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EXECUTIVE SUMMARY  

In February 2010, SunWater was commissioned by  of Juris Ace Pty Ltd to 

undertake a hydraulic assessment of the sensitivity of the num erical hydraulic modelling used to 

by the Nogoa River Flood Plan Board to underpin the approval process.  The assessment was to 

determine if peak flood levels were influenced  by changes in the Ensham Mine levees.  The  

impacts were to be assessed at the property of   The property is identified as Lot 

63 Crown Plan DSN801593, County of Denison, Parish of Moodewarra. 

The sensitivity analysis was to be used to determine if changes to the Ensham Mine levee system 

configuration (location and he ight) impact on the upstream re aches of the Nogoa River Flood 

Plain, and the analys is also prov ides an assess ment of  the level of  immunity af forded by the  

SunWater structure known as the “Codenwarra Levee Bank”. 

The num erical hydraulic m odel MIKE-11 (DHI, 2005) was used to undertake the hydraulic 

modelling of several flood scenarios and developm ent conditions.  The flood events investigated 

include: 

 January 2008 Historical Flood Event 

 1 in 20 Year Annual E xceedence Probability  Design Floo d Event (Also known as the 

Designated Design Flood Event) 

 1 in 50 Year AEP DFE 

 1 in 100 Year AEP DFE 

The m ain model used during the assessm ent was the “Case 086 Adopted Topographic Base 

Model”, originally developed in  2007 by SunWater and updated in  2008 to s imulate the Nogoa 

Mackenzie flood of January 2008. This model is referred to as Case 086 in this report. 
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As part of the sensitivity investiga tion, modifications were required to the Case 086 model. The 

modifications were made to ensure the flow and flood height at Duckponds Gauging station was 

3,000 m3/s and 155.2 m AHD respectively.  This level was the recorded peak flood level during 

the event. 

The sensitivity testing indicates that with the incorporation of the Northern and Southern Levees 

flood levels are raised by up to 72mm at the Codenwarra Levee for the January 2008 flood event.  

The corresponding increases for the design events are as follows: 

 Q20 increases of up to 98 mm 

 Q50 increase of up to 75 mm 

 Q100 increases of up to 45 mm 

The m odifications indicate that the MIKE-11 model is sensitive to  changes in roughness 

coefficients and that both peak flood levels and flood flows are impacted by such changes. 

The absolute levels derived from  the Sensitiv ity Base Case are les s that the peak flood levels  

predicted under the original Base Case simulation.  For example, com parisons of the peak flood 

level at Bridge Flats under the original Base Case calibration for the Q20 event was EL 164.43 m 

compared with the Sensitivity Case peak level of EL 164.36 m .  These results indicate that the 

Sensitivity Base Case produces ab solute flood  levels that are lower than the co rresponding 

Adopted Topographical Base Case for the range of  design floods investigated.  S imilar values 

were noted for the inclusion of only the Northern Levee. 

In all cases examined, the peak flood levels were significantly less than the Codenwarra Levee 

crest level indicating that the levee provides substantial protection against the design flood event 

scenarios considered. 

A further investigation was conducted to determine the effect of the Parker Development Supply 

Channel upon the peak flood levels in the vicinity of the Codenwarra Levee.  This investigation 

involved the removal of the Parker Supply Channel which effectively blocks three flood runners 

on the southern Nogoa River Flood Plain (branches BNO_R00008, BNO_R00010 and 

BNO_R00012). 
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1.0 INTRODUCTION 

1.1 BACKGROUND 

The Nogoa River Flood Plain Boar d approved the original constr uction of levees for Ensham 

Mine as part of the Interim Flood Plain Mana gement Plan in May 1997 (DNR, 1997) .  A further 

approval in was sought and obtained by Ensham Resources Pty Ltd in March 1998 (DNR, 1998) 

for the modification of the location of the levees and inclusion of a low level haul road crossing. 

Another application was lodged by Ensham  Resources Pty Ltd involving th e Haul Road Safety 

Berm in April 2004 (SunW ater, 2007) and this was also approved by the Nogoa River Flood 

Board after satisfactory hydraulic assessments were undertaken. 

Ensham Resources Pty  Ltd subm itted a further application in Novem ber 2007 which involv ed 

the extension of levees  around the northern and southern m ine works.  This application was 

assessed but not approved due to the flood event of January 2008, (KBR 2008 and SunW ater 

2008a).  As a consequence of th e impacts of the flood in the N ogoa-Mackenzie River in January 

2008 and associated breaching of the Ensham Mi ne levees, the Queensland State Governm ent 

redefined the required flood immuni ty protection of  Ensham Mine from a 1 in 100 year Annual 

Exceedence Probability  (AEP) event to a 1  in 1,000 year AEP event, necessitating th e 

construction of larger levees (both in extent and height). 

The modified levees were re-assessed by the Nogoa River Flood Plain Board and approval was 

provided by the Board through the Coordina tor-Generals Departm ent in June/July 2008 

(SunWater, 2008b) for the rehabilitation and re-instatement of the existing levees. 

Ensham Resources Pty Ltd then subsequently applied to the Board as part of the Ensham Central 

Project – Raising of Original Downstream  Levees in September 2009 (KBR, 2009a  and 2009b) 

to increase the height of  the existing  levees to provide the same level of protection to the entire  

mine site. 

The decision to approve the modified levees was the subject of an appeal in February 2010. 
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1.2 SCOPE OF WORKS 

In February 2010, SunWater was commissioned by  of Juris Ace Pty Ltd to 

undertake a hydraulic assessment of the sensitivity of the num erical hydraulic modelling used to 

by the Nogoa River Flood Plan Board to underpin the approval process.  The assessment was to 

determine if increases in peak flood levels were due to the changes in Ensham Mine levees at the 

property of Mr Les Fluerty.  The property is identified as  Lot 63 Crown Plan DSN801593, 

County of Denison, Parish of Moodewarra. 

The sensitivity analysis was to be used to determine if changes to the Ensham Mine levee system 

configuration (location and he ight) impact on the upstream r eaches of the Nogoa River Flood 

Plain, and the analys is also prov ides an assess ment of  the level of  immunity af forded by the  

SunWater structure known as the “Codenwarra Levee Bank”. 

The Codenwarra Levee protects several proper ties approximately 20km nor th east of Em erald, 

near the in tersections of Foley and Lochlees Roads (see Figures 1 and 2).  Codenwarra Levee  

was designed and constructed by Q WRC in respons e to the February 1978 flood event, and it  

was designed to elim inate flood plain flow that e ffectively flowed from the Nogoa River across  

the flood plain and into Winton Creek. 

This report describes the result s of a hydraulic assessment of the proposed wo rks, specifying the 

“Codenwarra Levee Bank” (Figure 3) and surrounding area in particular. 

The num erical hydraulic m odel MIKE-11 (DHI, 2005) was used to undertake the hydraulic 

modelling of several flood scenarios and developm ent conditions.  The flood events investigated 

include: 

 January 2008 Historical Flood Event 

 1 in 20 Year Annual E xceedence Probability  Design Floo d Event (Also known as the 

Designated Design Flood Event) 

 1 in 50 Year AEP DFE 

 1 in 100 Year AEP DFE 
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The investigation of the impact of the Parker Development Supply Channel involved the removal 

of the supply channel.  The supply channel effectively blocked three flood runners on the 

southern flood plain of the Nogoa River (model branches BNO_R00008, BNO_R00010 and 

BNO_R00012).  In the Adopted  Topographic Base Case (N RW 19997 Figure 3A) the original 

Parker Developm ent Supply had to be m odified to incorporate larger openings (siphons) with 

dimensions of 30m, 150m and 200m which enabled flow through two of the blocked branches 

(BNO_R00008 and BNO_R00012).  The rem oval of th ese restrictions and the re-connection of 

branch BNO_R00010, highlights the impact of this infrastructure. 
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2.0 HYDRAULIC ANALYSIS 

The assessment was undertaken using the MIKE11 numerical hydraulic m odel, and was based 

upon a m odified version of the “Case 086 Adopt ed Topographic Base Model”. Four flood 

scenarios were considered during the process, including: 

 January 2008 flood 

 Q20 Design Flood Event 

 Q50 DFE 

 and Q100 DFE 

The design flood events are consistent with those utilised in the Interim Flood Plain Management 

Plan, (DNR, 1997). 

2.1 CODENWARRA LEVEE BANK DETAILS 

The “Coden warra Lev ee Bank” is a com pacted ear th fill levee located approxim ately 20 km 

north-east of Emerald, near the intersection of Foley and Lochlees Roads. It is 6,620m long; with 

its highest point being at chainage 0m, at 168.00 m AHD, and its lowest is at chainage 6,620m, 

at 165.39 m AHD. The levee is designed to protect several nearby properties that form part of the 

Weemah Irrigation Area from floods that emanate from the Nogoa River.  The intent of the levee 

was to deflect flows away from  the flood plai n but not necessarily  preven t flo oding of th e 

properties.  The properties could still be fl ooded by backwatering effects.  The levee was 

therefore effectively designed to reduce the impacts of the relatively high velocities observed in 

this area of the flood plain during the February 1978 flood event. 

2.2 HYDRAULIC MODEL MODIFICATIONS 

2.2.1 Historical Case Modifications 

The m ain model used during the assessm ent was the “Case 086 Adopted Topographic Base 

Model”, originally developed in  2007 by SunWater and updated in  2008 to s imulate the Nogoa 

Mackenzie flood of January 2008. This model is referred to as Case 086 in this report. 



NOGOA RIVER FLOOD PLAIN 
SENSITIVITY ANALYSIS 

 
 

 

Juris Ace Pty Ltd Final Report 10-001204.
P-AEXP-0901-AB-01-03 Commercial In Confidence May 2010

Page 8

 

As part of the sensitivity investiga tion, modifications were required to the Case 086 model. The 

modifications were m ade to ensure the flow  and flood height at Duckponds Gauging station 

(Located between grid point 60,400 on the NOGOA_MACKENZIE branch, and grid point 4,700 

on BNO_R22-23-24-25 branch), was 3,000 m 3/s and 155.2 m  AHD respectively. T his level was 

the recorded peak flood level during the event. 

This was achieved by m odifying the m odel’s boundary file and Hydro-Dynam ic (HD)  

parameters file until the required values were obtained. In the HD parameters file, the Manning’s 

n value for the bed resistance was m odified by a constant proportion ensuring the resultant value 

was not less than 0.035. In the boundary file, the upstr eam inflows were m odified by a constant 

percentage.  The adopted reduction in  Manning’s n is about 17%. 

The increase in relative roughness between the m ain stream and the fl ood plain for the original 

Base Case and the Sensitivity Base Case is illustrated in the Table 2.1. 

Table 2.1  Comparison of Roughness Coefficients 

Feature Base Case Sensitivity Base Case 

Main Stream 0.070 0.060 

Flood Plain 0.046 0.039 

Main Stream to Flood Plain Roughness 1.522 1.538 

 

Following verif ication that thes e model adju stments had produced the required values, the 

modified files were marked as the “Case086 Sensitivity” version. 

2.2.2 Cross-Section Modifications 

No cross-sections changes were required as pa rt of the sensitivity testing.  However, ne w 

network configuration files were  required  to ensure the differe ntiation between  the o riginal 

calibration model parameters and the revised sensitivity model parameters. 



NOGOA RIVER FLOOD PLAIN 
SENSITIVITY ANALYSIS 

 
 

 

Juris Ace Pty Ltd Final Report 10-001204.
P-AEXP-0901-AB-01-03 Commercial In Confidence May 2010

Page 9

 

2.3 MODELLING RUNS 

A total of 12 m odelling runs were undertaken  – one for each flood scenario (January 2008  

Historical E vent, and the Design F lood Events : Q20, Q50 and Q100) for each of  the three 

development cases: 

 Base Case 

 Northern Levee 

 Northern and Southern Levee 

The time-step for the modelling runs was reduced  to 15 seconds (as opposed to the previously 

utilised time-step of 30 seconds). 

Note that it was originally in tended to also do an analysis of the Q1000 scenario, but the flow  

estimates for this event were not provided by Ensham Resources Pty. Ltd. and so as to avoid any 

confusion by deriving an independent estim ate of the 1 in 1,000 year AE P this event was not 

modelled. 
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2.4 HYDRAULIC MODEL RESULTS 

2.4.1 Historical Flood Scenario 

The historical flood scenario using the recorded January 2008 flood flows was used as a baseline 

to com pare other dev elopment scenario  resu lts.  The sen sitivity analysis was  co nducted by  

modifying the roughness coefficients to ensure the peak flood level at the Duckponds gauge was  

maintained, but ensuring an associated peak flow of approximately 3,000 m3/s. 

Table 2.2:  Peak River Heights and Flows for Sensitivity Base Case Development 
– January 2008 Flood Event 

Levee 
Chainage Flood Height Flow Levee 

Chainage Flood Height Flow 

(m) (m AHD) (m3/s) (m) (m AHD) (m3/s) 
0 164.585 0. 0 3400 165.070 3. 0 

100 164.709 0. 0 3500 165.070 3. 0 
200 164.852 0. 0 3600 165.070 3. 0 
300 164.852 0. 0 3700 165.070 3. 0 
400 16 4.842 0.0 3800 164.355 439.9 
500 16 4.839 0.0 3900 164.318 439.6 
600 16 4.833 0.0 4000 164.302 439.5 
700 16 4.827 0.0 4100 164.283 439.3 
800 16 4.821 0.0 4200 164.269 439.2 
900 16 4.816 0.0 4300 164.255 439.1 
1000 16 4.810 0.0 4400 164.255 439.1 
1100 16 4.804 0.0 4500 164.255 439.1 
1200 16 4.804 0.0 4600 164.255 439.1 
1300 16 5.518 3.0 4700 164.243 439.2 
1400 16 5.518 3.0 4800 164.229 439.0 
1500 16 5.518 3.0 4900 164.217 438.9 
1600 16 5.518 3.0 5000 164.204 438.9 
1700 16 5.518 3.0 5100 164.107 438.4 
1800 16 5.518 3.0 5200 164.088 438.4 
1900 16 5.518 3.0 5300 164.074 438.3 
2000 16 5.518 3.0 5400 164.049 438.3 
2100 16 5.119 1573.3 5500 164.011 438.3 
2200 16 5.070 1573.3 5600 163.985 438.3 
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Levee 
Chainage Flood Height Flow Levee 

Chainage Flood Height Flow 

2300 16 5.069 1453.0 5700 163.956 438.3 
2400 16 5.068 1336.2 5800 163.918 438.3 
2500 16 5.068 1324.2 5900 163.824 438.3 
2600 16 5.068 1315.6 6000 163.805 438.3 
2700 16 5.066 1186.8 6100 163.771 438.3 
2800 16 5.070 3.0 6200 163.733 438.3 
2900 16 5.070 5.1 6300 163.701 438.3 
3000 16 5.070 3.0 6400 163.667 438.3 
3100 16 5.070 3.0 6500 163.635 438.3 
3200 16 5.070 3.0 6600 163.635 438.3 
3300 16 5.070 3.0 6620 163.635 438.3 

Duckponds GS 155.087 3,017.9    

 

As can be seen from  t he results shown in Table 2.1, the flow at the Duckponds GS was  

maintained at around 3,000 m3/s, with a corresponding level of 155.09m AHD. 

This compares with the original  January 2008 model calibration resu lt that was reported in the 

SunWater Report en titled, “ Nogoa River Flood Plain Ensham Mine Flood Modelling ” dated 

June 2008.  The Duckponds GS m odelled level in  this case was 155.11m  AHD so the resultant 

level is within 0.02m. 



NOGOA RIVER FLOOD PLAIN 
SENSITIVITY ANALYSIS 

 
 

 

Juris Ace Pty Ltd Final Report 10-001204.
P-AEXP-0901-AB-01-03 Commercial In Confidence May 2010

Page 12

 

Table 2.3:  Peak River Heights and Flows for Northern Levee Development - 
January 2008 Flood Event 

Levee 
Chainage Flood Height Flow Levee 

Chainage Flood Height Flow 

(m) (m AHD) (m3/s) (m) (m AHD) (m3/s) 
0 164.585 0. 0 3400 165.117 3. 0 

100 164.709 0. 0 3500 165.117 3. 0 
200 164.852 0. 0 3600 165.117 3. 0 
300 164.852 0. 0 3700 165.117 3. 0 
400 16 4.842 0.0 3800 164.418 460.2 
500 16 4.839 0.0 3900 164.382 459.9 
600 16 4.833 0.0 4000 164.367 459.8 
700 16 4.827 0.0 4100 164.348 459.6 
800 16 4.821 0.0 4200 164.335 459.5 
900 16 4.816 0.0 4300 164.321 459.4 
1000 16 4.810 0.0 4400 164.321 459.4 
1100 16 4.804 0.0 4500 164.321 459.4 
1200 16 4.804 0.0 4600 164.321 459.4 
1300 16 5.550 3.0 4700 164.310 459.4 
1400 16 5.550 3.0 4800 164.296 459.3 
1500 16 5.550 3.0 4900 164.284 459.3 
1600 16 5.550 3.0 5000 164.272 459.2 
1700 16 5.550 3.0 5100 164.177 458.8 
1800 16 5.550 3.0 5200 164.159 458.7 
1900 16 5.550 3.0 5300 164.146 458.6 
2000 16 5.550 3.0 5400 164.121 458.6 
2100 16 5.164 1583.3 5500 164.082 458.6 
2200 16 5.117 1583.3 5600 164.056 458.6 
2300 16 5.116 1458.4 5700 164.027 458.6 
2400 16 5.115 1337.0 5800 163.989 458.6 
2500 16 5.115 1324.5 5900 163.893 458.6 
2600 16 5.115 1315.6 6000 163.874 458.6 
2700 16 5.114 1181.7 6100 163.839 458.6 
2800 16 5.117 3.0 6200 163.801 458.6 
2900 16 5.117 5.1 6300 163.768 458.6 
3000 16 5.117 3.0 6400 163.734 458.6 
3100 16 5.117 3.0 6500 163.701 458.6 
3200 16 5.117 3.0 6600 163.701 458.6 
3300 16 5.117 3.0 6620 163.701 458.6 

Duckponds GS 155.063 3,041.2    
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The introduction of the Northern Levee results in some changes to the flow distribution and peak 

flood levels. At the downstream  end of the Code nwarra Levee, the peak flood flow increases by 

about 5% from 438.3 to 458.6 m3/s and the corresponding peak flood level increases 0.066m 

The im pact at Duckponds GS indicates that whilst the peak flood fl ow increases 0.8% the 

associated peak flood level actually falls by 0.024m. 

The re-distribution of flood flow and consequent changes to peak flood levels is a direct response 

to the variation in roughness coefficients that have been adopted. 

Table 2.4:  Peak River Heights and Flows for Northern and Southern Levee 
Development - January 2008 Flood Event 

Levee 
Chainage Flood Height Flow Levee 

Chainage Flood Height Flow 

(m) (m AHD) (m3/s) (m) (m AHD) (m3/s) 
0 164.585 0. 0 3400 165.117 3. 0 

100 164.709 0. 0 3500 165.117 3. 0 
200 164.852 0. 0 3600 165.117 3. 0 
300 164.852 0. 0 3700 165.117 3. 0 
400 16 4.842 0.0 3800 164.418 460.2 
500 16 4.839 0.0 3900 164.382 459.9 
600 16 4.833 0.0 4000 164.367 459.8 
700 16 4.827 0.0 4100 164.348 459.6 
800 16 4.821 0.0 4200 164.335 459.5 
900 16 4.816 0.0 4300 164.321 459.4 
1000 16 4.810 0.0 4400 164.321 459.4 
1100 16 4.804 0.0 4500 164.321 459.4 
1200 16 4.804 0.0 4600 164.321 459.4 
1300 16 5.550 3.0 4700 164.310 459.4 
1400 16 5.550 3.0 4800 164.296 459.3 
1500 16 5.550 3.0 4900 164.284 459.3 
1600 16 5.550 3.0 5000 164.272 459.2 
1700 16 5.550 3.0 5100 164.177 458.8 
1800 16 5.550 3.0 5200 164.159 458.7 
1900 16 5.550 3.0 5300 164.146 458.6 
2000 16 5.550 3.0 5400 164.121 458.6 
2100 16 5.164 1583.3 5500 164.082 458.6 
2200 16 5.117 1583.3 5600 164.056 458.6 
2300 16 5.116 1458.4 5700 164.027 458.6 
2400 16 5.115 1337.0 5800 163.989 458.6 
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Levee 
Chainage Flood Height Flow Levee 

Chainage Flood Height Flow 

2500 16 5.115 1324.5 5900 163.893 458.6 
2600 16 5.115 1315.6 6000 163.874 458.6 
2700 16 5.114 1181.7 6100 163.839 458.6 
2800 16 5.117 3.0 6200 163.801 458.6 
2900 16 5.117 5.1 6300 163.768 458.6 
3000 16 5.117 3.0 6400 163.734 458.6 
3100 16 5.117 3.0 6500 163.701 458.6 
3200 16 5.117 3.0 6600 163.701 458.6 
3300 16 5.117 3.0 6620 163.701 458.6 

Duckponds GS 155.068 3,032.0    

 

The comparison between the Sensitivity Base Case and the two development scenarios: Northern 

Levee and Northern and Southern Levee, shows th at the peak flood flow and levels in Branch 

BNO_R10 is affected by the presence of the levees.  The peak flood level increases by 0.066m in 

both cases. 
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2.4.2 Q20 Flood Scenario 

The 1 in 20 year AEP design flood event is the flood event that has been adopted as the 

Designated Design Flood in the Interim  Flood Plain Management Plan (DNR 1997).  This event 

has been used to assess development applications as part of the Nogoa River Flood Plain Board’s 

assessment process. 

Table 2.5:  Peak River Heights and Flows for Sensitivity Base Case Development -
Q20 Flood Event 

Levee 
Chainage 

Water 
Height Water Flow Levee 

Chainage 
Water 
Height Water Flow 

(m) (m AHD) (m3/s) (m) (m AHD) (m3/s) 
0 164.585 0. 0 3400 164.386 3. 0 

100 164.709 0. 0 3500 164.386 3. 0 
200 164.852 0. 0 3600 164.386 3. 0 
300 164.852 0. 0 3700 164.386 3. 0 
400 16 4.842 0.0 3800 163.433 164.0 
500 16 4.839 0.0 3900 163.374 163.9 
600 16 4.833 0.0 4000 163.350 163.8 
700 16 4.827 0.0 4100 163.320 163.8 
800 16 4.821 0.0 4200 163.299 163.8 
900 16 4.816 0.0 4300 163.276 163.7 
1000 16 4.810 0.0 4400 163.276 163.7 
1100 16 4.804 0.0 4500 163.276 163.7 
1200 16 4.804 0.0 4600 163.276 163.7 
1300 16 4.727 3.0 4700 163.253 163.7 
1400 16 4.727 3.0 4800 163.224 163.7 
1500 16 4.727 3.0 4900 163.199 163.7 
1600 16 4.727 3.0 5000 163.172 163.6 
1700 16 4.727 3.0 5100 162.969 163.5 
1800 16 4.727 3.0 5200 162.930 163.5 
1900 16 4.727 3.0 5300 162.901 163.5 
2000 16 4.727 3.0 5400 162.877 163.5 
2100 16 4.423 836.3 5500 162.839 163.5 
2200 16 4.386 836.3 5600 162.814 163.5 
2300 16 4.383 788.6 5700 162.792 163.5 
2400 16 4.380 742.2 5800 162.769 163.5 
2500 16 4.380 737.4 5900 162.710 163.5 
2600 16 4.380 734.0 6000 162.699 163.5 
2700 16 4.376 682.9 6100 162.677 163.5 
2800 16 4.386 3.0 6200 162.654 163.5 
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Levee 
Chainage 

Water 
Height Water Flow Levee 

Chainage 
Water 
Height Water Flow 

2900 16 4.386 3.4 6300 162.634 163.5 
3000 16 4.386 3.0 6400 162.613 163.5 
3100 16 4.386 3.0 6500 162.593 163.5 
3200 16 4.386 3.0 6600 162.593 163.5 
3300 16 4.386 3.0 6620 162.593 163.5 

Duckponds GS 154.476 2,710.9    

 

The 1 in 20 Year AEP flood levels  are lower than the January 2008 flood event flood levels as is 

evidenced by the difference in peak flood levels  modelled at the Duckponds GS.  The 1 in 20 

year AEP event is 0.61m  lower than the Ja nuary 2008 flood event values and there is a 

corresponding lower peak flood flow, (2,711 compared to 3,018 m3/s.) 

By comparison, the levels for the 1 in 20 year A EP event for the Base C ase at Duckponds GS is 

154.49m (SunWater, 2007), whilst th e corresponding value for the 1 in 20 year AEP Sensitivity 

Case is 154.476m.  This indicate s a reduction of 0.014m  at this lo cation due to the difference in 

roughness coefficients.  Com parisons at other key locations, such as Bridge Flats, Parkers and 

Lochlees, suggest the peak flood levels shown in  the Sensitivity Case are up to 0.13m less than 

the corresponding values in the original Base Case. 

Table 2.6:  Peak River Heights and Flows for Northern Levee Development -Q20 
Flood Event 

Levee 
Chainage 

Water 
Height Water Flow Levee 

Chainage 
Water 
Height Water Flow 

(m) (m AHD) (m3/s) (m) (m AHD) (m3/s) 
0 164.585 0. 0 3400 164.438 3. 0 

100 164.709 0. 0 3500 164.438 3. 0 
200 164.852 0. 0 3600 164.438 3. 0 
300 164.852 0. 0 3700 164.438 3. 0 
400 16 4.842 0.0 3800 163.503 182.6 
500 16 4.839 0.0 3900 163.447 182.5 
600 16 4.833 0.0 4000 163.423 182.5 
700 16 4.827 0.0 4100 163.395 182.4 
800 16 4.821 0.0 4200 163.374 182.4 
900 16 4.816 0.0 4300 163.352 182.4 
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Levee 
Chainage 

Water 
Height Water Flow Levee 

Chainage 
Water 
Height Water Flow 

1000 16 4.810 0.0 4400 163.352 182.4 
1100 16 4.804 0.0 4500 163.352 182.4 
1200 16 4.804 0.0 4600 163.352 182.4 
1300 16 4.765 3.0 4700 163.330 182.3 
1400 16 4.765 3.0 4800 163.303 182.3 
1500 16 4.765 3.0 4900 163.279 182.3 
1600 16 4.765 3.0 5000 163.254 182.3 
1700 16 4.765 3.0 5100 163.063 182.1 
1800 16 4.765 3.0 5200 163.026 182.1 
1900 16 4.765 3.0 5300 162.999 182.1 
2000 16 4.765 3.0 5400 162.975 182.1 
2100 16 4.474 846.0 5500 162.936 182.1 
2200 16 4.438 846.0 5600 162.911 182.1 
2300 16 4.436 795.1 5700 162.889 182.1 
2400 16 4.434 745.7 5800 162.864 182.1 
2500 16 4.434 740.6 5900 162.801 182.1 
2600 16 4.434 737.0 6000 162.789 182.1 
2700 16 4.431 682.5 6100 162.766 182.1 
2800 16 4.438 3.0 6200 162.741 182.1 
2900 16 4.438 3.5 6300 162.720 182.1 
3000 16 4.438 3.0 6400 162.697 182.1 
3100 16 4.438 3.0 6500 162.676 182.1 
3200 16 4.438 3.0 6600 162.676 182.1 
3300 16 4.438 3.0 6620 162.676 182.1 

Duckponds GS 154.487 2,772.9    

 

The introduction of the northern levee results in the peak flood level at Duckponds GS increasing 

by 0.011m.  The peak flow also increases by 2.3% or 62 m3/s.  At the downstream end of the 

Codenwarra Levee this increase is 0.083m. 
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Table 2.7:  Peak River Heights and Flows for Northern and Southern Levee 
Development - Q20 Flood Event 

Levee 
Chainage 

Water 
Height Water Flow Levee 

Chainage 
Water 
Height Water Flow 

(m) (m AHD) (m3/s) (m) (m AHD) (m3/s) 
0 164.585 0. 0 3400 164.438 3. 0 

100 164.709 0. 0 3500 164.438 3. 0 
200 164.852 0. 0 3600 164.438 3. 0 
300 164.852 0. 0 3700 164.438 3. 0 
400 16 4.842 0.0 3800 163.503 182.6 
500 16 4.839 0.0 3900 163.447 182.5 
600 16 4.833 0.0 4000 163.423 182.5 
700 16 4.827 0.0 4100 163.395 182.4 
800 16 4.821 0.0 4200 163.374 182.4 
900 16 4.816 0.0 4300 163.352 182.4 
1000 16 4.810 0.0 4400 163.352 182.4 
1100 16 4.804 0.0 4500 163.352 182.4 
1200 16 4.804 0.0 4600 163.352 182.4 
1300 16 4.765 3.0 4700 163.330 182.3 
1400 16 4.765 3.0 4800 163.303 182.3 
1500 16 4.765 3.0 4900 163.279 182.3 
1600 16 4.765 3.0 5000 163.254 182.3 
1700 16 4.765 3.0 5100 163.063 182.1 
1800 16 4.765 3.0 5200 163.026 182.1 
1900 16 4.765 3.0 5300 162.999 182.1 
2000 16 4.765 3.0 5400 162.975 182.1 
2100 16 4.474 846.0 5500 162.936 182.1 
2200 16 4.438 846.0 5600 162.911 182.1 
2300 16 4.436 795.1 5700 162.889 182.1 
2400 16 4.434 745.7 5800 162.864 182.1 
2500 16 4.434 740.6 5900 162.801 182.1 
2600 16 4.434 737.0 6000 162.789 182.1 
2700 16 4.431 682.5 6100 162.766 182.1 
2800 16 4.438 3.0 6200 162.741 182.1 
2900 16 4.438 3.5 6300 162.720 182.1 
3000 16 4.438 3.0 6400 162.697 182.1 
3100 16 4.438 3.0 6500 162.676 182.1 
3200 16 4.438 3.0 6600 162.676 182.1 
3300 16 4.438 3.0 6620 162.676 182.1 

Duckponds GS 154.479 2,769.7    
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The inclusion of both the Northern and Southern Levees indicates that the increase is 0.083m at 

the downstream  end of the Codenwarra Levee,  whilst the increase at  Duckponds GS is only 

0.003m.  The peak flow is again only around  2.2% greater than th e Sensitiv ity Base Case 

scenario. This highlights the fact that with th e new roughness coefficients, there appears to be 

quite a significant re-dis tribution of the flood flow between the main Nogoa River channel and 

the flood plain flow paths. 
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2.4.3 Q50 Flood Scenario 

Table 2.8:  Peak River Heights and Flows for Base Case Development -Q50 Flood 
Event 

Levee 
Chainage 

Water 
Height 

Water Flow Levee 
Chainage 

Water 
Height 

Water Flow 

(m) (m AHD) (m3/s) (m) (m AHD) (m3/s) 
0 164.585 0. 0 3400 164.870 3. 0 

100 164.709 0. 0 3500 164.870 3. 0 
200 164.852 0. 0 3600 164.870 3. 0 
300 164.852 0. 0 3700 164.870 3. 0 
400 16 4.842 0.0 3800 164.087 354.5 
500 16 4.839 0.0 3900 164.045 354.4 
600 16 4.833 0.0 4000 164.028 354.3 
700 16 4.827 0.0 4100 164.006 354.3 
800 16 4.821 0.0 4200 163.991 354.2 
900 16 4.816 0.0 4300 163.974 354.2 
1000 16 4.810 0.0 4400 163.974 354.2 
1100 16 4.804 0.0 4500 163.974 354.2 
1200 16 4.804 0.0 4600 163.974 354.2 
1300 16 5.293 3.0 4700 163.960 354.1 
1400 16 5.293 3.0 4800 163.944 354.1 
1500 16 5.293 3.0 4900 163.930 354.1 
1600 16 5.293 3.0 5000 163.914 354.1 
1700 16 5.293 3.0 5100 163.799 353.9 
1800 16 5.293 3.0 5200 163.777 353.8 
1900 16 5.293 3.0 5300 163.761 353.8 
2000 16 5.293 3.0 5400 163.736 353.8 
2100 16 4.916 1339.7 5500 163.698 353.8 
2200 16 4.870 1339.7 5600 163.672 353.8 
2300 16 4.869 1243.4 5700 163.645 353.8 
2400 16 4.867 1149.8 5800 163.610 353.8 
2500 16 4.867 1140.2 5900 163.524 353.8 
2600 16 4.867 1133.3 6000 163.507 353.8 
2700 16 4.866 1030.1 6100 163.475 353.8 
2800 16 4.870 3.0 6200 163.441 353.8 
2900 16 4.870 4.1 6300 163.411 353.8 
3000 16 4.870 3.0 6400 163.380 353.8 
3100 16 4.870 3.0 6500 163.351 353.8 
3200 16 4.870 3.0 6600 163.351 353.8 
3300 16 4.870 3.0 6620 163.351 353.8 

Duckponds GS 155.141 3,042.1    
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Table 2.9:  Peak River Heights and Flows for Northern Levee Development -Q50 
Flood Event 

Levee 
Chainage 

Water 
Height Water Flow Levee 

Chainage 
Water 
Height Water Flow 

(m) (m AHD) (m3/s) (m) (m AHD) (m3/s) 
0 164.585 0. 0 3400 164.916 3. 0 

100 164.709 0. 0 3500 164.916 3. 0 
200 164.852 0. 0 3600 164.916 3. 0 
300 164.852 0. 0 3700 164.916 3. 0 
400 16 4.842 0.0 3800 164.149 373.8 
500 16 4.839 0.0 3900 164.108 373.7 
600 16 4.833 0.0 4000 164.091 373.7 
700 16 4.827 0.0 4100 164.070 373.6 
800 16 4.821 0.0 4200 164.055 373.6 
900 16 4.816 0.0 4300 164.039 373.5 
1000 16 4.810 0.0 4400 164.039 373.5 
1100 16 4.804 0.0 4500 164.039 373.5 
1200 16 4.804 0.0 4600 164.039 373.5 
1300 16 5.324 3.0 4700 164.026 373.5 
1400 16 5.324 3.0 4800 164.010 373.5 
1500 16 5.324 3.0 4900 163.997 373.4 
1600 16 5.324 3.0 5000 163.982 373.4 
1700 16 5.324 3.0 5100 163.872 373.2 
1800 16 5.324 3.0 5200 163.851 373.2 
1900 16 5.324 3.0 5300 163.835 373.2 
2000 16 5.324 3.0 5400 163.810 373.2 
2100 16 4.960 1339.7 5500 163.772 373.1 
2200 16 4.916 1339.7 5600 163.746 373.1 
2300 16 4.915 1243.4 5700 163.718 373.1 
2400 16 4.914 1149.8 5800 163.683 373.1 
2500 16 4.914 1140.2 5900 163.594 373.1 
2600 16 4.914 1133.3 6000 163.577 373.2 
2700 16 4.912 1030.1 6100 163.545 373.2 
2800 16 4.916 3.0 6200 163.509 373.2 
2900 16 4.916 4.3 6300 163.479 373.2 
3000 16 4.916 3.0 6400 163.447 373.2 
3100 16 4.916 3.0 6500 163.417 373.2 
3200 16 4.916 3.0 6600 163.417 373.2 
3300 16 4.916 3.0 6620 163.417 373.2 

Duckponds GS 155.135 3,090.3    
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Table 2.10:  Peak River Heights and Flows for Northern and Southern Levee 
Development - Q50 Flood Event 

Levee 
Chainage 

Water 
Height Water Flow Levee 

Chainage 
Water 
Height Water Flow 

(m) (m AHD) (m3/s) (m) (m AHD) (m3/s) 
0 164.585 0. 0 3400 164.936 3. 0 

100 164.709 0. 0 3500 164.936 3. 0 
200 164.852 0. 0 3600 164.936 3. 0 
300 164.852 0. 0 3700 164.936 3. 0 
400 16 4.842 0.0 3800 164.176 378.3 
500 16 4.839 0.0 3900 164.135 378.2 
600 16 4.833 0.0 4000 164.119 378.2 
700 16 4.827 0.0 4100 164.098 378.1 
800 16 4.822 0.0 4200 164.084 378.0 
900 16 4.816 0.0 4300 164.068 378.0 
1000 16 4.810 0.0 4400 164.068 378.0 
1100 16 4.804 0.0 4500 164.068 378.0 
1200 16 4.804 0.0 4600 164.068 378.0 
1300 16 5.348 3.0 4700 164.055 378.0 
1400 16 5.348 3.0 4800 164.040 377.9 
1500 16 5.348 3.0 4900 164.026 377.9 
1600 16 5.348 3.0 5000 164.012 377.9 
1700 16 5.348 3.0 5100 163.903 377.7 
1800 16 5.348 3.0 5200 163.882 377.7 
1900 16 5.348 3.0 5300 163.867 377.6 
2000 16 5.348 3.0 5400 163.842 377.6 
2100 16 4.981 1357.3 5500 163.804 377.6 
2200 16 4.936 1357.3 5600 163.778 377.6 
2300 16 4.935 1257.0 5700 163.750 377.6 
2400 16 4.934 1159.6 5800 163.715 377.6 
2500 16 4.934 1149.6 5900 163.625 377.6 
2600 16 4.934 1142.4 6000 163.608 377.6 
2700 16 4.933 1035.0 6100 163.575 377.6 
2800 16 4.936 3.0 6200 163.540 377.6 
2900 16 4.936 4.3 6300 163.509 377.6 
3000 16 4.936 3.0 6400 163.477 377.6 
3100 16 4.936 3.0 6500 163.447 377.6 
3200 16 4.936 3.0 6600 163.447 377.6 
3300 16 4.936 3.0 6620 163.447 377.6 

Duckponds GS 155.132 3073.5    
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2.4.3 Q100 Flood Scenario 

Table 2.11:  Peak River Heights and Flows for Base Case Development - Q100 
Flood Event 

Levee 
Chainage 

Water 
Height Water Flow Levee 

Chainage 
Water 
Height Water Flow 

(m) (m AHD) (m3/s) (m) (m AHD) (m3/s) 
0 164.585 0. 0 3400 165.236 3. 0 

100 164.709 0. 0 3500 165.236 3. 0 
200 164.852 0. 0 3600 165.236 3. 0 
300 164.852 0. 0 3700 165.236 3. 0 
400 16 4.842 0.0 3800 164.577 511.5 
500 16 4.839 0.0 3900 164.543 511.4 
600 16 4.833 0.0 4000 164.529 511.4 
700 16 4.827 0.0 4100 164.511 511.3 
800 16 4.821 0.0 4200 164.498 511.2 
900 16 4.816 0.0 4300 164.485 511.2 
1000 16 4.810 0.0 4400 164.485 511.2 
1100 16 4.804 0.0 4500 164.485 511.2 
1200 16 4.804 0.0 4600 164.485 511.2 
1300 16 5.701 3.0 4700 164.474 511.2 
1400 16 5.701 3.0 4800 164.462 511.1 
1500 16 5.701 3.0 4900 164.451 511.1 
1600 16 5.701 3.0 5000 164.439 511.1 
1700 16 5.701 3.0 5100 164.352 510.9 
1800 16 5.701 3.0 5200 164.335 510.9 
1900 16 5.701 3.0 5300 164.323 510.8 
2000 16 5.701 3.0 5400 164.298 510.8 
2100 16 5.287 1772.6 5500 164.258 510.8 
2200 16 5.236 1772.6 5600 164.232 510.8 
2300 16 5.235 1634.2 5700 164.202 510.8 
2400 16 5.234 1499.7 5800 164.162 510.8 
2500 16 5.234 1485.9 5900 164.062 510.8 
2600 16 5.234 1476.0 6000 164.042 510.8 
2700 16 5.233 1327.7 6100 164.005 510.8 
2800 16 5.236 3.0 6200 163.965 510.8 
2900 16 5.236 4.5 6300 163.931 510.8 
3000 16 5.236 3.0 6400 163.895 510.8 
3100 16 5.236 3.0 6500 163.861 510.8 
3200 16 5.236 3.0 6600 163.861 510.8 
3300 16 5.236 3.0 6620 163.861 510.8 

Duckponds GS 155.595 3,473.2    
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Table 2.12:  Peak River Heights and Flows for Northern Levee Development - 
Q100 Flood Event 

Levee 
Chainage 

Water 
Height Water Flow Levee 

Chainage 
Water 
Height Water Flow 

(m) (m AHD) (m3/s) (m) (m AHD) (m3/s) 
0 164.585 0. 0 3400 165.267 3. 0 

100 164.709 0. 0 3500 165.267 3. 0 
200 164.852 0. 0 3600 165.267 3. 0 
300 164.852 0. 0 3700 165.267 3. 0 
400 16 4.842 0.0 3800 164.617 524.6 
500 16 4.839 0.0 3900 164.583 524.5 
600 16 4.833 0.0 4000 164.569 524.4 
700 16 4.827 0.0 4100 164.552 524.4 
800 16 4.821 0.0 4200 164.540 524.3 
900 16 4.816 0.0 4300 164.527 524.3 
1000 16 4.810 0.0 4400 164.527 524.3 
1100 16 4.804 0.0 4500 164.527 524.3 
1200 16 4.804 0.0 4600 164.527 524.3 
1300 16 5.721 3.0 4700 164.516 524.2 
1400 16 5.721 3.0 4800 164.504 524.2 
1500 16 5.721 3.0 4900 164.494 524.2 
1600 16 5.721 3.0 5000 164.482 524.2 
1700 16 5.721 3.0 5100 164.397 524.0 
1800 16 5.721 3.0 5200 164.380 523.9 
1900 16 5.721 3.0 5300 164.368 523.9 
2000 16 5.721 3.0 5400 164.343 523.9 
2100 16 5.316 1778.8 5500 164.303 523.9 
2200 16 5.267 1778.8 5600 164.277 523.9 
2300 16 5.266 1637.5 5700 164.247 523.9 
2400 16 5.265 1500.1 5800 164.207 523.9 
2500 16 5.265 1486.0 5900 164.106 523.9 
2600 16 5.265 1475.9 6000 164.086 523.9 
2700 16 5.264 1324.4 6100 164.049 523.9 
2800 16 5.267 3.0 6200 164.009 523.9 
2900 16 5.267 4.7 6300 163.975 523.9 
3000 16 5.267 3.0 6400 163.938 523.9 
3100 16 5.267 3.0 6500 163.904 523.9 
3200 16 5.267 3.0 6600 163.904 523.9 
3300 16 5.267 3.0 6620 163.904 523.9 

Duckponds GS 155.535 3552.6    
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Table 2.13:  Peak River Heights and Flows for Northern and Southern Levee 
Development - Q100 Flood Event 

Levee 
Chainage 

Water 
Height Water Flow Levee 

Chainage 
Water 
Height Water Flow 

(m) (m AHD) (m3/s) (m) (m AHD) (m3/s) 
0 164.585 0. 0 3400 165.267 3. 0 

100 164.709 0. 0 3500 165.267 3. 0 
200 164.852 0. 0 3600 165.267 3. 0 
300 164.852 0. 0 3700 165.267 3. 0 
400 16 4.842 0.0 3800 164.617 524.6 
500 16 4.839 0.0 3900 164.583 524.5 
600 16 4.833 0.0 4000 164.569 524.4 
700 16 4.827 0.0 4100 164.552 524.4 
800 16 4.821 0.0 4200 164.540 524.3 
900 16 4.816 0.0 4300 164.527 524.3 
1000 16 4.810 0.0 4400 164.527 524.3 
1100 16 4.804 0.0 4500 164.527 524.3 
1200 16 4.804 0.0 4600 164.527 524.3 
1300 16 5.721 3.0 4700 164.516 524.2 
1400 16 5.721 3.0 4800 164.504 524.2 
1500 16 5.721 3.0 4900 164.494 524.2 
1600 16 5.721 3.0 5000 164.482 524.2 
1700 16 5.721 3.0 5100 164.397 524.0 
1800 16 5.721 3.0 5200 164.380 523.9 
1900 16 5.721 3.0 5300 164.368 523.9 
2000 16 5.721 3.0 5400 164.343 523.9 
2100 16 5.316 1778.8 5500 164.303 523.9 
2200 16 5.267 1778.8 5600 164.277 523.9 
2300 16 5.266 1637.5 5700 164.247 523.9 
2400 16 5.265 1500.1 5800 164.207 523.9 
2500 16 5.265 1486.0 5900 164.106 523.9 
2600 16 5.265 1475.9 6000 164.086 523.9 
2700 16 5.264 1324.4 6100 164.049 523.9 
2800 16 5.267 3.0 6200 164.009 523.9 
2900 16 5.267 4.7 6300 163.975 523.9 
3000 16 5.267 3.0 6400 163.938 523.9 
3100 16 5.267 3.0 6500 163.904 523.9 
3200 16 5.267 3.0 6600 163.904 523.9 
3300 16 5.267 3.0 6620 163.904 523.9 

Duckponds GS 155.536 3553.6    
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Figures depicting the peak flood heights compared to the ground and levee levels can be found in 

Appendix A. 
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2.5 PARKER DEVELOPMENT SUPPLY CHANNEL 

2.5.1 Q20 Flood Scenario 

The removal of the Parker Developm ent Supply Channel reduces the upstream  peak flood level 

by up to 800mm .  In the imm ediate vicinity of the Supply Channel the im pacts are m ost 

noticeable, with both increases and decreases to flood levels wh ich occur in response to the  

altered flood flow patterns over the flood plain.   Additional flow traverses the floo d runners o n 

the southern flood plain due to the removal of the Supply Channel resulting in increased levels in 

these areas, includ ing 790mm at Lochless, and 100mm  at Braylands .  The f low re-distribution 

lowers level by up to 150mm in the main Nogoa River reach between Bridge Flats and Wyuna. 

Adjacent to  the Coden warra Levee, peak floo d levels are reduced by  between 8 00mm at the 

downstream end of the levee (C hainage 6,620m) and 120mm at the upstream  end of the levee 

(Chainage 2,000m). 
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3.0 SUM MARY 

A sensitivity assessment has been conducted on  the Nogoa River Flood Plain Board’s numerical 

model.  This sensitivity assessment is predicated on the basis that there was a peak flood flow of 

around 3,000 m 3/s at Duckponds Gauging Station duri ng the January 2008 flood event.  The 

adopted Base Case Manning’s roug hness coefficients were then adju sted to ensure  that a peak 

flood level was attained based upon this assumed flow rate. 

