Appendix 3 Evaluation Model

Evaluation Criteria Weighting

1. Price 50%

2. Internet and processing software capabilities 30%

3. Customer service 15%

4. Additional services 5%

Justification of Weightings Assigned

Due to increasing budget pressure price and value is considered the most important
criteria, thus has received the heaviest weighting at 50%.

Internet and processing software capabilities relates to the tenderers ability to deliver
quality, secure, user friendly services to Council and our customers, thus receiving
the next highest weighting of 30%.

Due to the medium risk impact if operational procedures fail a weighting of 15% is
given to customer service for the bank’s ability to deal with urgent issues and general
enquiries.

Additional services requested in the scope of requirements and additional services
offered outside the scope of requirements are non-essential and given the lowest
weighting of 5%.

Characteristics of Preferred Responses

1. Price

Tender provides the lowest price for comparable services. Evaluation will include
assessment of any additional costs involved should Council change service
provider.

2. Internet and processing software capabilities

Preferred responses will deliver the best quality security of online services, credit
card security and information and fraud protection.

Banking software will allow ease of credit card transaction processing and
approvals, online banking export of information, access to transaction
information, importing payment files and authorisation.

3. Customer service

Council expects to be able to deal with a dedicated customer service account
manager, without being directed to a call centre. Any service delivery timeframes
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will also be assessed. Customer relationship management process will be
assessed.

Preference for shopfront presence in Mudgee to provide agency services to
ratepayers.

4. Additional services

Tenderers provide a solution for additional services in the scope of requirements
that meets evaluation criteria 1 and 2. Other additional services will be assessed
on the same criteria.

Risk Issues

 Financial viability risk – the risk of the supplier becoming bankrupt

 Offer risk – the risk of the supplier being unable to supply the goods or
services offered

 Commercial risk – the risk of the supplier being unable to execute or manage
the contract

Appendix 4 Risk Evaluation Matrix

Determination of Risk Effect

The effect of identified risks should be classified as High, Medium, Low or
Insignificant depending on the nature of the identified risks. Guidance on classifying
risks is given by the following table:

Risk
Impact
Descripti
on

Financial Human Reputation and
Image

Service Delivery Environmental

High Above
$500,000

Death Reputation of
MWRC affected
nationally and/or
internationally.

High numbers of
unhappy clients.

Services not
delivery.

Long term harm

Medium Between
$50,000
and
$500,000

Physical
injury to staff
requiring
treatment by
Dr/Hospital

Employee and/or
community
concern, heavy
local media
coverage.

Individual
clients/groups
unhappy with
service provided.

Lengthy delay in
service delivery.

Medium-term
harm
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Low Under
$50,000

First Aid Minor concern
amongst a small
number of
employee/clients.

Minor impact on
service
provision.

Short service
delay
anticipated.

Short-term harm

Assessment of Risk Likelihood

This assessment is based on the likelihood that the risk will occur in light of the
tender provided by each tenderer. Guidance on this assessment is given in the
following table:

Category Description

Unlikely A risk event is possible, but unlikely, in the next 12 months.

Probable A risk event is likely to occur at some time in the next 12 months.

Certain The risk is occurring now – and MWRC is already exposed to its potential
impact (i.e. this is an ‘issue’ now, not simply a risk that may occur in the
future.)

Risk Magnitude

The assessment of risk magnitude is a function of both the risk effect and risk
likelihood, as set out in the following table:

Risk Likelihood

Risk Impact Description

High Medium Low

Certain Extreme High Medium

Probable High Medium Medium

Unlikely Medium Medium Low

Risk magnitude should be assigned to each risk issue identified, inter alia: Extreme,
High, Medium, or Low.
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