The proposed Ensham Resources Pty Ltd Ensham  Mine levees (Northern and Southern Levees) 

have been incorporated into the Sen sitivity Base Case and v arious design flood event scen arios 

have been examined using the MIKE11 hydrodynamic model.  Comparisons between the various 

model configurations have been made. 

The sensitivity testing indicates that with the incorporation of the Northern and Southern Levees 

flood levels are raised by up to 72mm at the Codenwarra Levee for the January 2008 flood event.  

The absolute levels however are less that the p eak flood levels predicted under the original Base 

Case simulation.  The corresponding increases for the design events are as follows: 

 Q20 increases of up to 98 mm 

 Q50 increase of up to 75 mm 

 Q100 increases of up to 45 mm 

The m odifications indicate that the MIKE-11 model is sensitive to  changes in roughness 

coefficients and that both peak flood levels and flood flows are impacted by such changes. 

The absolute levels derived from  the Sensitiv ity Base Case are les s that the peak flood levels  

predicted under the original Base Case simulation.  For example, com parisons of the peak flood 

level at Bridge Flats under the original Base Case calibration for the Q20 event was EL 164.43 m 

compared with the Sensitivity Case peak level of EL 164.36 m .  These results indicate that the 

Sensitivity Base Case produces ab solute flood  levels that are lower than the co rresponding 

Adopted Topographical Base Case for the range of  design floods investigated.  S imilar values 

were noted for the inclusion of only the Northern Levee. 



NOGOA RIVER FLOOD PLAIN 
SENSITIVITY ANALYSIS 

 
 

 

Juris Ace Pty Ltd Final Report 10-001204.
P-AEXP-0901-AB-01-03 Commercial In Confidence May 2010

Page 29

 

In all cases examined, the peak flood levels were significantly less than the Codenwarra Levee 

crest level indicating that the levee provides substantial protection against the design flood event 

scenarios considered. 

The removal of the Parker Developm ent Supply Channel significantly impacts peak flood levels 

and flow patterns in the imm ediate vicinity of the Supply Channel.  Adjacent to the C odenwarra 

Levee, peak flood levels are reduced by betw een 800mm  at the downstream  end of the levee 

(Chainage 6,620m) and 120mm at the upstream end of the l evee (Chainage 2,000m). Additional 

flow traverses the flood runners on the southern  flood plain due to the rem oval of the Supply 

Channel resulting in increased levels in these areas, including 790mm at Lochless, and 100mm at 

Braylands.   
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EXECUTIVE SUMMARY 

The Nogoa River Flood  Plain Board subm itted a re quest to SunW ater Asset Solutions in July 

2008 to perform  a hydraulic as sessment of the likely impacts that would arise from  a  

development proposal for Prim eAG Australia Pty Ltd, located  on the Nogoa River.  The 

development proposal was for the extension of le vees along the southern banks of the Nogoa  

River in order to mitigate flooding of agricultural land. 

The proposed levee assessm ent re quired the modification of twenty one cross sections to 

simulate the reduction in flow area that would be caused by the proposed development.  

Two existing hydraulic models were used to a ssess the impacts on the Nogoa River flood plain 

caused by the levees.  The first model used  was the “1994 Topographic Base – Revised”  

(Case086) model.  This model has been used to investigate all of  the developments in the Nogoa 

Flood Plain in the past ten year s.  This scenario is compar able w ith all other proposal 

investigations undertaken by SunW ater on behalf of the Nogoa Fl ood Plain Board over the past 

ten years as it has none of the approved developm ents included in the model.  The second m odel 

used to as sess the p roposed development was the “Case 0 86 Approved Development m odel’, 

(Case086AD) which w as built in  2007, incorporating all approved developm ents in the Nogoa  

River Flood Plain between 1997 and 2007.   

The proposed levee was then incorp orated into the m odel and compared to the base case for the 

Designated Flood Event (the 20 year Annual Exceedence Probability  168 hour design floo d 

event for the entire floodplain).  The study found that there is significant impact on the Nogoa 

Flood Plain by the proposed levee in both Case 086 and Case086AD.  Overland flow that runs  

between the proposed levees on th e PrimeAG site during a 1 in 20 year AEP has an afflux of up 

to 0.72 and 0.73 m eters in one channel and up to 0.66 and 0.69 m eters in the other in Case 086 

and Case086AD respectively.  The high afflux is  located within the boundaries of Prim eAG 

property, however it does also have a m inor affect, less than 0.2 m eters, on the downstream  

property owned by Ensham.   
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1.0 INTRODUCTION 

In July 2008, the Nogoa River Flood Plain Boar d submitted a request to SunWater Asset 

Solutions to perform  a hydrauli c assessm ent of the likely im pacts that would arise from  a  

development proposal by PrimeAG Australia Ltd.  

The development proposal is shown in Figure 1.  The proposed works are for the extension of  

levees around the agricultural land on the southe rn banks of the Nogoa River and associated 

flood plains.  

This report describes the results of the hydrau lic assessm ent of the proposed works.  The 

proposed w orks have been incorporated into the Danish Hydraulics In stitute (D HI) MIKE11 

Model.  The analysis conducted was an assessm ent on a Designated Flood Event with a 20 year 

Annual Exceedence Probability (AEP) 168 hour design flood on the entire floodplain.  
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2.0 HYDRAULIC ANALYSIS 

An assessment of the likely hydraulic im pacts of the proposed works for Prim eAG Ltd were 

undertaken using the 20 year AEP 168 hour design flood event. The proposed works were 

incorporated into th e existing hyd rodynamic (MIKE11) m odel.  Th e results of this model were  

compared with those of the Base Case and are summarised below. 

2.1 PROPOSED WORKS 

The proposed works are shown in  Figure 1.  The works com prise building levees along the 

southern banks of the Nogoa River to complement the existing levees on the site. 

2.2 HYDRAULIC MODEL MODIFICATIONS 

2.2.1 Base Case Models 

Two models were used as base cases in this investigation. The first model used to assess the 

proposed development was the “1994 Adopted Topographic Base Case – Revised” (Run 086) 

model.  This m odel has been used to investigat e all developm ents in th e Nogoa Flood Plain in 

the past ten years.   This scenario is comparable with all other proposal investigations undertaken 

by SunWater on behalf of the Nogoa Flood Plain Bo ard over the past ten years as it has none of  

the approved developments included in the model.  This model is  referred to as Case086 in this 

report.  For further inform ation regarding the base case, please refer to the Nogoa River Flood 

Plain Study – Hydraulic Model Design Flood Simulation Report, Department of Natural 

Resources, June 1996 

The second m odel used to assess the pr oposed developm ent was t he “Case 086 Approved 

Development model’, which was built in 2007, incor porating all approv ed developments in the 

Nogoa River Flood Plain between 1997 and 2007. This m odel is referred to as Case086AD in 

this report.  

The proposed works were in corporated into the two Nogoa River MIKE11 hydrodynam ic 

models by modifying the appropriate cross sections affected by the construction of the levees.    
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2.2.2 Proposed Development Case Model 

In order to sim ulate the construction of the le vee, a num ber of cross se ctions along the Nogoa 

River were modified to sim ulate the narrowing effect on the flow  cause by the proposed levee.   

The modified cross sections are shown in Table 1.  

Table 2:  Modified Cross Sections 

Model Branch Model 
Cross-section 

Nogoa River XNO_006545 
 X NO_006532 
 X NO_006522 
 X NO_006510 
Nogoa River  XNOR12_065 
Right X NOR12_061 
 X NOR12_053 
 X NOR12_044 
 X NOR12_035 
 X NOR17_105 
 X NOR17_098 
 X NOR17_090 
 X NOR17_085 
 X NOR17_080 
 X NOR17_073 
 X NOR17_068 
 X NOR18_060 
 X NOR18_053 
 X NOR20_043 
 X NOR20_039 
 X NOR20_032 

 

It was assumed that the storage embankment was constructed to a height in excess of the 20 year 

AEP design flood event. This is consistent with the manner in which existing developments were 

investigated in the formulation of the Base Case. This assumption results in estimated peak flood 

levels and consequent impacts that are conservative i.e. higher than would arise if the structu res 

could be overtopped. 
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2.3 HYDRAULIC MODEL RESULTS: 20 YEAR AEP 

A summary of the impacts of the proposed works is provided in Tables 1 and Figure 1.  

Table 2:  Peak Flood Levels 

Peak Flood Level  
Case086 

Peak Flood Level  
Case086AD 

Model 
Branch 

Model 
Cross-
section 

Base 
Case 

 

PrimeAG 
Proposed 

Levee 
Case 

Change in 
Peak 
Flood 
Level 

Base 
Case 

 

PrimeAG 
Proposed 

Levee 
Case 

Change 
in Peak 
Flood 
Level 

  (m AHD) (m AHD) (mm) (m AHD) (m AHD) (mm) 
Nogoa River XNO_006545 163.52 163.51 -0.01 163.34 163.27 -0.07 
 XNO_006537 162.94 162.98 0 .04 162.70 162.69 - 0.01 
 XNO_006532 162.57 162.61 0 .03 162.36 162.34 - 0.02 
 X NO_006522 161.45 161.48 0.03 161.56 161.57 0.01 
 X NO_006510 160.94 161.00 0.05 161.16 161.21 0.05 
 X NO_006503 160.59 160.64 0.05 160.84 161.94 0.10 
 X NO_006496 160.27 160.29 0.02 160.56 160.67 0.11 
 X NO_006492 159.99 160.00 0.02 160.23 160.35 0.12 
 X NO_006485 159.37 159.38 0.01 159.58 159.70 0.11 
 X NO_006480 159.08 159.08 0.01 159.27 159.37 0.10 
 X NO_006470 158.67 158.68 0.01 158.81 158.87 0.06 
 X NO_006465 158.42 158.43 0.01 158.55 158.58 0.03 
 X NO_006460 158.06 158.06 0.01 158.16 158.19 0.04 
 X NO_006450 157.43 157.44 0.01 157.47 157.51 0.04 
 X NO_006440 157.06 157.07 0.01 157.05 157.08 0.03 
 X NO_006420 156.80 156.81 0.01 156.77 156.80 0.03 
Nogoa River  XNOR12_081 163.96 163.94 -0.02 163.85 163.78 -0.07 
Right X NOR12_074 162.65 162.64 -0.01 162.59 162.56 -0.03 
 X NOR12_065 160.60 160.59 -0.01 160.54 160.50 -0.04 
 XNOR12_061 160.08 160.08 0 .00 159.99 159.97 - 0.02 
 X NOR12_053 159.86 159.88 0.02 159.78 159.80 0.02 
 X NOR12_044 159.83 159.85 0.02 159.74 159.77 0.02 
 X NOR12_035 159.81 159.83 0.02 159.73 159.75 0.02 
 X NOR13_030 159.81 159.83 0.02 159.73 159.75 0.03 
 X NOR13_030 159.81 159.83 0.02 159.73 159.75 0.03 
 X NOR13_021 159.28 159.44 0.15 159.06 159.36 0.30 
 X NOR13_016 159.01 159.24 0.23 158.83 159.27 0.43 
 X NOR13_010 158.48 159.15 0.66 15 8.52 159.21 0.69 
 X NOR17_105 160.59 160.64 0.05 160.84 160.94 0.10 
 X NOR17_098 160.33 160.37 0.04 160.59 160.69 0.10 
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Peak Flood Level  
Case086 

Peak Flood Level  
Case086AD 

Model 
Branch 

Model 
Cross-
section 

Base 
Case 

 

PrimeAG 
Proposed 

Levee 
Case 

Change in 
Peak 
Flood 
Level 

Base 
Case 

 

PrimeAG 
Proposed 

Levee 
Case 

Change 
in Peak 
Flood 
Level 

 X NOR17_090 160.11 160.14 0.03 160.39 160.48 0.08 
 X NOR17_085 159.66 159.75 0.09 159.99 160.06 0.07 
 X NOR17_080 158.96 159.31 0.35 15 9.24 159.49 0.25 
 X NOR17_073 158.78 159.21 0.43 15 9.04 159.36 0.32 
 X NOR17_068 158.34 159.06 0.72 15 8.42 159.15 0.73 
 X NOR18_067 158.34 159.06 0.72 15 8.42 159.15 0.73 
 X NOR18_060 156.90 157.12 0.21 156.97 157.21 0.23 
 X NOR18_053 156.68 156.79 0.11 156.75 156.86 0.12 
 X NOR19_040 156.17 165.27 0.10 156.22 156.32 0.09 
 X NOR19_031 155.57 155.69 0.13 155.64 155.75 0.11 
 X NOR19_026 155.28 155.42 0.14 155.36 155.48 0.12 
 X NOR19_018 154.55 154.71 0.15 154.65 154.79 0.13 
 X NOR19_012 153.76 153.86 0.09 154.19 154.24 0.05 
 X NOR19_002 153.53 153.53 0.00 154.09 154.10 0.01 
 X NOR20_050 156.53 156.50 -0.03 156.59 156.56 -0.03 
 X NOR20_043 156.20 155.96 -0.24 156.27 156.03 -0.24 
 X NOR20_039 156.00 155.80 -0.20 156.09 155.88 -0.21 
 X NOR20_032 155.86 155.66 -0.19 155.95 155.75 -0.20 
 X NOR20_025 155.41 155.18 -0.24 155.57 155.38 -0.20 
 X NOR20_016 154.84 154.71 -0.13 155.11 155.00 -0.11 
 X NOR20_007 156.90 157.12 0.21 156.97 157.21 0.23 
 X NOR20_000 156.68 156.79 0.11 156.75 156.86 0.12 

 

The above table highlights that  there is signific ant im pact on the Nogoa Flood Plain by the 

proposed levee in both Case086 and Case086AD.  Overland flow that runs between the proposed 

levees on the Prim eAG site du ring a 1 in 20 year AEP has an afflux of up to 0.72 and 0.73 

meters in one channel and up to 0.66 and 0.69 me ters in the other in Case 086 and Case086AD 

respectively.  The high a fflux is located with in the boundaries of Pri meAG property, however it 

does also have a m inor affect, less than 0.2 meters, on the downstr eam property owned by 

Ensham.   
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3.0 SUM MARY 

The proposed works have been tested using the Nogoa River MIKE11 hydrodynam ic model for 

the 20 year AEP Designated Flood Event. The pr oposed levee to caused significant impact on 

peak flood levels when com pared to both the “1994 Topographic Base – Revised” (Run 086) 

model” and “Case086AD Approved Developm ent model”.  The study found that there is 

significant impact on the Nogoa Flood Plain by the proposed levee in both C ase086 and 

Case086AD.  Overland flow that runs between the proposed levees on the PrimeAG site during a 

1 in 20 year AEP has an afflux of up to 0.72 and 0.73 meters in one channel and up to 0.66 and 

0.69 meters in the other in Case 086 and Case086 AD respectively.  The high afflux is located 

within the boundaries of Prim eAG property, however it does also have a minor affect, less than 

0.2 meters, on the downstream property owned by Ensham.   
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EXECUTIVE SUMMARY  

SunWater were requested by the De partment of Infrastructure and Planning to provide a report 

on the application subm itted by Ensham  Resour ces Pty Ltd to the Nogoa River Flood Plain 

Board regarding the rehabilitati on and reinstatem ent of fl ood leve es associated with Ensham 

Mine.  SunWater have effectively been requested to act as the Board’s Engineer on this matter in 

addition to its usual role of hydraulic impact assessor for the Board. 

Based upon hydraulic assessments undertaken by SunWater and KBR (Ensham Resources 

technical advisor) and additional information supplied by the Department of Infrastructure and 

Planning, SunWater has concluded that the level of impact created by the proposed extensions to 

the levees and the design standards applied to the proposed works conform to the requirements 

of the Local Law Policy No. 1. 

SunWater therefore recomm end that the Coordi nator-General g rant a  levee b ank perm it to 

Ensham Re sources Pty Ltd for the northern and southern levee bank extensions subject to  

conditions outlined in this report. 
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1.0 ENSHAM  RESOURCE PTY LTD APPLICATION 

1.1 BACKGROUND 

Ensham Resources Pty Ltd subm itted an applic ation on 15 Nove mber 2007 to the Nogoa River 

Flood Plain Board (NRFB) seeking to extend the levee banks that  protect Ensham Mine from 

river flooding.  These structures are situated on the Nogoa River ( northern and southern sides of 

the river) and through the land com monly referred to as “Duckponds”.  The existing levees were 

previously approved by the Board in March 1998. 

The proposed levee extensions were describe d in the application and also shown on 

accompanying drawings as listed below: 

Location of work:   County – Talbot, Parish – Middarra 

Real Property Description: Lot 30 CP864574, Lot 31 CP864573 and Lot 32 RP908643 

Drawings:  

 Ensham Resources – Nogoa North and South Levee (Overview) 

 Ensham Resources – Nogoa South Levee (Overview) 

 Ensham Resources – Nogoa South Levee (Detail) 

 Ensham Resources – Nogoa North Levee (Overview) 

 Ensham Resources – Nogoa North Levee (Detail) 

SunWater were commissioned by the Nogoa Ri ver Flood Plain Board on 17 Dece mber 2007 to 

assess the proposed levee exte nsions and prepare a report on the likely flood impacts of the 

works.  This report was completed in February 2008 (Report 07-007593/001).  The investigation  

concluded that the proposed wo rks resulted in negligible imp act on the northern flood plain of 

the Nogoa River and only m inor increases in p eak levels on the southe rn flood plain.  This 

assessment was conducted using the Designated Design Flood Event nom inated in the Local 

Law Policy No. 1 (NRFB, 1997) a nd com pared against both the Adopted Topographic Base 

Case and the Approved Development Topographic Base Case. 
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In the meanwhile, a significant flood event occurred in the Nogoa River catchment during mid to 

late January 2008 that resulted in  the partial failure of both the existing northern and southern 

levees which protect Ensham Mine.  

The Nogoa River Flood Plain Board has not been  able to process the Nove mber 2007 Ensham 

Resources application  in acco rdance with  Section 11 of th e Nogoa River Flood P lain Board 

Local Law No. 1 (Local Law No. 1) because “The Board must not determine an application until 

it is in rece ipt of a ll relevant information including a report from the Di rector of Engineering 

Services.”  Section 3(5) of Local Law No.1 provides th at the Director of Engineering Services 

means the Director of Engineering Services for the NRFB.  Due to the reform of local authorities 

which occurred in early 2008, the newly formed Central Highlands Regional Council had not yet 

appointed a Director of Engineering Services for the NRFB a nd so therefore it could not comply 

with the requirements of the Local Law No.1. 

Failure of the NRFB to com ply with the proposed progression notices and notices to decide has 

allowed the Coordinator-General to issue a ‘Ste p In’ notice.  The ‘Ste p In’ notice empowers the 

Coordinator-General to: 

(a) Cause a report to be prepared in lieu of the Director of Engineering Services’ report; and 

(b) Rely on the report when determ ining the Ensham Resources applications under Section 

11 of Local law No.1. 

In June 2008, SunW ater were then requested to prepare a technical report for the purposes of 

informing the Coordinator-Gen eral’s decision. Su nWater have reli ed upon previous 

investigations (SunWater, February 2008, June  2008) and (KBR, July 2007 and June 2008) and 

also inform ation provided to , Department of Infrastructure and Planning in 

emails from Ed Donohue, Departm ent of Na tural Resources and Water (2 July 2008), Jon 

Womersley, Environm ental Protection Agency (4 July 2008) and Bryan Ottone, Central 

Highlands Regional Council (3 and 4 July 2008). 

 



ENSHAM MINE REHABILITATION OF FLOOD LEVEES 
 
 

 

Department of Infrastructure and Planning Final Report 08-004766
P-AEXP-0405-AB-02-03 Commercial In Confidence July 2008

Page 3

2.0 APPLI CATION ASSESSMENT 

2.1 REHABILITATION OF EXISTING LEVEES 

In light of the significant flood event of January 2008, Ensham Re sources Pty Ltd, have a 

renewed re quirement for the prop osed works. Rehabilitation of  the m ine needs to progres s 

through the dewatering of the open cut pits which were flooded as a cons equence of the partial 

failure of the existing levees.  The existing levees also need to be rehabilitated and extended and 

possibly heightened to provide an  appropriate level of risk to the ongoing m ine operations.  In 

the current state, th e partially failed levees do n ot provide adequate protection of the mine and 

Ensham Resources are seeking to complete the rehabilitation prior to the onset of the 2008/09 

wet season.  In its present state, E nsham Mine is effectively m ore exposed to flood risk than 

prior to the January 2008 event. 

To achieve the required outcom e of obtaining a pproval for the rehabilitated levee extension, 

Ensham Resources Pty Ltd consulted with variou s approval authorities a nd technical advisors.  

Further, in discussion with vari ous authorities includ ing the Departm ent of Natural Resources  

and W ater (NRW ) and the Environm ental Prot ection Agency (EPA), the Departm ent of 

Infrastructure and Planning considered that ad opting a process of assessm ent that includes an 

analysis of the January 2008 event was required.   

Therefore, based upon this inclusion of this requirement a methodology was devised to provide a 

two-fold outcome: 

1. The impacts of the proposed levees are assessed against the January 2008 event. 

o This was conducted by SunW ater on th e NRFB m odel to satisfy the NRFB 

requirements 

2. The flood i mmunity of the existin g and proposed levees  will be assessed again st th e 

January 2008 event. 

o This was conducted by KBR on the Delft- FLS model to determ ine appropriate 

levee design heights 
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The proposed m ethodology applies the January 2008 event as additional synthetic design flood 

event.  

The results of the analyses showed the effect the proposed levee has on flood levels and afflux 

on nearby land for the January 2008 rainfall with design initial conditions (Fairbairn Dam full  

and design losses ), compared to the previously com puted values for design floods. This will 

possibly be a significantly rarer flood than actually occurred in January 2008. 

The tasks outlined below, summarise the procedure to adopted: 

1. KBR provided SunW ater with the locations  of the upstream and downstream  boundary 

conditions in the Delft-FLS model.  

2. SunWater reviewed/ran the hydrologic model (URBS) based on the following 

assumptions: 

(a)  Recorded rainfall from the January 2008 event 

(b)  Fairbairn Dam starting full 

(c)  Design Rainfall Losses 

3. SunWater provided URBS results to KBR at indicated locations, along with a draft short 

modelling report (covering data, assumptions, methodology, results). 

4. KBR completed preliminary modelling using URBS flows 

5. SunWater extracted URBS results for input to NRFB m odel and ran the NRFB model. 

Two cases were modelled: 

(a)  Ensham Year 0 case, which represents the pre-January 2008 levees 

(b)  Ensham Year 1 case, which is the sam e as the Year 0 case, but includ es the proposed 

levees. 

6. SunWater provided NR FB results to KBR at indicated locations along with an updated 

short modelling report. 

7. KBR ran Delft-FLS m odel based on the bounda ry conditions from  NRFB, for the sam e 

two cases (Year 0 and Year 1) 
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8. KBR drafte d a report on the m odelling c overing data, assumptions, m ethodology, and 

results. Results included the flood levels and affluxes from  the m odelled event, and 

comparison of these to previously run design floods.  

9. SunWater reviewed the final report, and prepared a review  letter for subm ission to the 

regulator. 

10. Provision of the report and review letter to the regulator for approval. 

The outcome of these investigations was repo rted in the KBR repor t dated June 2008, which 

incorporated the SunWater investigation findings.  A review of the report was then conducted by 

SunWater a nd repor ted in a letter  to the  Depa rtment of Infrastructure  and Planning, dated 20 

June 2008.  A copy of this report is included as  Appendix A of this report and details are 

explained in the following sections. 

2.2 REVIEW OUTCOMES 

The review of the KBR report entitled “E nsham Mine Proposed Levee Banks, January 2008 

Flood Event Assessm ent”, report number BE W801-W-REP-001 Rev.0 dated 17 June 2008 has 

been com pleted.  The KBR report was assessed ag ainst the requirem ents of the Nogoa Rive r 

Flood Plain Board’s L ocal Law P olicy No. 1 – Levee B anks and the “Interim  Flood Plain 

Management Plan” dated May 1997. 

The criteria and measures set out in the Local Law Policy No. 1 are: 

1. Development in the Floodplain must be designed and constructed to standards appropriate 

to the level of risk of failure of those works and the hazards such failures represent. 

2. Development within the Floodplain should resu lt in the m aintenance of a series of  

floodways generally conforming to the natural drainage pattern. 

3. Development proposals must inco rporate consideration and a llowance for environmental, 

cultural and social impacts. 

4. Development on the F loodplain must com ply with any requirem ents under any other 

relevant legislation. 
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5. Changes to flow rates, flow distribution, flood timing and depth of flow, as a result of the 

proposed development should be within the specified acceptable limits. 

The review of the KBR report considered each of  the criteria.  However, additional inform ation 

provided by Departm ent of Infrastructure and Planning has now been incorporated into the 

review as outlined in the following sections. 

2.2.1 Criteria 1 Local Law Policy No. 1 

The SunWater review did not consider the measure in Criteria 1 that requires a Design Report to 

be prepared by suitably qualified individuals or companies. However, reference w as m ade to 

design reports prepared by KBR (23 June 2008) entitled, ‘Ensham Mine Flood Levees, Proposed 

Levees Design Report’ , BEE603- W-REP-005 Rev 0, and KBR report (23 June 2008) entitled, 

‘Ensham Mine Proposed Flood Levees, Tech nical Specification fo r Civil Works’ , BEE603-Z-

SPEC-001 Rev 5 and associated tec hnical drawings. SunWater advi ses that the design standards 

adopted are those recommended by the Environm ental Protection Agency and current best 

practice.   

A Statutory Declaration from Golder and Associates date d 26 June 2008 indicates that ‘the 

design and specification…for the proposed Ensham  Le vees m eet the relevant engineering 

standards required for such structures’.   

SunWater also indicated  that c onformity with the Local Author ity Strategic Plan an d By-Laws 

would need to be considered.  The northern and southern levees are to be constructed alm ost 

entirely within the Ensham  Mining Lease.  Mi ning Lease approvals are dealt with through an 

Environmental Author ity (m ining activ ities) u nder the Environmental Protection Act 1994 .  

Approvals for the extension and repair of leve e banks are covered by a replacem ent Plan of  

Operations subm itted by Ensham  Resources a nd have be en gran ted by the Env ironmental 

Protection Agency (letter of 3 July 2008).   

A sm all section of the southern levee (120  m etres) lies ou tside the Mining Leas e.  M r Bryan  

Ottone, CEO Central H ighlands Regional Council advises that ‘under the superseded planning 

scheme (in force until January, 2009) an operation al works permit for the construction of a levee 

bank on private land can be issued without making application for an MCU.   
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Council has receiv ed such an application bu t has not processed it to date.  Once a decision to 

proceed is given, Council will process the operational works permit quickly’. 

Based upon the information provided, it would appear that Criteria 1 has been satisfied. 

2.2.2 Criteria 2 Local Law Policy No. 1 

SunWater indicated that ‘the proposed levees do not impact significantly on the flow distribution 

across the floodplain…as the discharge pattern from the developers property is similar to the pre-

development pattern’. In SunWater’s view Criteria 2 has been ad equately addressed in the KBR 

report. 

2.2.3 Criteria 3 and 4 Local Law Policy No. 1 

SunWater indicated th at Criteria 3and 4 were not addressed directly in the KBR Report.  

Consequently, the Departm ent of Infrastructure and Planning asked The Department of Natural 

Resources and W ater (DNRW) and the Environm ental Protection Agency (EPA) to provide 

comment in relation to these criteria.  The res ponses from each of the agencies are summarised  

as follows: 

With respect to the leve e bank applications, Mr Jon Womersley, Director, Partnerships, Practice 

and Business, Environmental Services Division, EPA advises ‘that it is understood that the levee 

repair and  extens ion w orks are to resto re fl ood imm unity for the Ensham  Mine.  The EPA 

requires the approval of this work to be based on: 

 certified hydrology and hydraulic flood studies that identify the height the levees need to 

be constructed to in order to achieve protection in the event of a 1:1000 year ARI event; 

 certified levee design plans that meet the 1:1000 year ARI design height requirement; and 

 operational plans for the levees in a revised Plan of Operations for the mine. 

Ensham Resources has provided to the EPA the three items listed above, and on 3 July 2008 the 

EPA issued Ensham Resources a letter allowing it to proceed with the construction of the levees, 

subject to lodging the re quired amount of financ ial assurance with the Mining Reg istrar of  the 

Department of Mines and Energy. 
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Ensham Resources has agreed to lodge an Environmental Authority (EA) amendment application 

proposing levee m anagement and mainten ance cond itions, for asses sment and inclu sion in the 

EA (mining activities) for the mine during the course of the construction of the levees.  This will 

ensure that the operational requirements of the EPA for the levees are incorporated appropriately 

in the regulatory instruments applying to the mine.  

As a result of the flooding in January 2008, a comp rehensive review of the required levee height 

for the whole site and consequential impacts (afflux impacts on surrounding properties) will now 

need to be conducted prior to granting a draft EA for the Ensham Central Project which has been 

subject to review through an EIS process. 

A decision on the draft EA has been extended until 30 Jan uary 2009. This extens ion will allow 

Ensham Resources time to undertake a full recalibration of the flood hydrology and hydraulic 

models for the January 2008 flood event, and a ssess the extent of upstream  and downstrea m 

afflux and potential im pacts of the levees on neighbours and surrounds. The new infor mation 

that would result from  this review m ay be requi red to be publicly advertised under s556 of the  

Environmental Protection Act, prior to finalising the conditions of the draft EA. 

Mr Ed Donohue, Regional Manager, W ater Serv ices, Central W est Region, Departm ent of 

Natural Resources and Water has a dvised that, ‘in respect of the levee bank applications for the 

Southern and Northern levees at Ensham  Mine, no authorisations are required under the W ater 

Act 2000 or Integrated Planning Ac t 1997 for operational works for th e taking of or interfering 

with the flow of water.  Ensha m Resources Pty Ltd previously held water licence 0426497F and 

development permit 109171 for the Southern Levee to authorise the interference with the flow of 

water within Old W inton Creek.  Under the provisions of th e Water Act 2000 and the W ater 

Regulation 2002 an upstream limit was declared for Old Winton Creek at the Southern Boundary 

of Lot 32/RP908643.  Old W inton Creek upstream of this limit is no longer considered to be a  

watercourse.  Therefore the water licence and developm ent permit associated with th e Southern 

Levee were repealed and no further authorisations in respect of the levee application is required.    

In addition there is no requirement for the applicant to obtain any approvals under the Vegetation 

Management Act 1999 for the levee applications.  
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The Northern levee from the diagram s provided to  the Department will be contained within the 

Mining Lease and hence a VMA perm it for vegeta tion clearing is not re quired. The Southern 

levee is partly located off lease however is within non-remnant vegetation on Freehold land and 

does therefore not require a permit.  

Therefore we have no issues in respect of the applications or matters that need to be addressed as 

a condition.’ 

Based on the information from EPA, DNRW and CHRC it would appear that Criteria 3 and 4 are 

satisfied. 

2.2.4 Criteria 5 Local Law Policy No. 1 

With respect to Crite ria 5, the KBR report su mmarises th e calcu lated af flux at the property  

boundary due to the proposed levees.  The m aximum increase of 50mm is greater that the nil 

increase specified in the m easure, but we ll below the 300mm upper lim it nom inated for the 

ultimate development case.  SunW ater ‘considered that the proposed developm ent satisfies the 

intent of this measure and therefore is considered acceptable’. 

In summ ary, SunW ater concluded ‘that the proposed works generally conform  to the 

requirements of the Local Law Policy No. 1’. 
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3.0 RECOMMENDATIONS 

That the Coordinator-General grant a levee bank permit to Ensham Resources Pty Ltd subject to 

the following conditions: 

3.1 ENSHAM MINE SOUTHERN LEVEE BANK 

Application submitted 15 November 2007  

Owner:Ensham Resources Pty Ltd 

Address: 

PO Box 1565 

 Emerald  Qld  4720 

Property Description: 

Lot 30 CP864574 & Lot 32 RP908643, Parish of Middarra, County of Talbott. 

Reference Document: 

Prescribed Project assessm ent and decision – Ensha m M ine Flood Recovery Project, 

Southern and Northern Levee Banks, July 2008  

Reference Map: 

Ensham Coal Project – Exis ting and Proposed Flood Protec tion Levee Locations, July 

2008 

Conditions: 

(a) the proposed works are to be undertaken in acc ordance with the details included in the 

application, referred to above; 
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(b) construction of the levee bank shall comply with the following reports: Kellogg Brown & 

Root Pty Ltd (23.6.2008) Ensham Mine Flood Levees, Proposed Levees Design Report, 

BEE603-W-REP-005 Rev 0, and Kellogg Brown & Root Pty Ltd (23.6.2008) Ensham  

Mine Proposed Flood Levees, Technical Sp ecification for Civil Works, BEE603-Z-

SPEC-001 Rev 5 and associated technical drawings; 

(c) the work is to be undertaken under the superv ision of a Registered Professional Engineer, 

Queensland (RPEQ) and certified accordingly upon completion. 

(d) advice, in writing, shall be given of commence ment of the works, and expected duration 

of works; 

(e) the works proposed are to be com pleted within six (6) months of the da te of issue of this 

permit; 

(f) the permit is issued for a period of ten (10) years, expiry date being …/7/2018; 

(g) “as cons tructed” de tails of  the works sha ll be provided includi ng coordinates of the 

structures, upon completion, together with a cer tification that all works are in acco rdance 

with the approved plans. This certification shall be signed by a Registered Professional 

Engineer, Queensland; 

(h) the provisions of the Nogoa River Floodplai n Board Local Law (Levee Banks) No. 1, 

1997 shall be complied with at all times; 

(i) the owner shall advise any propos ed purchaser that the property  is the subject of a levee 

bank  permit; 

(j) the owner shall identify any proposed subdivisi onal application of the property as being 

subject to a levee bank permit. 
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3.2 ENSHAM MINE NORTHERN LEVEE BANK 

Application submitted 15 November 2007  

Owner:Ensham Resources Pty Ltd 

Address:  

PO Box 1565 

Emerald  Qld  4720. 

Property Description: 

Lot 31 CP864573, Parish of Middarra, County of Talbott. 

Reference Document: 

Prescribed Project assessm ent and decision – Ensha m M ine Flood Recovery Project, 

Southern and Northern Levee Banks, July 2008  

Reference Map: 

 Ensham Coal Project – Ex isting and Proposed Flood Protec tion Levee Locations, July 

2008 

Conditions: 

(a) the proposed works are to be undertaken in acc ordance with the details included in the 

application, referred to above; 

(b) construction of the levee bank shall comply with the following reports: Kellogg Brown & 

Root Pty Ltd (23.6.2008) Ensham Mine Flood Levees, Proposed Levees Design Report, 

BEE603-W-REP-005 Rev 0, and Kellogg Brown & Root Pty Ltd (23.6.2008) Ensham  

Mine Proposed Flood Levees, Technical Sp ecification for Civil Works, BEE603-Z-

SPEC-001 Rev 5 and associated technical drawings; 

(c) the work is to be undertaken under the superv ision of a Registered Professional Engineer, 

Queensland (RPEQ) and certified accordingly upon completion. 
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(d) advice, in writing, shall be given of commence ment of the works, and expected duration 

of works; 

(e) the works proposed are to be com pleted within six (6) months of the da te of issue of this 

permit; 

(f) the permit is issued for a period of ten (10) years, expiry date being …/7/2018; 

(g) “as cons tructed” de tails of  the works sha ll be provided includi ng coordinates of the 

structures, upon completion, together with a cer tification that all works are in acco rdance 

with the approved plans. This certification shall be signed by a Registered Professional 

Engineer, Queensland; 

(h) the provisions of the Nogoa River Floodplai n Board Local Law (Levee Banks) No. 1, 

1997 shall be complied with at all times; 

(i) the owner shall advise any propos ed purchaser that the property  is the subject of a levee 

bank  permit; 

(j) the owner shall identify any proposed subdivisi onal application of the property as being 

subject to a levee bank permit. 
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EXECUTIVE SUMMARY  

SunWater were requested by the De partment of Infrastructure and Planning to provide a report 

on the application subm itted by Ensham  Resour ces Pty Ltd to the Nogoa River Flood Plain 

Board regarding the rehabilitati on and reinstatem ent of fl ood leve es associated with Ensham 

Mine.  SunWater have effectively been requested to act as the Board’s Engineer on this matter in 

addition to its usual role of hydraulic impact assessor for the Board. 

Based upon hydraulic assessm ents undertaken by SunW ater and KBR (Ensha m Resources 

technical advisor) and addition al information supplied by th e Department of Infrastructure and 

Planning, SunWater have concluded that the leve l of impact created by the proposed extensions 

to the levees and the design standards applied to the proposed works conform to the requirements 

of the Interim Flood Plain Management Plan. 

SunWater therefore recomm end that the Coordi nator-General g rant a  levee b ank perm it to 

Ensham Re sources Pty Ltd for the northern and southern levee bank extensions subject to  

conditions outlined in this report. 
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1.0 ENSHAM  RESOURCE PTY LTD APPLICATION 

1.1 BACKGROUND 

Ensham Resources Pty Ltd subm itted an applic ation on 15 Novem ber 2007 to the Nogoa River 

Flood Plain Board (NRFB) seeking to extend the levee banks that  protect Ensham Mine from 

river flooding.  These structures are situated on the Nogoa River ( northern and southern sides of 

the river) and through the land com monly referred to as “Duckponds”.  The existing levees were 

previously approved by the Board in March 1998. 

The proposed levee extensions were describe d in the application and also shown on 

accompanying drawings as listed below: 

Location of work:   County – Talbot, Parish – Middarra 

Real Property Description: Lot 30 CP864574, Lot 31 CP864573 and Lot 32 RP908643 

Drawings:  

 Ensham Resources – Nogoa North and South Levee (Overview) 

 Ensham Resources – Nogoa South Levee (Overview) 

 Ensham Resources – Nogoa South Levee (Detail) 

 Ensham Resources – Nogoa North Levee (Overview) 

 Ensham Resources – Nogoa North Levee (Detail) 

SunWater were commissioned by the Nogoa Ri ver Flood Plain Board on 17 Dece mber 2007 to 

assess the proposed levee exte nsions and prepare a report on the likely flood impacts of the 

works.  This report was completed in February 2008 (Report 07-007593/001).  The investigation  

concluded that the proposed wo rks resulted in negligible imp act on the northern flood plain of 

the Nogoa River and only m inor increases in p eak levels on the southe rn flood plain.  This 

assessment was conducted using the Designated De sign Flood Event nom inated in the Interim 

Flood Plain Managem ent Plan (NRFB, 1997) and compared against both the Adopted 

Topographic Base Case and the Approved Development Topographic Base Case. 
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In the meanwhile, a significant flood event occurred in the Nogoa River catchment during mid to 

late January 2008 that resulted in  the partial failure of both the existing northern and southern 

levees which protect Ensham Mine.  

The Nogoa River Flood Plain Board has not been  able to process the Nove mber 2007 Ensham 

Resources application  in acco rdance with  Section 11 of th e Nogoa River Flood P lain Board 

Local Law No. 1 (Local Law No. 1) because “The Board must not determine an application until 

it is in rece ipt of a ll relevant information including a report from the Di rector of Engineering 

Services.”  Section 3(5) of Local Law No.1 provides th at the Director of Engineering Services 

means the Director of Engineering Services for the NRFB.  Due to the reform of local authorities 

which occurred in early 2008, the newly formed Central Highlands Regional Council had not yet 

appointed a Director of Engineering Services for the NRFB a nd so therefore it could not comply 

with the requirements of the Local Law No.1. 

Failure of the NRFB to com ply with the proposed progression notices and notices to decide has 

allowed the Coordinator-General to issue a ‘Ste p In’ notice.  The ‘Ste p In’ notice empowers the 

Coordinator-General to: 

(a) Cause a report to be prepared in lieu of the Director of Engineering Services’ report; and 

(b) Rely on the report when determ ining the Ensham Resources applications under Section 

11 of Local law No.1. 

In June 2008, SunW ater were then requested to prepare a technical report for the purposes of 

informing the Coordinator-Gen eral’s decision. Su nWater have reli ed upon previous 

investigations (SunWater, February 2008, June  2008) and (KBR, July 2007 and June 2008) and 

also information provided by Mr Russel Davie, De partment of Infrastructure and P lanning in his 

email of 10 July 2008 to formulate the report. 
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2.0 APPLI CATION ASSESSMENT 

2.1 REHABILITATION OF EXISTING LEVEES 

In light of the significant flood event of January 2008, Ensham Re sources Pty Ltd, have a 

renewed re quirement for the prop osed works. Rehabilitation of  the m ine needs to progres s 

through the dewatering of the open cut pits which were flooded as a cons equence of the partial 

failure of the existing levees.  The existing levees also need to be rehabilitated and extended and 

possibly heightened to provide an  appropriate level of risk to the ongoing m ine operations.  In 

the current state, th e partially failed levees do n ot provide adequate protection of the mine and 

Ensham Resources are seeking to complete the rehabilitation prior to the onset of the 2008/09 

wet season.  In its present state, E nsham Mine is effectively m ore exposed to flood risk than 

prior to the January 2008 event. 

To achieve the required outcom e of obtaining a pproval for the rehabilitated levee extension, 

Ensham Resources Pty Ltd consulted with variou s approval authorities a nd technical advisors.  

Further, in discussion with vari ous authorities includ ing the Departm ent of Natural Resources  

and W ater (NRW ) and the Environm ental Prot ection Agency (EPA), the Departm ent of 

Infrastructure and Planning considered that ado pting a process of assessm ent that includes an 

analysis of the January 2008 event was required.   

Therefore, based upon this inclusion of this requirement a methodology was devised to provide a 

two-fold outcome: 

1. The impacts of the proposed levees are assessed against the January 2008 event. 

o This was conducted by SunW ater on th e NRFB m odel to satisfy the NRFB 

requirements 

2. The flood i mmunity of the existin g and proposed levees  will be assessed again st th e 

January 2008 event. 

o This was conducted by KBR on the Delft- FLS model to determ ine appropriate 

levee design heights 
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The proposed m ethodology applies the January 2008 event as additional synthetic design flood 

event.  

The results of the analyses showed the effect the proposed levee has on flood levels and afflux 

on nearby land for the January 2008 rainfall with design initial conditions (Fairbairn Dam full  

and design losses ), compared to the previously com puted values for design floods. This will 

possibly be a significantly rarer flood than actually occurred in January 2008. 

The tasks outlined below, summarise the procedure adopted: 

1. KBR provided SunW ater with the locations  of the upstream and downstream  boundary 

conditions in the Delft-FLS model.  

2. SunWater reviewed/ran the hydrologic model (URBS) based on the following 

assumptions: 

(a)  Recorded rainfall from the January 2008 event 

(b)  Fairbairn Dam starting full 

(c)  Design Rainfall Losses 

3. SunWater provided URBS results to KBR at indicated locations, along with a draft short 

modelling report (covering data, assumptions, methodology, results). 

4. KBR completed preliminary modelling using URBS flows 

5. SunWater extracted URBS results for input to NRFB m odel and ran the NRFB model. 

Two cases were modelled: 

(a)  Ensham Year 0 case, which represents the pre-January 2008 levees 

(b)  Ensham Year 1 case, which is the sam e as the Year 0 case, but includ es the proposed 

levees. 

6. SunWater provided NR FB results to KBR at indicated locations along with an updated 

short modelling report. 

7. KBR ran Delft-FLS m odel based on the bounda ry conditions from  NRFB, for the sam e 

two cases (Year 0 and Year 1) 
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8. KBR drafte d a report on the m odelling c overing data, assumptions, m ethodology, and 

results. Results included the flood levels and affluxes from  the m odelled event, and 

comparison of these to previously run design floods.  

9. SunWater reviewed the final report, and prepared a review  letter for subm ission to the 

regulator. 

10. Provision of the report and review letter to the regulator for approval. 

The outcome of these investigations was repo rted in the KBR repor t dated June 2008, which 

incorporated the SunWater investigation findings.  A review of the report was then conducted by 

SunWater a nd repor ted in a letter  to the  Depa rtment of Infrastructure  and Planning, dated 20 

June 2008.  A copy of this report is included as  Appendix A of this report and details are 

explained in the following sections. 

2.2 REVIEW OUTCOMES 

The review of the KBR report entitled “E nsham Mine Proposed Levee Banks, January 2008 

Flood Event Assessm ent”, report number BE W801-W-REP-001 Rev.0 dated 17 June 2008 has 

been com pleted.  The KBR report was assessed ag ainst the requirem ents of the Nogoa Rive r 

Flood Plain Board’s L ocal Law P olicy No. 1 – Levee B anks and the “Interim  Flood Plain 

Management Plan” dated May 1997. 

The criteria and measures set out in the Interim Flood Plain Management Plan are: 

1. Development in the Floodplain must be designed and constructed to standards appropriate 

to the level of risk of failure of those works and the hazards such failures represent. 

2. Development within the Floodplain should resu lt in the m aintenance of a series of  

floodways generally conforming to the natural drainage pattern. 

3. Development proposals must inco rporate consideration and a llowance for environmental, 

cultural and social impacts. 

4. Development on the F loodplain must com ply with any requirem ents under any other 

relevant legislation. 
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5. Changes to flow rates, flow distribution, flood timing and depth of flow, as a result of the 

proposed development should be within the specified acceptable limits. 

The review of the KBR report considered each of  the criteria.  However, additional inform ation 

provided by Departm ent of Infrastructure and Planning has now been incorporated into the 

review as outlined in the following sections. 

2.2.1 Criteria 1 Interim Flood Plain Management Plan 

The SunWater review did not consider the measure in Criteria 1 that requires a Design Report to 

be prepared by suitably qualified individuals or companies. However, reference w as m ade to 

design reports prepared by KBR (23 June 2008) entitled, ‘Ensham Mine Flood Levees, Proposed 

Levees Design Report’ , BEE603- W-REP-005 Rev 0, and KBR report (23 June 2008) entitled, 

‘Ensham Mine Proposed Flood Levees, Tech nical Specification fo r Civil Works’ , BEE603-Z-

SPEC-001 Rev 5 and associated tec hnical drawings. SunWater advi ses that the design standards 

adopted are those recommended by the Environm ental Protection Agency and current best 

practice.   

A Statutory Declaration from Golder and Associates date d 26 June 2008 indicates that ‘the 

design and specification…for the proposed Ensham  Le vees m eet the relevant engineering 

standards required for such structures’.   

SunWater also indicated  that c onformity with the Local Author ity Strategic Plan an d By-Laws 

would need to be considered.  Mr B ryan Ottone, CEO Central Highlan ds Regional Council has 

advised that ‘the strategic plan and local by-laws are not applicable to this application’.  

Based upon the information provided, it would appear that Criteria 1 has been satisfied. 

2.2.2 Criteria 2 Interim Flood Plain Management Plan 

SunWater indicated that ‘the proposed levees do not impact significantly on the flow distribution 

across the floodplain…as the discharge pattern from the developers property is similar to the pre-

development pattern’. In SunWater’s view Criteria 2 has been ad equately addressed in the KBR 

report. 
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2.2.3 Criteria 3 and 4 Interim Flood Plain Management Plan 

SunWater indicated th at Criteria 3and 4 were not addressed directly in the KBR Report.  

Consequently, the Departm ent of Infrastructure and Planning asked The Department of Natural 

Resources and W ater (DNRW) and the Environm ental Protection Agency (EPA) to provide 

comment in relation to these criteria.  The res ponses from each of the agencies are summarised  

as follows: 

With respect to the leve e bank applications, Mr Jon Womersley, Director, Partnerships, Practice 

and Business, Environmental Services Division, EPA advises ‘that it is understood that the levee 

repair and  extens ion w orks are to resto re fl ood imm unity for the Ensham  Mine.  The EPA 

requires the approval of this work to be based on: 

 certified hydrology and hydraulic flood studies that identify the height the levees need to 

be constructed to in order to achieve protection in the event of a 1:1000 year ARI event; 

 certified levee design plans that meet the 1:1000 year ARI design height requirement; and 

 operational plans for the levees in a revised Plan of Operations for the mine. 

Ensham Resources has provided to the EPA the three items listed above, and on 3 July 2008 the 

EPA issued Ensham Resources a letter allowing it to proceed with the construction of the levees, 

subject to lodging the re quired amount of financ ial assurance with the Mining Reg istrar of  the 

Department of Mines and Energy. 

Ensham Resources has agreed to lodge an Environmental Authority (EA) amendment application 

proposing levee m anagement and mainten ance cond itions, for asses sment and inclu sion in the 

EA (mining activities) for the mine during the course of the construction of the levees.  This will 

ensure that the operational requirements of the EPA for the levees are incorporated appropriately 

in the regulatory instruments applying to the mine.  

As a result of the flooding in January 2008, a comp rehensive review of the required levee height 

for the whole site and consequential impacts (afflux impacts on surrounding properties) will now 

need to be conducted prior to granting a draft EA for the Ensham Central Project which has been 

subject to review through an EIS process. 
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A decision on the draft EA has been extended until 30 Jan uary 2009. This extens ion will allow 

Ensham Resources time to undertake a full recalibration of the flood hydrology and hydraulic 

models for the January 2008 flood event, and a ssess the extent of upstream  and downstrea m 

afflux and potential im pacts of the levees on neighbours and surrounds. The new infor mation 

that would result from  this review m ay be requi red to be publicly advertised under s556 of the  

Environmental Protection Act, prior to finalising the conditions of the draft EA. 

Regional Manager, W ater Serv ices, Central W est Region, Departm ent of 

Natural Resources and Water has a dvised that, ‘in respect of the levee bank applications for the 

Southern and Northern levees at Ensham  Mine, no authorisations are required under the W ater 

Act 2000 or Integrated Planning Ac t 1997 for operational works for th e taking of or interfering 

with the flow of water.  Ensha m Resources Pty Ltd previously held water licence 0426497F and 

development permit 109171 for the Southern Levee to authorise the interference with the flow of 

water within Old W inton Creek.  Under the provisions of th e Water Act 2000 and the W ater 

Regulation 2002 an upstream limit was declared for Old Winton Creek at the Southern Boundary 

of Lot 32/RP908643.  Old W inton Creek upstream of this limit is no longer considered to be a  

watercourse.  Therefore the water licence and developm ent permit associated with th e Southern 

Levee were repealed and no further authorisations in respect of the levee application is required.    

In addition there is no requirement for the applicant to obtain any approvals under the Vegetation 

Management Act 1999 for the levee applications. The Northern levee from  t he diagram s 

provided to the Department will  be contained within the Mining Lease and hence a VMA permit 

for vegetation clearing is not required. The Sout hern levee is partly located off lease however is  

within non-remnant vegetation on Freehold land and does therefore not require a permit.  

Therefore we have no issues in respect of the applications or matters that need to be addressed as 

a condition.’ 

Based on the information from EPA, DNRW and CHRC it would appear that Criteria 3 and 4 are 

satisfied. 
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2.2.4 Criteria 5 Interim Flood Plain Management Plan 

With respect to Crite ria 5, the KBR report su mmarises th e calcu lated af flux at the property  

boundary due to the proposed levees.  The m aximum increase of 50mm is greater that the nil 

increase specified in the m easure, but we ll below the 300mm upper lim it nom inated for the 

ultimate development case.  SunW ater ‘considered that the proposed developm ent satisfies the 

intent of this measure and therefore is considered acceptable’. 

In summ ary, SunW ater concluded ‘that the proposed works generally conform  to the 

requirements of the Interim Flood Plain Management Plan’. 
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3.0 RECOMMENDATIONS 

That the Coordinator-General grant a levee bank permit to Ensham Resources Pty Ltd subject to 

the following conditions: 

3.1 ENSHAM MINE SOUTHERN LEVEE BANK 

Application submitted 15 November 2007  

Owner:Ensham Resources Pty Ltd 

Address: 

PO Box 1565 

 Emerald  Qld  4720 

Property Description: 

Lot 30 CP864574 & Lot 32 RP908643, Parish of Middarra, County of Talbott. 

Reference Document: 

Prescribed Project assessm ent and decision – Ensha m M ine Flood Recovery Project, 

Southern and Northern Levee Banks, July 2008  

Reference Map: 

Ensham Coal Project – Exis ting and Proposed Flood Protec tion Levee Locations, July 

2008 

Conditions: 

(a) the proposed works are to be undertaken in acc ordance with the details included in the 

application, referred to above; 
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(b) construction of the levee bank shall comply with the following reports: Kellogg Brown & 

Root Pty Ltd (23.6.2008) Ensham Mine Flood Levees, Proposed Levees Design Report, 

BEE603-W-REP-005 Rev 0, and Kellogg Brown & Root Pty Ltd (23.6.2008) Ensham  

Mine Proposed Flood Levees, Technical Sp ecification for Civil Works, BEE603-Z-

SPEC-001 Rev 5 and associated technical drawings; 

(c) the work is to be undertaken under the superv ision of a Registered Professional Engineer, 

Queensland (RPEQ) and certified accordingly upon completion. 

(d) advice, in writing, shall be given of commence ment of the works, and expected duration 

of works; 

(e) the works proposed are to be com pleted within eighteen (18) months of t he date of issue 

of this permit; 

(f) the permit is issued for a period of ten (10) years, expiry date being …/7/2018; 

(g) “as cons tructed” de tails of  the works sha ll be provided includi ng coordinates of the 

structures, upon completion, together with a cer tification that all works are in acco rdance 

with the approved plans. This certification shall be signed by a Registered Professional 

Engineer, Queensland; 

(h) the provisions of the Nogoa River Floodplai n Board Local Law (Levee Banks) No. 1, 

1997 shall be complied with at all times; 

(i) the owner shall advise any propos ed purchaser that the property  is the subject of a levee 

bank  permit; 

(j) the owner shall identify any proposed subdivisi onal application of the property as being 

subject to a levee bank permit. 

Furthermore, that Central Highlands Regional Council be advised of the levee bank perm it to 

enable the records of the affected property to be duly noted. 

Permit issued pursuant to section 76O of the St ate Development and Public Works Organisation 

Act 1971. 
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3.2 ENSHAM MINE NORTHERN LEVEE BANK 

Application submitted 15 November 2007  

Owner:Ensham Resources Pty Ltd 

Address:  

PO Box 1565 

Emerald  Qld  4720. 

Property Description: 

Lot 31 CP864573, Parish of Middarra, County of Talbott. 

Reference Document: 

Prescribed Project assessm ent and decision – Ensha m M ine Flood Recovery Project, 

Southern and Northern Levee Banks, July 2008  

Reference Map: 

 Ensham Coal Project – Ex isting and Proposed Flood Protec tion Levee Locations, July 

2008 

Conditions: 

(a) the proposed works are to be undertaken in acc ordance with the details included in the 

application, referred to above; 

(b) construction of the levee bank shall comply with the following reports: Kellogg Brown & 

Root Pty Ltd (23.6.2008) Ensham Mine Flood Levees, Proposed Levees Design Report, 

BEE603-W-REP-005 Rev 0, and Kellogg Brown & Root Pty Ltd (23.6.2008) Ensham  

Mine Proposed Flood Levees, Technical Sp ecification for Civil Works, BEE603-Z-

SPEC-001 Rev 5 and associated technical drawings; 

(c) the work is to be undertaken under the superv ision of a Registered Professional Engineer, 

Queensland (RPEQ) and certified accordingly upon completion. 
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(d) advice, in writing, shall be given of commence ment of the works, and expected duration 

of works; 

(e) the works proposed are to be com pleted within eighteen (18) months of t he date of issue 

of this permit; 

(f) the permit is issued for a period of ten (10) years, expiry date being …/7/2018; 

(g) “as cons tructed” de tails of  the works sha ll be provided includi ng coordinates of the 

structures, upon completion, together with a cer tification that all works are in acco rdance 

with the approved plans. This certification shall be signed by a Registered Professional 

Engineer, Queensland; 

(h) the provisions of the Nogoa River Floodplai n Board Local Law (Levee Banks) No. 1, 

1997 shall be complied with at all times; 

(i) the owner shall advise any propos ed purchaser that the property  is the subject of a levee 

bank  permit; 

(j) the owner shall identify any proposed subdivisi onal application of the property as being 

subject to a levee bank permit. 

Furthermore, that Central Highlands Regional Council be advised of the levee bank perm it to 

enable the records of the affected property to be duly noted. 

Permit issued pursuant to section 76O of the St ate Development and Public Works Organisation 

Act 1971. 
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EXECUTIVE SUMMARY 

In January 2008, heavy rainfall up to 700mm was recorded in the five days to 20 th January 2008 

in the Nogoa/Mackenzie River system in central Qu eensland.  Resultant floods were the some of 

the largest on record in Theresa Creek and the Nogoa River. At th e start of the event, Fairbairn 

Dam was only 35% of full capacity.  The com bined flood waters had a significant impact on the 

open cut Ensham Mine, located just upstream of the confluence of the Nogoa and Comet Rivers. 

SunWater was comm issioned by Ensham  Resour ces in conjunction with  Kellogg, Brown and 

Root Pty Ltd, Ensham  Resources’s technical advisors, to provide  modelling support services for  

hydrologic and some hydraulic aspects of the flooding. 

A series of hydrologic models we re developed and calibrated usi ng the rainfall and water level 

data compiled from several agencies including the Bureau of Meteorology, the Departm ent of 

Natural Resources, SunWater and Emerald Shire Council. Critical to  the estim ation of flows in 

this modelling was the flow m easurements undertaken by the Departm ent on Theresa Creek at 

Gregory Highway and the Nogoa River at Em erald. Model param eters were adjusted to obtain 

consistency with these measurements and recorded water levels at key locations. 

Hydrologic modelling deri ved a set of flow hydrographs at  num erous locations within the 

system.  The m odelling showed that a peak discharge of 4,020 m 3/s in  Theresa Creek at th e 

Gregory Highway occurred at 2200 on Friday 18 th January.  At the s tart of the even t, Fairbairn 

Dam was only 35% full and the m odelled peak outflow was 3,200 m 3/s and occurred at 1500 on 

Tuesday 22nd January.  Runoff from local creeks in the vicinity of Ensham Mine was relatively 

low due to the lower catchment rainfall and high initial losses. 

A second set of flow hydrographs were derived assum ing Fairbairn was full at the start of the 

event. 

The MIKE 11 hydraulic m odel of t he Nogoa Ri ver floodplain for the Approved Developm ents 

Case was used as the base m odel for this study.  That part of the hydraulic model located 

upstream of Ensha m M ine was first re-calibra ted for the January 2008 flood event using the 

flows derived from the hydrologic models.   
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It was necessary to increase the Man ning’s n roughness along a reach of the m ain Nogoa River 

upstream of Duck Ponds Gauging Station and along a parallel flood runner for the m odel to 

adequately reproduce the observed flood levels. 

The re-calibrated hydrau lic model was then used to analyse the January 2008 event assum ing 

that Fairbairn Dam was full at the s tart of the event and these results were compared to the cas e 

of Fairbairn Dam starting at the actual 35% capacity.  Peak flood levels were generally found to 

increase by approxim ately 0.4m to 1.0m  along the Nogoa River as a result of the storage being 

full at the start of the event. 

The re-calibrated model was used to assess the likely impacts that would arise from the extension 

of the Ensham Mine levees around the m ine area on both the northern and southern banks of the 

Nogoa River.  The im pact of the extended lev ees was assessed for both the Designated Design 

Event, set at the 1:20 AEP event by the Nogoa  River Flood Plain B oard, and for the January 

2008 flood with Fairbairn Dam assumed full at the start of the event. 

For both events, the proposed extensions of Ensh am Mine levees cause affluxes of up to 25 m m 

at any location, either within the Ensham Mine holdings or at any neighbouring properties.  This 

is well below the acceptable afflux of 300 mm set by the Nogoa Flood Plain Board. 
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1.0 INTRODUCTION 

In January 2008, heavy rainfall was r ecorded in the five days to 20 th January 2008 in the Nogoa 

River system in central Queensland.  Near-r ecord flooding occurred in the Theresa Creek 

system, peaking at the Gregory Highway on 19 th January.  On the Nogoa  River, Fairbairn Dam 

which was 35% full or some 832,000 ML below full supply at the start of the event, recorded it’s 

highest ever inflow.  Outflow from the da m resulted in significant fl ooding of Em erald, 19 k m 

downstream.  The two drainage system s joined on the Nogoa flood plain just downstream  of 

Emerald.   

The flood waters had a significant impact on the open cut Ensham Mine, located just upstream of 

the confluence of the Nogoa and Comet Rivers, with filling of the open cut pits.  

As a result,  SunWater was comm issioned by  En sham Resources in c onjunction with Kellogg, 

Brown and Root Pty Ltd, Ensham  Resources’s technical advisors, to p rovide modelling support 

services for an assessment of the hydrologic and some hydraulic aspects of the flooding. 

These support services included: 

 Development and calibration of a hydrological m odel of the Nogoa system to the January 

2008 flood to the m ain gauging stations.  Infl ow hydrographs of the local watercourses 

were also required. 

 Re-calibration of the existi ng MIK E11 m odel of the Nogoa flood plain to the January 

2008.  This calibration was limited to the gauging stations upstream of the mine. 

 Re-running the hydrologic and hydraulic m odels assuming Fairbairn Dam full at the star t 

of the rainfall. 

Available data for this flood hydrology investigation included: 

 Daily and pluviograph rainfall data from  th e Bureau of Meteoro logy, Department of  

Natural Resources and Water and Em erald Sh ire Council for various  locations in and 

around the Nogoa/Mackenzie basin. 
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 River height records, ratings and gaugings from stations op erated by the Departm ent of  

Natural Resources and Water and from Bureau of Meteorology flood warning stations. 

 DEM data in the form of the files from the NASA Shuttle Radar Topography Mission. 
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2.0 HYDROLOGY 

2.1 RUNOFF ROUTING MODEL 

The conceptual runoff r outing model URBS (Ca rroll 2007) was used to model the behaviour of  

the Nogoa/Mackenzie River.  URBS is a co mputer based, hydrologic m odelling program that 

enables the sim ulation of catch ment storage and runoff respons e by a network of conceptual  

storages representing the stream network and reservoirs. 

The URBS model in the split mode was adopted in this study.  In this mode, the model identifies 

the catchment and channel routing in each sub-catchment and calculates their effects separately. 

First, the excess rainfall on a sub-catchm ent is routed to the creek chann el. This inflow from the 

sub-catchment into the channel is assumed to occur at the centroid of the sub-catchment. The lag 

of the sub -catchment storage is assumed proportional to the squa re root of the sub-catchm ent 

area. Next, the inflow is rout ed along a reach using a linear Muskingum method, whose lag time 

is assumed proportional to the length (or derivative) of the reach. 

The program CatchmentSIM (Ryan 2004) was used  to develop the URBS runoff-routing m odel 

of the catchment.  The program develops a DEM based upon the hgt files from the NASA SRTM 

site and sub divides the catchm ent at selected points of interest such as gauging stations and 

inflow locations.   

The river system was divided into 4 linked models: 

 Nogoa River to Fairbairn Da m m odel repr esents 16,167 km2 and consists of 105 sub-

catchments; 

 Theresa Creek to Gregory Highway m odel represents 8,448 km2 and consists of 59 sub-

catchments; 

 Comet River to Com et W eir m odel repr esents 16,136 km2 and consists of 106 sub-

catchments, and; 

 Mackenzie River to Bingegang m odel repres ents 16,136 km2 and consists of 106 sub-

catchments.  This model takes the outflow from the 4 above models. 
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For this study, the estimation of  flows was limited to the area upstream of the confluence of th e 

Nogoa and Com et Rivers but the areas down stream are included in the modelling for 

completeness. 

2.2 RATINGS 

Calibration of the hydrologic m odel is carried out by com paring modelled flows with the 

estimated recorded flows.  In turn, these reco rded flows are estim ated from the reco rded height 

and the appropriate rating.  Thus rating curves are critical to the m odelling process and it is 

important that there is an appreciation of the reliability of the rating at each site.   

Table 2-1:  January 2008 Gaugings 

AMTD
 

Mean 
Gauge 
Height 

Gauged
Flow AWRC Stream 

km 

Location Date/Time 

m m3/s 

130206a Theresa Creek 14.5 Gregory Highway 19/01/2008 12:00 10.64 3840 

22/01/2008 14:30 15.30 3110 
130911 No goa River 681.0 Emerald 

27/01/2008 14:30 11.48 830 

21/01/2008 11:30 19.70 3340 

22/01/2008 10:45 20.16 3643 

23/01/2008 09:30 20.44 3854 

28/01/2008 11:15 16.81 1773 

130113a Mackenzie River 591.0 Rileys Crossing 

31/01/2008 11:15 11.99 668 

 

During the January 2008 event, NR W undertook fl ow m easurements at several key locations  

along the Nogoa\Mackenzie system.  The gaugings, su mmarised in Table 2-1, form  the basis for  

the estimation of the high stage ratings and are critical in model calibration. 
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The critical ratings are at Fairb airn Dam, Emerald and the Gregory Hi ghway.  The latter two 

locations were actually gauged during the event while the Fairba irn Dam rating was determ ined 

by physical model study.  These ratings are shown in the figures below. 

The Gregory Highway rating is part icularly critical to the es timation of the peak flow and flood 

volume estimation, critical for estim ating the volum e of flood water diverted into the open cut 

mine.  The estim ation of the Gregory Highway ra ting above 10 m etres gauge height is largely 

based upon the January 2008 gauging. 

130206a Gregory Highway

0

1

2

3

4

5

6

7

8

9

10

11

12

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Flow (m3/s)

G
au

ge
 H

ei
gh

t (
m

)

 Table 91

Gaugings

200801

* Table 10

 

Figure 2-1:  Rating Theresa Ck at Gregory Highway 

The Emerald rating was found to be consistent with the rating for the Fairbairn Dam spillway. 
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Figure 2-2:  Rating Nogoa River at Emerald 

2.3 MODEL CALIBRATION 

The first step in ca librating the hyd rologic model is to def ine the rainf all depth and pattern for 

each sub-area in the model.   

The data set com piled by BoM following the event (BoM 2008) contains daily rainfall (officia l 

and unofficial), pluviograph data and water level da ta from several agencies with network in the 

study area.  These include the Bureau, the Departm ent of Na tural Resources and W ater and 

Emerald Shire Council.  The m ap showing th e rainfall in and around the Nogoa/Mackenzie 

system, Figure 2-3, can be found in the BoM report (BoM 2008). 
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Figure 2-3:  Nogoa River Rainfall (Source: BoM 2008) 
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It should be noted th at the heaviest f alls in th e system were record ed upstream of Em erald and 

Gregory Highway with 5 day tota ls in excess of 200 to 700mm.  Rainfall totals downstream  of 

these locations were substant ially less ranging from  215mm at Capella, 145mm  at Em erald 

Airport and 92mm  at the Duck Ponds gauging station.  This lowe r rainfall has im plications for 

the estimation of peak flows and runoff volumes in the local creeks around the mine. 

A technique adopted by BoM for fl ood forecasti ng (Malone 2000) was  used to estim ate the 

rainfall on each sub-catchm ent in each flood even t.  The method utilises all availab le rainfall 

data, pluviograph and daily, and estim ates a rainfall depth for each sub area using  weightings 

based on th e inverse d istance squared from  the centroid of  each sub area to  the n earest four  

rainfall stations.  The pattern of the nearest pluviograph is then assigned to this estimated depth.  

Two sets o f calibration  param eters were deriv ed for each  event to g ive th e bes t fit to the 

observed data: 

 Rainfall-runoff parameters; initial loss (IL), continuing loss (CL) and; 

 Runoff-routing param eters; channel lag param eter (alpha α), catchm ent lag parameter 

(beta β) and catchment non-linearity parameter (m). 

The calibration param eters adopted for the m odels are listed in Table 2-1 and discussed further  

below. 

Table 2-2:  Calibration Parameters 

Volume 

IL CL 
Volume 
to Spill GL Model Calibration 

Location 
mm mm/hr

Alpha Beta m 

ML 

DC 

Cal Rec % 

Inflow 0.976 2,410 2,370 2 
Nogoa R 

Fairbairn Dam 
75 2.6 0.33 2.5 0.8 832,000 

0.994 1,410 1,350 4 

Theresa Ck Gregory Hwy 90 4.0 0.27 3.0 0.8 na 0.897 890 1,190 -25 

Mackenzie R Duck Ponds 90 3.5 0.35 2.5 0.8 na     
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2.3.1 Nogoa River to Fairbairn Dam 

At the com mencement of the event, Fairbairn Da m was only 35% full with a volum e deficit of 

832,000 ML.  An initial loss of 75mm  matches the modelled hydrograph of the inflow to the  

dam, indicating that the catchment was reasonably dry.   

The continuing loss rate was adjusted to m atch the estim ated inflow and outflow hydrographs 

and good agreement was obtained between the mode lled and recorded hydrographs at the inflow 

and outflow as shown in Figure 2-4 and Figure 2-5. 

The peak of the m odelled outflow is slightly higher  than the estimated recorded outflow so as to 

obtain good agreement with the gauged flows at Emerald. 

The modelled peak outflow was 3,200 m3/s, occurring at 1500 on 22nd January. 

 

Figure 2-4:  Fairbairn Dam Inflow Calibration 
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Figure 2-5:  Fairbairn Dam Outflow 

2.3.2 Theresa Ck to Gregory Highway 

An initial loss of 90mm matches the start of the rising limb at the Valeria and Gregory Highway 

gauges, again indicating that the catchment was reasonably dry.   

The continu ing los s r ate was adju sted to  m atch the estim ated peak  flow  of the hydrograph at 

Gregory highway.  Good agreem ent was obtained with  the flow and tim ing of  the peak at this 

location although the volume of the flood was underestimated, as shown in Figure 2-6. 

The modelled peak flow at the Gregory Highw ay was 4,020 m 3/s, occurring at 2200 on Friday 

18th January. 
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Figure 2-6:  Theresa Ck at Gregory Highway Calibration 

2.3.3 Comet River to Comet Weir 

The Com et River m odel was not calibrated in th is study and the estim ated recorded flow at 

Comet W eir was in cluded in  the M ackenzie mode l f or co mpleteness.  However, this will no t 

affect model results s ince Ensham Mine is loc ated upstream of the co nfluence with the Com et 

River. 

2.3.4 Mackenzie River 

The calib ration of the Mackenzie model posed a problem as it was not possible to directly 

calibrate against a particular gauging station.   

As shown in Figure 2-7, the m odel gives good agreement with the recorded data at E merald but 

it should be noted that there is a breakout to the west of the town gauge upstream  of Selma Weir 

which is not included in the hydrologic model. 

The hydrologic model assumes single flow path fo r the mainstream between the junction of the 

Nogoa River and Theresa Creek to the confluence with the Comet River.   



ENSHAM MINE 
FLOOD MODELLING 

 
 

 

Ensham Resources Final Report 08-004766/001 
P-AEXP-0405-AB-02-03 Commercial In Confidence June 2008 

Page 12 
 

The gauging station at Duck Ponds is indicative of only of the flow in that channel.  However, as 

shown in Figure 2-8, the height  hydrograph is useful in ge tting the m odel tim ing right.   

Similarly, due to large diversion of flows into the ope n pit, calibration against gauging stations 

downstream of the Nogoa-Com et confluence is not possible with  specific knowledge of the ne t 

flow into the pit. 

Therefore, the selection of loss a nd model parameters is more subjective, and more critical, than 

for the othe r models.  In particula r, the select ion of  initia l loss has a signif icant impact on the  

estimation of flows.  As stated earlier, rainfall in the local area around the mines was only of the 

order of 100 to 150mm.  Subjective information on the state of the local creeks from Chris Grieg 

(personal comm s) proves useful in this resp ect.  Chris advised that Crinum , W inton and 

Gordonstone Creeks were flowing overbank wh ile there was significant flow in Boggy and 

Corkscrew Creeks.  Mosquito Ck was flowing ‘slowly but with good level’.  There was no 

information on the state of Sandhurst or Bellcong Creeks. 

 

Figure 2-7:  Emerald Calibration 
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Figure 2-8:  Duck Ponds Calibration 

Loss parameters, similar to those calibrated for the Nogoa River and Theresa Creek catchm ents, 

were adopted for the Mackenzie m odel.  Routing parameters were adjusted to try to m atch the 

timing of the peaks at Duck Ponds. 

The m odelled flows in Crinum , Gordonstone a nd Mosquito Creeks are consistent with the 

anecdotal advice.  The modelled flows in Boggy and Corkscrew Creeks may be a little low.   The 

modelled flow in W inton Creek is difficult to  assess du e to its in teractivity with f lows in the 

main channels.   

2.3.5 Summary of Peak Flows 

A summary of the modelled peak flows in the study area is given in Table 2-3.  Where indicated 

by an asterisk, the modelled height and/or flow have been calibrated against recorded data and is 

considered satisfactory. 
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The combined flows in the m ain channels dow nstream of the Nogoa River and Theresa Creek 

are represented by the label NO+ANA1+ANA2. 

Table 2-3:  Peak Flows and Volumes - Actual Dam Conditions 

Peak Height Peak Discharge 
Calculated

Volume Location 
  

Time of Peak 
  m m3/s GL 

SPILLWAY* Tue Jan 22 2008 15:00 4.62 3197 1 411 

KOOAROO_CK Thu Jan 17 2008 23:00  144 20 

ST_HELENS_CK Fri Jan 18 2008 19:00  21 2 

EMERALD* Wed Jan 23 2008 00:00 15.35 3177 1 425 

EMERALD_CK Fri Jan 18 2008 20:00  19 2 

GREGORY_HWY* Fri Jan 18 2008 22:00 10.74 4022 89 1 

CODENWARRA_CK Fri Jan 18 2008 19:00  31 4 

LOCHLESS_CK Sat Jan 19 2008 06:00  5 <1 

NO+ANA1+ANA2 Sat Jan 19 2008 13:00  3877 2 300 

CRINUM_CK Fri Jan 18 2008 09:00  573 10 7 

MOSQUITO_CK Sat Jan 19 2008 07:00  15 1 

GORDONSTONE_CK Fri Jan 18 2008 02:00  153 29 

UN_NAMED_CK1 Sat Jan 19 2008 06:00  8 1 

DUCK PONDS* Sat Jan 19 2008 17:00 14.54 4543 2 455 

WINTON_CK Sat Jan 19 2008 07:00  15 2 

BOGGY_CK Sat Jan 19 2008 08:00  11 1 

MARIA_CK Sat Jan 19 2008 04:00  5 <1 

SANDHURST_CK Fri Jan 18 2008 22:00  86 16 

CORKSCREW_CK Sat Jan 19 2008 09:00  1 <1 
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Overall, the volum e of the lo cal inflows accoun t for only a relatively sm all percentage of the 

total flow in the Nogoa River system.  

The peak flows and volum es were also estim ated assuming Fairbairn full at the comm encement 

of the event.  Under these circum stances, only estimates at the spillway,  Emerald and the m ain 

channels will be affected, as summarised in Table 2-4. 

Table 2-4:  Peak Flows and Volumes - Assuming Dam Full 

Peak Height Peak Discharge 
Calculated

Volume Location 
  

Time of Peak 
  m m3/s GL 

SPILLWAY* Tue Jan 22 2008 07:00 5.41 4112 2 236 

EMERALD* Tue Jan 22 2008 15:00 NA 4098 2 250 

NO+ANA1+ANA2 Sun Jan 20 2008 00:00 NA 5276 3 123 

DUCK PONDS* Sun Jan 20 2008 01:00 NA 5799 3 278 

 

It was not possible to estimate the peak height at Emerald, the combined anabranch flow or Duck 

Ponds in the hydrologic model due to a lack of a suitable high stage rating.  Besides the increase 

in peak flows and volumes, it should also be noted that timing of the estimated peaks changes. 
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3.0 HYDRAULICS 

3.1 BACKGROUND 

The Nogoa River Floodplain S tudy was undertaken in 1996 by the then Departm ent of Natural 

Resources on behalf of the Nogoa River Floodplain Steering Committee.  The study involved the 

development and calibration of hydrologic and hydr aulic models of the Nogoa-Mackenzie River  

floodplain downstream of Fairbairn Dam .  The hydraulic m odelling package Rubicon  

(Haskoning 1992) was employed to model the floodplain. 

The hydraulic m odel extended from  Fairbairn Dam located at AMTD 685.6 km  on the Nogoa  

River to Carnangarra (G S 130103a) located at AMTD 585.5 km  on the Mackenzie River.  The 

hydraulic model also incorporated  the lower reaches of the Com et River, Retreat and Theresa  

Creeks and a num ber of s maller tributaries su ch as Gordonstone, Crinum , Mosquito, Boggy, 

Maria, W inton and Sandhurst Creek.  In total,  approxim ately 180 km of stream  length was 

modelled. 

The hydraulic m odel was prim arily calibrated to  the Febru ary 1978 flood event.  Additiona l 

verification of model param eters was undertaken against other historical flood events using the 

February 1984 flood event and the May 1983 flood event, which were both far sm aller in 

magnitude than the February 1978 flood event.  Full details of the model construction and 

calibration can be found in the report Nogoa River Flood Plain Study, H ydraulic Model Design 

Simulation Report (DNR June 1996).  This report also st ated tha t it would be “desirab le to  

further verify the model against larger flood events, which may occur in the future.” 

In 2007, at the request of the Nogoa River Fl ood Plain Board, SunWater – Asset Solutions 

converted the existing hydraulic model in Rubicon to the hydrau lic model software MIKE 11 

(DHI 2005). 

The Revised Adopted Topographic Base Case (RATBC) (Case 086) was extracted from  the  

Rubicon model, converted to MIKE 11 for mat and run with the m odel parameters adjusted until 

the MIKE 11 output satisfactorily matched the Rubicon model.   
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The converted RATBC m odel was then updated to an Approved Developm ents case that  

included the sanctioned developments in the Nogoa River Flood Plain since May 1997 up to the 

time of the report. 

Refer to the report Nogoa River Flood Plain B oard, Model Conversion Report  (SunWater 2007) 

for full details of the conversion of the model. 

The layout of the hydraulic m odel, the bounds of  the Ensham Mine property and the proposed 

levee extensions are given in Figure 3-1. 

3.2 HYDRAULIC MODEL INPUT 

The MIKE 11 m odel of the Nogoa River for th e Approved Developm ents as per S unWater’s 

Model Conversion Study was the base model used in this study. 

3.2.1 Boundar y Conditions 

The calibrated URBS model was used to derive  inflow hydrographs fo r the January 2008 flood 

event.  These hydrographs were used at the up stream boundary of the N ogoa River and of each 

model tributary, as well as for point inflows along the length of the modelled reaches. 

The rating curve at Carnangarra gauging stat ion was retained as the downstream boundary 

condition at the model outlet. 

3.2.2 Initial Conditions 

Nogoa River and each tributary were applied until a steady state was achieved throughout the 

model.  The se flows we re required for m odel stability and are insign ificant compared to storm 

event flows. 

3.2.3 Computational Parameters 

Simulations were run for the period from  14th January to 31 st January 2008, to cover the period 

of high flows in the N ogoa River system  resul ting from the heavy rainfall in the Nogoa River 

system in the five days to 20 th January.  The simulations used a 30 second tim e step and saved 

every 30 minutes. 
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Figure 3-1:  Hydraulic Model Layout and Proposed Ensham Levee Extension 
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3.3 HYDRAULIC MODEL RECALIBRATION 

Re-calibration was carried out onl y for the part of the hydraulic model located upstream  of the  

open cut E nsham Mine.  Re-calibration of the m odel downstream  of the m ine was not 

undertaken, owing to uncertainties associated with the volume of water that flowed into the open 

cut pits.  T he hydraulic m odel was re-calibra ted using the flows from the URBS hydrologic 

model for the flood of January 2008.  This is the largest flood since the construction of Fairbairn 

Dam in 1972.  The m odel was re-calibrated agains t m easured flood levels  at the gauge sites 

listed in Table 2-1 previously. 

Values of Manning’s n from the Approved Developm ent Case were adjusted to fit the recorded 

water levels.  It was found that it was only necessa ry to change certain values alo ng the m ain 

Nogoa River and in the flood runner B NO_R22-23-24-25.  These final Manning’s n values are 

compared them with the values in the Approved Development Case in Table 3-1 below. 

Table 3-1:  Selected Manning’s n 

Manning’s n value 
Stream Model Chainages 

(m) 
AD Case Final Re-calibration 

0 – 10000 0.072 0.072 

10800 – 22800 0.068 0.068 

23800 – 26900 0.051 0.051 

27600 – 34100 0.060 0.060 

34500 – 36900 0.063 0.063 

37600 – 45000 0.084 0.084 

45700 – 51800 0.063 0.072 

52800 – 60400 0.059 0.068 

60700 – 61600 0.046 0.053 

Nogoa River 

62400 – 63600 0.059 0.068 

BNO_R22-23-24-25 0 – 8600 0.054 0.062 
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The measured and m odelled hydrographs at the gauging stations are comp ared from Figure 3-2 

to Figure 3-4. 
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Figure 3-2:  Theresa Creek at the Gregory Highway, January 2008 Re-calibration Event 
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Figure 3-3:  Nogoa River at Emerald Town Gauge, January 2008 Re-calibration Event 
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Figure 3-4:  Nogoa River at Duck Ponds, January 2008 Re-calibration Event 

At Theresa Creek on the Gregory Highway and at Duck Ponds on the Nogoa River, the modelled 

hydrographs show satisfactory ag reement with the m easured hydrographs in term s of the 

magnitude and timing of the peak and the rising limb of the hydrograph.  The falling  limb of the 

hydrograph however is poorly reproduced in the model at both locations and it is recommended 

that this be investigated further in a future study. 

At the Em erald Town Gauge, the m odelled peak is  well in excess of th e measured peak flood 

level.  This is because  in the hydrodynam ic model, flow in  the Nogoa River from  Selma Weir 

(Model Chainage 16200, Section X NO_006840) to the Emerald Town We ir (Model Chainage 

22200, Section XNO_006778) is represented by a single channel.   In reality, during flood events 

a considerable proportion of flow breaks out of the Nogoa River a short distance downstream  of 

Selma Weir and flows in a drain west of the main channel through the Emerald township before 

rejoining the system downstream of the town weir. 

Due to this model limitation, it was recognised that  it would not be possible to obtain agreem ent 

with peak water levels at the Emerald Town Gauge.   
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Therefore, model param eters were  adjus ted in  order  to o btain agreem ent with the rising an d 

falling limbs of the hydrograph at this location only. 

For the purposes required in this study, the m odel was considered to give satisfactory agreem ent 

with observed flood levels.  A summ ary of the m easured and m odelled peak flood levels at the 

gauging stations for the January 2008 re-calibration event is presented in Table 3-2. 

Table 3-2:  Peak Flood Levels for January 2008 Recalibration Event 

Peak Flood Level 

January 2008 Stream 
AMTD 

 
(km) 

Location 
Measured 
(m AHD) 

Modelled 
(m AHD) 

Difference 
(mm) 

Theresa Creek 14.5 Gregory Highway 174.68 174.75 70 

Nogoa River 681.0 Emerald Town Gauge 177.31 178.48 1180 

Nogoa River 625.4 Duck Ponds 155.28 155.11 -170 

Note:  Whilst differences are quoted to the nearest millimetre, it should be noted that in absolute terms, the model is 

only considered accurate to the nearest 0.5 of a metre.  Differences in this report are shown to the nearest millimetre 

to emphasise the relative impacts on design flood levels as a result of changes to the flood plain. 

3.4 HYDRAULIC MODEL – FAIRBAIRN DAM FULL SCENARIO 

The re-calibrated hydrau lic model was used to analyse the January 2008 flood event assum ing 

that Fairbairn Dam  was  full at th e start of the event.   Inflow hydrographs calculated by the 

URBS hydrologic model for this case were input to the MIKE 11 model. 

In Table 3.3, peak flood levels for the Key Locations in the study area upstream of Ensham Mine 

are given for both the January 2008 re-calibration case (Fairbairn Dam was 35% full at the start 

of the event) and for the January 2008 flood even t assuming Fairbairn Dam was full at the start 

of the event. 
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Table 3-3:  Peak Flood Levels Upstream of Ensham Mine for January 2008 Event  

January 2008 Event 
Peak Flood Level 

Location Branch Name Model 
Chainage Fairbairn 

Dam @ 
35% 

Fairbairn 
Dam @ 
100% 

Difference 
(mm) 

Fairbairn Dam Nogoa_Mackenzie 0 189.094 190.037 943 

Selma Weir Nogoa_Mackenzie 16,200 180.022 181.048 1026 

Emerald – Capricorn Hwy Nogoa_Mackenzie 18,800 178.484 179.606 1122 

Emerald Town Weir Nogoa_Mackenzie 22,200 174.233 174.728 495 

Bellmah No goa_Mackenzie 26,900 170.773 171.256 483 

McCoskers Weir Nogoa_Mackenzie 31,500 168.870 169.258 388 

Retreat Ck Junction Nogoa_Mackenzie 34,100 167.673 168.520 847 

Bridge Flats Crossing Nogoa_Mackenzie 39,100 164.866 165.763 897 

Crinum Ck Junction Nogoa_Mackenzie 45,700 161.434 161.917 483 

Wyuna No goa_Mackenzie 47,300 160.350 160.809 459 

Dunckpond Homestead BNO_R22-23-24-25 4,700 155.105 156.123 1018 

Lochlees B NO_R12-13-18-19 3,700 160.162 160.842 680 

Parker Developments BNO_R10A 3,000 163.763 165.021 1258 

Braylands B NO_R20 1,100 156.941 157.352 411 

Kingower Billabong Theresa Creek 0 180.833 180.833 0 

Blair Athol Railway Line Theresa Creek 7,400 177.687 177.687 0 

Trafalgar R etreat Creek 0 178.153 178.153 0 

Blair Athol Railway Line Retreat Creek 3,600 175.832 175.832 0 

Gregory Highway Retreat Creek 6,500 174.752 174.752 0 

Washpool Waterhole BRE_R02-4-6-7-13-14 2,600 171.555 171.556 1 

Codenwatta Pump Site BRE_L02-04 2,000 169.993 170.048 55 

Langley Downs Gordonstone Creek 0 164.406 164.406 0 

Belcong Ck Junction Crinum Creek 0 165.441 165.441 0 
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January 2008 Event 
Peak Flood Level 

Location Branch Name Model 
Chainage Fairbairn 

Dam @ 
35% 

Fairbairn 
Dam @ 
100% 

Difference 
(mm) 

Wyuna Road Crinum Creek 4,500 162.862 162.862 0 

Colorada C rinum Creek 12,300 161.856 162.335 479 

Fenceline M osquito Creek 4,200 161.872 162.342 470 

Lochabor W inton Creek 0 167.037 167.037 0 

Bauhinias Road Winton Creek 16,300 156.312 157.008 696 

Ensham B oggy Creek 4,400 153.036 154.165 1129 

 

3.5 PROPOSED EXTENSION OF ENSHAM MINE LEVEES 

The re-calibrated hydraulic m odel was used to analyse the im pact of proposed extension of 

Ensham Mine Levees. 

3.5.1 Proposed Works 

In February 2008, at the request of the Nogoa River Flood Plain Board, SunW ater - Engineering 

Services perform ed a  hydraulic assessm ent of the likely im pacts that would arise from a  

development proposal by Ensham Resources Pty Ltd, namely the extension of levees around the 

mine area on both the northern and southern banks  of the Nogoa River and associated flood 

plains. 

To simulate the constru ction of the northern le vee, the narrowing effect on the flow caused by 

the proposed levee, the cross sections XNO_006 350, XNO_006353, XNO_0063 53, 

XNO_006362, XNO_0 06367 and XNO_0063 79 along the N ogoa River were modified.  To 

simulate the construction of the southern  levee, two sections along W inton Creek A 

(XWI_000080 and XWI_00086) were removed as their flow was blocked by the proposed levee.  

The downstream boundary was moved to cross section XWI_000093.  Refer to the report Nogoa 

River Flood Plain, Ensham Resources Pty Ltd Proposed Levee Bank Extension (SunWater 2008) 

for full details of this study. 
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Before undertaking this assessm ent, SunWater made a request to Kellogg, Brown & Root Pty 

Ltd (KBR), to confirm that the model m odifications m ade in the Fe bruary 2008 study were 

consistent with the latest levee configuration.  In response, KBR sent a la yout and locality plan 

of the Ensham Mine flood levees (Drawing No. BEE603-C-DWG-500). 

Examination of this plan indicated that the assumed location of the northern levee in SunWater’s 

2008 report was satisfactory.  Howeve r, the location of th e southern levee was a distance to the 

north and w est of that assum ed in SunW ater’s 2008 study, m eaning that the levee cut W inton 

Creek approximately 700m further upstream. 

Hence, an additional section along W inton Creek A (XW I_000093) was rem oved from  the 

model and the cross section XW I_000100 was m oved 400m upstream (from  m odel chainage 

22800 to model chainage 22400) to the location of the proposed levee.  The downstrea m 

boundary condition for Winton Creek A was placed at this cross section. 

3.5.2 Hydraulic Model Results 

The hydraulic m odel with the proposed extend ed Ensham  levees wa s run for the 1:20 AEP 

Designated Design Event, as well as the Janua ry 2008 flood event with Fairbairn D am assumed 

full at the start of the event. 

A summary of the impacts of the proposed works for both events is provided below in Table 3.4, 

and Table 3.5 summarises the peak flood levels a nd the increase in peak  flood levels caused by 

the proposed levees for both events. 
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Table 3-4:  Peak Flood Levels for Northern Levee 

Peak Flood Level  
Designated Design Event 

(AEP 1:20) 

Peak Flood Level  
January 2008 Event 

(Fairbairn Dam Full at Start) 
Model 

Branch 
Model 

Cross-section Approved 
Develop
ments 
Case 

(m AHD) 

Ensham 
Proposed 

Levee 
Case 

(m AHD) 

Change 
in Peak 
Flood 
Level 
(mm) 

Approved 
Developm
ents Case 
(m AHD) 

Ensham 
Proposed 

Levee 
Case 

(m AHD) 

Change 
in Peak 
Flood 
Level 
(mm) 

Nogoa River XNO_006350 154.208 154.226 1 8 1 55.768 155.778 10 

 XNO_006353 154.313 154.329 1 6 1 55.824 155.833 9 

 XNO_006356 154.501 154.515 1 4 1 55.908 155.917 9 

 XNO_006362 154.688 154.701 1 3 1 56.029 156.038 9 

 XNO_006367 154.797 154.808 1 1 1 56.104 156.112 8 

 XNO_006379 155.499 155.503 4  1 56.399 156.406 7 
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Table 3-5:  Peak Flood Levels for Southern Levee 

Peak Flood Level  
Designated Design Event 

(AEP 1:20) 

Peak Flood Level  
January 2008 Event 

(Fairbairn Dam Full at Start) 

Model Branch Model 
Cross-section Approved 

Develop
ments 
Case 

(m AHD) 

Ensham 
Proposed 

Levee 
Case 

(m AHD) 

Change 
in Peak 
Flood 
Level 
(mm) 

Approved 
Developm
ents Case 
(m AHD) 

Ensham 
Proposed 

Levee 
Case 

(m AHD) 

Change 
in Peak 
Flood 
Level 
(mm) 

Winton Creek XWI_000100 154.393 15 4.415 22 156.321 15 6.332 11 
 XWI_000110 154.393 15 4.415 22 156.321 15 6.332 11 
 XWI_000128 145.419 15 4.441 22 156.341 15 6.351 10 
 XWI_000138 154.452 15 4.474 22 156.361 15 6.371 10 
 XWI_000147 154.601 15 4.621 20 156.413 15 6.422 9 

Nogoa River XNO_006323 152.783 1 52.802 19 154.544 1 54.552 8 

 XNO_006335 153.607 1 53.627 20 155.267 1 55.277 10 

 XNO_006338 153.915 1 53.935 20 155.526 1 55.535 9 
 XNO_006342 154.088 1 54.106 18 155.660 1 55.670 10 
 XNO_006350 154.208 1 54.226 18 155.768 1 55.778 10 

Nogoa River 
Flood Runner R27 XNOR27_006 154.270 1 54.289 19 156.080 1 56.090 10 

 XNOR27_010 154.291 1 54.311 20 156.128 1 56.138 10 
 XNOR27_018 154.393 1 54.415 22 156.321 1 56.332 11 

Nogoa River 
Flood Runner R25 XNOR25_005 153.709 1 53.730 21 154.453 1 54.463 10 

 XNOR25_012 153.927 1 53.947 20 155.734 1 55.744 10 
 XNOR25_022 154.255 1 54.275 20 156.029 1 56.039 10 

Longitudinal profiles of peak flood levels ar e provided in Figure 3- 5 to Figure 3-12 along 

various sections of the river for both flood events.  The afflux caused by the proposed levees is 

plotted on the minor y-axis. 
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Figure 3-5:  Long Profile – Nogoa River, 1:20 AEP Designated Design Event 

Long Profile - Nogoa River
January 2008 Event - Fairbairn Dam Full
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Figure 3-6:  Long Profile – Nogoa River, January 2008 Event – Fairbairn Dam Full 
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Long Profile - Winton Creek
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Figure 3-7:  Long Profile – Winton Creek, 1:20 AEP Designated Design Event 
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Figure 3-8:  Long Profile – Winton Creek, January 2008 Event – Fairbairn Dam Full 
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Long Profile - BNO_R22-23-24-25
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Figure 3-9:  Long Profile – Flood Runner BNO_R22-23-24-25, 1:20 AEP Designated Design Event 
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Figure 3-10:  Long Profile – Flood Runner BNO_R22-23-24-25, January 2008 Event – Fairbairn Dam Full 
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Long Profile - BNO_R12-13-18-19
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Figure 3-11:  Long Profile – Flood Runner BNO_R12-13-18-19, 1:20 AEP Designated Design Event 
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Figure 3-12:  Long Profile – Flood Runner BNO_R12-13-18-19, January 2008 Event – Fairbairn Dam Full 
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The plots in Figure 3-5 to Figure 3-12 show clearly that for both the 1:20 AEP Designated 

Design Event, as well as for the January 200 8 Event with Fairba irn Dam  assumed f ull, the 

proposed extensions of Ensham Mine levees cause affluxes of up to  25 mm at any location, 

either within the Ensham Mine holdings or at any neighbouring properties.  This is well below 

the acceptable afflux of 300 mm set by the Nogoa Flood Plain Board. 
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EXECUTIVE SUMMARY  

The Nogoa River Flood  Plain Board subm itted a re quest to SunW ater Engineering Services in 

December 2007 to perfo rm a hydraulic assessm ent of the likely impacts that would arise from  a 

development proposal for Ensha m Resources Pty Ltd, located on the Nogoa River.  The 

development proposal was for the extension of  levees along both the northern and southern 

banks of the Nogoa River in order to mitigate flooding of a mine site. 

For the extension of the levee on the northern bank of the Nogoa  River, the assessment required 

the modification of six cross sections to simulate the reduction in flow area that would be caused 

by the proposed developm ent. Th e extension of the levee on th e southern bank of the river 

required the removal of two cross sections to s imulate the blocking of W inton Creek, a tributary 

of the Nogoa River.  

Two existing hydraulic models were used to a ssess the impacts on the Nogoa River flood plain 

caused by the extension of the levees.  The fi rst model used was the “1994 Topographic Base – 

Revised” (Run 086) model.  This model has been us ed to investigate all of the developm ents in 

the Nogoa Flood Plain in the past ten years.  This  scenario is comparable with all other proposal 

investigations undertaken by SunW ater on behalf of the Nogoa Fl ood Plain Board over the past 

ten years as it has none of the approved developm ents included in the model.  The second m odel 

used to as sess the p roposed development was the “Case 0 86 Approved Development m odel’, 

which was built in 200 7, incorporating all app roved developm ents in the Nogoa River Flood 

Plain between 1997 and 2007.   

The proposed extension of each levee was then inco rporated into the model and compared to the 

base case for the Design ated Flood Event (the 2 0 year Annual Exceeden ce Probability 168 hour 

design flood event for the entire floodplain). The propos ed levee resulted in a negligible im pact 

on the northern banks of the Nogoa River.  The proposed extension to the southern levee resulted 

in an increase in peak flood levels of up to 50 mm in Winton Creek when compared to the “1994 

Topographic Base – Revised” (Run 086) model”.   When compared to the approved development 

model, the increase in flood levels was only 14mm.   
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This is because in the approved development model, a levee that  cuts off Winton Creek already 

exists and the proposed levee is an extension.   The extension results in m inimal afflux to 

upstream and downstream properties.  
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1.0 INTRODUCTION 

In Decem ber 2007, the Nogoa Ri ver Flood Plain Board  subm itted a request to SunW ater 

Engineering Services to perfor m a hydraulic as sessment of the likely impacts that would arise 

from a development proposal by Ensham Resources Pty Ltd.  

The development proposal is shown in Figure 1.  The proposed works are for the extension of 

levees around the m ine area on both the northern and southern banks of the Nogoa River and 

associated flood plains.  

This report describes the results of the hydrau lic assessm ent of the proposed works.  The  

proposed works have been incor porated into the MIKE11 Model.   The analysis conducted was 

an assessm ent on a De signated Flood Event with  a 20 year Annual Exceedence Probability 

(AEP) 168 hour design flood on the entire floodplain.  
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2.0 HYDRAULIC ANALYSIS 

An assessment of the likely hydraulic im pacts of the proposed works for Ensham Resources Pty 

Ltd were undertaken using th e 20 year AEP 168 hour design fl ood event. The proposed works 

were incorporated into the existing hydrodynamic (MIKE11) model. The results of this m odel 

were compared with those of the Base Case and are summarised below. 

2.1 PROPOSED WORKS 

The proposed works are shown in Figure 1.  The wo rks comprise northern and southern levee to 

complement the existing levees around the mine site. 

2.2 HYDRAULIC MODEL MODIFICATIONS 

2.2.1 Base Case Models 

Two m odels were used as base cases in this investigation. The first m odel used to assess the 

proposed developm ent was the “1994 Topographic Base – Revised” (Run 086) model.  This 

model has been used to investigate all developm ents in the Nogoa Fl ood Plain in the past ten 

years.  This scenario is com parable with al l other proposal invest igations undertaken by 

SunWater on behalf of the Nogoa Flood Plain Board over the past ten years as it has none of the  

approved developm ents included in the m odel.  This m odel is ref erred to as Case086 in th is 

report. 

The second m odel used to assess the propos ed developm ent was t he “Case 086 Approved 

Development model’, which was built in 2007, incor porating all approv ed developments in the  

Nogoa River Flood Plain between 1997 and 2007. This m odel is referred to as Case086AD in 

this report.  

The proposed works were in corporated into the two Nogoa River MIKE11 hydrodynam ic 

models by modifying the appropriate cross sections affected by the construction of the levees.  
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2.2.2 Proposed Development Case Model 

In order to s imulate the construction of the northern levee, a number of cross s ections along the 

Nogoa River were m odified to simulate the narrowing effect on the flow cause by the proposed 

levee. The m odified cross sec tions were XNO_006 350, XNO_006353, XNO_0063 56, 

XNO_006362, XNO_006367 and XNO_006379.  

To simulate the effects of the southern levee, two cross sections along Winton Creek A had to be 

removed as their flow was blocked by the propos ed levee. The removed cross sections were 

XWI_000080 and XWI_000086. This required the downstream boundary condition to be m oved 

to cross section XWI_000093.  

It was assumed that the storage embankment was constructed to a height in excess of the 20 ye ar 

AEP design flood event. This is consistent with the manner in which existing developments were 

investigated in the formulation of the Base Case. This assumption results in estimated peak flood 

levels and consequent impacts that are conservative i.e. higher than would arise if the structures 

could be overtopped. 
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2.3 HYDRAULIC MODEL RESULTS: 20 YEAR AEP 

A summary of the impacts of the proposed works is provided in Tables 1-2 and Figure 1.  

Table 1:  Peak Flood Levels for Northern Levee 

Peak Flood Level  
Case086 

Peak Flood Level  
Case086AD 

Model Branch Model 
Cross-section Base 

Case 
 

Ensham 
Proposed 

Levee 
Case 

Change 
in Peak 
Flood 
Level 

Base 
Case 

 

Ensham 
Proposed 

Levee 
Case 

Change 
in Peak 
Flood 
Level 

  (m AHD) (m AHD) (mm) (m AHD) (m AHD) (mm) 

Nogoa River XNO_006350 153.761 153.759 2 153.969 153.969 0 

 XNO_006353 153.890 153.887 3 154.082 154.082 0 

 XNO_006356 154.137 154.134 3 154.296 154.296 0 

 XNO_006362 154.367 154.365 2 154.490 154.490 0 

 XNO_006367 154.493 154.490 3 154.599 154.599 0 

 XNO_006379 155.353 155.352 1 155.380 155.380 0 

 

The proposed northern levee made negligible change to the Case 086 model and made no change 

at all to the approved development Case 086AD model. 
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Table 2:  Peak Flood Levels for Southern Levee 

 
Peak Flood Level  

Case086 
Peak Flood Level  

Case086AD 

Model Branch Model 
Cross-section Base 

Case 
 

Ensham 
Proposed 

Levee 
Case 

Change 
in Peak 
Flood 
Level 

Base 
Case 

 

Ensham 
Proposed 

Levee 
Case 

Change 
in Peak 
Flood 
Level 

  (m AHD) (m AHD) (mm) (m AHD) (m AHD) (mm) 

Winton Creek XWI_000093 152.671 152.720 +49 154.091 154.105 +14 

 XWI_000100 153.303 153.315 +12 154.091 154.105 +14 

 XWI_000110 153.528 153.534 +6 154.091 154.105 +14 

 XWI_000128 153.622 153.628 +6 154.127 154.141 +14 

 XWI_000138 153.771 153.776 +5 154.177 154.191 +14 

 XWI_000147 154.321 154.322 +1 154.416 154.428 +12 

Nogoa River XNO_006323 152.210 152.214 +4 152.651 152.662 +11 

 XNO_006335 152.946 152.950 +4 153.374 153.386 +12 

 XNO_006338 153.356 153.360 +4 153.664 153.675 +11 

 XNO_006342 153.593 153.596 +3 153.843 153.853 +10 

 XNO_006350 153.759 153.761 +2 153.969 153.979 +10 

Nogoa River Right XNOR27_006 153.519 153.525 +6 153.997 154.008 +11 

 XNOR27_010 153.521 153.526 +5 154.015 154.026 +11 

 XNOR27_018 153.528 153.534 +6 154.091 154.105 +14 

Nogoa River Right  XNOR25_005 153.016 153.021 +5 153.461 153.473 +12 

 XNOR25_012 153.190 153.195 +5 153.661 153.673 +12 

 XNOR25_022 153.518 153.524 +6 153.987 153.998 +11 
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In Case086, the major impact on the Nogoa Flood Plain by the proposed southern levee occurs at 

Winton Creek where the levee cuts off Winton Cree k. At this location, an increase in peak flood 

levels of up to 50mm occurred.  In Case086AD, the change to the flood levels at the location due 

to the leve e is only  14 mm in Winton Creek.  This is becaus e in the approved developm ent 

model, a levee that cuts off Wi nton Creek already exists and the proposed levee is an extension.  

At all other locations, no signif icant increase in flood levels occurred.  The extension poses 

minimal afflux to upstream and downstream properties. 
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3.0 SUM MARY 

The proposed works have been tested usi ng the Nogoa River MIKE11 hydrodynam ic model for 

the 20 year AEP Designated Flood Event. The in troduction of the norther n levee to the m odel 

caused negligible impact on peak flood levels.  The introduction of the southern levee resulted in 

an increase of up to 50mm in peak flood levels in Winton Creek when com pared to the “1994 

Topographic Base – Revised” (R un 086) m odel”.  However, when compared to the approved  

development m odel, the increase in flood leve ls was only 14mm .  This is because in the 

approved development model, a levee that cuts off Winton Creek already exists and the proposed 

levee is an extension.  At all other locations, no significant increase in flood levels occurred.  No 

peak level increases extended significantly upstream or downstream of the property.  



 

 
 Figure 1:  Nogoa Flood Plain Study 
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1.0 INTRODUCTION 

SunWater – Asset Solutions was requested by the Nogoa River Flood Plain Board to undertake a 

hydraulic analysis of the Nogoa-Mackenzie Rive r flood plain.  This involved updating an 

existing hydraulic model in RUBICON, to the hydr aulic model software, MIKE11.  This report 

summarises the conversion of the RUBICON model to MIKE11 and com pares the updated 

results.  

In 1996 a hydraulic assessment of the Nogoa-Mackenzie River flood plain was undertaken using 

the hydraulic software RUBICON.  The RUBICON model is unfortunately no longer sustainable 

in its curren t form  as it is not supp orted by its developer (Haskoning Consulting Engineers ).  

Additionally, it runs on the outda ted platform of HP Unix, which was decomm issioned by the 

Queensland Governm ent Departm ent of Natura l Resources (DNR) in late 2003.  In 2003, the 

model data was transferred to a SE QWater HP W orkstation that is op erated & mainta ined by  

SunWater. However, this workstation is nearing th e end of its functional life and is in need of 

replacement, which will be a PC based system.  

Since the hydraulic assessm ent of the Nogoa-Mackenzie Rive r flood plain in 1994, m any 

developments have hap pened on th e flood plain.  These addition al developm ents have been 

included in the updated MIKE11 mode l.  In the long term , it is hope d that this m odel will be 

integrated with the recen t 2D hydraulic modelling undertaken by KBR for Ensham  Mine so th at 

the townsh ip of Em erald will be refined in the m odel and al so to assist with d isaster 

management.  Other future upgrade work proposed is re-deriving the design rainfalls and floods 

based on AR&R techniques (CRC Forge) and the c onsideration of a joint probability approach  

for the starting level of Fairbairn Dam.  
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1.1 PREVIOUS INVESTIGATIONS 

1.1.1 Emerald Flood Plain Scoping Study, 1994 

A scoping study was undertaken by Connell Wagne r and Lawson and Trel oar to a ssess the 

survey, hyd rologic and  hydraulic modelling requi rements of the Emerald Flood  Plain Stud y 

including a cost benefit analysis of the various combinations of options.   

In October 1994, an aerial survey of the Nogoa-Mackenzie River flood plain was undertaken as a 

result of the scoping study, and a digital terrain model (DTM) was completed.  A ground survey 

of the r iver chann el was also  u ndertaken to provid e bette r def inition & to  check  the  

photogrammetric survey.  The photog rammetric survey data was quoted  to have an accuracy of 

+/- 0.5m on spot heights; however the ground survey  highlighted som e errors of m ore than +/- 

1.0m.  

In 1995 the Queensland Governm ent Department of Natural Resources (DNR) was a ppointed to 

undertake the development of a num erical model of the flood plain and prepare a flood plain 

management plan.   

1.1.2 Hydraulic Model Design Flood Simulation Report, 1996 

The 1994 aerial survey data was used by DNR to assess the Nogoa River using the hydraulic  

modelling software RUBICON.  Th e model was created to estab lish a topographic base against 

which future developm ent proposals for the fl ood plain would be compar ed and assessed by.  

The model was intended to be used to assess th e impacts of major flood events em anating from 

contributing catchm ents. It does not assess lo calised flooding produced by rainfall over sm all 

areas. 

Historical flood events in the catchm ent were a ssessed to understand th e impact of flooding in 

the system .  Design flood hydrographs were deri ved for a range of events and design flood 

estimates were derived for the various catchm ents in the flood plain.  A base flood or Design 

Flood Event (DFE) of 1 in 20 year ARI, 168 hour  duration was adopted to use for assessing 

developments.  
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This event was based on the following requirements: 

 It was representative of the typical flood immunity for a large number of works existing 

on the flood plain at the time; 

 It was consistent with the level of immunity adopted for rural enterprises on other 

Queensland flood plains;  

 The February 1978 flood event, which was the primary calibration event used to calibrate 

the RUBICON model, seems to be the base height used to establish the river bank 

heights.  This was approximately a 1 in 25 year event.  

 Consistency with current literature & the draft national best practise guidelines.  

The report also asses sed a series of case stud ies that de termined the impact of  the DFE on the 

flood plain for developments that occurred between 1978 and 1994.  

1.1.3 Interim Flood Plain Management Plan Report, 1997 

The Interim Flood Plain Management Plan was created by DNR to control rapid growth in 

development on the flood plain.  It details the basis on which de cisions are made by the Nogoa 

River Flood Plain Board relating to the deve lopment and use of the flood plain including 

management principles and objec tives along  with spec ific crit eria and  m easure for allowable 

development. The Interim  Flood Plain Managem ent Plan uses the RUBICON num erical model 

developed in 1996 to assess the hydraulic im pacts of any developm ent proposal on the flood 

plain to assist the Board in its decision making process.  

1.1.4 Flood Plain Development Studies 

Various development studies have been undertak en since the Interim  Flood Plain Managem ent 

Plan was developed.  Hydraulic assessm ents of the impact of flooding on the developm ents and 

surrounding flood plain were undertaken separately using the RUBICON numerical model.   
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Each of the studies listed below were approved for development under the plan: 

 Millar Farms Ring Tanks (February 1998) 

 Ensham Resources Levees and Haul Road (February 1998) 

 Parker Development Supply Channel and Developments (April and December 1999) 

 McIntosh – Lurline Levees (September 2000) 

 Rileys Crossing Bridge (March 2001) 

 Braylands Ring Tank and Supply Channel (September 2001) 

 Burnetts – Colorada Levees (January 2003) 

 Wilsons – Currimundi Levees (January 2003) 

 Morawitz Levee (August 2002) 

 Burnetts – Wyuna Levees (January 2003) 

 Ensham Mine Haul Road Berm (April 2004) 

 Citricorp Pty Ltd – Proposed Storage 4 (August 2006) 
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2.0 GENERAL DESCRIPTION OF NOGOA FLOOD PLAIN 

The Nogoa River starts in the relatively steep Great Dividing Range and drains in a north-

easterly direction to the Fairbair n Da m.  From the Da m, the Nogoa River drains to the flat 

topography surrounding Em erald, and becom es the Ma ckenzie River just north of the town of  

Comet, and then later b ecomes the Fitzroy Riv er draining into Keppel Bay at Rockham pton in 

Central Queensland.   

Table 2.1:  Fairbairn Dam Characteristics 

Principle Feature Attribute
Dam Type Zoned earth and rock fill embankment 

Full Supply Level (FSL) EL 204.23 m AHD 

Storage Capacity at FSL 1,301,133 ML 

Dam Crest Level EL 218.86 m AHD 

Spillway Type Chute with uncontrolled reinforced concrete ogee crest 

Year Built  1973 

Catchment Area 16,320 kms2

 

The area of the Nogoa-Mackenzie River flood plain studied is from  Fairbairn Dam, located at 

685.6km AMTD on the Nogoa Ri ver, to Carna ngarra gauging station (130103A) located at 

585.5km AMTD on the Mackenzie River.  This is  a river distance of approxim ately 100kms.  

The study area includ es the tow nship of E merald, whic h has an existing population of 

approximately 14,000.  The study area includes the lo wer reaches of the Com et River, Retreat 

and Theresa Creeks, and a num ber of s maller tributaries including Gordonstone, Crinum , 

Mosquito, Boggy, Maria, W inton and Sandhurst Creek s. In total, the st udy area covers around 

180kms of stream s.  Reach descriptions ca n be found in the DNR Nogoa River Flood Plain  

Study, Hydraulic Model Design Flood Simulation Report, 1996. 

The Nogoa River from  Fairbairn D am to Em erald is well defined, although often has m ulti-

channelled stream  with  few ove rbank flow paths. The river ch annel is  heavily timbered and  

littered with debris from previous flood events. Selma Weir is located at AMTD 669.3 km.   
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The weir is owned by D NR and it was originally used as a regulating weir for irrigators until 

Fairbairn D am was completed. It is now used as a water supply for various coal m ining 

enterprises.   

Appendix A shows the general layout of the river system. 
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3.0 MODELLING METHODOLOGY 

The assessment, updating and operation of the MIKE11 model for the Nogoa River Flood Plain 

study required collation of information and the application of various modelling assumptions and 

techniques in order to obtain the req uired level of accuracy of results.  The m ethodology used in 

this study was as follows: 

 A review and conversion of the hydraulic model: 

 Convert Revised Adopted Topographic Base Case (RATBC) (Run 086) from the Rubicon 

model on the HP workstation to MIKE11 format to operate on a Windows based PC; 

 Re-extract & process the raw cross sections from the Digital Terrain Model (DTM) as the 

existing cross sections from the original study are no longer available.   

 Update model information: 

 Run the RATBC case and adjust the model parameters until the MIKE11 output matches 

the RUBICON model; 

 Match water levels for all three design floods events (1:100, 1:50 and 1:20 AEP) to best 

available fit, with the priority being given to achieving a match in water levels for the 

1:20 AEP event, since this is the event which is used to sanction proposals for flood plain 

development. 

 Create approved development case: 

 Update the converted MIKE11 model to an existing conditions case that includes the 

approved developments in the Nogoa River Flood Plain since May 1997 up to the present 

time.   
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4.0 MIKE11 MODEL BUILD 

MIKE11 is one package from  a suite of soft ware that enables the production of a one-

dimensional branched network model capable of sim ulating uns teady open channel flow in 

natural stream syste ms, includ ing the effects of st ructures such as  culverts, bridges and weirs.  

The 2005 version of MIKE11 was used to undertake the hydraulic modelling for this study. 

4.1 HYDRAULIC MODEL CONVERSION 

4.1.1 Existing Model from Previous Study 

Certain data from  the Rubicon model input file , such as inflow hydrographs and values of  

Mannings n roughness, were copied directly into the corresponding MIKE11 files.   

4.1.2 Topographic Data 

As discussed previously in Se ction 2, the DTM and a ground su rvey of the Nogoa-Mackenzie 

River flood plain was completed in  1994.  The photogrammetric survey data was quoted to have 

an accuracy of +/- 0.5m  on spot heig hts; however the ground survey highlighted some errors of 

more than +/- 1.0m.  

4.1.3 Model Layout 

The model bounds of the MIKE11 model followed that of the RUBICON model.   

In the schem atisation of branches, MIKE11 allows greater flexibility than RUBICON in tha t it 

allows a branch to be co nnected not only at the beginning or the end of a nother branch, but also 

along its length.  Therefore, branches in the RUBICON model which were  joined sequentially 

are represented by a sin gle branch in the MIKE 11 model.  All m ajor watercourses, such as  the 

Nogoa and Com et Rivers, Retreat Creek, Crinum  Creek, Winton Creek etc were represented as 

single branches.  A number of sequentially joined  flood runners were also represented as single 

branches and the nam ing convention was adjusted to reflect this.  For exam ple, the branches 

BTH_R00001 and BTH_R00003 in the RUBICON m odel correspond to the branch BTH_R01-3 

in the MIKE11 model.  
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4.1.4 Cross Sections 

The raw cross sections were input to the MIKE11 model at the sam e grid points and spacing as  

the RUBICON m odel.  Cross sec tion labels used in the RUBICON model wer e included in th e 

Cross Section ID of the MIKE11 model.   

The levels at which data were processed for ea ch cross sec tion were  re tained in th e MIKE11 

model.  Care was taken to place the left and right channel markers in the correct locations and in 

some cases, m inor manipulations to the cross s ections were m ade to ensure the cross sectional 

properties such as area and fl ow width corresponded as closely as possible to those in the 

RUBICON model. 

The RUBICON model represented non active flow areas by differences in the Breadth of Storage 

(BS) and the Breadth of Flow (BF) in the proce ssed cross section data.  For cross sections with 

non-active flow areas, the storage area at each level was calculated by multiplying the difference 

in breadths by half of the distance to the next upstream and downstream cross section.  This gave 

an additional storage area suitable for input to the MIKE11 model. 

As stated above, branches in the RUBICON model which were joined sequentially are  

represented by a single branch in the MIKE11 model.  In the RUBICON model, it was noted that 

there were a number of instances where, due to p oor schematisation, the last cross section of the 

upstream branch was different to th e first cro ss section of the downstream branch.  When these  

branches were jo ined to for m a single branch fo r the MIKE11 model, it was necessa ry to se lect 

one of these cross sections for use at the branch junction and discard the other.  This resulted in a 

more stable, robust model. 

4.1.5 Additional Storages 

In addition to the non-active flow areas included in  the processed cross sectional data mentioned 

above, the RUBICON model also contained additional storage in the form  of height-area 

relationships at f our locations in th e model.  These were a lso incorpo rated into th e additional 

storage area of the processed data tables of the appropriate cross sections of the MIKE11 model. 
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4.1.6 Structures & Key Locations 

The study area contains a single structure, Selm a Weir, located on the Nogoa River at AMT D 

668.7 km ( MIKE11 Chainage 16,200).  Results fr om the RUBICON model indicated that the 

peak water level for the AEP 1:20 year event was approximately 7 m above the crest.  Hence, for 

the purpose of this study, it was assum ed that th e weir would be completely drowned and the  

weir was modelled as cross section.   

The key locations, which have been adopted from the previous study, are listed in Table 4.1.  

Table 4.1:  Key Locations in Study Area 

Location Branch Name Mike11 Model 
Chainage 

1. Fairbairn Dam Nogoa_Mackenzie 0 

2. Selma Weir Nogoa_Mackenzie 16,200 

3.Emerald – Capricorn Highway Nogoa_Mackenzie 18,800 

4. Emerald Town Weir Nogoa_Mackenzie 22,200 

5. Bellmah Nogoa_Mackenzie 26,900 

6. McCoskers Weir Nogoa_Mackenzie 31,500 

7. Retreat Ck Junction Nogoa_Mackenzie 34,100 

8. Bridge Flats Crossing Nogoa_Mackenzie 39,100 

9. Crinum Ck Junction Nogoa_Mackenzie 45,700 

10.Wyuna Nogoa_Mackenzie 47,300 

11. Dunckpond Homestead BNO_R22-23-24-25 4,700 

12. Currimundi Nogoa_Mackenzie 65,220 

13. Lochlees BNO_R12-13-18-19 3,700 

14. Parker Developments BNO_R10A 3,000 

15. Braylands BNO_R20 1,100 

16. St Aubins Nogoa_Mackenzie 71,780 

17. Rileys Crossing Nogoa_Mackenzie 79,490 

18. Yackam Nogoa_Mackenzie 89,710 

19. Carnangarra Nogoa_Mackenzie 95,910 

20. Myrtle Park Comet River 0 
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Mike11 Model Location Branch Name Chainage 

21. Comet Town Weir Comet River 5,100 

22. Comet – Capricorn Highway Comet River 9,400 

23. Kingower Billabong Theresa Creek 0 

24. Blair Athol Railway Line Theresa Creek 7,400 

25. Trafalgar Retreat Creek 0 

26. Blair Athol Railway Line Retreat Creek 3,600 

27. Gregory Highway Retreat Creek 6,500 

28. Washpool Waterhole BRE_R02-4-6-7-13-14 2,600 

29. Codenwatta Pump Site BRE_L02-04 2,000 

30. Langley Downs Gordonstone Creek 0 

31. Belcong Ck Junction Crinum Creek 0 

32. Wyuna Road Crinum Creek 4,500 

33. Colorada Crinum Creek 12,300 

34. Fenceline Mosquito Creek 4,200 

35. Lochabor Winton Creek 0 

36. Bauhinias Road Winton Creek 16,300 

37. Duckponds Lagoon Winton Creek 25,600 

38. Ensham Boggy Creek 4,400 

39. Karvella Sandhurst Creek 0 

40. Capricorn Highway Sandhurst Creek 5,600 

 

4.1.7 Boundar y Conditions 

Inflow hydrographs, copied directly from  the RUBICON model, were used at the upstrea m 

boundary of the Nogoa River and each m odel tr ibutary and as point inflows along m odelled 

reaches as per the RUBICON model.  The rating curv e at Carnangarra gau ging station  

(130103A), also copied directly from  the RU BICON model, was used as the downstream 

boundary condition at the model outlet.  

SunWater Final Report 
Commercial In Confidence 

P-AEXP-1303     07-008329/001 
September 2007 

Page 11 

 



NOGOA RIVER FLOOD PLAIN BOARD 
MODEL CONVERSION REPORT 

 

 

4.1.8 Initial Conditions 

A model “hotstart” file was set up to establish pre-existing conditions in the system.  Constant, 

nominal flows in the Nogoa River and each tribut ary were applied, bas ed on the initial ‘lead -in’ 

flows in the RUBICON m odel.  These f lows were applied until a s teady state wa s achieved  

throughout the m odel.  These flows were requi red for model stability and are insignificant 

compared to storm event flows. 

4.1.9 Computational Parameters 

Simulations were run for an 18 day period, us ing a 30 second tim e step and saving every 60 

timesteps (30 minutes).   

4.1.10 Model Scenarios 

The model input files fo r each scenario, and the a ssociated result files, are summ arised in Table 

4.2.   

Table 4.2:  Model Input and Output Files 

File Verification Run Approved Development 

Simulation Case 086 Q20.sim11 Case 086AD1.sim11
Network Case 086.nwk11 Case 086AD1.nwk11
Cross Section Case 086.xns11 Case 086AD1.xns11
H’dynamic Parameters Case 086.HD11 Case 086AD1.HD11
Boundary Case 086 Q20.bnd11 Case 086AD1.bnd11
Result Case 086 Q20.RES11 Case 086AD1.RES11

 

In the above table, the model i nput and output files listed for the Verif ication Run are for the 

1:20 AEP event, which was the event prim arily used.   The file names for the 1:50 AEP and 

1:100 AEP events follow the same format.  
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5.0 MODEL VERIFICATION 

Results of the MIKE11 model were  verified against the results of the RUBICON m odel.  The 1 

in 20 year ARI, 168 hour duration flood event was used for the verification, using the “1994 

Topographic Base – Revised” (Run 086) model. 

The existing values of  Mannings n roughness in the RUBICON mo del were used as initial 

estimates of roughness in the MIKE11 m odel.  Usi ng these values, peak water levels from  the 

MIKE11 model generally exceeded  those of the RUBICON model throughout the study area by 

approximately 0.7 m. 

It was not expected that the sam e values of relative roughness would result in the sam e peak 

water levels in bo th models, since Mannings n is m odel dependent, and there are differences in 

the way the system was schem atised in each m odel and the way each model calcu lates certain 

parameters.   

It was therefore necessary to adjust the rela tive roughness u ntil the peak water levels from  the 

MIKE11 model showed satisfactory agreement with those of the RUBICON model.  The relative 

roughness in the MIKE11 m odel wa s first globally reduced, and then locally adjusted in 

appropriate river reaches until peak water levels throughout the study area generally agreed to 

those of  th e RUBICON m odel to  within  300 mm.  The values of Mannings n used in the 

RUBICON model, and a general overview of the final values used in the MIKE11 m odel are 

summarised in Table 5-1 below. 
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Table 5.1:  Adopted Manning’s ‘n’ Values 

Adopted Mannings n Value 
Branch Name MIKE 11 Chainage 

RUBICON Model MIKE 11 Model 

Nogoa - Mackenzie 0 - 34,100 0.085 0.072
Nogoa - Mackenzie 34,100 - 71,780 0.09 0.063
Nogoa - Mackenzie 71,780 - 95,910 0.100 0.080
Boggy Creek 0 – 7,000 0.07 0.042
Comet River 0 – 16,100 0.100 0.07
Crinum Creek 0 – 15,100 0.07 0.042
Gordonstone Creek 0 – 9,200 0.07 0.042
Mosquito Creek 0 – 5,200 0.07 0.042
Retreat Creek 0 – 20,600 0.100 0.07
Sandhurst Creek 0 – 16,100 0.07 0.056
Theresa Creek 0 – 10,700 0.100 0.07
Unnamed Creek 0 – 5,600 0.07 0.042
Winton Creek 0 – 32,700 0.07 0.07

 

The values listed in Table 5-1 are an indica tion only, as values m ay differ along the Nogoa – 

Mackenzie River and  the tributaries due to  localised changes.  However, with th e exception on 

Winton Creek, in all cases, the MIKE11 m odel are all les s than the RUBICON model.  These  

values are all within the industry standard r ecommended Mannings ‘n’ values.  Additionally, in 

many cases, the resistance factor has been increased in the model ain the low flow channel.  

5.1 MODEL CONVERSION RESULTS 

The inflows for three design floods events (1:1 00, 1:50 and 1:20 AEP) we re run in the MIKE11 

model.  The model was verified against the water levels for the 1:20 AEP event, sin ce this is the 

event which is used to sanction proposals fo r flood plain developm ent. The larger 1:100, 1:50 

AEP events were run to ensure the capability of the model to simulate large floods.   
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5.1.1 Results Discussion 

It was anticipated that the MIKE11 m odel would not exactly m atch the RUBICON model  

results, as they use different calculation methodologies.  Levels th at are not within the tolerance 

level are generally be explained by the differe nce in  m odel branch a nd m odel cross-section 

conceptualisation due to different  solution algorithms.  Additionally, there are d ifferences in the 

models in the determ ination of hydraulic charact eristics of cross-sections.  These factors are 

expected to lead to a different  flow distribution through the m odel.  As the m odel is a one 

dimensional representation of a two dim ensional flow, even relatively m oderate differences in 

flow can lead to relatively large differences in level in the areas of the model with shallow flows. 

A band of tolerance of 0.3 meters was applied across the model to verify the MIKE11 peak water 

level results against the RUBICON m odel.  The results show a good fit with the RUBICON 

model as generally the water levels are within the tolerance level. 

5.2 DESIGN FLOOD PEAK LEVELS 

The results of the simulation of the 1 in 20 year ARI, 168 hour duration flood event f or each key 

location are presented in Table 5.2.  The result s show a good fit with the RUBICON m odel as 

generally the water levels are within a tolerance level of 0.3 meters.   
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Table 5.2:  Key Location 1 in 20 year Results Summary 

Location RUBICON Peak 
WSL (m AHD) 

MIKE11 Peak WSL 
(m AHD) 

Difference 

+/- m 

1. Fairbairn Dam 187.19 187.37 0.18
2. Selma Weir 177.39 177.26 -0.13
3.Emerald – Capricorn Highway 176.08 176.17 0.09
4. Emerald Town Weir  173.33 173.06 -0.27
5. Bellmah 169.73 169.73 0.00
6. McCoskers Weir  168.11 168.17 0.06
7. Retreat Ck Junction 167.33 167.22 -0.11
8. Bridge Flats Crossing 164.54 164.43 -0.11
9. Crinum Ck Junction 160.45 160.59 0.14
10.Wyuna 159.62 159.37 -0.25
11. Dunckpond Homestead 154.10 154.09 -0.01
12. Currimundi 151.51 151.57 0.06
13. Lochlees 159.54 159.83 0.28
14. Parker Developments 163.43 163.03 -0.40
15. Braylands 156.20 156.53 0.33
16. St Aubins 150.61 150.51 -0.10
17. Rileys Crossing 148.33 148.12 -0.20
18. Yackam 145.14 145.32 0.18
19. Carnangarra 143.13 143.03 -0.10
20. Myrtle Park 154.28 154.36 0.08
21. Comet Town Weir 152.95 152.86 -0.09
22. Comet – Capricorn Highway 151.41 151.64 0.23
23. Kingower Billabong 180.36 180.27 -0.09
24. Blair Athol Railway Line 177.13 177.11 -0.02
25. Trafalgar 177.48 177.44 -0.04
26. Blair Athol Railway Line 175.33 174.95 -0.38
27. Gregory Highway 174.85 174.10 -0.75
28. Washpool Waterhole 170.80 171.15 0.35
29. Codenwatta Pump Site 169.87 169.37 -0.50
30. Langley Downs 164.07 163.91 -0.16
31. Belcong Ck Junction 164.96 165.05 0.09
32. Wyuna Road 162.31 162.40 0.09
33. Colorada 160.99 161.11 0.11
34. Fenceline 161.02 161.13 0.11
35. Lochabor 167.10 167.06 -0.04
36. Bauhinias Road 156.45 156.01 -0.44
37. Duckponds Lagoon 151.83 151.93 0.10
38. Ensham 151.60 152.01 0.41
39. Karvella 154.89 154.95 0.06
40. Capricorn Highway 151.22 151.70 0.48
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At the key locations, the sites that do not m atch the RUBICON model can be explained as 

follows: 

 Parker Developments –The peak water level caused by the reduction of effective 

waterway from constructing the Codenwarra Levee & the Parker Development Supply 

channel across the flood runner has been overestimated in the RUBICON model.   

 Braylands – the peak water level caused by the Braylands Ring Tank and channels has 

been underestimated by the RUBICON model.  

 The junction where Theresa Creek meets Retreat Creek is constricted.  The RUBICON 

model found that the much of the 1 in 20 year flows follow Retreat Creek, however the 

MIKE11 model results indicate that much of the flow detracts right along the flood 

runner.  Close examination of the cross sections and conveyance curves indicates that 

flows would prefer the path of least resistance along the flood runner. Hence the MIKE11 

results have been adopted. This change in flow path has an impact on the RUBICON peak 

water level results for Blair Athol Railway Line, Gregory Highway, Washpool Waterhole 

and Codenwatta Pump Site, which are all reduced in the MIKE11 model.  

 Bauhinias Road – the peak water level at this is location is less than the RUBICON model 

due to the changes made to the flood plain by the Parker Levees. Therefore there is less 

flow and lower peak water levels in Winton Creek in this constricted section. 

 Ensham Mine – The peak water level at this location is caused by backflow from the 

Nogoa River.  It was found on review of the RUBICON model that there was a minor 

occurrence where the peak water level at a junction did not match the peak water levels 

downstream.  At this location, the RUBICON model results were 151.6m AHD and 

immediately downstream at the Nogoa River junction, the peak water levels were 151.92 

m AHD.  As this is not realistic, the correct level reported in the RUBICON model should 

have been the Nogoa River peak water level of 151.92, which is within 0.1 meters of the 

MIKE11 result.  

 Capricorn Highway – The peak water level at this location was underestimated by the 

RUBICON model.   
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The results of the Nogo a River an d several main tr ibutaries are  shown in Figures 1 to 4.  The 

figures highlight the band of to lerance of 0.3 m eters applied to verify the MIKE11 peak water 

level results against the RUBICON m odel.  The results show a good fit with the RUBICON 

model as generally the water levels are within the tolerance level. 
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Long Profile - Nogoa Mackenzie
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Figure 1:  Nogoa Mackenzie River Long Profile 
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Long Profile - Winton Creek
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Figure 2:  Winton Creek Long Profile 
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Long Profile - Retreat Creek
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Figure 3:  Retreat Creek Long Profile 
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Figure 4:  Comet Creek Long Profile 
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6.0 APPROVED DEVELOPMENT CASE 

Each of the following approved developm ents in the Nogoa River Flood Plain between 1997 to 

present, have been included in the verified MI KE11 m odel.  These analyses were previously  

undertaken separately in RUBICON.   

 Millar Farms Ring Tanks (February 1998) 

 Ensham Resources Levees and Haul Road (February 1998) 

 Parker Development Supply Channel and Developments (April and December 1999) 

 McIntosh – Lurline Levees (September 2000) 

 Rileys Crossing Bridge (March 2001) 

 Braylands Ring Tank and Supply Channel (September 2001) 

 Morawitz Levee (August 2002) 

 Burnetts – Colorada Levees (January 2003) 

 Wilsons – Currimundi Levees (January 2003) 

 Burnetts – Wyuna Levees (January 2003) 

 Ensham Mine Haul Road Berm (April 2004) 

 Citricorp Pty Ltd – Proposed Storage 4 (August 2006) 

The model results show ed that the developm ents made some impact to the  peak water leve ls in 

the flood plain.  The major increase in peak wa ter levels occurs in W inton Cre ek where the  

Ensham Mine Levee blocks flow along the creek.  It is expected that du ring a 1 in 20 year ARI 

flood, the water levels will continu e to rise until backwater effects cause overflow into the flood 

runner to Nogoa River.   
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7.0 CONCLUSIONS 

In early 2007 SunWater – Asset Solutions was requested by the Nogoa Ri ver Flood Plain Board  

to undertake a hydraulic analysis  of the Nogoa-Mackenzie River flood plain.  This involved  

updating an existing hydraulic m odel in RUBICON,  to the hydraulic model software, MIKE11.  

The MIKE11 results were then ve rified with the RUBICON resu lts to produce the new adopted 

Nogoa-Mackenzie River Flood Pl ain m odel.  The verified m odel was then updated with the 

approved developments undertaken on the flood plain since May 1997.   

The conclusion of this study is that the MIKE11 model satisfactorily simulates the conditions in 

the Nogoa-Mackenzie River Flood  Plain.  The upda ted model results are within an accep table 

band of tolerance and the Nogoa River Flood  Plain Board m ay use the new model with 

confidence to assess future development within the flood plain.  
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Nogoa River Model Conversion
Case086 Approved Development Results

Water Level
1 in 20 year ARI 1 in 50 year ARI 1 in 100 year ARI

Name of Watercourse X-SECT Name MIKE 11 Chainage Bed EL MIKE11 MIKE11 MIKE11
CASE 086 CASE 086 CASE 086

NOGOA_MACKENZIE GNO_007005 0 175.81 187.37 188.83 189.73
NOGOA_MACKENZIE GNO_006998 700 171.87 187.12 188.56 189.46
NOGOA_MACKENZIE GNO_006991 1400 172.99 186.61 188.14 189.05
NOGOA_MACKENZIE GNO_006983 2200 173.73 185.97 187.50 188.44
NOGOA_MACKENZIE GNO_006978 2600 174.39 185.73 187.27 188.22
NOGOA_MACKENZIE GNO_006975 3000 174.39 185.49 187.09 188.04
NOGOA_MACKENZIE GNO_006975 3000 174.39 185.49 187.09 188.04
NOGOA_MACKENZIE GNO_006972 3500 173.92 185.20 186.88 187.87
NOGOA_MACKENZIE GNO_006962 4200 173.42 184.86 186.54 187.53
NOGOA_MACKENZIE GNO_006951 5300 172.35 184.37 186.13 186.97
NOGOA_MACKENZIE GNO_006940 6400 172.35 183.75 185.73 186.60
NOGOA_MACKENZIE GNO_006940 6400 172.35 183.75 185.73 186.60
NOGOA_MACKENZIE GNO_006930 7300 171.26 182.82 185.02 185.91
NOGOA_MACKENZIE GNO_006919 8200 169.07 181.69 184.07 184.89
NOGOA_MACKENZIE GNO_006910 9100 169.07 181.06 183.51 184.22
NOGOA_MACKENZIE GNO_006910 9100 169.07 181.06 183.51 184.22
NOGOA_MACKENZIE GNO_006900 10000 167.16 180.63 183.15 183.86
NOGOA_MACKENZIE GNO_006892 10800 167.01 180.28 182.71 183.48
NOGOA_MACKENZIE GNO_006886 11400 166.99 180.05 182.35 183.19
NOGOA_MACKENZIE GNO_006876 12400 166.85 179.57 181.75 182.62
NOGOA_MACKENZIE GNO_006868 13200 166.15 179.17 181.35 182.15
NOGOA_MACKENZIE GNO_006854 14600 164.84 178.37 180.67 181.54
NOGOA_MACKENZIE GNO_006845 15500 164.40 177.82 180.07 181.17
NOGOA_MACKENZIE GNO_006840 16000 164.31 177.49 179.72 180.97
NOGOA_MACKENZIE GNO_006840 16000 164.31 177.49 179.72 180.97
NOGOA_MACKENZIE N/A 16150 164.31 177.37 179.60 180.88
NOGOA_MACKENZIE N/A 16200 170.39 177.26 179.52 180.85
NOGOA_MACKENZIE N/A 16250 163.46 177.28 179.49 180.83
NOGOA_MACKENZIE GNO_006835 16500 163.46 177.19 179.32 180.68
NOGOA_MACKENZIE GNO_006822 17800 164.18 176.76 178.67 180.02
NOGOA_MACKENZIE GNO_006817 18300 164.18 176.60 178.50 179.84
NOGOA_MACKENZIE GNO_006810 18800 165.16 176.17 178.08 179.45
NOGOA_MACKENZIE GNO_006802 19600 164.38 175.30 176.90 178.23
NOGOA_MACKENZIE GNO_006798 20000 163.84 175.04 176.67 178.02
NOGOA_MACKENZIE GNO_006792 20600 163.45 174.43 176.11 177.33
NOGOA_MACKENZIE GNO_006784 21400 162.56 173.60 175.00 175.82
NOGOA_MACKENZIE GNO_006778 22200 162.02 173.06 174.10 174.59
NOGOA_MACKENZIE GNO_006778 22200 162.02 173.06 174.10 174.59
NOGOA_MACKENZIE GNO_006769 22800 161.43 172.57 173.52 173.96
NOGOA_MACKENZIE GNO_006759 23800 161.43 171.76 172.71 173.10
NOGOA_MACKENZIE GNO_006759 23800 161.43 171.76 172.71 173.10
NOGOA_MACKENZIE GNO_006753 24300 160.25 171.56 172.48 172.84
NOGOA_MACKENZIE GNO_006744 25200 159.78 171.07 171.93 172.25
NOGOA_MACKENZIE GNO_006737 25900 159.43 170.41 171.22 171.62
NOGOA_MACKENZIE GNO_006734 26200 158.85 170.11 170.98 171.41
NOGOA_MACKENZIE GNO_006727 26900 158.39 169.73 170.65 171.10
NOGOA_MACKENZIE GNO_006720 27600 158.39 169.47 170.38 170.84
NOGOA_MACKENZIE GNO_006709 28700 157.78 169.01 169.90 170.36
NOGOA_MACKENZIE GNO_006701 29500 157.54 168.85 169.71 170.17
NOGOA_MACKENZIE GNO_006692 30400 157.08 168.66 169.46 169.89
NOGOA_MACKENZIE GNO_006685 31100 157.08 168.35 169.01 169.39
NOGOA_MACKENZIE GNO_006685 31100 157.08 168.35 169.01 169.39
NOGOA_MACKENZIE GNO_006678 31500 155.58 168.17 168.78 169.13
NOGOA_MACKENZIE GNO_006670 32300 155.58 167.78 168.34 168.71
NOGOA_MACKENZIE GNO_006670 32300 155.58 167.78 168.34 168.71
NOGOA_MACKENZIE GNO_006661 33000 154.67 167.46 168.01 168.40
NOGOA_MACKENZIE GNO_006657 33400 154.20 167.30 167.84 168.23
NOGOA_MACKENZIE GNO_006650 34100 154.29 167.22 167.76 168.15
NOGOA_MACKENZIE GNO_006641 34100 154.29 167.22 167.76 168.15
NOGOA_MACKENZIE GNO_006641 34500 155.39 166.91 167.49 167.91
NOGOA_MACKENZIE GNO_006630 34900 154.83 166.64 167.25 167.69
NOGOA_MACKENZIE GNO_006621 35800 154.14 166.01 166.68 167.15
NOGOA_MACKENZIE GNO_006610 36900 153.33 165.34 165.99 166.45
NOGOA_MACKENZIE GNO_006610 36900 153.33 165.34 165.99 166.45
NOGOA_MACKENZIE GNO_006598 37600 152.82 165.07 165.69 166.14
NOGOA_MACKENZIE GNO_006592 38200 151.96 164.75 165.35 165.78
NOGOA_MACKENZIE GNO_006583 39100 151.75 164.37 164.96 165.38
NOGOA_MACKENZIE GNO_006583 39100 151.75 164.37 164.96 165.38
NOGOA_MACKENZIE GNO_006570 39800 150.16 164.17 164.74 165.15
NOGOA_MACKENZIE GNO_006565 40300 149.96 164.03 164.58 164.98
NOGOA_MACKENZIE GNO_006560 40800 149.71 163.85 164.39 164.77
NOGOA_MACKENZIE GNO_006560 40800 149.71 163.85 164.39 164.77
NOGOA_MACKENZIE GNO_006545 41700 150.01 163.34 163.86 164.23
NOGOA_MACKENZIE GNO_006537 42500 149.80 162.70 163.22 163.58
NOGOA_MACKENZIE GNO_006532 43000 149.51 162.36 162.87 163.21
NOGOA_MACKENZIE GNO_006522 44000 148.73 161.56 162.01 162.29
NOGOA_MACKENZIE GNO_006522 44000 148.73 161.56 162.01 162.29
NOGOA_MACKENZIE GNO_006510 45000 147.83 161.16 161.64 161.92
NOGOA_MACKENZIE GNO_006503 45700 147.83 160.84 161.36 161.64
NOGOA_MACKENZIE GNO_006503 45700 147.83 160.84 161.36 161.64
NOGOA_MACKENZIE GNO_006496 46200 147.10 160.56 161.11 161.39
NOGOA_MACKENZIE GNO_006492 46600 146.79 160.23 160.84 161.11
NOGOA_MACKENZIE GNO_006485 47300 146.19 159.58 160.28 160.54
NOGOA_MACKENZIE GNO_006480 47800 145.92 159.27 159.92 160.18
NOGOA_MACKENZIE GNO_006470 48800 147.16 158.81 159.22 159.48
NOGOA_MACKENZIE GNO_006465 49300 149.31 158.55 158.91 159.20
NOGOA_MACKENZIE GNO_006460 49800 146.41 158.16 158.58 158.90
NOGOA_MACKENZIE GNO_006450 50800 145.90 157.47 157.98 158.36
NOGOA_MACKENZIE GNO_006440 51800 145.33 157.05 157.58 157.97
NOGOA_MACKENZIE GNO_006430 52800 145.33 156.90 157.44 157.83
NOGOA_MACKENZIE GNO_006430 52800 145.33 156.90 157.44 157.83
NOGOA_MACKENZIE GNO_006420 53500 144.39 156.77 157.31 157.69
NOGOA_MACKENZIE GNO_006412 54300 143.76 156.51 157.02 157.39
NOGOA_MACKENZIE GNO_006405 55300 143.01 156.15 156.60 156.92
NOGOA_MACKENZIE GNO_006405 55300 143.01 156.15 156.60 156.92
NOGOA_MACKENZIE GNO_006396 56100 147.46 156.04 156.44 156.74
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Nogoa River Model Conversion
Case086 Approved Development Results

Water Level
1 in 20 year ARI 1 in 50 year ARI 1 in 100 year ARI

Name of Watercourse X-SECT Name MIKE 11 Chainage Bed EL MIKE11 MIKE11 MIKE11
CASE 086 CASE 086 CASE 086

NOGOA_MACKENZIE GNO_006390 56700 146.10 155.80 156.14 156.42
NOGOA_MACKENZIE GNO_006385 57200 144.90 155.62 155.95 156.23
NOGOA_MACKENZIE GNO_006379 57800 144.95 155.38 155.71 156.01
NOGOA_MACKENZIE GNO_006372 58500 143.36 154.84 155.35 155.75
NOGOA_MACKENZIE GNO_006367 59000 143.36 154.60 155.19 155.64
NOGOA_MACKENZIE GNO_006362 59500 144.95 154.49 155.10 155.56
NOGOA_MACKENZIE GNO_006356 60100 143.09 154.30 154.95 155.43
NOGOA_MACKENZIE GNO_006353 60400 142.16 154.08 154.83 155.33
NOGOA_MACKENZIE GNO_006350 60700 141.63 153.97 154.75 155.27
NOGOA_MACKENZIE GNO_006350 60700 141.63 153.97 154.75 155.27
NOGOA_MACKENZIE GNO_006342 61200 141.28 153.84 154.66 155.18
NOGOA_MACKENZIE GNO_006338 61600 142.49 153.66 154.53 155.06
NOGOA_MACKENZIE GNO_006330 62400 137.72 153.37 154.30 154.85
NOGOA_MACKENZIE GNO_006330 62400 137.72 153.37 154.30 154.85
NOGOA_MACKENZIE GNO_006323 63000 138.11 152.65 153.74 154.33
NOGOA_MACKENZIE GNO_006319 63600 136.56 152.41 153.47 154.09
NOGOA_MACKENZIE GNO_006319 63600 136.56 152.41 153.47 154.09
NOGOA_MACKENZIE GNO_006310 64230 136.16 152.13 153.21 153.85
NOGOA_MACKENZIE GNO_006300 65220 135.59 151.83 152.95 153.60
NOGOA_MACKENZIE GNO_006290 66020 134.54 151.69 152.81 153.44
NOGOA_MACKENZIE GNO_006290 66020 134.54 151.69 152.81 153.44
NOGOA_MACKENZIE GNO_006285 66770 133.66 151.54 152.70 153.34
NOGOA_MACKENZIE GNO_006280 67280 134.24 151.41 152.59 153.23
NOGOA_MACKENZIE GNO_006275 67790 134.03 151.32 152.52 153.17
NOGOA_MACKENZIE GNO_006270 68090 133.76 151.25 152.47 153.12
NOGOA_MACKENZIE GNO_006265 68690 133.32 151.10 152.34 153.00
NOGOA_MACKENZIE GNO_006260 69230 133.29 151.01 152.28 152.94
NOGOA_MACKENZIE GNO_006256 69740 133.19 150.92 152.22 152.89
NOGOA_MACKENZIE GNO_006250 70340 133.01 150.81 152.14 152.82
NOGOA_MACKENZIE GNO_006250 70340 133.01 150.81 152.14 152.82
NOGOA_MACKENZIE GNO_006263 71780 133.01 150.61 151.96 152.67
NOGOA_MACKENZIE GNO_006263 71780 133.01 150.61 151.96 152.67
NOGOA_MACKENZIE GMK_006226 72980 132.16 150.27 151.46 152.16
NOGOA_MACKENZIE GMK_006226 72980 132.16 150.27 151.46 152.16
NOGOA_MACKENZIE GMK_006220 73400 131.23 150.18 151.37 152.06
NOGOA_MACKENZIE GMK_006212 74120 130.24 149.95 151.11 151.82
NOGOA_MACKENZIE GMK_006205 74780 128.63 149.73 150.87 151.59
NOGOA_MACKENZIE GMK_006198 75710 128.11 149.43 150.61 151.35
NOGOA_MACKENZIE GMK_006187 76730 128.89 149.06 150.33 151.09
NOGOA_MACKENZIE GMK_006180 77330 129.00 148.85 150.19 150.96
NOGOA_MACKENZIE GMK_006180 77330 129.00 148.85 150.19 150.96
NOGOA_MACKENZIE GMK_006176 77810 129.00 148.65 150.07 150.86
NOGOA_MACKENZIE GMK_006160 79490 130.10 148.08 149.70 150.57
NOGOA_MACKENZIE GMK_006149 80490 128.23 147.79 149.44 150.39
NOGOA_MACKENZIE GMK_006149 80490 128.23 147.79 149.44 150.39
NOGOA_MACKENZIE GMK_006147 80670 128.23 147.71 149.37 150.35
NOGOA_MACKENZIE GMK_006140 81390 126.91 147.49 149.15 150.21
NOGOA_MACKENZIE GMK_006132 82110 125.50 147.32 149.00 150.10
NOGOA_MACKENZIE GMK_006132 82110 125.50 147.32 149.00 150.10
NOGOA_MACKENZIE GMK_006107 84210 122.90 146.50 148.29 149.46
NOGOA_MACKENZIE GMK_006107 84210 122.90 146.50 148.29 149.46
NOGOA_MACKENZIE GMK_006085 85710 124.26 146.14 147.96 149.16
NOGOA_MACKENZIE GMK_006060 88210 123.23 145.63 147.51 148.75
NOGOA_MACKENZIE GMK_006045 89710 122.45 145.26 147.22 148.52
NOGOA_MACKENZIE GMK_006045 89710 122.45 145.26 147.22 148.52
NOGOA_MACKENZIE GMK_006020 91710 121.21 144.68 146.69 148.05
NOGOA_MACKENZIE GMK_005997 94010 119.56 143.85 145.97 147.41
NOGOA_MACKENZIE GMK_005982 95510 118.83 143.17 145.34 146.82
NOGOA_MACKENZIE GMK_005982 95510 118.83 143.17 145.34 146.82
NOGOA_MACKENZIE GMK_005976 95910 118.83 142.97 145.12 146.59

BNO_L14 GNOL14_020 0 181.65 185.49 187.09 188.04
BNO_L14 GNOL14_012 800 181.29 184.86 186.68 187.59
BNO_L14 GNOL14_004 1600 182.53 183.75 185.73 186.60
BNO_L01 GNOL01_085 0 182.03 181.06 183.51 184.22
BNO_L01 GNOL01_077 800 182.03 182.03 183.15 183.90
BNO_L01 GNOL01_068 1700 179.94 179.94 182.70 183.52
BNO_L01 GNOL01_060 2500 179.94 179.94 182.54 183.25
BNO_L01 GNOL01_051 3400 180.38 180.39 182.20 182.71
BNO_L01 GNOL01_045 4000 179.50 180.46 181.42 181.79
BNO_L01 GNOL01_032 5300 176.22 177.49 179.75 180.98
BNO_L01 GNOL01_024 6100 174.32 177.49 179.73 180.97
BNO_L01 GNOL01_018 6700 172.70 177.49 179.72 180.97
BNO_L01 GNOL01_010 7500 170.48 177.49 179.72 180.97

BOGGY CREEK GBO_000070 0 161.24 161.24 161.24 161.24
BOGGY CREEK GBO_000065 500 159.25 159.24 159.24 159.24
BOGGY CREEK GBO_000062 800 158.46 158.45 158.45 158.45
BOGGY CREEK GBO_000056 1400 156.69 156.69 156.69 156.69
BOGGY CREEK GBO_000052 1800 154.81 154.81 154.81 154.81
BOGGY CREEK GBO_000045 2500 153.36 153.36 153.47 154.09
BOGGY CREEK GBO_000038 3200 149.88 152.41 153.47 154.09
BOGGY CREEK GBO_000033 3700 148.19 152.41 153.47 154.09
BOGGY CREEK GBO_000026 4400 146.30 152.41 153.47 154.09
BOGGY CREEK GBO_000018 5200 145.25 152.41 153.47 154.09
BOGGY CREEK GBO_000013 5700 143.29 152.41 153.47 154.09
BOGGY CREEK GBO_000000 7000 143.29 152.41 153.47 154.09
COMET RIVER GCO_000168 0 141.12 154.38 155.29 155.78
COMET RIVER GCO_000161 700 141.12 154.07 155.06 155.54
COMET RIVER GCO_000161 700 141.12 154.07 155.06 155.54
COMET RIVER GCO_000157 1100 141.24 154.00 155.00 155.49
COMET RIVER GCO_000150 1800 141.31 153.90 154.91 155.39
COMET RIVER GCO_000143 2500 141.14 153.70 154.73 155.19
COMET RIVER GCO_000135 3400 141.14 153.40 154.43 154.89
COMET RIVER GCO_000128 4000 140.72 153.26 154.31 154.75
COMET RIVER GCO_000117 5100 140.10 152.93 153.91 154.33
COMET RIVER GCO_000112 5600 137.39 152.83 153.64 154.08
COMET RIVER GCO_000112 5600 137.39 152.83 153.64 154.08
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Nogoa River Model Conversion
Case086 Approved Development Results

Water Level
1 in 20 year ARI 1 in 50 year ARI 1 in 100 year ARI

Name of Watercourse X-SECT Name MIKE 11 Chainage Bed EL MIKE11 MIKE11 MIKE11
CASE 086 CASE 086 CASE 086

COMET RIVER GCO_000104 6500 136.49 152.67 153.49 153.94
COMET RIVER GCO_000099 6900 136.19 152.56 153.37 153.83
COMET RIVER GCO_000094 7400 135.49 152.45 153.25 153.71
COMET RIVER GCO_000089 7900 136.62 152.37 153.15 153.63
COMET RIVER GCO_000084 8400 135.90 152.28 153.06 153.55
COMET RIVER GCO_000074 9400 135.76 151.79 152.66 153.21
COMET RIVER GCO_000070 9800 135.25 151.60 152.50 153.07
COMET RIVER GCO_000065 10200 135.52 151.53 152.45 153.03
COMET RIVER GCO_000065 10200 135.52 151.53 152.45 153.03
COMET RIVER GCO_000058 11200 135.52 151.42 152.39 152.99
COMET RIVER GCO_000058 11200 135.52 151.42 152.39 152.99
COMET RIVER GCO_000051 11700 135.65 151.31 152.30 152.92
COMET RIVER GCO_000046 12200 135.45 151.21 152.22 152.87
COMET RIVER GCO_000041 12700 134.60 151.11 152.19 152.85
COMET RIVER GCO_000033 13500 134.49 150.99 152.15 152.82
COMET RIVER GCO_000028 13900 134.65 150.94 152.13 152.80
COMET RIVER GCO_000020 14800 134.40 150.80 152.06 152.76
COMET RIVER GCO_000013 15500 134.40 150.69 152.00 152.70
COMET RIVER GCO_000006 16100 134.56 150.61 151.96 152.67

SANDHURST CREEK GSA_000160 0 151.64 154.95 155.19 155.36
SANDHURST CREEK GSA_000155 500 151.18 154.50 154.72 154.88
SANDHURST CREEK GSA_000150 1000 150.74 153.86 154.11 154.29
SANDHURST CREEK GSA_000146 1400 150.72 153.67 153.89 154.07
SANDHURST CREEK GSA_000141 1900 149.40 153.23 153.42 153.67
SANDHURST CREEK GSA_000136 2400 148.79 152.54 152.87 153.39
SANDHURST CREEK GSA_000128 3200 148.96 151.91 152.58 153.28
SANDHURST CREEK GSA_000121 3900 147.98 151.81 152.54 153.26
SANDHURST CREEK GSA_000117 4300 147.04 151.80 152.54 153.25
SANDHURST CREEK GSA_000111 4900 146.52 151.80 152.53 153.24
SANDHURST CREEK GSA_000104 5600 146.53 151.70 152.43 153.16
SANDHURST CREEK GSA_000096 6400 145.52 150.67 152.03 152.74
SANDHURST CREEK GSA_000089 7100 145.29 150.67 152.03 152.74
SANDHURST CREEK GSA_000084 7600 144.51 150.67 152.03 152.74
SANDHURST CREEK GSA_000076 8400 143.41 150.67 152.03 152.74
SANDHURST CREEK GSA_000065 9500 143.13 150.67 152.03 152.74
SANDHURST CREEK GSA_000065 9500 143.13 150.67 152.03 152.74
SANDHURST CREEK GSA_000052 10700 142.46 150.66 152.01 152.73
SANDHURST CREEK GSA_000041 11700 141.07 150.65 152.01 152.72
SANDHURST CREEK GSA_000035 12300 140.95 150.64 152.00 152.71
SANDHURST CREEK GSA_000027 13100 140.65 150.63 151.99 152.70
SANDHURST CREEK GSA_000015 14600 139.34 150.62 151.98 152.69
SANDHURST CREEK GSA_000010 15100 138.19 150.62 151.97 152.69
SANDHURST CREEK GSA_000000 16100 138.19 150.61 151.96 152.67

BCO_L01-02-04 GCOL01_026 0 150.37 154.07 155.06 155.54
BCO_L01-02-04 GCOL01_020 600 149.72 153.66 154.60 155.04
BCO_L01-02-04 GCOL01_014 1200 149.40 153.27 154.14 154.58
BCO_L01-02-04 GCOL01_010 1600 149.30 153.12 153.94 154.37
BCO_L01-02-04 GCOL01_002 2600 148.54 152.95 153.70 154.11
BCO_L01-02-04 GCOL01_002 2600 148.54 152.95 153.70 154.11
BCO_L01-02-04 GCOL02_069 3400 151.49 152.92 153.60 153.97
BCO_L01-02-04 GCOL02_062 4100 151.38 152.59 153.22 153.52
BCO_L01-02-04 GCOL02_057 4600 150.87 152.04 152.68 153.14
BCO_L01-02-04 XCOL02_050 5300 n/a 151.53 152.40 152.99
BCO_L01-02-04 GCOL02_045 5800 150.05 151.41 152.37 152.97
BCO_L01-02-04 GCOL02_040 6300 149.17 151.40 152.36 152.97
BCO_L01-02-04 GCOL02_030 7300 148.42 151.40 152.36 152.96
BCO_L01-02-04 GCOL02_020 8300 147.83 151.40 152.35 152.96
BCO_L01-02-04 GCOL02_016 8700 146.43 151.40 152.35 152.96
BCO_L01-02-04 GCOL02_008 9500 146.34 151.40 152.35 152.96
BCO_L01-02-04 GCOL02_002 10100 145.47 151.39 152.35 152.96
BCO_L01-02-04 GCOL02_002 10100 145.47 151.39 152.35 152.96
BCO_L01-02-04 GCOL04_018 10600 145.95 151.38 152.34 152.95
BCO_L01-02-04 GCOL04_009 11500 145.96 151.28 152.28 152.90
BCO_L01-02-04 GCOL04_000 12400 145.96 150.67 152.03 152.74

CRINUM CK GCR_000155 0 160.89 165.05 165.46 165.74
CRINUM CK GCR_000150 500 160.72 164.83 165.26 165.55
CRINUM CK GCR_000145 1000 159.12 164.69 165.08 165.35
CRINUM CK GCR_000140 1500 159.32 164.36 164.70 164.94
CRINUM CK GCR_000135 2000 158.23 163.57 164.03 164.37
CRINUM CK GCR_000130 2500 158.11 163.18 163.71 164.11
CRINUM CK GCR_000120 3500 157.10 162.85 163.40 163.81
CRINUM CK GCR_000115 4000 156.73 162.57 163.09 163.47
CRINUM CK GCR_000110 4500 157.45 162.40 162.89 163.19
CRINUM CK GCR_000103 5200 155.38 162.23 162.71 162.99
CRINUM CK GCR_000095 6000 153.69 162.13 162.58 162.84
CRINUM CK GCR_000088 6700 154.88 162.04 162.48 162.74
CRINUM CK GCR_000078 7700 154.98 161.78 162.18 162.45
CRINUM CK GCR_000070 8500 154.83 161.51 161.96 162.26
CRINUM CK GCR_000060 9500 154.40 161.37 161.88 162.19
CRINUM CK GCR_000053 10200 154.40 161.33 161.85 162.16
CRINUM CK GCR_000053 10200 154.40 161.33 161.85 162.16
CRINUM CK GCR_000045 10900 153.91 161.32 161.84 162.14
CRINUM CK GCR_000040 11400 153.13 161.32 161.83 162.14
CRINUM CK GCR_000034 12000 153.13 161.31 161.83 162.13
CRINUM CK GCR_000034 12000 153.13 161.31 161.83 162.13
CRINUM CK GCR_000030 12300 153.00 161.31 161.83 162.13
CRINUM CK GCR_000020 13300 151.68 161.31 161.82 162.12
CRINUM CK GCR_000015 13800 151.68 161.30 161.81 162.11
CRINUM CK GCR_000015 13800 151.68 161.30 161.81 162.11
CRINUM CK GCR_000008 14400 150.39 161.02 161.56 161.86
CRINUM CK GCR_000006 14500 149.84 160.97 161.51 161.80
CRINUM CK GCR_000006 14500 149.84 160.97 161.51 161.80
CRINUM CK GCR_000000 15100 149.84 160.84 161.36 161.64

MOSQUITO CK GMO_000052 0 166.31 166.31 166.31 166.31
MOSQUITO CK GMO_000048 400 165.17 165.17 165.17 165.17
MOSQUITO CK GMO_000042 1000 163.79 163.79 163.79 163.79
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Nogoa River Model Conversion
Case086 Approved Development Results

Water Level
1 in 20 year ARI 1 in 50 year ARI 1 in 100 year ARI

Name of Watercourse X-SECT Name MIKE 11 Chainage Bed EL MIKE11 MIKE11 MIKE11
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MOSQUITO CK GMO_000033 1900 162.98 162.97 162.97 162.97
MOSQUITO CK GMO_000028 2400 162.25 162.25 162.25 162.25
MOSQUITO CK GMO_000020 3200 160.97 161.33 161.85 162.16
MOSQUITO CK GMO_000010 4200 158.36 161.33 161.85 162.16
MOSQUITO CK GMO_000000 5200 156.36 161.33 161.85 162.16

GORDONSTONE CK GGO_000092 0 161.52 163.91 164.24 164.47
GORDONSTONE CK GGO_000080 1200 160.63 162.89 163.22 163.45
GORDONSTONE CK GGO_000074 1800 160.00 162.52 162.84 162.95
GORDONSTONE CK GGO_000062 3000 159.57 161.52 161.94 162.18
GORDONSTONE CK GGO_000055 3700 157.92 161.32 161.83 162.14
GORDONSTONE CK GGO_000045 4700 157.33 161.32 161.83 162.13
GORDONSTONE CK GGO_000033 5900 157.07 161.32 161.83 162.13
GORDONSTONE CK GGO_000023 6900 156.31 161.32 161.83 162.13
GORDONSTONE CK GGO_000016 7600 155.94 161.32 161.83 162.13
GORDONSTONE CK GGO_000012 8000 155.75 161.32 161.83 162.13
GORDONSTONE CK GGO_000008 8400 155.14 161.31 161.83 162.13
GORDONSTONE CK GGO_000000 9200 153.14 161.31 161.83 162.13

UNNAMED CK GUN_000056 0 162.55 162.55 162.55 162.55
UNNAMED CK GUN_000050 600 161.77 161.77 161.77 161.77
UNNAMED CK GUN_000042 1400 159.15 159.14 159.29 159.53
UNNAMED CK GUN_000034 2200 157.87 159.04 159.29 159.53
UNNAMED CK GUN_000020 3600 155.73 159.04 159.29 159.53
UNNAMED CK GUN_000020 3600 155.73 159.04 159.29 159.53
UNNAMED CK GUN_000000 5600 155.73 160.97 161.51 161.80

BCO_L03 GCOL03_008 0 148.43 152.83 153.64 154.08
BCO_L03 GCOL03_000 800 148.43 152.95 153.70 154.11
BCO_L05 GCOL05_010 0 143.91 151.53 152.45 153.03
BCO_L05 GCOL05_000 1000 143.91 151.39 152.35 152.96
BNO_L02 GNOL02_050 0 155.46 159.04 159.29 159.53
BNO_L02 GNOL02_046 400 155.46 158.79 159.04 159.26
BNO_L02 GNOL02_038 1200 154.08 158.13 158.50 158.72
BNO_L02 GNOL02_030 2000 153.86 157.63 158.12 158.33
BNO_L02 GNOL02_022 2800 152.81 157.24 157.71 158.01
BNO_L02 GNOL02_016 3400 152.21 157.02 157.51 157.89
BNO_L02 GNOL02_010 4000 149.77 156.94 157.47 157.86
BNO_L02 GNOL02_000 5000 149.77 156.90 157.44 157.83

WINTON CK GWI_000332 0 166.5 167.06 167.05 167.06
WINTON CK GWI_000326 600 165.61 165.95 165.95 165.95
WINTON CK GWI_000319 1300 164.29 165.29 165.22 165.29
WINTON CK GWI_000313 1900 163.83 165.27 165.18 165.26
WINTON CK GWI_000305 2700 163.32 165.26 165.16 165.25
WINTON CK GWI_000301 3100 163.12 164.81 164.73 164.81
WINTON CK GWI_000296 3600 162.36 164.38 164.31 164.38
WINTON CK GWI_000288 4400 161.89 163.53 163.44 163.53
WINTON CK GWI_000280 5200 160.64 162.56 162.47 162.55
WINTON CK GWI_000276 5600 159.61 162.27 162.18 162.26
WINTON CK GWI_000269 6300 159.53 161.68 161.58 161.67
WINTON CK GWI_000263 6900 159.52 161.37 161.29 161.36
WINTON CK GWI_000259 7300 159.37 161.21 161.12 161.20
WINTON CK GWI_000253 7900 159.44 160.99 160.89 160.98
WINTON CK GWI_000247 8400 159.10 160.89 160.79 160.88
WINTON CK GWI_000247 8400 159.10 160.89 160.79 160.88
WINTON CK GWI_000239 9200 158.14 160.73 160.64 160.72
WINTON CK GWI_000232 9900 157.73 160.22 160.17 160.22
WINTON CK GWI_000224 10700 157.49 159.12 159.06 159.11
WINTON CK GWI_000220 11100 156.55 158.50 158.41 158.49
WINTON CK GWI_000220 11100 156.55 158.50 158.41 158.49
WINTON CK GWI_000214 11600 156.55 158.44 158.35 158.43
WINTON CK GWI_000205 12500 156.27 158.13 158.05 158.12
WINTON CK GWI_000200 13000 155.76 157.52 157.41 157.51
WINTON CK GWI_000193 13700 155.41 156.73 156.80 157.09
WINTON CK GWI_000185 14500 155.25 156.28 156.79 157.08
WINTON CK GWI_000180 15000 155.25 156.27 156.78 157.08
WINTON CK GWI_000175 15500 153.78 156.25 156.78 157.08
WINTON CK GWI_000175 15500 153.78 156.25 156.78 157.08
WINTON CK GWI_000170 15900 153.78 156.09 156.59 156.89
WINTON CK GWI_000166 16300 152.91 155.93 156.40 156.72
WINTON CK GWI_000160 16900 153.01 155.71 156.17 156.53
WINTON CK GWI_000152 17700 153.04 155.10 155.66 156.12
WINTON CK GWI_000147 18200 152.39 154.42 155.34 155.89
WINTON CK GWI_000138 19100 150.97 154.18 155.22 155.81
WINTON CK GWI_000128 20100 149.88 154.13 155.19 155.78
WINTON CK GWI_000110 21900 147.01 154.09 155.16 155.76
WINTON CK GWI_000110 21900 147.01 154.09 155.16 155.76
WINTON CK GWI_000100 22800 149.46 154.09 155.16 155.76
WINTON CK GWI_000093 23500 147.74 154.09 155.16 155.76
WINTON CK GWI_000086 24200 148.91 154.09 155.16 155.76
WINTON CK GWI_000080 24800 147.11 154.09 155.16 155.76
WINTON CK GWI_000072 25600 144.97 n/a n/a n/a
WINTON CK GWI_000064 26400 144.58 n/a n/a n/a
WINTON CK GWI_000055 27300 146.09 n/a n/a n/a
WINTON CK GWI_000050 27800 145.53 n/a n/a n/a
WINTON CK GWI_000042 28600 145.53 n/a n/a n/a
WINTON CK GWI_000035 29300 144.86 n/a n/a n/a
WINTON CK GWI_000031 29700 145.01 n/a n/a n/a
WINTON CK GWI_000025 30300 145.08 150.81 152.14 152.82
WINTON CK GWI_000022 30600 144.08 150.81 152.14 152.82
WINTON CK GWI_000020 30800 143.13 150.81 152.14 152.82
WINTON CK GWI_000010 31800 142.24 150.81 152.14 152.82
WINTON CK GWI_000005 32200 140.45 150.81 152.14 152.82
WINTON CK GWI_000000 32700 138.45 150.81 152.14 152.82

RETREAT CK GRE_000215 0 172.21 177.44 177.74 177.96
RETREAT CK GRE_000210 500 172.24 177.10 177.37 177.58
RETREAT CK GRE_000206 900 172.34 176.70 176.96 177.15
RETREAT CK GRE_000196 1900 171.85 175.63 175.92 176.17
RETREAT CK GRE_000190 2500 170.83 175.26 175.61 175.89
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RETREAT CK GRE_000185 3000 170.83 175.20 175.56 175.83
RETREAT CK GRE_000185 3000 170.83 175.20 175.56 175.83
RETREAT CK GRE_000174 3600 169.63 174.95 175.34 175.63
RETREAT CK GRE_000170 4000 169.13 174.79 175.22 175.53
RETREAT CK GRE_000165 4500 168.47 174.68 175.13 175.43
RETREAT CK GRE_000160 5000 168.73 174.58 175.02 175.32
RETREAT CK GRE_000149 6000 165.78 173.99 174.37 174.61
RETREAT CK GRE_000149 6000 165.78 173.99 174.37 174.61
RETREAT CK GRE_000145 6500 164.87 174.10 174.39 174.61
RETREAT CK GRE_000145 6500 164.87 174.10 174.39 174.61
RETREAT CK GRE_000141 6900 164.96 173.20 173.56 173.77
RETREAT CK GRE_000135 7500 164.31 172.86 173.14 173.37
RETREAT CK GRE_000122 8800 163.40 172.43 172.69 172.90
RETREAT CK GRE_000117 9300 163.01 172.22 172.45 172.61
RETREAT CK GRE_000112 9700 163.01 172.17 172.39 172.54
RETREAT CK GRE_000112 9700 163.01 172.17 172.39 172.54
RETREAT CK GRE_000109 10200 163.10 171.82 172.04 172.19
RETREAT CK GRE_000109 10200 163.10 171.82 172.04 172.19
RETREAT CK GRE_000105 10600 161.64 171.58 171.80 171.97
RETREAT CK GRE_000095 11600 161.45 171.01 171.24 171.42
RETREAT CK GRE_000089 12200 161.06 170.77 170.99 171.17
RETREAT CK GRE_000084 12800 161.06 170.41 170.62 170.79
RETREAT CK GRE_000084 12800 161.06 170.41 170.62 170.79
RETREAT CK GRE_000076 13400 160.50 170.02 170.24 170.42
RETREAT CK GRE_000076 13400 160.50 170.02 170.24 170.42
RETREAT CK GRE_000068 14100 159.62 169.28 169.55 169.77
RETREAT CK GRE_000058 15100 158.71 168.77 169.08 169.35
RETREAT CK GRE_000050 15900 158.71 168.38 168.77 169.10
RETREAT CK GRE_000043 16600 157.72 168.11 168.58 168.95
RETREAT CK GRE_000038 17100 156.54 168.05 168.53 168.90
RETREAT CK GRE_000032 17700 156.54 167.97 168.46 168.84
RETREAT CK GRE_000025 18400 156.07 167.88 168.38 168.76
RETREAT CK GRE_000020 18900 155.88 167.84 168.34 168.72
RETREAT CK GRE_000013 19600 155.88 167.80 168.29 168.67
RETREAT CK GRE_000013 19600 155.46 167.80 168.29 168.67
RETREAT CK GRE_000001 20600 155.46 167.22 167.76 168.15
THERESA CK GTH_000130 0 172.04 180.27 180.50 180.67
THERESA CK GTH_000112 1000 172.04 179.89 180.09 180.25
THERESA CK GTH_000112 1000 172.04 179.89 180.09 180.25
THERESA CK GTH_000105 1700 171.18 179.80 180.01 180.16
THERESA CK GTH_000095 2700 170.82 179.53 179.73 179.87
THERESA CK GTH_000080 4200 170.42 178.80 178.97 179.11
THERESA CK GTH_000073 4900 169.80 178.30 178.49 178.64
THERESA CK GTH_000063 5900 168.71 177.79 178.01 178.17
THERESA CK GTH_000063 5900 168.71 177.79 178.01 178.17
THERESA CK GTH_000052 6400 167.42 177.50 177.73 177.90
THERESA CK GTH_000042 7400 166.83 177.11 177.34 177.52
THERESA CK GTH_000035 8100 166.56 176.80 177.03 177.20
THERESA CK GTH_000030 8600 166.04 176.35 176.55 176.69
THERESA CK GTH_000023 9200 166.28 175.45 175.57 175.66
THERESA CK GTH_000023 9200 166.28 175.45 175.57 175.66
THERESA CK GTH_000014 9800 166.01 175.04 175.19 175.30
THERESA CK GTH_000005 10700 166.18 174.10 174.39 174.61

BTH_L01 GTHL01_048 0 172.09 175.45 175.57 175.66
BTH_L01 GTHL01_045 300 172.03 174.96 175.07 175.14
BTH_L01 GTHL01_040 800 171.09 174.00 174.14 174.26
BTH_L01 GTHL01_036 1200 170.36 173.71 173.88 174.01
BTH_L01 GTHL01_028 2000 170.11 173.25 173.44 173.58
BTH_L01 GTHL01_017 2900 169.37 172.91 173.10 173.24
BTH_L01 GTHL01_012 3400 169.35 172.75 172.94 173.07
BTH_L01 GTHL01_005 4100 169.15 172.17 172.39 172.54

BTH_R01-R03 GTHR01_023 0 174.31 179.89 180.09 180.25
BTH_R01-R03 GTHR01_020 500 174.31 179.61 179.78 179.91
BTH_R01-R03 GTHR01_010 1500 174.31 179.15 179.25 179.35
BTH_R01-R03 GTHR01_000 2500 173.30 177.82 178.04 178.21
BTH_R01-R03 GTHR01_000 2500 173.30 177.82 178.04 178.21
BTH_R01-R03 GTHR03_042 3800 173.30 177.27 177.52 177.71
BTH_R01-R03 GTHR03_034 4600 175.05 176.82 177.15 177.38
BTH_R01-R03 GTHR03_028 5200 174.36 176.69 177.03 177.26
BTH_R01-R03 GTHR03_020 6000 174.08 176.57 176.89 177.10
BTH_R01-R03 GTHR03_010 7000 174.08 176.15 176.44 176.61
BTH_R01-R03 GTHR03_000 8000 172.26 175.20 175.56 175.83

BNO_L07-08-09 GNOL07_010 0 171.35 173.06 174.10 174.59
BNO_L07-08-09 GNOL08_023 1000 171.35 172.64 173.70 174.15
BNO_L07-08-09 GNOL08_023 1000 171.35 172.64 173.70 174.15
BNO_L07-08-09 GNOL08_014 1900 171.00 172.36 173.35 173.84
BNO_L07-08-09 GNOL08_005 2800 170.42 172.18 173.12 173.53
BNO_L07-08-09 GNOL09_045 3300 170.42 172.09 173.01 173.35
BNO_L07-08-09 GNOL09_045 3300 170.42 172.09 173.01 173.35
BNO_L07-08-09 GNOL09_040 3800 170.58 172.00 172.95 173.29
BNO_L07-08-09 GNOL09_031 4700 169.99 171.89 172.85 173.21
BNO_L07-08-09 GNOL09_025 5300 168.99 171.87 172.82 173.18
BNO_L07-08-09 GNOL09_015 6300 169.06 171.84 172.78 173.15
BNO_L07-08-09 GNOL09_010 7000 169.34 171.79 172.74 173.12
BNO_L07-08-09 GNOL09_005 7800 167.24 171.76 172.71 173.10

BRE_R02-4-6-7-13-14 GRER02_010 0 168.53 173.99 174.37 174.61
BRE_R02-4-6-7-13-14 GRER04_018 1000 168.55 173.26 173.61 173.83
BRE_R02-4-6-7-13-14 GRER04_018 1000 168.55 173.26 173.61 173.83
BRE_R02-4-6-7-13-14 GRER04_012 1600 169.50 173.00 173.31 173.49
BRE_R02-4-6-7-13-14 GRER04_007 2100 169.38 172.23 172.45 172.58
BRE_R02-4-6-7-13-14 GRER04_007 2100 169.38 172.23 172.45 172.58
BRE_R02-4-6-7-13-14 GRER07_018 2600 169.36 171.15 171.31 171.45
BRE_R02-4-6-7-13-14 GRER07_018 2600 169.36 171.15 171.31 171.45
BRE_R02-4-6-7-13-14 GRER07_008 3600 168.09 170.52 170.77 170.96
BRE_R02-4-6-7-13-14 GRER07_000 4400 167.35 170.39 170.60 170.76
BRE_R02-4-6-7-13-14 GRER07_000 4400 167.35 170.39 170.60 170.76
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BRE_R02-4-6-7-13-14 GRER13_029 5500 168.55 169.76 169.97 170.14
BRE_R02-4-6-7-13-14 GRER13_020 6400 167.91 169.39 169.60 169.76
BRE_R02-4-6-7-13-14 GRER13_010 7400 165.97 168.57 168.82 169.06
BRE_R02-4-6-7-13-14 GRER14_032 7900 164.52 168.04 168.49 168.85
BRE_R02-4-6-7-13-14 GRER14_032 7900 164.52 168.04 168.49 168.85
BRE_R02-4-6-7-13-14 GRER14_020 9100 163.09 167.88 168.37 168.74
BRE_R02-4-6-7-13-14 GRER14_010 10100 161.98 167.82 168.31 168.69
BRE_R02-4-6-7-13-14 GRER14_005 10600 160.11 167.80 168.29 168.67

BRE_R09-10-12 GRER09_010 0 169.36 171.15 171.31 171.45
BRE_R09-10-12 GRER09_007 250 170.46 171.12 171.26 171.39
BRE_R09-10-12 GRER10_019 500 169.64 170.77 170.97 171.11
BRE_R09-10-12 GRER10_019 500 169.64 170.77 170.97 171.11
BRE_R09-10-12 GRER10_010 1400 168.52 170.20 170.37 170.46
BRE_R09-10-12 GRER12_020 1900 167.40 169.07 169.28 169.42
BRE_R09-10-12 GRER12_020 1900 167.40 169.07 169.28 169.42
BRE_R09-10-12 GRER12_010 2900 165.96 168.12 168.54 168.89
BRE_R09-10-12 GRER12_002 3700 164.52 168.04 168.49 168.85

BNO_L10 GNOL10_010 0 170.71 170.77 170.97 171.11
BNO_L10 GNOL10_005 1000 172.54 172.09 173.01 173.35

BNO_L06-4 GNOL06_010 0 171.35 172.64 173.70 174.15
BNO_L06-4 GNOL04_043 1000 172.69 172.69 173.24 173.38
BNO_L06-4 GNOL04_038 1500 172.24 172.19 172.84 172.98
BNO_L06-4 GNOL04_029 2400 171.62 171.62 172.11 172.22
BNO_L06-4 GNOL04_021 3200 170.81 171.15 171.48 171.62
BNO_L06-4 GNOL04_014 3900 170.60 171.15 171.31 171.45
BNO_L06-4 GNOL04_007 4600 169.36 171.15 171.31 171.45
BRE_R08 GRER08_010 0 167.35 170.39 170.60 170.76
BRE_R08 GRER08_000 1000 161.06 170.41 170.62 170.79
BRE_R05 GRER05_012 0 169.38 172.23 172.45 172.58
BRE_R05 GRER05_004 800 168.36 172.17 172.39 172.54
BRE_R03 GRER03_026 0 168.55 173.26 173.61 173.83
BRE_R03 GRER03_021 500 167.69 173.16 173.52 173.74
BRE_R03 GRER03_012 1400 167.41 172.89 173.26 173.47
BRE_R03 GRER03_001 2600 166.55 172.17 172.39 172.54
BRE_L01 GREL01_030 0 164.67 171.82 172.04 172.19
BRE_L01 GREL01_019 1100 165.73 171.17 171.38 171.52
BRE_L01 GREL01_014 1600 165.50 170.67 170.91 171.06
BRE_L01 GREL01_005 2500 162.74 170.11 170.35 170.53
BRE_L01 GREL01_000 3000 162.74 170.02 170.24 170.42

BRE_L02-04 GREL02_050 0 162.74 170.02 170.24 170.42
BRE_L02-04 GREL02_042 800 162.65 169.75 169.99 170.18
BRE_L02-04 GREL02_030 2000 162.12 169.37 169.65 169.87
BRE_L02-04 GREL02_020 3000 161.44 169.09 169.39 169.63
BRE_L02-04 GREL02_010 4000 160.60 168.89 169.20 169.45
BRE_L02-04 GREL04_048 4700 160.50 168.51 168.84 169.11
BRE_L02-04 GREL04_048 4700 160.50 168.51 168.84 169.11
BRE_L02-04 GREL04_040 5500 164.51 167.80 168.00 168.17
BRE_L02-04 GREL04_035 6000 164.39 166.93 167.12 167.30
BRE_L02-04 GREL04_030 6500 163.89 166.42 166.67 166.92
BRE_L02-04 GREL04_025 7000 163.89 166.14 166.45 166.77
BRE_L02-04 GREL04_020 7500 163.38 165.73 166.22 166.62
BRE_L02-04 GREL04_010 8500 161.36 165.44 166.06 166.51
BRE_L02-04 GREL04_000 9500 161.36 165.34 165.99 166.45

BRE_L03 GREL03_016 0 160.50 168.51 168.84 169.11
BRE_L03 GREL03_008 800 160.53 168.27 168.64 168.94
BRE_L03 GREL03_000 1600 160.53 167.80 168.29 168.67
BTH_R02 GTHR02_020 0 173.3 177.82 178.04 178.21
BTH_R02 GTHR02_010 1000 171.07 177.79 178.01 178.18
BTH_R02 GTHR02_000 2000 168.5 177.79 178.01 178.17
BMK_L05 GMKL05_070 0 140.08 145.26 147.22 148.52
BMK_L05 GMKL05_060 1000 140.08 143.35 145.76 147.33
BMK_L05 GMKL05_050 2000 140.08 143.17 145.45 147.00
BMK_L05 GMKL05_040 3000 140.24 143.17 145.36 146.86
BMK_L05 GMKL05_025 4500 132.40 143.17 145.34 146.82
BMK_L05 GMKL05_015 5500 129.87 143.17 145.34 146.82
BMK_L05 GMKL05_000 7000 129.87 143.17 145.34 146.82

BMK_R01-02 GMKR01_038 0 144.75 150.27 151.46 152.16
BMK_R01-02 GMKR01_029 900 141.17 148.90 150.02 150.76
BMK_R01-02 GMKR01_020 1800 144.13 148.45 149.79 150.61
BMK_R01-02 GMKR01_010 2800 143.28 148.13 149.62 150.50
BMK_R01-02 GMKR02_031 3500 136.00 147.79 149.44 150.39
BMK_R01-02 GMKR02_031 3500 136.00 147.79 149.44 150.39
BMK_R01-02 GMKR02_027 4000 145.18 147.56 149.23 150.24
BMK_R01-02 GMKR02_020 5100 143.07 147.33 149.01 150.11
BMK_R01-02 GMKR02_010 6100 133.07 147.32 149.00 150.10
BMK_R01-02 GMKR02_000 7100 123.07 147.32 149.00 150.10

BMK_R03 GMKR03_080 0 136.00 147.79 149.44 150.39
BMK_R03 GMKR03_000 800 136.00 147.79 149.44 150.39
BMK_L02 GMKL02_030 0 147.62 150.27 151.46 152.16
BMK_L02 GMKL02_022 800 147.28 149.53 150.62 151.39
BMK_L02 GMKL02_014 1600 145.65 148.93 150.27 151.07
BMK_L02 GMKL02_009 2100 142.20 148.86 150.21 151.01
BMK_L02 GMKL02_000 3000 142.20 148.85 150.19 150.96

BMK_L01-04 GMKL01_092 0 143.66 148.85 150.19 150.96
BMK_L01-04 GMKL01_082 1000 147.00 148.75 149.87 150.61
BMK_L01-04 GMKL01_073 1900 146.26 148.36 149.51 150.29
BMK_L01-04 GMKL01_063 2900 145.94 147.74 149.05 149.99
BMK_L01-04 GMKL01_055 3700 144.87 147.38 148.79 149.82
BMK_L01-04 GMKL01_049 4300 145.40 147.09 148.64 149.72
BMK_L01-04 GMKL01_040 5200 144.81 146.78 148.51 149.65
BMK_L01-04 GMKL04_050 6200 142.55 146.49 148.29 149.46
BMK_L01-04 GMKL04_050 6200 142.55 146.49 148.29 149.46
BMK_L01-04 GMKL04_043 6800 142.63 145.92 147.75 149.03
BMK_L01-04 GMKL04_037 7500 142.63 145.70 147.63 148.95
BMK_L01-04 GMKL04_028 8400 139.80 145.52 147.51 148.84
BMK_L01-04 GMKL04_020 9200 139.80 145.46 147.44 148.76
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Nogoa River Model Conversion
Case086 Approved Development Results

Water Level
1 in 20 year ARI 1 in 50 year ARI 1 in 100 year ARI

Name of Watercourse X-SECT Name MIKE 11 Chainage Bed EL MIKE11 MIKE11 MIKE11
CASE 086 CASE 086 CASE 086

BMK_L01-04 GMKL04_010 10200 139.80 145.38 147.34 148.64
BMK_L01-04 GMKL04_004 10800 140.08 145.26 147.22 148.52

BMK_L03 GMKL03_008 0 135.05 146.49 148.29 149.46
BMK_L03 GMKL03_004 400 130.05 146.49 148.29 149.46
BMK_L03 GMKL03_000 800 125.05 146.50 148.29 149.46
BNO_L13 GNOL13_050 0 144.31 151.69 152.81 153.44
BNO_L13 GNOL13_043 700 144.31 151.48 152.60 153.23
BNO_L13 GNOL13_038 1200 142.42 151.29 152.42 153.05
BNO_L13 GNOL13_033 1700 143.91 151.00 152.24 152.91
BNO_L13 GNOL13_030 2000 141.90 150.90 152.17 152.86
BNO_L13 GNOL13_023 2700 141.84 150.76 152.07 152.77
BNO_L13 GNOL13_020 3000 141.10 150.72 152.04 152.74
BNO_L13 GNOL13_016 3400 142.41 150.67 152.01 152.71
BNO_L13 GNOL13_010 4000 141.46 150.64 151.99 152.70
BNO_L13 GNOL13_000 5000 141.46 150.61 151.96 152.67

BNO_R22-23-24-25 GNOR22_090 0 142.64 156.15 156.60 156.92
BNO_R22-23-24-25 GNOR22_078 1200 142.64 155.80 156.24 156.55
BNO_R22-23-24-25 GNOR22_074 1600 143.42 155.64 156.08 156.40
BNO_R22-23-24-25 GNOR22_068 2200 141.94 155.38 155.87 156.22
BNO_R22-23-24-25 GNOR23_058 3000 141.46 155.11 155.67 156.04
BNO_R22-23-24-25 GNOR23_058 3000 141.46 155.11 155.67 156.04
BNO_R22-23-24-25 GNOR23_051 3700 142.45 154.87 155.47 155.87
BNO_R22-23-24-25 GNOR23_046 4200 140.83 154.58 155.27 155.73
BNO_R22-23-24-25 GNOR24_040 4700 140.55 154.34 155.10 155.61
BNO_R22-23-24-25 GNOR24_040 4700 140.55 154.34 155.10 155.61
BNO_R22-23-24-25 GNOR24_035 5200 139.91 154.21 155.03 155.57
BNO_R22-23-24-25 GNOR24_029 5800 139.48 154.06 154.95 155.51
BNO_R22-23-24-25 GNOR25_022 6400 140.68 153.99 154.92 155.48
BNO_R22-23-24-25 GNOR25_022 6400 140.68 153.99 154.92 155.48
BNO_R22-23-24-25 GNOR25_012 7400 139.61 153.66 154.63 155.22
BNO_R22-23-24-25 GNOR25_005 8100 138.37 153.46 154.41 154.98
BNO_R22-23-24-25 GNOR25_000 8600 138.37 153.37 154.30 154.85

BNO_R21 GNOR21_000 0 150.55 155.11 155.67 156.04
BNO_R21 GNOR21_008 800 152.55 155.09 155.64 156.01
BNO_R21 GNOR21_012 1200 151.44 154.85 155.50 155.92
BNO_R21 GNOR21_020 2000 147.01 154.09 155.16 155.76
BNO_R27 GNOR27_018 0 147.01 154.09 155.16 155.76
BNO_R27 GNOR27_010 800 146.07 154.02 154.98 155.57
BNO_R27 GNOR27_006 1200 144.54 154.00 154.95 155.52
BNO_R27 GNOR27_000 1800 144.54 153.99 154.92 155.48

BNO_R12-13-18-19 GNOR12_081 0 161.96 163.85 164.39 164.77
BNO_R12-13-18-19 GNOR12_074 700 161.66 162.59 162.88 163.10
BNO_R12-13-18-19 GNOR12_065 1600 159.73 160.54 160.90 161.16
BNO_R12-13-18-19 GNOR12_061 2000 158.75 159.99 160.48 160.81
BNO_R12-13-18-19 GNOR12_053 2800 158.15 159.78 160.29 160.64
BNO_R12-13-18-19 GNOR12_044 3700 157.78 159.74 160.24 160.57
BNO_R12-13-18-19 GNOR12_035 4600 157.73 159.73 160.22 160.54
BNO_R12-13-18-19 GNOR13_030 5000 157.73 159.73 160.22 160.54
BNO_R12-13-18-19 GNOR13_030 5000 157.73 159.73 160.22 160.54
BNO_R12-13-18-19 GNOR13_021 5900 157.42 159.06 159.71 160.10
BNO_R12-13-18-19 GNOR13_016 6400 156.75 158.83 159.45 159.81
BNO_R12-13-18-19 GNOR13_010 7000 154.96 158.52 158.95 159.20
BNO_R12-13-18-19 GNOR18_067 8000 152.05 158.42 158.79 158.98
BNO_R12-13-18-19 GNOR18_067 8000 152.05 158.42 158.79 158.98
BNO_R12-13-18-19 GNOR18_060 8700 152.05 158.11 158.46 158.63
BNO_R12-13-18-19 GNOR18_053 9400 149.89 156.97 157.40 157.62
BNO_R12-13-18-19 GNOR18_053 9400 149.89 156.97 157.40 157.62
BNO_R12-13-18-19 GNOR19_040 10200 155.21 156.22 156.61 156.87
BNO_R12-13-18-19 GNOR19_031 11100 153.44 155.64 156.05 156.37
BNO_R12-13-18-19 GNOR19_026 11600 153.02 155.36 155.82 156.19
BNO_R12-13-18-19 GNOR19_018 12400 152.79 154.65 155.44 155.96
BNO_R12-13-18-19 GNOR19_012 13000 151.86 154.19 155.24 155.83
BNO_R12-13-18-19 GNOR19_002 14000 147.01 154.09 155.16 155.76

BNO_R17 GNOR17_105 0 154.02 160.84 161.36 161.64
BNO_R17 GNOR17_098 700 154.05 160.59 161.14 161.45
BNO_R17 GNOR17_090 1500 154.25 160.39 160.96 161.27
BNO_R17 GNOR17_085 2000 153.88 159.99 160.63 160.97
BNO_R17 GNOR17_080 2500 153.60 159.24 159.88 160.19
BNO_R17 GNOR17_073 3200 152.66 159.04 159.61 159.88
BNO_R17 GNOR17_068 3700 152.05 158.42 158.79 158.98
BNO_R20 GNOR20_050 0 149.89 156.97 157.40 157.62
BNO_R20 GNOR20_043 700 149.89 156.75 157.13 157.33
BNO_R20 GNOR20_039 1100 149.20 156.59 156.95 157.15
BNO_R20 GNOR20_032 1800 149.12 156.27 156.69 156.92
BNO_R20 GNOR20_025 2500 148.83 156.09 156.56 156.81
BNO_R20 GNOR20_016 3400 149.20 155.95 156.42 156.68
BNO_R20 GNOR20_007 4300 149.04 155.57 156.08 156.39
BNO_R20 GNOR20_000 5000 149.04 155.11 155.67 156.04

BNO_R04-5-6-7 GNOR04_005 0 158.89 165.34 165.99 166.45
BNO_R04-5-6-7 GNOR05_007 500 160.06 165.20 165.89 166.37
BNO_R04-5-6-7 GNOR05_007 500 160.06 165.20 165.89 166.37
BNO_R04-5-6-7 GNOR06_013 1200 159.05 164.75 165.42 165.88
BNO_R04-5-6-7 GNOR06_013 1200 159.05 164.75 165.42 165.88
BNO_R04-5-6-7 GNOR06_005 2000 159.14 164.40 164.97 165.39
BNO_R04-5-6-7 GNOR06_005 2000 159.14 164.40 164.97 165.39
BNO_R04-5-6-7 GNOR07_000 2700 157.96 164.37 164.96 165.38

BNO_R01-3 GNOR01_029 0 164.73 168.35 169.01 169.39
BNO_R01-3 GNOR01_021 800 165.80 167.87 168.29 168.57
BNO_R01-3 GNOR01_018 1300 164.94 167.33 167.78 168.09
BNO_R01-3 GNOR01_013 1800 164.06 167.08 167.60 167.94
BNO_R01-3 GNOR03_058 2800 164.03 166.72 167.29 167.68
BNO_R01-3 2800 164.03 166.72 167.29 167.68
BNO_R01-3 GNOR03_050 3600 162.94 166.11 166.80 167.25
BNO_R01-3 GNOR03_041 4500 162.40 165.82 166.57 167.03
BNO_R01-3 GNOR03_035 5100 162.17 165.71 166.47 166.94
BNO_R01-3 GNOR03_028 5800 162.10 165.62 166.36 166.82
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Nogoa River Model Conversion
Case086 Approved Development Results

Water Level
1 in 20 year ARI 1 in 50 year ARI 1 in 100 year ARI

Name of Watercourse X-SECT Name MIKE 11 Chainage Bed EL MIKE11 MIKE11 MIKE11
CASE 086 CASE 086 CASE 086

BNO_R01-3 GNOR03_019 6700 162.41 165.47 166.16 166.63
BNO_R01-3 GNOR03_012 7400 162.51 165.36 166.04 166.52
BNO_R01-3 GNOR03_005 8100 161.21 165.20 165.89 166.37
BNO_R02 GNOR02_029 0 163.62 166.72 167.29 167.68
BNO_R02 GNOR02_024 500 163.62 166.75 167.36 167.77
BNO_R02 GNOR02_015 1400 164.30 166.82 167.43 167.84
BNO_R02 GNOR02_010 1900 164.51 166.96 167.51 167.92
BNO_R02 GNOR02_000 2900 164.03 167.22 167.76 168.15

BNO_R08-15-16 GNOR08_090 0 161.54 164.40 164.97 165.39
BNO_R08-15-16 GNOR08_087 300 161.68 164.01 164.63 165.09
BNO_R08-15-16 GNOR08_080 1000 162.10 163.49 164.24 164.76
BNO_R08-15-16 GNOR08_075 1500 161.52 163.37 164.13 164.66
BNO_R08-15-16 GNOR08_070 2000 161.08 163.26 164.03 164.57
BNO_R08-15-16 GNOR08_056 3400 160.24 162.89 163.76 164.33
BNO_R08-15-16 GNOR08_050 4000 158.99 162.63 163.50 164.05
BNO_R08-15-16 GNOR08_050 4000 158.99 162.63 163.50 164.05
BNO_R08-15-16 GNOR08_040 5000 158.99 161.70 162.35 162.77
BNO_R08-15-16 GNOR08_036 5400 159.22 161.28 161.93 162.33
BNO_R08-15-16 GNOR08_030 6000 157.73 159.77 160.30 160.61
BNO_R08-15-16 GNOR08_030 6000 157.73 159.77 160.30 160.61
BNO_R08-15-16 GNOR15_025 6160 157.92 159.53 159.99 160.23
BNO_R08-15-16 GNOR15_018 6700 157.01 159.17 159.69 159.96
BNO_R08-15-16 GNOR15_008 7700 156.00 158.71 159.26 159.57
BNO_R08-15-16 GNOR15_000 8500 155.46 158.35 158.87 159.14
BNO_R08-15-16 GNOR15_000 8500 155.46 158.35 158.87 159.14
BNO_R08-15-16 GNOR16_020 9200 155.39 157.88 158.34 158.54
BNO_R08-15-16 GNOR16_015 9700 155.33 157.54 157.99 158.22
BNO_R08-15-16 GNOR16_007 10500 154.25 156.90 157.49 157.80
BNO_R08-15-16 GNOR16_000 11200 153.78 156.25 156.78 157.08

BNO_R11A GNOR11_075 0 161.41 164.40 164.97 165.39
BNO_R11A GNOR11_075 250 N/A 164.40 164.97 165.39
BNO_R11A GNOR11_070 500 162.47 164.40 164.97 165.39
BNO_R11B GNOR11_060 0 162.47 162.59 162.59 162.59
BNO_R11B GNOR11_054 600 161.99 162.13 162.13 162.13
BNO_R11B GNOR11_049 1100 160.99 161.12 161.12 161.12
BNO_R11B GNOR11_042 1800 160.27 160.38 160.38 160.38
BNO_R11B GNOR11_035 2500 158.56 159.10 159.10 159.10
BNO_R11B GNOR11_024 3600 158.95 159.07 159.06 159.06
BNO_R11B GNOR11_018 4200 158.16 158.50 158.41 158.50
BNO_R11B GNOR11_009 5100 157.44 158.50 158.41 158.49
BNO_R11B GNOR11_004 5600 156.55 158.50 158.41 158.49
BNO_R09A GNOR09_060 0 162.36 164.75 165.42 165.88
BNO_R09A GNOR09_060 250 N/A 164.75 165.42 165.88
BNO_R09A GNOR09_055 500 162.36 164.75 165.42 165.88
BNO_R09B GNOR09_041 0 164.85 164.85 164.85 164.85
BNO_R09B GNOR09_034 700 163.50 163.60 163.60 163.60
BNO_R09B GNOR09_026 1500 162.34 162.50 162.50 162.50
BNO_R09B GNOR09_021 2000 161.50 161.74 161.74 161.74
BNO_R09B GNOR09_015 2600 161.13 161.13 161.13 161.13
BNO_R09B GNOR09_005 3600 159.10 160.89 160.79 160.88
BNO_R10A GNOR10_109 0 162.47 164.40 164.97 165.39
BNO_R10A GNOR10_101 800 161.89 163.64 164.35 164.86
BNO_R10A GNOR10_094 1500 159.71 163.40 164.18 164.73
BNO_R10A GNOR10_090 1900 160.46 163.30 164.11 164.67
BNO_R10A GNOR10_079 3000 160.19 162.93 163.92 164.52
BNO_R10A GNOR10_074 3500 160.29 162.84 163.82 164.42
BNO_R10A GNOR10_065 4400 158.99 162.63 163.50 164.05
BNO_R10B GNOR10_072 0 160.19 160.34 160.35 160.35
BNO_R10B GNOR10_062 1000 158.90 159.11 159.11 159.19
BNO_R10B GNOR10_044 1800 157.32 158.46 158.88 159.15
BNO_R10B GNOR10_036 2600 157.07 158.36 158.87 159.14
BNO_R10B GNOR10_030 3200 155.46 158.35 158.87 159.14
BNO_R14 GNOR14_005 0 157.73 159.77 160.30 160.61
BNO_R14 GNOR14_000 20 157.73 159.73 160.22 160.54
BNO_L11 GNOL11_008 0 150.60 161.56 162.01 162.29
BNO_L11 GNOL11_000 800 150.60 161.30 161.81 162.11
BRE_R11 GRER11_040 0 168.05 169.07 169.28 169.42
BRE_R11 GRER11_032 800 168.05 168.93 169.09 169.27
BRE_R11 GRER11_021 1900 166.85 167.78 168.34 168.74
BRE_R11 GRER11_012 2800 160.69 167.78 168.34 168.72
BRE_R11 GRER11_004 3600 160.69 167.78 168.34 168.71
BNO_R26 GNOR26_010 0 152.26 154.34 155.10 155.61
BNO_R26 GNOR26_000 1000 152.26 153.97 154.75 155.27
BCO_R01 GCOR01_030 0 149.65 152.83 153.64 154.08
BCO_R01 GCOR01_022 800 149.65 152.41 153.21 153.64
BCO_R01 GCOR01_019 1200 149.68 152.09 152.83 153.34
BCO_R01 GCOR01_011 1900 147.93 151.57 152.48 153.07
BCO_R01 GCOR01_007 2300 147.09 151.44 152.41 153.00
BCO_R01 GCOR01_003 2700 141.07 151.42 152.39 152.99
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Nogoa River Model Conversion
Case 086 1 in 20, 1 in 50 and 1 in 100 year Results

Water Level 1 in 50 year ARI 1 in 100 year ARI

Name of Watercourse X-SECT Name MIKE 11 Chainage Bed EL RUBICON MIKE11 difference RUBICON MIKE11 difference RUBICON MIKE11 difference
CASE 086 CASE 086 (mAHD) CASE 086 CASE 086 (mAHD) CASE 086 CASE 086 (mAHD)

NOGOA_MACKENZIE GNO_007005 0 175.81 187.19 187.37 0.18 188.66 188.83 0.17 189.56 189.73 0.17
NOGOA_MACKENZIE GNO_006998 700 171.87 186.97 187.12 0.15 188.40 188.56 0.16 189.27 189.46 0.19
NOGOA_MACKENZIE GNO_006991 1400 172.99 186.64 186.61 -0.03 188.04 188.14 0.10 188.90 189.05 0.15
NOGOA_MACKENZIE GNO_006983 2200 173.73 186.14 185.97 -0.17 187.49 187.50 0.01 188.32 188.44 0.12
NOGOA_MACKENZIE GNO_006978 2600 174.39 185.95 185.73 -0.22 187.29 187.27 -0.02 188.11 188.22 0.10
NOGOA_MACKENZIE GNO_006975 3000 174.39 185.75 185.49 -0.26 187.10 187.09 -0.01 187.91 188.04 0.13
NOGOA_MACKENZIE GNO_006975 3000 174.39 185.75 185.49 -0.26 187.10 187.09 -0.01 187.91 188.04 0.13
NOGOA_MACKENZIE GNO_006972 3500 173.92 185.43 185.20 -0.24 186.81 186.88 0.06 187.64 187.87 0.23
NOGOA_MACKENZIE GNO_006962 4200 173.42 185.08 184.86 -0.22 186.46 186.54 0.08 187.30 187.53 0.23
NOGOA_MACKENZIE GNO_006951 5300 172.35 184.46 184.37 -0.09 185.88 186.13 0.25 186.74 186.97 0.23
NOGOA_MACKENZIE GNO_006940 6400 172.35 183.40 183.75 0.35 185.02 185.73 0.71 185.94 186.60 0.66
NOGOA_MACKENZIE GNO_006940 6400 172.35 183.40 183.75 0.35 185.02 185.73 0.71 185.94 186.60 0.66
NOGOA_MACKENZIE GNO_006930 7300 171.26 182.67 182.82 0.15 184.33 185.02 0.69 185.25 185.91 0.66
NOGOA_MACKENZIE GNO_006919 8200 169.07 181.94 181.69 -0.25 183.60 184.07 0.47 184.52 184.89 0.37
NOGOA_MACKENZIE GNO_006910 9100 169.07 181.11 181.06 -0.05 182.79 183.51 0.72 183.72 184.22 0.50
NOGOA_MACKENZIE GNO_006910 9100 169.07 181.11 181.06 -0.05 182.79 183.51 0.72 183.72 184.22 0.50
NOGOA_MACKENZIE GNO_006900 10000 167.16 180.71 180.63 -0.08 182.37 183.15 0.78 183.27 183.86 0.58
NOGOA_MACKENZIE GNO_006892 10800 167.01 180.35 180.28 -0.07 181.99 182.71 0.72 182.87 183.48 0.61
NOGOA_MACKENZIE GNO_006886 11400 166.99 180.10 180.05 -0.05 181.73 182.35 0.62 182.61 183.19 0.58
NOGOA_MACKENZIE GNO_006876 12400 166.85 179.57 179.57 0.00 181.22 181.75 0.53 182.12 182.62 0.50
NOGOA_MACKENZIE GNO_006868 13200 166.15 179.15 179.17 0.02 180.78 181.35 0.57 181.65 182.15 0.50
NOGOA_MACKENZIE GNO_006854 14600 164.84 178.29 178.37 0.08 179.98 180.67 0.69 180.89 181.54 0.65
NOGOA_MACKENZIE GNO_006845 15500 164.40 177.77 177.82 0.05 179.48 180.07 0.59 180.47 181.17 0.70
NOGOA_MACKENZIE GNO_006840 16000 164.31 177.45 177.49 0.04 179.19 179.72 0.53 180.21 180.97 0.75
NOGOA_MACKENZIE GNO_006840 16000 164.31 177.45 177.49 0.04 179.19 179.72 0.53 180.21 180.97 0.75
NOGOA_MACKENZIE N/A 16150 164.31 177.42 177.37 -0.04 179.15 179.60 0.45 180.15 180.88 0.73
NOGOA_MACKENZIE N/A 16200 170.39 177.39 177.26 -0.13 179.10 179.52 0.42 180.10 180.85 0.75
NOGOA_MACKENZIE N/A 16250 163.46 177.35 177.28 -0.07 179.06 179.49 0.44 180.04 180.83 0.79
NOGOA_MACKENZIE GNO_006835 16500 163.46 177.32 177.19 -0.13 179.01 179.32 0.31 179.98 180.68 0.70
NOGOA_MACKENZIE GNO_006822 17800 164.18 176.87 176.76 -0.11 178.49 178.67 0.18 179.41 180.02 0.61
NOGOA_MACKENZIE GNO_006817 18300 164.18 176.69 176.60 -0.09 178.27 178.50 0.23 179.16 179.84 0.68
NOGOA_MACKENZIE GNO_006810 18800 165.16 176.08 176.17 0.09 177.58 178.08 0.50 178.46 179.45 0.99
NOGOA_MACKENZIE GNO_006802 19600 164.38 175.23 175.30 0.07 176.59 176.90 0.31 177.34 178.23 0.89
NOGOA_MACKENZIE GNO_006798 20000 163.84 174.96 175.04 0.08 176.29 176.67 0.38 177.01 178.02 1.01
NOGOA_MACKENZIE GNO_006792 20600 163.45 174.42 174.43 0.01 175.69 176.11 0.42 176.35 177.33 0.98
NOGOA_MACKENZIE GNO_006784 21400 162.56 173.71 173.60 -0.12 174.87 175.00 0.13 175.47 175.82 0.35
NOGOA_MACKENZIE GNO_006778 22200 162.02 173.33 173.06 -0.27 174.41 174.10 -0.31 174.94 174.59 -0.35
NOGOA_MACKENZIE GNO_006778 22200 162.02 173.33 173.06 -0.27 174.41 174.10 -0.31 174.94 174.59 -0.35
NOGOA_MACKENZIE GNO_006769 22800 161.43 172.93 172.57 -0.36 174.03 173.52 -0.51 174.57 173.96 -0.61
NOGOA_MACKENZIE GNO_006759 23800 161.43 171.88 171.76 -0.12 172.95 172.71 -0.24 173.54 173.10 -0.44
NOGOA_MACKENZIE GNO_006759 23800 161.43 171.88 171.76 -0.12 172.95 172.71 -0.24 173.54 173.10 -0.44
NOGOA_MACKENZIE GNO_006753 24300 160.25 171.65 171.56 -0.09 172.71 172.48 -0.23 173.29 172.84 -0.45
NOGOA_MACKENZIE GNO_006744 25200 159.78 171.03 171.07 0.04 172.02 171.93 -0.09 172.55 172.25 -0.30
NOGOA_MACKENZIE GNO_006737 25900 159.43 170.30 170.41 0.11 171.33 171.22 -0.12 171.89 171.62 -0.27
NOGOA_MACKENZIE GNO_006734 26200 158.85 170.06 170.11 0.05 171.15 170.98 -0.17 171.73 171.41 -0.32
NOGOA_MACKENZIE GNO_006727 26900 158.39 169.73 169.73 0.00 170.85 170.65 -0.20 171.44 171.10 -0.34
NOGOA_MACKENZIE GNO_006720 27600 158.39 169.45 169.47 0.02 170.55 170.38 -0.17 171.14 170.84 -0.30

Results (mAHD)
1 in 20 year ARI

Results (mAHD) Results (mAHD)
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NOGOA_MACKENZIE GNO_006709 28700 157.78 169.01 169.01 0.00 170.03 169.90 -0.13 170.58 170.36 -0.22
NOGOA_MACKENZIE GNO_006701 29500 157.54 168.84 168.85 0.01 169.83 169.71 -0.12 170.36 170.17 -0.19
NOGOA_MACKENZIE GNO_006692 30400 157.08 168.61 168.66 0.04 169.56 169.46 -0.10 170.09 169.89 -0.20
NOGOA_MACKENZIE GNO_006685 31100 157.08 168.28 168.35 0.07 169.18 169.01 -0.17 169.72 169.39 -0.33
NOGOA_MACKENZIE GNO_006685 31100 157.08 168.28 168.35 0.07 169.18 169.01 -0.17 169.72 169.39 -0.33
NOGOA_MACKENZIE GNO_006678 31500 155.58 168.11 168.17 0.06 168.99 168.78 -0.21 169.53 169.14 -0.40
NOGOA_MACKENZIE GNO_006670 32300 155.58 167.63 167.78 0.15 168.43 168.34 -0.09 168.94 168.72 -0.22
NOGOA_MACKENZIE GNO_006670 32300 155.58 167.63 167.78 0.15 168.43 168.34 -0.09 168.94 168.72 -0.22
NOGOA_MACKENZIE GNO_006661 33000 154.67 167.43 167.46 0.03 168.17 168.02 -0.15 168.71 168.40 -0.31
NOGOA_MACKENZIE GNO_006657 33400 154.20 167.38 167.30 -0.08 168.10 167.84 -0.26 168.63 168.24 -0.39
NOGOA_MACKENZIE GNO_006650 34100 154.29 167.33 167.22 -0.11 168.02 167.76 -0.26 168.54 168.16 -0.38
NOGOA_MACKENZIE GNO_006641 34100 154.29 167.33 167.22 -0.11 167.72 167.76 0.04 168.54 168.16 -0.38
NOGOA_MACKENZIE GNO_006641 34500 155.39 166.98 166.91 -0.07 167.72 167.49 -0.23 168.27 167.92 -0.36
NOGOA_MACKENZIE GNO_006630 34900 154.83 166.76 166.64 -0.12 167.53 167.25 -0.28 168.09 167.69 -0.40
NOGOA_MACKENZIE GNO_006621 35800 154.14 166.23 166.02 -0.21 167.02 166.69 -0.33 167.61 167.16 -0.45
NOGOA_MACKENZIE GNO_006610 36900 153.33 165.63 165.37 -0.26 166.42 166.01 -0.41 167.02 166.47 -0.55
NOGOA_MACKENZIE GNO_006610 36900 153.33 165.63 165.37 -0.26 166.42 166.01 -0.41 167.02 166.47 -0.55
NOGOA_MACKENZIE GNO_006598 37600 152.82 165.37 165.10 -0.27 166.15 165.72 -0.43 166.74 166.16 -0.58
NOGOA_MACKENZIE GNO_006592 38200 151.96 165.01 164.80 -0.22 165.79 165.39 -0.41 166.38 165.81 -0.57
NOGOA_MACKENZIE GNO_006583 39100 151.75 164.54 164.43 -0.11 165.30 165.01 -0.29 165.90 165.41 -0.49
NOGOA_MACKENZIE GNO_006583 39100 151.75 164.54 164.43 -0.11 165.30 165.01 -0.29 165.90 165.41 -0.49
NOGOA_MACKENZIE GNO_006570 39800 150.16 164.38 164.25 -0.13 165.12 164.81 -0.31 165.71 165.20 -0.51
NOGOA_MACKENZIE GNO_006565 40300 149.96 164.22 164.12 -0.10 164.94 164.66 -0.28 165.51 165.03 -0.48
NOGOA_MACKENZIE GNO_006560 40800 149.71 164.05 163.96 -0.09 164.74 164.48 -0.26 165.29 164.83 -0.46
NOGOA_MACKENZIE GNO_006560 40800 149.71 164.05 163.96 -0.09 164.74 164.48 -0.26 165.29 164.83 -0.46
NOGOA_MACKENZIE GNO_006545 41700 150.01 163.40 163.52 0.12 164.04 164.02 -0.02 164.52 164.33 -0.19
NOGOA_MACKENZIE GNO_006537 42500 149.80 162.74 162.94 0.19 163.34 163.38 0.04 163.79 163.67 -0.12
NOGOA_MACKENZIE GNO_006532 43000 149.51 162.34 162.57 0.23 162.92 162.98 0.06 163.36 163.25 -0.11
NOGOA_MACKENZIE GNO_006522 44000 148.73 161.26 161.45 0.19 161.75 161.90 0.15 162.12 162.13 0.01
NOGOA_MACKENZIE GNO_006522 44000 148.73 161.26 161.45 0.19 161.75 161.90 0.15 162.12 162.13 0.01
NOGOA_MACKENZIE GNO_006510 45000 147.83 160.84 160.94 0.10 161.32 161.44 0.12 161.68 161.66 -0.02
NOGOA_MACKENZIE GNO_006503 45700 147.83 160.45 160.59 0.14 160.92 161.08 0.16 161.26 161.31 0.05
NOGOA_MACKENZIE GNO_006503 45700 147.83 160.45 160.59 0.14 160.92 161.08 0.16 161.26 161.31 0.05
NOGOA_MACKENZIE GNO_006496 46200 147.10 160.36 160.27 -0.09 160.82 160.73 -0.09 161.17 161.03 -0.14
NOGOA_MACKENZIE GNO_006492 46600 146.79 160.15 159.99 -0.16 160.62 160.29 -0.33 160.98 160.69 -0.29
NOGOA_MACKENZIE GNO_006485 47300 146.19 159.62 159.37 -0.25 160.14 159.53 -0.61 160.52 159.94 -0.58
NOGOA_MACKENZIE GNO_006480 47800 145.92 159.31 159.08 -0.23 159.84 159.21 -0.63 160.22 159.55 -0.67
NOGOA_MACKENZIE GNO_006470 48800 147.16 158.77 158.67 -0.10 159.28 158.82 -0.46 159.66 159.08 -0.58
NOGOA_MACKENZIE GNO_006465 49300 149.31 158.52 158.42 -0.10 159.05 158.61 -0.44 159.44 158.84 -0.60
NOGOA_MACKENZIE GNO_006460 49800 146.41 158.28 158.06 -0.22 158.84 158.32 -0.52 159.25 158.60 -0.65
NOGOA_MACKENZIE GNO_006450 50800 145.90 157.86 157.43 -0.43 158.45 157.87 -0.58 158.88 158.21 -0.67
NOGOA_MACKENZIE GNO_006440 51800 145.33 157.48 157.06 -0.42 158.08 157.61 -0.47 158.51 157.98 -0.53
NOGOA_MACKENZIE GNO_006430 52800 145.33 157.06 156.94 -0.12 157.66 157.53 -0.13 158.09 157.90 -0.19
NOGOA_MACKENZIE GNO_006430 52800 145.33 157.06 156.94 -0.12 157.66 157.53 -0.13 158.09 157.90 -0.19
NOGOA_MACKENZIE GNO_006420 53500 144.39 156.88 156.80 -0.08 157.47 157.39 -0.08 157.89 157.76 -0.13
NOGOA_MACKENZIE GNO_006412 54300 143.76 156.63 156.53 -0.10 157.21 157.09 -0.12 157.62 157.44 -0.18
NOGOA_MACKENZIE GNO_006405 55300 143.01 156.20 156.14 -0.06 156.75 156.64 -0.11 157.13 156.93 -0.20
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NOGOA_MACKENZIE GNO_006405 55300 143.01 156.20 156.14 -0.06 156.75 156.64 -0.11 157.13 156.93 -0.20
NOGOA_MACKENZIE GNO_006396 56100 147.46 155.80 156.03 0.23 156.29 156.47 0.18 156.64 156.74 0.10
NOGOA_MACKENZIE GNO_006390 56700 146.10 155.43 155.79 0.35 155.92 156.15 0.23 156.26 156.39 0.13
NOGOA_MACKENZIE GNO_006385 57200 144.90 155.22 155.60 0.38 155.71 155.95 0.24 156.05 156.18 0.13
NOGOA_MACKENZIE GNO_006379 57800 144.95 154.90 155.35 0.45 155.42 155.69 0.27 155.79 155.93 0.14
NOGOA_MACKENZIE GNO_006372 58500 143.36 154.47 154.76 0.29 155.09 155.27 0.18 155.52 155.58 0.06
NOGOA_MACKENZIE GNO_006367 59000 143.36 154.32 154.49 0.17 154.96 155.08 0.12 155.40 155.42 0.02
NOGOA_MACKENZIE GNO_006362 59500 144.95 154.19 154.37 0.18 154.83 154.97 0.14 155.27 155.32 0.05
NOGOA_MACKENZIE GNO_006356 60100 143.09 153.89 154.13 0.24 154.58 154.78 0.20 155.05 155.14 0.09
NOGOA_MACKENZIE GNO_006353 60400 142.16 153.65 153.89 0.24 154.40 154.60 0.20 154.91 154.99 0.08
NOGOA_MACKENZIE GNO_006350 60700 141.63 153.49 153.76 0.27 154.27 154.50 0.23 154.80 154.90 0.10
NOGOA_MACKENZIE GNO_006350 60700 141.63 153.49 153.76 0.27 154.27 154.50 0.23 154.80 154.90 0.10
NOGOA_MACKENZIE GNO_006342 61200 141.28 153.23 153.59 0.36 154.05 154.38 0.33 154.60 154.78 0.18
NOGOA_MACKENZIE GNO_006338 61600 142.49 153.01 153.36 0.35 153.85 154.20 0.35 154.42 154.62 0.20
NOGOA_MACKENZIE GNO_006330 62400 137.72 152.60 152.95 0.35 153.52 153.88 0.36 154.12 154.33 0.21
NOGOA_MACKENZIE GNO_006330 62400 137.72 152.60 152.95 0.35 153.52 153.88 0.36 154.12 154.33 0.21
NOGOA_MACKENZIE GNO_006323 63000 138.11 152.25 152.21 -0.04 153.20 153.37 0.17 153.85 153.89 0.04
NOGOA_MACKENZIE GNO_006319 63600 136.56 151.92 152.01 0.09 152.88 153.12 0.24 153.57 153.67 0.10
NOGOA_MACKENZIE GNO_006319 63600 136.56 151.92 152.01 0.09 152.88 153.12 0.24 153.57 153.67 0.10
NOGOA_MACKENZIE GNO_006310 64230 136.16 151.70 151.79 0.09 152.68 152.87 0.19 153.40 153.45 0.05
NOGOA_MACKENZIE GNO_006300 65220 135.59 151.51 151.57 0.06 152.49 152.64 0.15 153.22 153.23 0.01
NOGOA_MACKENZIE GNO_006290 66020 134.54 151.38 151.44 0.06 152.36 152.53 0.16 153.11 153.10 -0.01
NOGOA_MACKENZIE GNO_006290 66020 134.54 151.38 151.44 0.06 152.36 152.53 0.16 153.11 153.10 -0.01
NOGOA_MACKENZIE GNO_006285 66770 133.66 151.27 151.32 0.05 152.29 152.44 0.15 153.05 153.02 -0.03
NOGOA_MACKENZIE GNO_006280 67280 134.24 151.17 151.22 0.05 152.21 152.36 0.15 152.99 152.94 -0.05
NOGOA_MACKENZIE GNO_006275 67790 134.03 151.08 151.15 0.07 152.14 152.31 0.17 152.95 152.89 -0.06
NOGOA_MACKENZIE GNO_006270 68090 133.76 151.03 151.10 0.07 152.10 152.26 0.16 152.92 152.86 -0.06
NOGOA_MACKENZIE GNO_006265 68690 133.32 150.91 150.99 0.08 152.01 152.16 0.15 152.86 152.76 -0.10
NOGOA_MACKENZIE GNO_006260 69230 133.29 150.85 150.91 0.06 151.97 152.12 0.15 152.83 152.72 -0.11
NOGOA_MACKENZIE GNO_006256 69740 133.19 150.78 150.84 0.06 151.93 152.07 0.14 152.80 152.68 -0.12
NOGOA_MACKENZIE GNO_006250 70340 133.01 150.72 150.75 0.03 151.89 152.01 0.12 152.78 152.64 -0.15
NOGOA_MACKENZIE GNO_006250 70340 133.01 150.72 150.75 0.03 151.89 152.01 0.12 152.78 152.64 -0.15
NOGOA_MACKENZIE GNO_006263 71780 133.01 150.61 150.51 -0.10 151.80 151.75 -0.05 152.70 152.40 -0.30
NOGOA_MACKENZIE GNO_006263 71780 133.01 150.61 150.51 -0.10 151.80 151.75 -0.05 152.70 152.40 -0.30
NOGOA_MACKENZIE GMK_006226 72980 132.16 150.35 150.12 -0.23 151.49 151.19 -0.30 152.38 151.85 -0.53
NOGOA_MACKENZIE GMK_006226 72980 132.16 150.35 150.12 -0.23 151.49 151.19 -0.30 152.38 151.85 -0.53
NOGOA_MACKENZIE GMK_006220 73400 131.23 150.20 150.02 -0.18 151.37 151.10 -0.27 152.28 151.77 -0.51
NOGOA_MACKENZIE GMK_006212 74120 130.24 149.91 149.81 -0.10 151.14 150.87 -0.27 152.08 151.55 -0.53
NOGOA_MACKENZIE GMK_006205 74780 128.63 149.65 149.61 -0.04 150.92 150.66 -0.26 151.90 151.36 -0.54
NOGOA_MACKENZIE GMK_006198 75710 128.11 149.38 149.34 -0.04 150.72 150.43 -0.29 151.75 151.15 -0.60
NOGOA_MACKENZIE GMK_006187 76730 128.89 149.10 149.00 -0.10 150.52 150.18 -0.34 151.59 150.93 -0.66
NOGOA_MACKENZIE GMK_006180 77330 129.00 148.91 148.81 -0.10 150.39 150.06 -0.33 151.48 150.83 -0.65
NOGOA_MACKENZIE GMK_006180 77330 129.00 148.91 148.81 -0.10 150.39 150.06 -0.33 151.48 150.83 -0.65
NOGOA_MACKENZIE GMK_006176 77810 129.00 148.76 148.62 -0.14 150.30 149.96 -0.34 151.42 150.75 -0.67
NOGOA_MACKENZIE GMK_006160 79490 130.10 148.33 148.13 -0.20 150.05 149.67 -0.38 151.26 150.54 -0.72
NOGOA_MACKENZIE GMK_006149 80490 128.23 148.12 147.87 -0.25 149.94 149.47 -0.47 151.18 150.41 -0.77
NOGOA_MACKENZIE GMK_006149 80490 128.23 148.12 147.87 -0.25 149.94 149.47 -0.47 151.18 150.41 -0.77
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NOGOA_MACKENZIE GMK_006147 80670 128.23 148.05 147.79 -0.26 149.90 149.40 -0.50 151.16 150.37 -0.79
NOGOA_MACKENZIE GMK_006140 81390 126.91 147.83 147.56 -0.27 149.78 149.18 -0.60 151.08 150.23 -0.85
NOGOA_MACKENZIE GMK_006132 82110 125.50 147.67 147.39 -0.28 149.68 149.03 -0.66 151.01 150.12 -0.89
NOGOA_MACKENZIE GMK_006132 82110 125.50 147.67 147.39 -0.28 149.68 149.03 -0.66 151.01 150.12 -0.89
NOGOA_MACKENZIE GMK_006107 84210 122.90 146.98 146.55 -0.43 149.11 148.29 -0.82 150.47 149.46 -1.01
NOGOA_MACKENZIE GMK_006107 84210 122.90 146.98 146.55 -0.43 149.11 148.29 -0.82 150.47 149.46 -1.01
NOGOA_MACKENZIE GMK_006085 85710 124.26 146.48 146.19 -0.29 148.55 147.97 -0.59 149.88 149.16 -0.72
NOGOA_MACKENZIE GMK_006060 88210 123.23 145.68 145.69 0.01 147.60 147.52 -0.08 148.88 148.75 -0.13
NOGOA_MACKENZIE GMK_006045 89710 122.45 145.14 145.32 0.18 147.00 147.23 0.23 148.30 148.52 0.22
NOGOA_MACKENZIE GMK_006045 89710 122.45 145.14 145.32 0.18 147.00 147.23 0.23 148.30 148.52 0.22
NOGOA_MACKENZIE GMK_006020 91710 121.21 144.60 144.75 0.15 146.52 146.70 0.17 147.87 148.05 0.18
NOGOA_MACKENZIE GMK_005997 94010 119.56 143.90 143.92 0.01 145.89 145.97 0.08 147.30 147.40 0.10
NOGOA_MACKENZIE GMK_005982 95510 118.83 143.32 143.23 -0.09 145.36 145.35 -0.02 146.80 146.81 0.01
NOGOA_MACKENZIE GMK_005982 95510 118.83 143.32 143.23 -0.09 145.36 145.35 -0.02 146.80 146.81 0.01
NOGOA_MACKENZIE GMK_005976 95910 118.83 143.13 143.03 -0.10 145.14 145.13 -0.01 146.56 146.59 0.03

BNO_L14 GNOL14_020 0 181.65 185.75 185.49 -0.26 187.10 187.09 -0.01 187.91 188.04 0.13
BNO_L14 GNOL14_012 800 181.29 185.73 184.86 -0.87 186.91 186.68 -0.23 187.59 187.59 0.00
BNO_L14 GNOL14_004 1600 182.53 183.40 183.75 0.35 185.02 185.73 0.71 185.94 186.60 0.66
BNO_L01 GNOL01_085 0 182.03 182.03 182.03 0.00 N/A 183.51 N/A N/A 184.22 N/A
BNO_L01 GNOL01_077 800 182.03 182.03 182.03 0.00 N/A 183.15 N/A N/A 183.90 N/A
BNO_L01 GNOL01_068 1700 179.94 179.94 179.94 0.00 N/A 182.70 N/A N/A 183.52 N/A
BNO_L01 GNOL01_060 2500 179.94 179.94 179.94 0.00 N/A 182.54 N/A N/A 183.25 N/A
BNO_L01 GNOL01_051 3400 180.38 180.38 180.39 0.00 N/A 182.20 N/A N/A 182.71 N/A
BNO_L01 GNOL01_045 4000 179.50 179.5 180.46 0.96 N/A 181.42 N/A N/A 181.79 N/A
BNO_L01 GNOL01_032 5300 176.22 177.45 177.49 0.04 179.19 179.75 0.56 N/A 180.98 N/A
BNO_L01 GNOL01_024 6100 174.32 177.45 177.49 0.04 179.19 179.73 0.54 N/A 180.97 N/A
BNO_L01 GNOL01_018 6700 172.70 177.45 177.49 0.04 179.19 179.72 0.53 N/A 180.97 N/A
BNO_L01 GNOL01_010 7500 170.48 177.45 177.49 0.04 179.19 179.72 0.53 N/A 180.97 N/A

BOGGY CREEK GBO_000070 0 161.24 161.24 161.24 0.00 N/A 161.24 N/A N/A 161.24 N/A
BOGGY CREEK GBO_000065 500 159.25 159.25 159.24 -0.01 N/A 159.24 N/A N/A 159.24 N/A
BOGGY CREEK GBO_000062 800 158.46 158.46 158.45 -0.01 N/A 158.45 N/A N/A 158.45 N/A
BOGGY CREEK GBO_000056 1400 156.69 156.69 156.69 0.00 N/A 156.69 N/A N/A 156.69 N/A
BOGGY CREEK GBO_000052 1800 154.81 154.81 154.81 0.00 N/A 154.81 N/A N/A 154.81 N/A
BOGGY CREEK GBO_000045 2500 153.36 153.36 153.36 0.00 N/A 153.36 N/A N/A 153.67 N/A
BOGGY CREEK GBO_000038 3200 149.88 151.6 152.01 0.41 152.56 153.12 0.56 153.25 153.67 0.42
BOGGY CREEK GBO_000033 3700 148.19 151.6 152.01 0.41 152.56 153.12 0.56 153.25 153.67 0.42
BOGGY CREEK GBO_000026 4400 146.30 151.6 152.01 0.41 152.56 153.12 0.56 153.25 153.67 0.42
BOGGY CREEK GBO_000018 5200 145.25 151.6 152.01 0.41 152.56 153.12 0.56 153.25 153.67 0.42
BOGGY CREEK GBO_000013 5700 143.29 151.6 152.01 0.41 152.56 153.12 0.56 153.25 153.67 0.42
BOGGY CREEK GBO_000000 7000 143.29 151.6 152.01 0.41 152.56 153.12 0.56 153.25 153.67 0.42
COMET RIVER GCO_000168 0 141.12 154.28 154.36 0.08 155.12 155.27 0.15 155.67 155.76 0.09
COMET RIVER GCO_000161 700 141.12 153.97 154.04 0.07 154.88 155.04 0.16 155.45 155.52 0.07
COMET RIVER GCO_000161 700 141.12 153.97 154.04 0.07 154.88 155.04 0.16 155.45 155.52 0.07
COMET RIVER GCO_000157 1100 141.24 153.92 153.97 0.05 154.83 154.98 0.15 155.40 155.46 0.06
COMET RIVER GCO_000150 1800 141.31 153.83 153.87 0.03 154.75 154.89 0.14 155.32 155.37 0.05
COMET RIVER GCO_000143 2500 141.14 153.67 153.66 -0.01 154.59 154.70 0.11 155.17 155.16 -0.01
COMET RIVER GCO_000135 3400 141.14 153.47 153.35 -0.12 154.40 154.40 0.00 154.98 154.85 -0.13
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COMET RIVER GCO_000128 4000 140.72 153.35 153.20 -0.16 154.27 154.27 0.00 154.85 154.71 -0.14
COMET RIVER GCO_000117 5100 140.10 152.95 152.86 -0.09 153.84 153.85 0.01 154.41 154.27 -0.14
COMET RIVER GCO_000112 5600 137.39 152.81 152.75 -0.06 153.66 153.57 -0.09 154.22 154.00 -0.22
COMET RIVER GCO_000112 5600 137.39 152.81 152.75 -0.06 153.66 153.57 -0.09 154.22 154.00 -0.22
COMET RIVER GCO_000104 6500 136.49 152.52 152.58 0.06 153.39 153.41 0.02 153.97 153.84 -0.13
COMET RIVER GCO_000099 6900 136.19 152.36 152.46 0.10 153.23 153.28 0.05 153.83 153.71 -0.12
COMET RIVER GCO_000094 7400 135.49 152.21 152.35 0.14 153.09 153.14 0.05 153.71 153.57 -0.14
COMET RIVER GCO_000089 7900 136.62 152.1 152.27 0.17 152.99 153.04 0.05 153.62 153.48 -0.14
COMET RIVER GCO_000084 8400 135.90 151.99 152.18 0.19 152.88 152.93 0.05 153.52 153.38 -0.14
COMET RIVER GCO_000074 9400 135.76 151.41 151.64 0.23 152.37 152.47 0.10 153.11 152.97 -0.14
COMET RIVER GCO_000070 9800 135.25 151.28 151.42 0.13 152.26 152.28 0.02 153.02 152.80 -0.23
COMET RIVER GCO_000065 10200 135.52 151.18 151.34 0.16 152.18 152.22 0.04 152.96 152.74 -0.22
COMET RIVER GCO_000065 10200 135.52 151.18 151.34 0.16 152.18 152.22 0.04 152.96 152.74 -0.22
COMET RIVER GCO_000058 11200 135.52 151.09 151.23 0.14 152.12 152.16 0.04 152.92 152.69 -0.23
COMET RIVER GCO_000058 11200 135.52 151.09 151.23 0.14 152.12 152.16 0.04 152.92 152.69 -0.23
COMET RIVER GCO_000051 11700 135.65 150.96 151.13 0.17 151.99 152.06 0.07 152.83 152.61 -0.22
COMET RIVER GCO_000046 12200 135.45 150.89 151.05 0.16 151.94 151.95 0.01 152.79 152.54 -0.25
COMET RIVER GCO_000041 12700 134.60 150.85 150.96 0.11 151.92 151.92 0.00 152.78 152.52 -0.26
COMET RIVER GCO_000033 13500 134.49 150.79 150.83 0.04 151.89 151.88 -0.01 152.76 152.49 -0.27
COMET RIVER GCO_000028 13900 134.65 150.76 150.78 0.02 151.88 151.86 -0.02 152.75 152.48 -0.27
COMET RIVER GCO_000020 14800 134.40 150.69 150.67 -0.02 151.84 151.82 -0.02 152.73 152.45 -0.28
COMET RIVER GCO_000013 15500 134.40 150.64 150.57 -0.07 151.81 151.77 -0.04 152.71 152.42 -0.30
COMET RIVER GCO_000006 16100 134.56 150.61 150.51 -0.10 151.80 151.75 -0.05 152.70 152.40 -0.30

SANDHURST CREEK GSA_000160 0 151.64 154.89 154.95 0.06 155.09 155.19 0.10 155.25 155.36 0.11
SANDHURST CREEK GSA_000155 500 151.18 154.27 154.50 0.23 154.47 154.72 0.25 154.62 154.88 0.26
SANDHURST CREEK GSA_000150 1000 150.74 153.66 153.86 0.20 153.89 154.11 0.22 154.04 154.29 0.25
SANDHURST CREEK GSA_000146 1400 150.72 153.47 153.67 0.19 153.69 153.89 0.20 153.83 154.07 0.24
SANDHURST CREEK GSA_000141 1900 149.40 152.96 153.23 0.27 153.18 153.42 0.23 153.34 153.67 0.33
SANDHURST CREEK GSA_000136 2400 148.79 152.27 152.54 0.27 152.67 152.86 0.19 152.96 153.39 0.43
SANDHURST CREEK GSA_000128 3200 148.96 151.83 151.91 0.08 152.44 152.58 0.14 152.81 153.28 0.47
SANDHURST CREEK GSA_000121 3900 147.98 151.78 151.81 0.03 152.41 152.54 0.13 152.79 153.26 0.47
SANDHURST CREEK GSA_000117 4300 147.04 151.77 151.80 0.03 152.41 152.54 0.13 152.79 153.25 0.46
SANDHURST CREEK GSA_000111 4900 146.52 151.77 151.80 0.03 152.4 152.53 0.13 152.78 153.24 0.46
SANDHURST CREEK GSA_000104 5600 146.53 151.22 151.70 0.48 151.84 152.43 0.59 152.74 153.16 0.42
SANDHURST CREEK GSA_000096 6400 145.52 150.65 150.60 -0.05 151.84 151.86 0.02 152.74 152.50 -0.24
SANDHURST CREEK GSA_000089 7100 145.29 150.65 150.60 -0.05 151.84 151.86 0.02 152.74 152.50 -0.24
SANDHURST CREEK GSA_000084 7600 144.51 150.65 150.60 -0.05 151.84 151.86 0.01 152.74 152.50 -0.24
SANDHURST CREEK GSA_000076 8400 143.41 150.65 150.60 -0.05 151.84 151.86 0.01 152.74 152.50 -0.24
SANDHURST CREEK GSA_000065 9500 143.13 150.65 150.60 -0.05 151.84 151.86 0.01 152.74 152.50 -0.24
SANDHURST CREEK GSA_000065 9500 143.13 150.65 150.60 -0.05 151.84 151.86 0.01 152.74 152.50 -0.24
SANDHURST CREEK GSA_000052 10700 142.46 150.64 150.58 -0.06 151.83 151.83 0.00 152.73 152.48 -0.25
SANDHURST CREEK GSA_000041 11700 141.07 150.64 150.57 -0.07 151.83 151.82 -0.01 152.73 152.47 -0.26
SANDHURST CREEK GSA_000035 12300 140.95 150.63 150.56 -0.07 151.82 151.81 -0.01 152.72 152.46 -0.26
SANDHURST CREEK GSA_000027 13100 140.65 150.63 150.55 -0.08 151.82 151.80 -0.02 152.72 152.45 -0.28
SANDHURST CREEK GSA_000015 14600 139.34 150.62 150.53 -0.09 151.81 151.78 -0.03 152.71 152.43 -0.28
SANDHURST CREEK GSA_000010 15100 138.19 150.62 150.52 -0.10 151.81 151.77 -0.04 152.71 152.42 -0.29
SANDHURST CREEK GSA_000000 16100 138.19 150.61 150.51 -0.10 151.8 151.75 -0.05 152.70 152.40 -0.30
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BCO_L01-02-04 GCOL01_026 0 150.37 153.97 154.04 0.07 154.88 155.04 0.16 155.45 155.52 0.07
BCO_L01-02-04 GCOL01_020 600 149.72 153.57 153.62 0.05 154.46 154.57 0.11 155.01 155.02 0.01
BCO_L01-02-04 GCOL01_014 1200 149.40 153.22 153.22 0.00 154.07 154.10 0.03 154.61 154.54 -0.07
BCO_L01-02-04 GCOL01_010 1600 149.30 153.09 153.07 -0.02 153.92 153.90 -0.02 154.45 154.32 -0.13
BCO_L01-02-04 GCOL01_002 2600 148.54 152.93 152.89 -0.04 153.72 153.64 -0.08 154.25 154.04 -0.21
BCO_L01-02-04 GCOL01_002 2600 148.54 152.93 152.89 -0.04 153.72 153.64 -0.08 154.25 154.04 -0.21
BCO_L01-02-04 GCOL02_069 3400 151.49 152.86 152.87 0.01 153.72 153.55 -0.17 154.25 153.90 -0.35
BCO_L01-02-04 GCOL02_062 4100 151.38 152.49 152.53 0.04 153.57 153.18 -0.39 154.03 153.46 -0.57
BCO_L01-02-04 GCOL02_057 4600 150.87 151.92 152.05 0.13 153.12 152.59 -0.53 153.52 152.94 -0.58
BCO_L01-02-04 XCOL02_050 5300 n/a n/a 151.38 n/a 152.48 152.11 -0.37 153.09 152.66 -0.43
BCO_L01-02-04 GCOL02_045 5800 150.05 151.00 151.01 0.01 152.03 152.04 0.00 152.87 152.63 -0.24
BCO_L01-02-04 GCOL02_040 6300 149.17 150.97 150.97 0.00 152.02 152.02 0.00 152.86 152.62 -0.24
BCO_L01-02-04 GCOL02_030 7300 148.42 150.97 150.96 -0.01 152.01 152.02 0.01 152.85 152.61 -0.24
BCO_L01-02-04 GCOL02_020 8300 147.83 150.97 150.96 -0.01 152.01 152.01 0.00 152.85 152.61 -0.24
BCO_L01-02-04 GCOL02_016 8700 146.43 150.97 150.96 -0.01 152.01 152.01 0.00 152.85 152.61 -0.24
BCO_L01-02-04 GCOL02_008 9500 146.34 150.96 150.96 0.00 152.00 152.01 0.01 152.85 152.61 -0.24
BCO_L01-02-04 GCOL02_002 10100 145.47 150.96 150.96 0.00 152.00 152.01 0.01 152.84 152.60 -0.24
BCO_L01-02-04 GCOL02_002 10100 145.47 150.96 150.96 0.00 152.00 152.01 0.01 152.84 152.60 -0.24
BCO_L01-02-04 GCOL04_018 10600 145.95 150.90 150.90 0.00 151.97 151.98 0.01 152.84 152.58 -0.26
BCO_L01-02-04 GCOL04_009 11500 145.96 150.77 150.74 -0.03 151.91 151.92 0.01 152.84 152.54 -0.30
BCO_L01-02-04 GCOL04_000 12400 145.96 150.65 150.60 -0.05 151.84 151.86 0.01 152.82 152.50 -0.32

CRINUM CK GCR_000155 0 160.89 164.96 165.05 0.09 165.37 165.46 0.09 165.63 165.74 0.11
CRINUM CK GCR_000150 500 160.72 164.80 164.83 0.03 165.21 165.26 0.04 165.46 165.55 0.09
CRINUM CK GCR_000145 1000 159.12 164.66 164.69 0.03 165.03 165.08 0.05 165.27 165.35 0.08
CRINUM CK GCR_000140 1500 159.32 164.27 164.36 0.09 164.62 164.70 0.07 164.84 164.94 0.10
CRINUM CK GCR_000135 2000 158.23 163.50 163.57 0.07 163.97 164.03 0.06 164.27 164.37 0.10
CRINUM CK GCR_000130 2500 158.11 163.18 163.18 0.00 163.68 163.71 0.03 164.01 164.11 0.10
CRINUM CK GCR_000120 3500 157.10 162.77 162.85 0.08 163.27 163.40 0.13 163.59 163.81 0.22
CRINUM CK GCR_000115 4000 156.73 162.46 162.57 0.10 162.96 163.09 0.13 163.28 163.47 0.19
CRINUM CK GCR_000110 4500 157.45 162.31 162.40 0.09 162.81 162.89 0.08 163.14 163.19 0.05
CRINUM CK GCR_000103 5200 155.38 162.15 162.23 0.08 162.65 162.70 0.05 162.97 162.99 0.02
CRINUM CK GCR_000095 6000 153.69 162.05 162.13 0.08 162.53 162.58 0.05 162.84 162.84 0.00
CRINUM CK GCR_000088 6700 154.88 161.97 162.04 0.07 162.44 162.48 0.04 162.74 162.74 0.00
CRINUM CK GCR_000078 7700 154.98 161.66 161.78 0.12 162.08 162.18 0.10 162.36 162.42 0.06
CRINUM CK GCR_000070 8500 154.83 161.40 161.51 0.11 161.78 161.85 0.07 162.05 162.13 0.08
CRINUM CK GCR_000060 9500 154.40 161.11 161.19 0.08 161.58 161.73 0.14 161.92 161.98 0.06
CRINUM CK GCR_000053 10200 154.40 161.02 161.13 0.11 161.58 161.68 0.10 161.88 161.92 0.04
CRINUM CK GCR_000053 10200 154.40 161.02 161.13 0.11 161.53 161.68 0.15 161.88 161.92 0.04
CRINUM CK GCR_000045 10900 153.91 161.00 161.11 0.11 161.52 161.66 0.14 161.88 161.90 0.02
CRINUM CK GCR_000040 11400 153.13 161.00 161.11 0.11 161.51 161.65 0.14 161.87 161.89 0.02
CRINUM CK GCR_000034 12000 153.13 160.99 161.11 0.12 161.50 161.65 0.15 161.86 161.88 0.02
CRINUM CK GCR_000034 12000 153.13 160.99 161.11 0.12 161.50 161.65 0.15 161.86 161.88 0.02
CRINUM CK GCR_000030 12300 153.00 160.99 161.11 0.11 161.50 161.65 0.15 161.86 161.88 0.02
CRINUM CK GCR_000020 13300 151.68 160.98 161.10 0.12 161.49 161.64 0.15 161.86 161.86 0.00
CRINUM CK GCR_000015 13800 151.68 160.97 161.09 0.12 161.49 161.63 0.13 161.85 161.85 0.00
CRINUM CK GCR_000015 13800 151.68 160.97 161.09 0.12 161.49 161.63 0.13 161.85 161.85 0.00
CRINUM CK GCR_000008 14400 150.39 160.66 160.76 0.10 161.15 161.26 0.11 161.50 161.48 -0.02
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CRINUM CK GCR_000006 14500 149.84 160.59 160.69 0.10 161.07 161.17 0.10 161.42 161.39 -0.03
CRINUM CK GCR_000006 14500 149.84 160.59 160.69 0.10 161.07 161.17 0.10 161.42 161.39 -0.03
CRINUM CK GCR_000000 15100 149.84 160.46 160.59 0.13 160.92 161.08 0.16 161.42 161.31 -0.11

MOSQUITO CK GMO_000052 0 166.31 166.31 166.31 0.00 N/A 166.31 N/A N/A 166.31 N/A
MOSQUITO CK GMO_000048 400 165.17 165.17 165.17 0.00 N/A 165.17 N/A N/A 165.17 N/A
MOSQUITO CK GMO_000042 1000 163.79 163.79 163.79 0.00 N/A 163.79 N/A N/A 163.79 N/A
MOSQUITO CK GMO_000033 1900 162.98 162.98 162.97 -0.01 N/A 162.97 N/A N/A 162.97 N/A
MOSQUITO CK GMO_000028 2400 162.25 162.25 162.25 0.00 N/A 162.25 N/A N/A 162.25 N/A
MOSQUITO CK GMO_000020 3200 160.97 161.02 161.13 0.11 161.53 161.68 0.15 161.88 161.92 0.04
MOSQUITO CK GMO_000010 4200 158.36 161.02 161.13 0.11 161.53 161.68 0.15 161.88 161.92 0.04
MOSQUITO CK GMO_000000 5200 156.36 161.02 161.13 0.11 161.53 161.68 0.15 161.88 161.92 0.04

GORDONSTONE CK GGO_000092 0 161.52 164.07 163.91 -0.16 164.38 164.24 -0.14 164.59 164.47 -0.12
GORDONSTONE CK GGO_000080 1200 160.63 163.04 162.89 -0.15 163.29 163.22 -0.07 163.47 163.45 -0.02
GORDONSTONE CK GGO_000074 1800 160.00 162.71 162.52 -0.19 162.98 162.84 -0.14 163.17 162.95 -0.22
GORDONSTONE CK GGO_000062 3000 159.57 161.70 161.52 -0.18 162.05 161.94 -0.12 162.19 162.08 -0.11
GORDONSTONE CK GGO_000055 3700 157.92 161.00 161.12 0.12 161.51 161.66 0.15 161.87 161.89 0.02
GORDONSTONE CK GGO_000045 4700 157.33 160.99 161.11 0.12 161.51 161.65 0.14 161.86 161.88 0.02
GORDONSTONE CK GGO_000033 5900 157.07 160.99 161.11 0.12 161.51 161.65 0.14 161.86 161.88 0.02
GORDONSTONE CK GGO_000023 6900 156.31 160.99 161.11 0.12 161.50 161.65 0.15 161.86 161.88 0.02
GORDONSTONE CK GGO_000016 7600 155.94 160.99 161.11 0.12 161.50 161.65 0.15 161.86 161.88 0.02
GORDONSTONE CK GGO_000012 8000 155.75 160.99 161.11 0.12 161.50 161.65 0.15 161.86 161.88 0.02
GORDONSTONE CK GGO_000008 8400 155.14 160.99 161.11 0.12 161.50 161.65 0.15 161.86 161.88 0.02
GORDONSTONE CK GGO_000000 9200 153.14 160.99 161.11 0.12 161.50 161.65 0.15 161.86 161.88 0.02

UNNAMED CK GUN_000056 0 162.55 162.55 162.55 0.00 N/A 162.55 N/A N/A 162.55 N/A
UNNAMED CK GUN_000050 600 161.77 161.77 161.77 0.00 N/A 161.77 N/A N/A 161.77 N/A
UNNAMED CK GUN_000042 1400 159.15 160.22 159.53 -0.69 160.59 160.15 -0.44 160.88 160.44 -0.44
UNNAMED CK GUN_000034 2200 157.87 160.22 159.53 -0.69 160.59 160.15 -0.44 160.88 160.44 -0.44
UNNAMED CK GUN_000020 3600 155.73 160.22 159.53 -0.69 160.59 160.15 -0.44 160.88 160.44 -0.44
UNNAMED CK GUN_000020 3600 155.73 160.59 159.53 -1.06 160.59 160.15 -0.44 161.42 160.44 -0.98
UNNAMED CK GUN_000000 5600 155.73 160.59 160.69 0.10 161.07 161.17 0.10 161.42 161.39 -0.03

BCO_L03 GCOL03_008 0 148.43 152.93 152.75 -0.18 N/A 153.57 N/A N/A 154.00 N/A
BCO_L03 GCOL03_000 800 148.43 152.81 152.89 0.08 N/A 153.64 N/A N/A 154.04 N/A
BCO_L05 GCOL05_010 0 143.91 150.96 151.34 0.38 152.00 152.22 0.22 152.78 152.74 -0.04
BCO_L05 GCOL05_000 1000 143.91 151.18 150.96 -0.22 152.18 152.01 -0.17 152.74 152.60 -0.14
BNO_L02 GNOL02_050 0 155.46 159.02 159.53 0.51 N/A 160.15 N/A N/A 160.44 N/A
BNO_L02 GNOL02_046 400 155.46 158.75 159.26 0.51 N/A 159.89 N/A N/A 160.17 N/A
BNO_L02 GNOL02_038 1200 154.08 158.10 158.70 0.60 N/A 159.25 N/A N/A 159.51 N/A
BNO_L02 GNOL02_030 2000 153.86 157.63 158.26 0.63 158.09 158.70 0.61 158.44 158.95 0.51
BNO_L02 GNOL02_022 2800 152.81 157.27 157.70 0.43 157.82 158.15 0.33 158.23 158.45 0.22
BNO_L02 GNOL02_016 3400 152.21 157.14 157.21 0.07 157.73 157.81 0.08 158.16 158.19 0.03
BNO_L02 GNOL02_010 4000 149.77 157.1 157.04 -0.06 157.70 157.67 -0.03 158.13 158.06 -0.07
BNO_L02 GNOL02_000 5000 149.77 157.06 156.94 -0.12 157.66 157.53 -0.13 158.09 157.90 -0.19

WINTON CK GWI_000332 0 166.5 167.10 167.06 -0.04 167.11 167.05 -0.06 167.11 167.06 -0.06
WINTON CK GWI_000326 600 165.61 165.85 165.95 0.10 165.99 165.95 -0.04 165.99 165.95 -0.04
WINTON CK GWI_000319 1300 164.29 165.41 165.29 -0.12 165.55 165.22 -0.33 165.66 165.29 -0.38
WINTON CK GWI_000313 1900 163.83 165.40 165.27 -0.13 165.55 165.18 -0.37 165.65 165.26 -0.39
WINTON CK GWI_000305 2700 163.32 165.16 165.26 0.09 165.31 165.16 -0.15 165.43 165.25 -0.18
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WINTON CK GWI_000301 3100 163.12 164.70 164.81 0.11 164.87 164.73 -0.15 164.98 164.81 -0.17
WINTON CK GWI_000296 3600 162.36 164.34 164.38 0.04 164.48 164.31 -0.17 164.58 164.37 -0.21
WINTON CK GWI_000288 4400 161.89 163.42 163.54 0.12 163.57 163.45 -0.13 163.67 163.53 -0.14
WINTON CK GWI_000280 5200 160.64 162.45 162.54 0.09 162.62 162.46 -0.16 162.72 162.53 -0.19
WINTON CK GWI_000276 5600 159.61 162.08 162.21 0.13 162.25 162.13 -0.13 162.36 162.20 -0.16
WINTON CK GWI_000269 6300 159.53 161.48 161.55 0.07 161.65 161.46 -0.19 161.78 161.55 -0.23
WINTON CK GWI_000263 6900 159.52 161.27 161.33 0.06 161.44 161.25 -0.19 161.56 161.33 -0.23
WINTON CK GWI_000259 7300 159.37 161.14 161.21 0.07 161.31 161.12 -0.19 161.43 161.20 -0.23
WINTON CK GWI_000253 7900 159.44 160.91 160.99 0.08 161.08 160.90 -0.18 161.21 160.98 -0.23
WINTON CK GWI_000247 8400 159.10 160.81 160.90 0.09 160.98 160.80 -0.18 161.10 160.89 -0.21
WINTON CK GWI_000247 8400 159.10 160.81 160.90 0.09 160.98 160.80 -0.18 161.10 160.89 -0.21
WINTON CK GWI_000239 9200 158.14 160.57 160.74 0.17 160.71 160.65 -0.06 160.81 160.73 -0.08
WINTON CK GWI_000232 9900 157.73 160.26 160.20 -0.06 160.33 160.15 -0.18 160.38 160.19 -0.19
WINTON CK GWI_000224 10700 157.49 158.94 159.02 0.08 159.05 158.97 -0.08 159.12 159.01 -0.11
WINTON CK GWI_000220 11100 156.55 158.46 158.50 0.04 158.63 158.41 -0.22 158.72 158.49 -0.23
WINTON CK GWI_000220 11100 156.55 158.46 158.50 0.04 158.63 158.41 -0.22 158.72 158.49 -0.23
WINTON CK GWI_000214 11600 156.55 158.41 158.44 0.03 158.57 158.35 -0.22 158.66 158.43 -0.23
WINTON CK GWI_000205 12500 156.27 157.98 158.12 0.14 158.15 158.05 -0.10 158.25 158.12 -0.13
WINTON CK GWI_000200 13000 155.76 157.53 157.52 -0.01 157.69 157.41 -0.28 157.96 157.51 -0.45
WINTON CK GWI_000193 13700 155.41 156.79 156.73 -0.06 157.64 156.90 -0.74 157.95 157.21 -0.74
WINTON CK GWI_000185 14500 155.25 156.78 156.36 -0.42 157.63 156.89 -0.74 157.95 157.21 -0.74
WINTON CK GWI_000180 15000 155.25 156.78 156.35 -0.43 157.63 156.89 -0.74 157.95 157.21 -0.74
WINTON CK GWI_000175 15500 153.78 156.77 156.34 -0.43 157.63 156.89 -0.74 157.95 157.21 -0.74
WINTON CK GWI_000175 15500 153.78 156.77 156.34 -0.43 157.63 156.89 -0.74 157.95 157.21 -0.74
WINTON CK GWI_000170 15900 153.78 156.60 156.17 -0.43 157.47 156.69 -0.78 157.80 157.00 -0.80
WINTON CK GWI_000166 16300 152.91 156.45 156.01 -0.44 157.32 156.49 -0.83 157.65 156.81 -0.84
WINTON CK GWI_000160 16900 153.01 156.24 155.79 -0.45 157.11 156.24 -0.87 157.43 156.59 -0.84
WINTON CK GWI_000152 17700 153.04 155.56 155.18 -0.38 156.40 155.63 -0.77 156.72 156.02 -0.70
WINTON CK GWI_000147 18200 152.39 154.66 154.32 -0.34 155.62 155.01 -0.61 156.03 155.49 -0.54
WINTON CK GWI_000138 19100 150.97 153.97 153.77 -0.20 155.04 154.70 -0.34 155.54 155.21 -0.33
WINTON CK GWI_000128 20100 149.88 153.63 153.62 -0.01 154.69 154.59 -0.10 155.24 155.11 -0.13
WINTON CK GWI_000110 21900 147.01 153.34 153.53 0.19 154.30 154.50 0.20 154.93 155.02 0.09
WINTON CK GWI_000110 21900 147.01 153.34 153.53 0.19 154.30 154.50 0.20 154.93 155.02 0.09
WINTON CK GWI_000100 22800 149.46 152.91 153.30 0.39 153.86 154.20 0.34 154.54 154.72 0.18
WINTON CK GWI_000093 23500 147.74 152.26 152.67 0.41 153.25 153.47 0.22 154.01 153.98 -0.03
WINTON CK GWI_000086 24200 148.91 152.08 152.34 0.26 153.14 153.19 0.05 153.94 153.73 -0.21
WINTON CK GWI_000080 24800 147.11 151.93 152.14 0.21 153.07 153.07 0.00 153.90 153.65 -0.25
WINTON CK GWI_000072 25600 144.97 151.83 151.93 0.10 153.03 152.95 -0.08 153.88 153.56 -0.32
WINTON CK GWI_000064 26400 144.58 151.79 151.83 0.04 153.01 152.89 -0.12 153.86 153.51 -0.35
WINTON CK GWI_000055 27300 146.09 151.74 151.72 -0.02 152.97 152.82 -0.15 153.83 153.44 -0.39
WINTON CK GWI_000050 27800 145.53 151.65 151.60 -0.05 152.88 152.72 -0.16 153.74 153.34 -0.40
WINTON CK GWI_000042 28600 145.53 151.37 151.14 -0.23 152.57 152.34 -0.23 153.44 152.96 -0.48
WINTON CK GWI_000035 29300 144.86 151.29 150.91 -0.38 152.49 152.18 -0.31 153.37 152.81 -0.56
WINTON CK GWI_000031 29700 145.01 151.27 150.84 -0.43 152.45 152.12 -0.33 153.34 152.75 -0.59
WINTON CK GWI_000025 30300 145.08 151.23 150.79 -0.44 152.42 152.06 -0.36 153.30 152.69 -0.61
WINTON CK GWI_000022 30600 144.08 151.23 150.78 -0.45 152.41 152.05 -0.36 153.29 152.68 -0.61
WINTON CK GWI_000020 30800 143.13 151.23 150.77 -0.46 152.41 152.04 -0.37 153.29 152.67 -0.62
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Nogoa River Model Conversion
Case 086 1 in 20, 1 in 50 and 1 in 100 year Results

Water Level 1 in 50 year ARI 1 in 100 year ARI
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WINTON CK GWI_000010 31800 142.24 151.22 150.76 -0.46 152.39 152.03 -0.36 153.28 152.65 -0.63
WINTON CK GWI_000005 32200 140.45 151.22 150.75 -0.47 152.39 152.02 -0.37 153.27 152.64 -0.63
WINTON CK GWI_000000 32700 138.45 151 150.75 -0.46 152.38 152.01 -0.37 153.27 152.64 -0.64

RETREAT CK GRE_000215 0 172.21 177.48 177.44 -0.04 177.80 177.74 -0.06 178.05 177.96 -0.09
RETREAT CK GRE_000210 500 172.24 177.16 177.10 -0.06 177.48 177.37 -0.11 177.72 177.58 -0.14
RETREAT CK GRE_000206 900 172.34 176.77 176.70 -0.07 177.07 176.96 -0.11 177.31 177.15 -0.16
RETREAT CK GRE_000196 1900 171.85 175.73 175.63 -0.10 176.14 175.92 -0.22 176.48 176.17 -0.31
RETREAT CK GRE_000190 2500 170.83 175.49 175.26 -0.23 175.96 175.61 -0.35 176.30 175.89 -0.42
RETREAT CK GRE_000185 3000 170.83 175.42 175.20 -0.22 175.88 175.56 -0.32 176.23 175.83 -0.40
RETREAT CK GRE_000185 3000 170.83 175.42 175.20 -0.22 175.88 175.56 -0.32 176.23 175.83 -0.40
RETREAT CK GRE_000174 3600 169.63 175.33 174.95 -0.38 175.80 175.34 -0.46 176.15 175.63 -0.52
RETREAT CK GRE_000170 4000 169.13 175.29 174.79 -0.50 175.77 175.22 -0.55 176.12 175.53 -0.59
RETREAT CK GRE_000165 4500 168.47 175.22 174.68 -0.54 175.69 175.13 -0.56 176.04 175.43 -0.61
RETREAT CK GRE_000160 5000 168.73 175.14 174.58 -0.56 175.59 175.02 -0.57 175.92 175.32 -0.60
RETREAT CK GRE_000149 6000 165.78 174.89 173.99 -0.90 175.27 174.37 -0.90 175.53 174.61 -0.92
RETREAT CK GRE_000149 6000 165.78 174.89 173.99 -0.90 175.27 174.37 -0.90 175.53 174.61 -0.92
RETREAT CK GRE_000145 6500 164.87 174.85 174.10 -0.75 175.20 174.39 -0.81 175.43 174.61 -0.82
RETREAT CK GRE_000145 6500 164.87 174.85 174.10 -0.75 175.20 174.39 -0.81 175.43 174.61 -0.82
RETREAT CK GRE_000141 6900 164.96 174.40 173.20 -1.20 174.83 173.56 -1.28 175.10 173.77 -1.33
RETREAT CK GRE_000135 7500 164.31 174.16 172.86 -1.30 174.61 173.14 -1.47 174.89 173.37 -1.52
RETREAT CK GRE_000122 8800 163.40 173.82 172.43 -1.39 174.29 172.69 -1.60 174.59 172.90 -1.69
RETREAT CK GRE_000117 9300 163.01 173.47 172.22 -1.25 173.92 172.45 -1.47 174.19 172.61 -1.58
RETREAT CK GRE_000112 9700 163.01 172.19 172.17 -0.02 N/A 172.39 N/A 172.34 172.54 0.20
RETREAT CK GRE_000112 9700 163.01 172.19 172.17 -0.02 N/A 172.39 N/A 172.34 172.54 0.20
RETREAT CK GRE_000109 10200 163.10 171.88 171.82 -0.06 172.14 172.04 -0.10 N/A 172.19 N/A
RETREAT CK GRE_000109 10200 163.10 171.88 171.82 -0.06 172.14 172.04 -0.10 N/A 172.19 N/A
RETREAT CK GRE_000105 10600 161.64 171.69 171.58 -0.11 171.96 171.80 -0.16 172.16 171.97 -0.19
RETREAT CK GRE_000095 11600 161.45 171.13 171.01 -0.12 171.42 171.24 -0.18 171.64 171.42 -0.22
RETREAT CK GRE_000089 12200 161.06 170.84 170.77 -0.07 171.13 170.99 -0.14 171.34 171.17 -0.18
RETREAT CK GRE_000084 12800 161.06 170.32 170.41 0.09 170.58 170.62 0.04 170.77 170.79 0.02
RETREAT CK GRE_000084 12800 161.06 170.32 170.41 0.09 170.58 170.62 0.04 170.77 170.79 0.02
RETREAT CK GRE_000076 13400 160.50 169.72 170.02 0.30 170.58 170.24 -0.34 170.77 170.42 -0.36
RETREAT CK GRE_000076 13400 160.50 169.72 170.02 0.30 170.58 170.24 -0.34 170.77 170.42 -0.36
RETREAT CK GRE_000068 14100 159.62 169.09 169.28 0.19 169.44 169.55 0.11 169.73 169.77 0.03
RETREAT CK GRE_000058 15100 158.71 168.56 168.77 0.21 168.97 169.08 0.11 169.32 169.35 0.03
RETREAT CK GRE_000050 15900 158.71 168.19 168.38 0.19 168.69 168.77 0.08 169.09 169.10 0.01
RETREAT CK GRE_000043 16600 157.72 167.98 168.11 0.13 168.53 168.58 0.05 168.96 168.95 -0.01
RETREAT CK GRE_000038 17100 156.54 167.91 168.05 0.14 168.47 168.53 0.06 168.90 168.90 0.00
RETREAT CK GRE_000032 17700 156.54 167.82 167.97 0.15 168.39 168.46 0.07 168.83 168.84 0.01
RETREAT CK GRE_000025 18400 156.07 167.73 167.88 0.15 168.29 168.38 0.09 168.74 168.76 0.02
RETREAT CK GRE_000020 18900 155.88 167.68 167.84 0.16 168.24 168.34 0.10 168.68 168.72 0.04
RETREAT CK GRE_000013 19600 155.88 167.62 167.80 0.18 168.17 168.29 0.12 168.61 168.67 0.06
RETREAT CK GRE_000013 19600 155.46 167.62 167.80 0.18 168.17 168.29 0.12 168.61 168.67 0.06
RETREAT CK GRE_000001 20600 155.46 166.94 167.22 0.28 167.64 167.76 0.12 168.16 168.16 0.00
THERESA CK GTH_000130 0 172.04 180.36 180.27 -0.09 180.63 180.50 -0.13 180.83 180.67 -0.16
THERESA CK GTH_000112 1000 172.04 179.75 179.89 0.14 179.96 180.09 0.13 180.11 180.25 0.13
THERESA CK GTH_000112 1000 172.04 179.75 179.89 0.14 179.96 180.09 0.13 180.11 180.25 0.13
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Nogoa River Model Conversion
Case 086 1 in 20, 1 in 50 and 1 in 100 year Results

Water Level 1 in 50 year ARI 1 in 100 year ARI

Name of Watercourse X-SECT Name MIKE 11 Chainage Bed EL RUBICON MIKE11 difference RUBICON MIKE11 difference RUBICON MIKE11 difference
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Results (mAHD)
1 in 20 year ARI

Results (mAHD) Results (mAHD)

THERESA CK GTH_000105 1700 171.18 179.65 179.80 0.15 179.86 180.01 0.15 180.01 180.16 0.15
THERESA CK GTH_000095 2700 170.82 179.37 179.53 0.16 179.57 179.73 0.16 179.71 179.87 0.16
THERESA CK GTH_000080 4200 170.42 178.73 178.80 0.07 178.93 178.97 0.04 179.07 179.11 0.04
THERESA CK GTH_000073 4900 169.80 178.24 178.30 0.06 178.47 178.49 0.02 178.63 178.64 0.01
THERESA CK GTH_000063 5900 168.71 177.76 177.79 0.03 178.02 178.01 -0.01 178.22 178.17 -0.05
THERESA CK GTH_000063 5900 168.71 177.76 177.79 0.03 178.02 178.01 -0.01 178.22 178.17 -0.05
THERESA CK GTH_000052 6400 167.42 177.45 177.50 0.05 177.72 177.73 0.01 177.93 177.90 -0.03
THERESA CK GTH_000042 7400 166.83 177.13 177.11 -0.02 177.40 177.34 -0.06 177.61 177.52 -0.10
THERESA CK GTH_000035 8100 166.56 176.87 176.80 -0.07 177.14 177.03 -0.11 177.34 177.20 -0.14
THERESA CK GTH_000030 8600 166.04 176.48 176.35 -0.13 176.71 176.55 -0.17 176.89 176.69 -0.20
THERESA CK GTH_000023 9200 166.28 175.43 175.45 0.02 175.58 175.57 -0.01 175.70 175.66 -0.04
THERESA CK GTH_000023 9200 166.28 175.43 175.45 0.02 175.58 175.57 -0.01 175.70 175.66 -0.04
THERESA CK GTH_000014 9800 166.01 175.24 175.04 -0.20 175.44 175.19 -0.25 175.60 175.30 -0.31
THERESA CK GTH_000005 10700 166.18 174.85 174.10 -0.75 175.20 174.39 -0.81 175.43 174.61 -0.82

BTH_L01 GTHL01_048 0 172.09 175.43 175.45 0.02 175.58 175.57 -0.01 175.70 175.66 -0.04
BTH_L01 GTHL01_045 300 172.03 174.82 174.96 0.14 174.99 175.07 0.08 175.15 175.14 -0.01
BTH_L01 GTHL01_040 800 171.09 174.02 174.00 -0.02 174.32 174.14 -0.18 174.58 174.26 -0.33
BTH_L01 GTHL01_036 1200 170.36 173.85 173.71 -0.14 174.18 173.88 -0.30 174.46 174.01 -0.45
BTH_L01 GTHL01_028 2000 170.11 173.42 173.25 -0.17 173.78 173.44 -0.34 174.06 173.58 -0.48
BTH_L01 GTHL01_017 2900 169.37 173.12 172.91 -0.21 173.47 173.10 -0.37 173.74 173.24 -0.50
BTH_L01 GTHL01_012 3400 169.35 172.98 172.75 -0.23 173.31 172.94 -0.37 173.58 173.07 -0.51
BTH_L01 GTHL01_005 4100 169.15 172.19 172.17 -0.02 172.44 172.39 -0.05 172.63 172.54 -0.09

BTH_R01-R03 GTHR01_023 0 174.31 179.75 179.89 0.14 179.96 180.09 0.13 180.11 180.25 0.13
BTH_R01-R03 GTHR01_020 500 174.31 179.54 179.61 0.07 179.72 179.78 0.06 179.85 179.91 0.06
BTH_R01-R03 GTHR01_010 1500 174.31 179.05 179.15 0.09 179.17 179.25 0.08 179.28 179.35 0.07
BTH_R01-R03 GTHR01_000 2500 173.30 177.82 177.82 0.00 178.09 178.04 -0.05 178.29 178.21 -0.08
BTH_R01-R03 GTHR01_000 2500 173.30 177.82 177.82 0.00 178.09 178.04 -0.05 178.29 178.21 -0.08
BTH_R01-R03 GTHR03_042 3800 173.30 177.28 177.27 -0.01 177.60 177.52 -0.08 177.85 177.71 -0.14
BTH_R01-R03 GTHR03_034 4600 175.05 176.93 176.82 -0.11 177.29 177.15 -0.14 177.56 177.38 -0.18
BTH_R01-R03 GTHR03_028 5200 174.36 176.82 176.69 -0.13 177.19 177.03 -0.16 177.45 177.26 -0.19
BTH_R01-R03 GTHR03_020 6000 174.08 176.70 176.57 -0.13 177.04 176.89 -0.15 177.29 177.10 -0.19
BTH_R01-R03 GTHR03_010 7000 174.08 176.15 176.15 0.00 176.48 176.44 -0.04 176.74 176.61 -0.13
BTH_R01-R03 GTHR03_000 8000 172.26 175.42 175.20 -0.22 175.88 175.56 -0.32 176.23 175.83 -0.40

BNO_L07-08-09 GNOL07_010 0 171.35 173.33 173.06 -0.27 174.41 174.10 -0.31 174.94 174.59 -0.35
BNO_L07-08-09 GNOL08_023 1000 171.35 172.58 172.64 0.06 173.73 173.70 -0.03 174.46 174.15 -0.31
BNO_L07-08-09 GNOL08_023 1000 171.35 172.58 172.64 0.06 173.73 173.70 -0.03 174.46 174.15 -0.31
BNO_L07-08-09 GNOL08_014 1900 171.00 172.37 172.36 -0.01 173.55 173.35 -0.20 174.32 173.84 -0.48
BNO_L07-08-09 GNOL08_005 2800 170.42 172.27 172.18 -0.09 173.41 173.12 -0.29 174.14 173.53 -0.61
BNO_L07-08-09 GNOL09_045 3300 170.42 172.22 172.09 -0.13 173.33 173.01 -0.32 174.02 173.35 -0.67
BNO_L07-08-09 GNOL09_045 3300 170.42 172.22 172.09 -0.13 173.33 173.01 -0.32 174.02 173.35 -0.67
BNO_L07-08-09 GNOL09_040 3800 170.58 172.18 172.00 -0.18 173.28 172.95 -0.34 173.94 173.29 -0.65
BNO_L07-08-09 GNOL09_031 4700 169.99 172.15 171.89 -0.26 173.21 172.85 -0.36 173.85 173.21 -0.64
BNO_L07-08-09 GNOL09_025 5300 168.99 172.05 171.87 -0.19 173.12 172.82 -0.30 173.75 173.18 -0.57
BNO_L07-08-09 GNOL09_015 6300 169.06 171.90 171.84 -0.06 173.00 172.78 -0.22 173.61 173.15 -0.46
BNO_L07-08-09 GNOL09_010 7000 169.34 171.89 171.79 -0.10 172.97 172.74 -0.23 173.56 173.12 -0.44
BNO_L07-08-09 GNOL09_005 7800 167.24 171.88 171.76 -0.12 172.95 172.71 -0.24 173.54 173.10 -0.44

BRE_R02-4-6-7-13-14 GRER02_010 0 168.53 174.89 173.99 -0.90 175.27 174.37 -0.90 175.53 174.61 -0.92
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Nogoa River Model Conversion
Case 086 1 in 20, 1 in 50 and 1 in 100 year Results
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BRE_R02-4-6-7-13-14 GRER04_018 1000 168.55 172.77 173.26 0.49 173.05 173.61 0.56 173.27 173.83 0.55
BRE_R02-4-6-7-13-14 GRER04_018 1000 168.55 172.77 173.26 0.49 173.05 173.61 0.56 173.27 173.83 0.55
BRE_R02-4-6-7-13-14 GRER04_012 1600 169.50 172.54 173.00 0.46 172.8 173.31 0.51 173.00 173.49 0.49
BRE_R02-4-6-7-13-14 GRER04_007 2100 169.38 172.21 172.23 0.01 172.45 172.45 0.00 172.64 172.58 -0.06
BRE_R02-4-6-7-13-14 GRER04_007 2100 169.38 172.21 172.23 0.01 172.45 172.45 0.00 172.64 172.58 -0.06
BRE_R02-4-6-7-13-14 GRER07_018 2600 169.36 170.80 171.15 0.35 171.15 171.31 0.16 171.29 171.45 0.16
BRE_R02-4-6-7-13-14 GRER07_018 2600 169.36 170.80 171.15 0.35 171.15 171.31 0.16 171.29 171.45 0.16
BRE_R02-4-6-7-13-14 GRER07_008 3600 168.09 170.16 170.52 0.36 170.51 170.77 0.26 170.70 170.96 0.26
BRE_R02-4-6-7-13-14 GRER07_000 4400 167.35 170.01 170.39 0.38 170.28 170.60 0.31 170.46 170.76 0.30
BRE_R02-4-6-7-13-14 GRER07_000 4400 167.35 170.01 170.39 0.38 170.28 170.60 0.31 170.46 170.76 0.30
BRE_R02-4-6-7-13-14 GRER13_029 5500 168.55 169.88 169.76 -0.12 N/A 169.97 N/A N/A 170.14 N/A
BRE_R02-4-6-7-13-14 GRER13_020 6400 167.91 169.60 169.39 -0.21 N/A 169.60 N/A N/A 169.76 N/A
BRE_R02-4-6-7-13-14 GRER13_010 7400 165.97 168.44 168.57 0.13 N/A 168.82 N/A N/A 169.06 N/A
BRE_R02-4-6-7-13-14 GRER14_032 7900 164.52 167.85 168.04 0.19 N/A 168.49 N/A N/A 168.85 N/A
BRE_R02-4-6-7-13-14 GRER14_032 7900 164.52 167.85 168.04 0.19 N/A 168.49 N/A N/A 168.85 N/A
BRE_R02-4-6-7-13-14 GRER14_020 9100 163.09 167.69 167.88 0.19 N/A 168.37 N/A N/A 168.75 N/A
BRE_R02-4-6-7-13-14 GRER14_010 10100 161.98 167.63 167.82 0.19 N/A 168.31 N/A N/A 168.69 N/A
BRE_R02-4-6-7-13-14 GRER14_005 10600 160.11 167.62 167.80 0.18 N/A 168.29 N/A N/A 168.67 N/A

BRE_R09-10-12 GRER09_010 0 169.36 170.80 171.15 0.35 171.15 171.31 0.16 171.29 171.45 0.16
BRE_R09-10-12 GRER09_007 250 170.46 170.46 171.12 0.66 N/A 171.26 N/A N/A 171.39 N/A
BRE_R09-10-12 GRER10_019 500 169.64 169.92 170.77 0.85 170.51 170.97 0.46 170.79 171.11 0.32
BRE_R09-10-12 GRER10_019 500 169.64 169.92 170.77 0.85 170.51 170.97 0.46 170.79 171.11 0.32
BRE_R09-10-12 GRER10_010 1400 168.52 169.52 170.20 0.68 170.08 170.37 0.29 170.03 170.46 0.43
BRE_R09-10-12 GRER12_020 1900 167.40 168.05 169.07 1.02 N/A 169.28 N/A 169.02 169.42 0.40
BRE_R09-10-12 GRER12_020 1900 167.40 168.05 169.07 1.02 N/A 169.28 N/A 169.02 169.42 0.40
BRE_R09-10-12 GRER12_010 2900 165.96 167.85 168.12 0.27 N/A 168.54 N/A 168.78 168.89 0.11
BRE_R09-10-12 GRER12_002 3700 164.52 167.85 168.04 0.19 N/A 168.49 N/A 168.78 168.85 0.07

BNO_L10 GNOL10_010 0 170.71 170.71 170.77 0.06 170.51 170.97 0.46 170.79 171.11 0.32
BNO_L10 GNOL10_005 1000 172.54 172.54 172.09 -0.45 173.33 173.01 -0.32 174.02 173.35 -0.67

BNO_L06-4 GNOL06_010 0 171.35 172.58 172.64 0.06 173.73 173.70 -0.03 174.46 174.15 -0.31
BNO_L06-4 GNOL04_043 1000 172.69 172.69 172.69 0.00 173.17 173.24 0.07 173.53 173.38 -0.15
BNO_L06-4 GNOL04_038 1500 172.24 172.24 172.19 -0.05 172.95 172.84 -0.11 173.24 172.98 -0.26
BNO_L06-4 GNOL04_029 2400 171.62 171.62 171.62 0.00 172.22 172.11 -0.11 172.33 172.22 -0.12
BNO_L06-4 GNOL04_021 3200 170.81 170.81 171.15 0.34 171.67 171.48 -0.19 171.84 171.62 -0.22
BNO_L06-4 GNOL04_014 3900 170.60 170.8 171.15 0.35 171.18 171.31 0.13 171.29 171.45 0.16
BNO_L06-4 GNOL04_007 4600 169.36 170.80 171.15 0.35 171.15 171.31 0.16 171.29 171.45 0.16
BRE_R08 GRER08_010 0 167.35 170.01 170.39 0.38 170.28 170.60 0.31 170.46 170.76 0.30
BRE_R08 GRER08_000 1000 161.06 170.32 170.41 0.09 170.58 170.62 0.04 170.77 170.79 0.02
BRE_R05 GRER05_012 0 169.38 172.21 172.23 0.01 172.45 172.45 0.00 172.64 172.58 -0.06
BRE_R05 GRER05_004 800 168.36 172.20 172.17 -0.03 172.45 172.39 -0.06 172.64 172.54 -0.10
BRE_R03 GRER03_026 0 168.55 172.77 173.26 0.49 173.05 173.61 0.56 173.27 173.83 0.55
BRE_R03 GRER03_021 500 167.69 172.69 173.16 0.47 172.98 173.52 0.54 173.20 173.74 0.54
BRE_R03 GRER03_012 1400 167.41 172.49 172.89 0.40 172.78 173.26 0.48 173.00 173.47 0.47
BRE_R03 GRER03_001 2600 166.55 172.20 172.17 -0.03 172.45 172.39 -0.06 172.64 172.54 -0.10
BRE_L01 GREL01_030 0 164.67 171.90 171.82 -0.08 172.16 172.04 -0.12 172.36 172.19 -0.17
BRE_L01 GREL01_019 1100 165.73 171.20 171.17 -0.03 171.44 171.38 -0.06 171.63 171.52 -0.11
BRE_L01 GREL01_014 1600 165.50 170.73 170.67 -0.06 171.01 170.91 -0.10 171.24 171.06 -0.18
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BRE_L01 GREL01_005 2500 162.74 170.40 170.11 -0.29 170.71 170.35 -0.37 170.97 170.53 -0.44
BRE_L01 GREL01_000 3000 162.74 170.36 170.02 -0.34 170.67 170.24 -0.43 170.92 170.42 -0.50

BRE_L02-04 GREL02_050 0 162.74 170.36 170.02 -0.34 170.67 170.24 -0.43 170.92 170.42 -0.50
BRE_L02-04 GREL02_042 800 162.65 170.11 169.75 -0.36 170.46 169.99 -0.47 170.75 170.18 -0.57
BRE_L02-04 GREL02_030 2000 162.12 169.87 169.37 -0.50 170.26 169.65 -0.61 170.59 169.87 -0.72
BRE_L02-04 GREL02_020 3000 161.44 169.67 169.09 -0.58 170.11 169.39 -0.72 170.46 169.63 -0.83
BRE_L02-04 GREL02_010 4000 160.60 169.54 168.89 -0.66 170.00 169.20 -0.80 170.38 169.45 -0.93
BRE_L02-04 GREL04_048 4700 160.50 169.46 168.51 -0.95 169.94 168.84 -1.10 170.32 169.11 -1.21
BRE_L02-04 GREL04_048 4700 160.50 169.46 168.51 -0.95 169.94 168.84 -1.10 170.32 169.11 -1.21
BRE_L02-04 GREL04_040 5500 164.51 168.38 167.80 -0.58 168.72 168.00 -0.72 169.07 168.17 -0.90
BRE_L02-04 GREL04_035 6000 164.39 168.05 166.93 -1.12 168.05 167.12 -0.93 168.44 167.30 -1.14
BRE_L02-04 GREL04_030 6500 163.89 168.04 166.42 -1.62 168.02 166.67 -1.35 168.30 166.93 -1.37
BRE_L02-04 GREL04_025 7000 163.89 167.19 166.14 -1.05 167.62 166.45 -1.17 168.18 166.78 -1.40
BRE_L02-04 GREL04_020 7500 163.38 166.76 165.73 -1.03 167.53 166.24 -1.29 168.11 166.64 -1.47
BRE_L02-04 GREL04_010 8500 161.36 166.64 165.46 -1.18 167.44 166.08 -1.36 168.03 166.53 -1.51
BRE_L02-04 GREL04_000 9500 161.36 166.58 165.37 -1.21 167.39 166.01 -1.38 167.99 166.47 -1.52

BRE_L03 GREL03_016 0 160.50 169.46 168.51 -0.95 169.94 168.84 -1.10 170.32 169.11 -1.21
BRE_L03 GREL03_008 800 160.53 169.37 168.27 -1.11 169.88 168.64 -1.24 170.29 168.94 -1.35
BRE_L03 GREL03_000 1600 160.53 169.26 167.80 -1.46 169.81 168.29 -1.52 170.25 168.67 -1.58
BTH_R02 GTHR02_020 0 173.3 177.82 177.82 0.00 178.03 178.04 0.01 178.23 178.21 -0.02
BTH_R02 GTHR02_010 1000 171.07 177.76 177.79 0.03 178.03 178.01 -0.02 178.23 178.18 -0.05
BTH_R02 GTHR02_000 2000 168.5 177.76 177.79 0.03 178.02 178.01 -0.01 178.22 178.17 -0.05
BMK_L05 GMKL05_070 0 140.08 147.34 145.32 -2.02 149.20 147.23 -1.97 150.50 148.52 -1.98
BMK_L05 GMKL05_060 1000 140.08 145.26 143.42 -1.84 147.42 145.77 -1.65 148.77 147.33 -1.44
BMK_L05 GMKL05_050 2000 140.08 144.20 143.24 -0.96 146.41 145.46 -0.95 147.78 146.99 -0.79
BMK_L05 GMKL05_040 3000 140.24 143.47 143.23 -0.24 145.64 145.37 -0.27 147.11 146.86 -0.25
BMK_L05 GMKL05_025 4500 132.40 143.33 143.23 -0.10 145.39 145.35 -0.04 146.85 146.82 -0.03
BMK_L05 GMKL05_015 5500 129.87 143.32 143.23 -0.09 145.38 145.35 -0.03 146.83 146.82 -0.01
BMK_L05 GMKL05_000 7000 129.87 143.32 143.23 -0.09 145.36 145.35 -0.02 146.80 146.81 0.01

BMK_R01-02 GMKR01_038 0 144.75 150.35 150.12 -0.23 151.49 151.19 -0.30 152.38 151.85 -0.53
BMK_R01-02 GMKR01_029 900 141.17 149.78 149.54 -0.24 151.09 150.82 -0.28 152.07 151.55 -0.52
BMK_R01-02 GMKR01_020 1800 144.13 149.20 148.99 -0.21 150.62 150.40 -0.22 151.70 151.20 -0.50
BMK_R01-02 GMKR01_010 2800 143.28 148.43 148.42 -0.01 150.11 149.99 -0.12 151.31 150.86 -0.45
BMK_R01-02 GMKR02_031 3500 136.00 148.14 147.90 -0.24 149.95 149.48 -0.47 151.19 150.42 -0.77
BMK_R01-02 GMKR02_031 3500 136.00 148.14 147.90 -0.24 149.95 149.48 -0.47 151.19 150.42 -0.77
BMK_R01-02 GMKR02_027 4000 145.18 147.84 147.66 -0.18 149.78 149.26 -0.52 151.07 150.27 -0.80
BMK_R01-02 GMKR02_020 5100 143.07 147.68 147.39 -0.29 149.69 149.04 -0.66 151.01 150.13 -0.88
BMK_R01-02 GMKR02_010 6100 133.07 147.67 147.39 -0.28 149.68 149.03 -0.66 151.01 150.12 -0.89
BMK_R01-02 GMKR02_000 7100 123.07 147.67 147.39 -0.28 149.68 149.03 -0.66 151.01 150.12 -0.89

BMK_R03 GMKR03_080 0 136.00 148.14 147.90 -0.24 149.95 149.48 -0.47 151.19 150.42 -0.77
BMK_R03 GMKR03_000 800 136.00 148.12 147.87 -0.25 149.94 149.47 -0.47 151.18 150.41 -0.77
BMK_L02 GMKL02_030 0 147.62 150.35 150.12 -0.23 151.49 151.19 -0.30 152.38 151.85 -0.53
BMK_L02 GMKL02_022 800 147.28 149.54 149.41 -0.13 150.78 150.43 -0.35 151.80 151.16 -0.64
BMK_L02 GMKL02_014 1600 145.65 148.96 148.86 -0.10 150.46 150.12 -0.34 151.57 150.90 -0.67
BMK_L02 GMKL02_009 2100 142.20 148.92 148.82 -0.10 150.42 150.08 -0.34 151.52 150.86 -0.66
BMK_L02 GMKL02_000 3000 142.20 148.91 148.81 -0.10 150.39 150.06 -0.33 151.48 150.83 -0.65

BMK_L01-04 GMKL01_092 0 143.66 148.91 148.81 -0.10 150.39 150.06 -0.33 151.48 150.83 -0.65
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Nogoa River Model Conversion
Case 086 1 in 20, 1 in 50 and 1 in 100 year Results

Water Level 1 in 50 year ARI 1 in 100 year ARI

Name of Watercourse X-SECT Name MIKE 11 Chainage Bed EL RUBICON MIKE11 difference RUBICON MIKE11 difference RUBICON MIKE11 difference
CASE 086 CASE 086 (mAHD) CASE 086 CASE 086 (mAHD) CASE 086 CASE 086 (mAHD)

Results (mAHD)
1 in 20 year ARI

Results (mAHD) Results (mAHD)

BMK_L01-04 GMKL01_082 1000 147.00 148.72 148.71 -0.01 150.09 149.76 -0.33 151.19 150.49 -0.70
BMK_L01-04 GMKL01_073 1900 146.26 148.32 148.32 0.00 149.78 149.41 -0.37 150.96 150.19 -0.77
BMK_L01-04 GMKL01_063 2900 145.94 147.73 147.69 -0.04 149.46 148.97 -0.49 150.74 149.91 -0.83
BMK_L01-04 GMKL01_055 3700 144.87 147.72 147.33 -0.39 149.29 148.72 -0.57 150.62 149.76 -0.86
BMK_L01-04 GMKL01_049 4300 145.40 147.72 147.06 -0.66 149.21 148.59 -0.62 150.56 149.68 -0.88
BMK_L01-04 GMKL01_040 5200 144.81 147.72 146.79 -0.93 149.15 148.48 -0.67 150.51 149.61 -0.90
BMK_L01-04 GMKL04_050 6200 142.55 146.99 146.55 -0.44 149.12 148.29 -0.83 150.49 149.45 -1.04
BMK_L01-04 GMKL04_050 6200 142.55 146.99 146.55 -0.44 149.12 148.29 -0.83 150.49 149.45 -1.04
BMK_L01-04 GMKL04_043 6800 142.63 N/A 145.98 N/A N/A 147.75 N/A N/A 149.03 N/A
BMK_L01-04 GMKL04_037 7500 142.63 147.26 145.76 -1.50 149.18 147.64 -1.54 150.49 148.94 -1.55
BMK_L01-04 GMKL04_028 8400 139.80 N/A 145.59 N/A N/A 147.52 N/A N/A 148.84 N/A
BMK_L01-04 GMKL04_020 9200 139.80 147.30 145.53 -1.77 149.19 147.44 -1.75 150.49 148.75 -1.74
BMK_L01-04 GMKL04_010 10200 139.80 N/A 145.44 N/A N/A 147.35 N/A N/A 148.63 N/A
BMK_L01-04 GMKL04_004 10800 140.08 147.34 145.32 -2.02 149.20 147.23 -1.97 150.50 148.52 -1.98

BMK_L03 GMKL03_008 0 135.05 146.99 146.55 -0.44 149.12 148.29 -0.83 150.49 149.45 -1.04
BMK_L03 GMKL03_004 400 130.05 146.98 146.55 -0.43 149.11 148.29 -0.82 150.48 149.46 -1.02
BMK_L03 GMKL03_000 800 125.05 146.98 146.55 -0.43 149.11 148.29 -0.82 150.47 149.46 -1.01
BNO_L13 GNOL13_050 0 144.31 151.38 151.44 0.06 152.36 152.53 0.16 153.11 153.10 -0.01
BNO_L13 GNOL13_043 700 144.31 151.11 151.23 0.12 152.12 152.34 0.22 152.88 152.91 0.03
BNO_L13 GNOL13_038 1200 142.42 150.89 151.06 0.17 151.91 152.18 0.27 152.68 152.75 0.07
BNO_L13 GNOL13_033 1700 143.91 150.62 150.86 0.24 151.70 152.00 0.30 152.53 152.62 0.09
BNO_L13 GNOL13_030 2000 141.90 150.53 150.77 0.24 151.63 151.94 0.31 152.48 152.57 0.09
BNO_L13 GNOL13_023 2700 141.84 150.39 150.65 0.26 151.52 151.85 0.33 152.39 152.49 0.10
BNO_L13 GNOL13_020 3000 141.10 150.34 150.61 0.27 151.48 151.82 0.34 152.36 152.46 0.10
BNO_L13 GNOL13_016 3400 142.41 150.29 150.57 0.28 151.44 151.79 0.35 152.33 152.44 0.11
BNO_L13 GNOL13_010 4000 141.46 150.25 150.54 0.29 151.42 151.77 0.35 152.31 152.42 0.11
BNO_L13 GNOL13_000 5000 141.46 150.20 150.51 0.31 151.39 151.75 0.36 152.29 152.40 0.11

BNO_R22-23-24-25 GNOR22_090 0 142.64 156.20 156.14 -0.06 156.75 156.64 -0.11 157.13 156.93 -0.20
BNO_R22-23-24-25 GNOR22_078 1200 142.64 155.73 155.73 0.00 156.25 156.23 -0.02 156.61 156.50 -0.11
BNO_R22-23-24-25 GNOR22_074 1600 143.42 155.53 155.55 0.02 156.04 156.05 0.01 156.39 156.30 -0.09
BNO_R22-23-24-25 GNOR22_068 2200 141.94 155.30 155.22 -0.08 155.79 155.79 0.00 156.12 156.06 -0.06
BNO_R22-23-24-25 GNOR23_058 3000 141.46 154.96 154.84 -0.12 155.45 155.55 0.10 155.77 155.81 0.04
BNO_R22-23-24-25 GNOR23_058 3000 141.46 154.96 154.84 -0.12 155.45 155.55 0.10 155.77 155.81 0.04
BNO_R22-23-24-25 GNOR23_051 3700 142.45 154.63 154.57 -0.06 155.16 155.30 0.14 155.77 155.57 -0.20
BNO_R22-23-24-25 GNOR23_046 4200 140.83 154.36 154.34 -0.02 154.95 155.01 0.06 155.52 155.34 -0.18
BNO_R22-23-24-25 GNOR24_040 4700 140.55 154.10 154.09 -0.01 154.75 154.75 0.00 155.35 155.14 -0.21
BNO_R22-23-24-25 GNOR24_040 4700 140.55 154.10 154.09 -0.01 154.75 154.75 0.00 155.35 155.14 -0.21
BNO_R22-23-24-25 GNOR24_035 5200 139.91 153.92 153.90 -0.02 154.63 154.62 -0.01 155.10 155.04 -0.06
BNO_R22-23-24-25 GNOR24_029 5800 139.48 153.64 153.67 0.03 154.43 154.48 0.05 154.95 154.93 -0.02
BNO_R22-23-24-25 GNOR25_022 6400 140.68 153.28 153.52 0.24 154.17 154.41 0.24 154.75 154.88 0.13
BNO_R22-23-24-25 GNOR25_022 6400 140.68 153.28 153.52 0.24 154.17 154.41 0.24 154.75 154.88 0.13
BNO_R22-23-24-25 GNOR25_012 7400 139.61 152.94 153.19 0.25 153.88 154.15 0.27 154.49 154.62 0.13
BNO_R22-23-24-25 GNOR25_005 8100 138.37 152.73 153.02 0.29 153.66 153.96 0.30 154.27 154.43 0.16
BNO_R22-23-24-25 GNOR25_000 8600 138.37 152.60 152.95 0.35 153.52 153.88 0.36 154.27 154.33 0.06

BNO_R21 GNOR21_000 0 150.55 154.96 154.84 -0.12 155.45 155.55 0.10 155.77 155.81 0.04
BNO_R21 GNOR21_008 800 152.55 154.91 154.83 -0.08 155.37 155.52 0.14 155.65 155.77 0.11
BNO_R21 GNOR21_012 1200 151.44 154.81 154.51 -0.30 155.26 155.30 0.04 155.50 155.59 0.09
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Nogoa River Model Conversion
Case 086 1 in 20, 1 in 50 and 1 in 100 year Results

Water Level 1 in 50 year ARI 1 in 100 year ARI

Name of Watercourse X-SECT Name MIKE 11 Chainage Bed EL RUBICON MIKE11 difference RUBICON MIKE11 difference RUBICON MIKE11 difference
CASE 086 CASE 086 (mAHD) CASE 086 CASE 086 (mAHD) CASE 086 CASE 086 (mAHD)

Results (mAHD)
1 in 20 year ARI

Results (mAHD) Results (mAHD)

BNO_R21 GNOR21_020 2000 147.01 153.34 153.53 0.19 154.30 154.50 0.20 154.93 155.02 0.09
BNO_R27 GNOR27_018 0 147.01 153.34 153.53 0.19 154.30 154.50 0.20 154.93 155.02 0.09
BNO_R27 GNOR27_010 800 146.07 153.33 153.52 0.19 154.24 154.43 0.19 154.84 154.91 0.07
BNO_R27 GNOR27_006 1200 144.54 153.32 153.52 0.20 154.22 154.42 0.20 154.81 154.89 0.08
BNO_R27 GNOR27_000 1800 144.54 153.32 153.52 0.20 154.21 154.41 0.20 154.79 154.88 0.09

BNO_R12-13-18-19 GNOR12_081 0 161.96 164.05 163.96 -0.09 164.74 164.48 -0.26 165.29 164.83 -0.46
BNO_R12-13-18-19 GNOR12_074 700 161.66 162.76 162.65 -0.11 163.14 162.93 -0.21 163.42 163.11 -0.31
BNO_R12-13-18-19 GNOR12_065 1600 159.73 160.76 160.60 -0.16 161.15 160.96 -0.19 161.46 161.22 -0.24
BNO_R12-13-18-19 GNOR12_061 2000 158.75 160.13 160.08 -0.05 160.60 160.58 -0.02 160.98 160.95 -0.03
BNO_R12-13-18-19 GNOR12_053 2800 158.15 159.69 159.86 0.17 160.10 160.41 0.31 160.49 160.82 0.33
BNO_R12-13-18-19 GNOR12_044 3700 157.78 159.54 159.83 0.28 159.80 160.36 0.56 160.11 160.77 0.66
BNO_R12-13-18-19 GNOR12_035 4600 157.73 159.45 159.81 0.36 159.52 160.34 0.82 159.80 160.75 0.95
BNO_R12-13-18-19 GNOR13_030 5000 157.73 159.40 159.81 0.41 159.19 160.34 1.15 159.45 160.75 1.30
BNO_R12-13-18-19 GNOR13_030 5000 157.73 159.40 159.81 0.41 159.19 160.34 1.15 159.45 160.75 1.30
BNO_R12-13-18-19 GNOR13_021 5900 157.42 159.06 159.28 0.22 158.79 160.03 1.24 159.10 160.54 1.44
BNO_R12-13-18-19 GNOR13_016 6400 156.75 158.89 159.01 0.12 158.64 159.88 1.24 158.91 160.45 1.54
BNO_R12-13-18-19 GNOR13_010 7000 154.96 158.75 158.48 -0.27 158.49 158.93 0.44 158.73 159.15 0.42
BNO_R12-13-18-19 GNOR18_067 8000 152.05 158.04 158.34 0.30 158.28 158.73 0.45 158.49 158.92 0.43
BNO_R12-13-18-19 GNOR18_067 8000 152.05 158.04 158.34 0.30 158.28 158.73 0.45 158.49 158.92 0.43
BNO_R12-13-18-19 GNOR18_060 8700 152.05 157.76 158.02 0.25 158.01 158.41 0.40 158.22 158.57 0.35
BNO_R12-13-18-19 GNOR18_053 9400 149.89 156.58 156.90 0.32 156.80 157.34 0.54 157.01 157.55 0.54
BNO_R12-13-18-19 GNOR18_053 9400 149.89 156.58 156.90 0.32 156.80 157.34 0.54 157.01 157.55 0.54
BNO_R12-13-18-19 GNOR19_040 10200 155.21 156.03 156.17 0.14 156.26 156.54 0.28 156.66 156.77 0.11
BNO_R12-13-18-19 GNOR19_031 11100 153.44 155.36 155.57 0.20 155.64 155.99 0.35 156.22 156.21 -0.01
BNO_R12-13-18-19 GNOR19_026 11600 153.02 155.10 155.28 0.18 155.37 155.75 0.38 155.78 155.97 0.19
BNO_R12-13-18-19 GNOR19_018 12400 152.79 154.33 154.55 0.22 154.74 155.18 0.44 155.22 155.50 0.28
BNO_R12-13-18-19 GNOR19_012 13000 151.86 153.53 153.76 0.23 154.39 154.68 0.29 155.01 155.17 0.16
BNO_R12-13-18-19 GNOR19_002 14000 147.01 153.34 153.53 0.19 154.30 154.50 0.20 154.93 155.02 0.09

BNO_R17 GNOR17_105 0 154.02 160.45 160.59 0.14 160.92 161.08 0.16 161.26 161.31 0.05
BNO_R17 GNOR17_098 700 154.05 160.27 160.33 0.06 160.72 160.79 0.07 161.07 161.03 -0.04
BNO_R17 GNOR17_090 1500 154.25 159.99 160.11 0.12 160.45 160.52 0.07 160.83 160.76 -0.08
BNO_R17 GNOR17_085 2000 153.88 159.60 159.66 0.06 160.20 160.18 -0.02 160.64 160.47 -0.17
BNO_R17 GNOR17_080 2500 153.60 159.17 158.96 -0.21 159.84 159.72 -0.12 160.29 160.04 -0.25
BNO_R17 GNOR17_073 3200 152.66 158.87 158.78 -0.09 159.45 159.43 -0.02 159.81 159.71 -0.10
BNO_R17 GNOR17_068 3700 152.05 158.04 158.34 0.30 158.28 158.73 0.45 158.49 158.92 0.43
BNO_R20 GNOR20_050 0 149.89 156.58 156.90 0.32 156.80 157.34 0.54 157.01 157.55 0.54
BNO_R20 GNOR20_043 700 149.89 156.34 156.68 0.34 156.56 157.08 0.52 156.77 157.27 0.50
BNO_R20 GNOR20_039 1100 149.20 156.20 156.53 0.33 156.42 156.90 0.48 156.64 157.08 0.44
BNO_R20 GNOR20_032 1800 149.12 155.96 156.20 0.24 156.21 156.62 0.41 156.46 156.83 0.37
BNO_R20 GNOR20_025 2500 148.83 155.85 156.00 0.15 156.12 156.49 0.37 156.38 156.71 0.33
BNO_R20 GNOR20_016 3400 149.20 155.69 155.86 0.17 155.99 156.35 0.36 156.27 156.57 0.30
BNO_R20 GNOR20_007 4300 149.04 155.35 155.41 0.06 155.72 156.00 0.28 156.03 156.24 0.21
BNO_R20 GNOR20_000 5000 149.04 154.96 154.84 -0.12 155.45 155.55 0.10 155.77 155.81 0.04

BNO_R04-5-6-7 GNOR04_005 0 158.89 165.63 165.37 -0.26 166.37 166.01 -0.36 166.98 166.47 -0.51
BNO_R04-5-6-7 GNOR05_007 500 160.06 165.54 165.23 -0.31 166.37 165.91 -0.46 166.98 166.38 -0.60
BNO_R04-5-6-7 GNOR05_007 500 160.06 165.54 165.23 -0.31 166.37 165.91 -0.46 166.98 166.38 -0.60
BNO_R04-5-6-7 GNOR06_013 1200 159.05 164.98 164.79 -0.19 165.87 165.45 -0.42 166.51 165.90 -0.61
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Nogoa River Model Conversion
Case 086 1 in 20, 1 in 50 and 1 in 100 year Results

Water Level 1 in 50 year ARI 1 in 100 year ARI

Name of Watercourse X-SECT Name MIKE 11 Chainage Bed EL RUBICON MIKE11 difference RUBICON MIKE11 difference RUBICON MIKE11 difference
CASE 086 CASE 086 (mAHD) CASE 086 CASE 086 (mAHD) CASE 086 CASE 086 (mAHD)

Results (mAHD)
1 in 20 year ARI

Results (mAHD) Results (mAHD)

BNO_R04-5-6-7 GNOR06_013 1200 159.05 164.98 164.79 -0.19 165.87 165.45 -0.42 166.51 165.90 -0.61
BNO_R04-5-6-7 GNOR06_005 2000 159.14 164.58 164.46 -0.12 165.35 165.02 -0.33 165.95 165.42 -0.53
BNO_R04-5-6-7 GNOR06_005 2000 159.14 164.58 164.46 -0.12 165.35 165.02 -0.33 165.95 165.42 -0.53
BNO_R04-5-6-7 GNOR07_000 2700 157.96 164.54 164.43 -0.11 165.30 165.01 -0.29 165.90 165.41 -0.49

BNO_R01-3 GNOR01_029 0 164.73 168.28 168.35 0.07 169.18 169.01 -0.17 169.72 169.39 -0.33
BNO_R01-3 GNOR01_021 800 165.80 167.70 167.87 0.17 168.29 168.30 0.00 168.71 168.57 -0.14
BNO_R01-3 GNOR01_018 1300 164.94 167.43 167.33 -0.10 167.71 167.78 0.07 168.19 168.09 -0.10
BNO_R01-3 GNOR01_013 1800 164.06 166.99 167.08 0.09 167.46 167.60 0.14 168.02 167.94 -0.08
BNO_R01-3 GNOR03_058 2800 164.03 167.00 166.72 -0.28 N/A 167.30 N/A 167.97 167.68 -0.29
BNO_R01-3 2800 164.03 167.00 166.72 -0.28 N/A 167.30 N/A 167.97 167.68 -0.29
BNO_R01-3 GNOR03_050 3600 162.94 166.02 166.11 0.09 166.98 166.80 -0.18 167.62 167.25 -0.37
BNO_R01-3 GNOR03_041 4500 162.40 165.84 165.83 -0.01 166.79 166.58 -0.21 167.43 167.04 -0.39
BNO_R01-3 GNOR03_035 5100 162.17 165.79 165.73 -0.06 166.72 166.48 -0.24 167.35 166.94 -0.41
BNO_R01-3 GNOR03_028 5800 162.10 165.73 165.63 -0.10 166.64 166.37 -0.27 167.28 166.83 -0.45
BNO_R01-3 GNOR03_019 6700 162.41 165.66 165.49 -0.17 166.55 166.18 -0.37 167.19 166.65 -0.54
BNO_R01-3 GNOR03_012 7400 162.51 165.61 165.38 -0.23 166.48 166.06 -0.42 167.11 166.53 -0.58
BNO_R01-3 GNOR03_005 8100 161.21 165.54 165.23 -0.31 166.37 165.91 -0.46 166.98 166.38 -0.60
BNO_R02 GNOR02_029 0 163.62 167.00 166.72 -0.28 167.38 167.30 -0.08 167.97 167.68 -0.29
BNO_R02 GNOR02_024 500 163.62 167.17 166.76 -0.41 167.48 167.36 -0.12 168.08 167.77 -0.31
BNO_R02 GNOR02_015 1400 164.30 167.18 166.82 -0.36 167.57 167.43 -0.14 168.17 167.85 -0.32
BNO_R02 GNOR02_010 1900 164.51 167.18 166.96 -0.22 167.67 167.51 -0.16 168.25 167.92 -0.33
BNO_R02 GNOR02_000 2900 164.03 167.33 167.22 -0.11 168.02 167.76 -0.26 168.54 168.16 -0.38

BNO_R08-15-16 GNOR08_090 0 161.54 164.58 164.46 -0.12 165.35 165.02 -0.33 165.95 165.42 -0.53
BNO_R08-15-16 GNOR08_087 300 161.68 164.28 164.07 -0.21 165.17 164.68 -0.49 165.83 165.12 -0.71
BNO_R08-15-16 GNOR08_080 1000 162.10 163.89 163.56 -0.33 164.95 164.30 -0.65 165.68 164.80 -0.88
BNO_R08-15-16 GNOR08_075 1500 161.52 163.76 163.44 -0.32 164.88 164.19 -0.69 165.62 164.70 -0.92
BNO_R08-15-16 GNOR08_070 2000 161.08 163.65 163.33 -0.33 164.81 164.10 -0.71 165.57 164.61 -0.96
BNO_R08-15-16 GNOR08_056 3400 160.24 163.39 162.97 -0.42 164.67 163.83 -0.84 165.46 164.37 -1.09
BNO_R08-15-16 GNOR08_050 4000 158.99 163.13 162.71 -0.42 164.48 163.56 -0.92 165.29 164.09 -1.20
BNO_R08-15-16 GNOR08_050 4000 158.99 163.13 162.71 -0.42 164.48 163.56 -0.92 165.29 164.09 -1.20
BNO_R08-15-16 GNOR08_040 5000 158.99 162.95 161.76 -1.19 164.33 162.41 -1.92 165.15 162.83 -2.33
BNO_R08-15-16 GNOR08_036 5400 159.22 162.89 161.35 -1.54 164.27 162.00 -2.28 165.09 162.40 -2.69
BNO_R08-15-16 GNOR08_030 6000 157.73 160.81 159.86 -0.95 161.83 160.40 -1.43 162.20 160.79 -1.41
BNO_R08-15-16 GNOR08_030 6000 157.73 160.81 159.86 -0.95 161.83 160.40 -1.43 162.20 160.79 -1.41
BNO_R08-15-16 GNOR15_025 6160 157.92 160.81 159.59 -1.22 161.83 160.02 -1.81 162.20 160.29 -1.91
BNO_R08-15-16 GNOR15_018 6700 157.01 159.84 159.05 -0.79 160.88 159.48 -1.40 161.33 159.75 -1.58
BNO_R08-15-16 GNOR15_008 7700 156.00 159.34 158.57 -0.77 160.42 158.97 -1.45 160.87 159.24 -1.63
BNO_R08-15-16 GNOR15_000 8500 155.46 159.07 158.35 -0.72 160.14 158.75 -1.39 160.59 159.00 -1.59
BNO_R08-15-16 GNOR15_000 8500 155.46 159.07 158.35 -0.72 160.14 158.75 -1.39 160.59 159.00 -1.59
BNO_R08-15-16 GNOR16_020 9200 155.39 158.78 157.94 -0.84 159.92 158.37 -1.55 160.38 158.63 -1.75
BNO_R08-15-16 GNOR16_015 9700 155.33 158.68 157.63 -1.05 159.86 158.08 -1.78 160.31 158.37 -1.94
BNO_R08-15-16 GNOR16_007 10500 154.25 158.55 157.01 -1.54 159.69 157.62 -2.07 160.13 157.98 -2.15
BNO_R08-15-16 GNOR16_000 11200 153.78 156.77 156.34 -0.43 157.63 156.89 -0.74 157.95 157.21 -0.74

BNO_R11A GNOR11_075 0 161.41 164.58 164.46 -0.12 165.35 165.02 -0.33 165.95 165.42 -0.53
BNO_R11A GNOR11_075 250 N/A N/A 164.46 N/A 165.35 165.02 -0.33 165.95 165.42 -0.53
BNO_R11A GNOR11_070 500 162.47 164.58 164.46 -0.12 165.35 165.02 -0.33 165.95 165.42 -0.53
BNO_R11B GNOR11_060 0 162.47 162.47 162.95 0.47 N/A 162.95 N/A N/A 162.95 N/A
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Nogoa River Model Conversion
Case 086 1 in 20, 1 in 50 and 1 in 100 year Results

Water Level 1 in 50 year ARI 1 in 100 year ARI

Name of Watercourse X-SECT Name MIKE 11 Chainage Bed EL RUBICON MIKE11 difference RUBICON MIKE11 difference RUBICON MIKE11 difference
CASE 086 CASE 086 (mAHD) CASE 086 CASE 086 (mAHD) CASE 086 CASE 086 (mAHD)

Results (mAHD)
1 in 20 year ARI

Results (mAHD) Results (mAHD)

BNO_R11B GNOR11_054 600 161.99 161.99 162.52 0.53 N/A 162.52 N/A N/A 162.52 N/A
BNO_R11B GNOR11_049 1100 160.99 160.99 161.56 0.57 N/A 161.56 N/A N/A 161.56 N/A
BNO_R11B GNOR11_042 1800 160.27 160.27 160.66 0.39 N/A 160.66 N/A N/A 160.66 N/A
BNO_R11B GNOR11_035 2500 158.56 158.56 159.52 0.96 N/A 159.52 N/A N/A 159.52 N/A
BNO_R11B GNOR11_024 3600 158.95 158.95 159.31 0.36 N/A 159.31 N/A N/A 159.31 N/A
BNO_R11B GNOR11_018 4200 158.16 158.46 158.50 0.04 158.63 158.41 -0.22 158.72 158.49 -0.23
BNO_R11B GNOR11_009 5100 157.44 158.46 158.50 0.04 158.63 158.41 -0.22 158.72 158.49 -0.23
BNO_R11B GNOR11_004 5600 156.55 158.46 158.50 0.04 158.63 158.41 -0.22 158.72 158.49 -0.23
BNO_R09A GNOR09_060 0 162.36 164.98 164.79 -0.19 165.87 165.45 -0.42 166.51 165.90 -0.61
BNO_R09A GNOR09_060 250 N/A N/A 164.79 N/A 165.87 165.45 -0.42 166.51 165.90 -0.61
BNO_R09A GNOR09_055 500 162.36 164.98 164.79 -0.19 165.87 165.45 -0.42 166.51 165.90 -0.61
BNO_R09B GNOR09_041 0 164.85 164.85 164.87 0.02 N/A 164.87 N/A N/A 164.87 N/A
BNO_R09B GNOR09_034 700 163.50 163.50 163.98 0.48 N/A 163.98 N/A N/A 163.98 N/A
BNO_R09B GNOR09_026 1500 162.34 162.34 163.08 0.74 N/A 163.08 N/A N/A 163.08 N/A
BNO_R09B GNOR09_021 2000 161.50 161.50 162.52 1.02 N/A 162.52 N/A N/A 162.52 N/A
BNO_R09B GNOR09_015 2600 161.13 161.13 161.36 0.23 N/A 161.36 N/A N/A 161.36 N/A
BNO_R09B GNOR09_005 3600 159.10 160.81 160.90 0.09 N/A 160.80 N/A N/A 160.89 N/A
BNO_R10A GNOR10_109 0 162.47 164.58 164.46 -0.12 165.35 165.02 -0.33 165.95 165.42 -0.53
BNO_R10A GNOR10_101 800 161.89 163.88 163.70 -0.18 164.96 164.41 -0.56 165.69 164.90 -0.79
BNO_R10A GNOR10_094 1500 159.71 163.70 163.48 -0.22 164.88 164.25 -0.63 165.63 164.77 -0.86
BNO_R10A GNOR10_090 1900 160.46 163.62 163.38 -0.24 164.84 164.18 -0.66 165.61 164.72 -0.90
BNO_R10A GNOR10_079 3000 160.19 163.43 163.03 -0.40 164.75 163.99 -0.76 165.54 164.57 -0.97
BNO_R10A GNOR10_074 3500 160.29 163.36 162.94 -0.42 164.70 163.89 -0.81 165.49 164.47 -1.02
BNO_R10A GNOR10_065 4400 158.99 163.13 162.71 -0.42 164.48 163.56 -0.92 165.29 164.09 -1.20
BNO_R10B GNOR10_072 0 160.19 160.19 160.37 0.18 160.13 160.37 0.24 160.58 160.37 -0.21
BNO_R10B GNOR10_062 1000 158.90 159.06 159.13 0.07 160.13 159.13 -1.00 160.58 159.13 -1.45
BNO_R10B GNOR10_044 1800 157.32 159.06 158.53 -0.53 160.13 158.75 -1.38 160.58 159.01 -1.58
BNO_R10B GNOR10_036 2600 157.07 159.06 158.35 -0.71 160.13 158.75 -1.38 160.58 159.00 -1.58
BNO_R10B GNOR10_030 3200 155.46 159.06 158.35 -0.71 160.13 158.75 -1.38 160.58 159.00 -1.58
BNO_R14 GNOR14_005 0 157.73 160.81 159.86 -0.95 161.83 160.40 -1.43 162.20 160.79 -1.41
BNO_R14 GNOR14_000 20 157.73 159.40 159.81 0.41 159.19 160.34 1.15 159.45 160.75 1.30
BNO_L11 GNOL11_008 0 150.60 161.26 161.45 0.19 161.75 161.90 0.15 162.12 162.13 0.01
BNO_L11 GNOL11_000 800 150.60 160.97 161.09 0.12 161.49 161.63 0.13 161.84 161.85 0.01
BRE_R11 GRER11_040 0 168.05 168.05 169.07 1.02 N/A 169.28 N/A 168.94 169.42 0.48
BRE_R11 GRER11_032 800 168.05 168.05 168.93 0.88 N/A 169.09 N/A 168.94 169.27 0.33
BRE_R11 GRER11_021 1900 166.85 167.68 167.78 0.10 N/A 168.34 N/A 168.94 168.74 -0.20
BRE_R11 GRER11_012 2800 160.69 167.63 167.78 0.15 N/A 168.34 N/A 168.94 168.72 -0.22
BRE_R11 GRER11_004 3600 160.69 167.63 167.78 0.15 N/A 168.34 N/A 168.94 168.72 -0.22
BNO_R26 GNOR26_010 0 152.26 154.10 154.09 -0.01 154.75 154.75 0.00 155.18 155.14 -0.04
BNO_R26 GNOR26_000 1000 152.26 153.49 153.76 0.27 154.27 154.50 0.23 154.80 154.90 0.10
BCO_R01 GCOR01_030 0 149.65 152.81 152.75 -0.06 153.66 153.57 -0.09 154.22 154.00 -0.22
BCO_R01 GCOR01_022 800 149.65 152.35 152.33 -0.02 153.17 153.12 -0.05 153.73 153.53 -0.20
BCO_R01 GCOR01_019 1200 149.68 151.93 151.99 0.06 152.76 152.71 -0.05 153.40 153.16 -0.24
BCO_R01 GCOR01_011 1900 147.93 151.28 151.40 0.12 152.28 152.28 0.00 153.05 152.80 -0.25
BCO_R01 GCOR01_007 2300 147.09 151.11 151.25 0.14 152.15 152.18 0.03 152.94 152.71 -0.23
BCO_R01 GCOR01_003 2700 141.07 151.09 151.23 0.14 152.12 152.16 0.04 152.92 152.69 -0.23
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Nogoa River Model Conversion
Case 086 Verification Results

Water Level
Results (mAHD) Results (mAHD) Results (mAHD)

Name of Watercourse X-SECT Name MIKE 11 Chainage Bed EL RUBICON MIKE11 difference MIKE11 difference
CASE 086 CASE 086 (mAHD) AD Case (mAHD)

NOGOA_MACKENZIE GNO_007005 0 175.81 187.19 187.37 0.18 187.37 0.00
NOGOA_MACKENZIE GNO_006998 700 171.87 186.97 187.12 0.15 187.12 0.00
NOGOA_MACKENZIE GNO_006991 1400 172.99 186.64 186.61 -0.03 186.61 0.00
NOGOA_MACKENZIE GNO_006983 2200 173.73 186.14 185.97 -0.17 185.97 0.00
NOGOA_MACKENZIE GNO_006978 2600 174.39 185.95 185.73 -0.22 185.73 0.00
NOGOA_MACKENZIE GNO_006975 3000 174.39 185.75 185.49 -0.26 185.49 0.00
NOGOA_MACKENZIE GNO_006975 3000 174.39 185.75 185.49 -0.26 185.49 0.00
NOGOA_MACKENZIE GNO_006972 3500 173.92 185.43 185.20 -0.24 185.20 0.00
NOGOA_MACKENZIE GNO_006962 4200 173.42 185.08 184.86 -0.22 184.86 0.00
NOGOA_MACKENZIE GNO_006951 5300 172.35 184.46 184.37 -0.09 184.37 0.00
NOGOA_MACKENZIE GNO_006940 6400 172.35 183.40 183.75 0.35 183.75 0.00
NOGOA_MACKENZIE GNO_006940 6400 172.35 183.40 183.75 0.35 183.75 0.00
NOGOA_MACKENZIE GNO_006930 7300 171.26 182.67 182.82 0.15 182.82 0.00
NOGOA_MACKENZIE GNO_006919 8200 169.07 181.94 181.69 -0.25 181.69 0.00
NOGOA_MACKENZIE GNO_006910 9100 169.07 181.11 181.06 -0.05 181.06 0.00
NOGOA_MACKENZIE GNO_006910 9100 169.07 181.11 181.06 -0.05 181.06 0.00
NOGOA_MACKENZIE GNO_006900 10000 167.16 180.71 180.63 -0.08 180.63 0.00
NOGOA_MACKENZIE GNO_006892 10800 167.01 180.35 180.28 -0.07 180.28 0.00
NOGOA_MACKENZIE GNO_006886 11400 166.99 180.10 180.05 -0.05 180.05 0.00
NOGOA_MACKENZIE GNO_006876 12400 166.85 179.57 179.57 0.00 179.57 0.00
NOGOA_MACKENZIE GNO_006868 13200 166.15 179.15 179.17 0.02 179.17 0.00
NOGOA_MACKENZIE GNO_006854 14600 164.84 178.29 178.37 0.08 178.37 0.00
NOGOA_MACKENZIE GNO_006845 15500 164.40 177.77 177.82 0.05 177.82 0.00
NOGOA_MACKENZIE GNO_006840 16000 164.31 177.45 177.49 0.04 177.49 0.00
NOGOA_MACKENZIE GNO_006840 16000 164.31 177.45 177.49 0.04 177.49 0.00
NOGOA_MACKENZIE N/A 16150 164.31 177.42 177.37 -0.04 177.37 0.00
NOGOA_MACKENZIE N/A 16200 170.39 177.39 177.26 -0.13 177.26 0.00
NOGOA_MACKENZIE N/A 16250 163.46 177.35 177.28 -0.07 177.28 0.00
NOGOA_MACKENZIE GNO_006835 16500 163.46 177.32 177.19 -0.13 177.19 0.00
NOGOA_MACKENZIE GNO_006822 17800 164.18 176.87 176.76 -0.11 176.76 0.00
NOGOA_MACKENZIE GNO_006817 18300 164.18 176.69 176.60 -0.09 176.60 0.00
NOGOA_MACKENZIE GNO_006810 18800 165.16 176.08 176.17 0.09 176.17 0.00
NOGOA_MACKENZIE GNO_006802 19600 164.38 175.23 175.30 0.07 175.30 0.00
NOGOA_MACKENZIE GNO_006798 20000 163.84 174.96 175.04 0.08 175.04 0.00
NOGOA_MACKENZIE GNO_006792 20600 163.45 174.42 174.43 0.01 174.43 0.00
NOGOA_MACKENZIE GNO_006784 21400 162.56 173.71 173.60 -0.12 173.60 0.00
NOGOA_MACKENZIE GNO_006778 22200 162.02 173.33 173.06 -0.27 173.06 0.00
NOGOA_MACKENZIE GNO_006778 22200 162.02 173.33 173.06 -0.27 173.06 0.00
NOGOA_MACKENZIE GNO_006769 22800 161.43 172.93 172.57 -0.36 172.57 0.00
NOGOA_MACKENZIE GNO_006759 23800 161.43 171.88 171.76 -0.12 171.76 0.00
NOGOA_MACKENZIE GNO_006759 23800 161.43 171.88 171.76 -0.12 171.76 0.00
NOGOA_MACKENZIE GNO_006753 24300 160.25 171.65 171.56 -0.09 171.56 0.00
NOGOA_MACKENZIE GNO_006744 25200 159.78 171.03 171.07 0.04 171.07 0.00
NOGOA_MACKENZIE GNO_006737 25900 159.43 170.30 170.41 0.11 170.41 0.00
NOGOA_MACKENZIE GNO_006734 26200 158.85 170.06 170.11 0.05 170.11 0.00
NOGOA_MACKENZIE GNO_006727 26900 158.39 169.73 169.73 0.00 169.73 0.00
NOGOA_MACKENZIE GNO_006720 27600 158.39 169.45 169.47 0.02 169.47 0.00
NOGOA_MACKENZIE GNO_006709 28700 157.78 169.01 169.01 0.00 169.01 0.00
NOGOA_MACKENZIE GNO_006701 29500 157.54 168.84 168.85 0.01 168.85 0.00
NOGOA_MACKENZIE GNO_006692 30400 157.08 168.61 168.66 0.04 168.66 0.00
NOGOA_MACKENZIE GNO_006685 31100 157.08 168.28 168.35 0.07 168.35 0.00
NOGOA_MACKENZIE GNO_006685 31100 157.08 168.28 168.35 0.07 168.35 0.00
NOGOA_MACKENZIE GNO_006678 31500 155.58 168.11 168.17 0.06 168.17 0.00
NOGOA_MACKENZIE GNO_006670 32300 155.58 167.63 167.78 0.15 167.78 0.00
NOGOA_MACKENZIE GNO_006670 32300 155.58 167.63 167.78 0.15 167.78 0.00
NOGOA_MACKENZIE GNO_006661 33000 154.67 167.43 167.46 0.03 167.46 0.00
NOGOA_MACKENZIE GNO_006657 33400 154.20 167.38 167.30 -0.08 167.30 0.00
NOGOA_MACKENZIE GNO_006650 34100 154.29 167.33 167.22 -0.11 167.22 0.00
NOGOA_MACKENZIE GNO_006641 34100 154.29 167.33 167.22 -0.11 167.22 0.00
NOGOA_MACKENZIE GNO_006641 34500 155.39 166.98 166.91 -0.07 166.91 0.00
NOGOA_MACKENZIE GNO_006630 34900 154.83 166.76 166.64 -0.12 166.64 0.00
NOGOA_MACKENZIE GNO_006621 35800 154.14 166.23 166.02 -0.21 166.01 -0.01
NOGOA_MACKENZIE GNO_006610 36900 153.33 165.63 165.37 -0.26 165.34 -0.02
NOGOA_MACKENZIE GNO_006610 36900 153.33 165.63 165.37 -0.26 165.34 -0.02
NOGOA_MACKENZIE GNO_006598 37600 152.82 165.37 165.10 -0.27 165.07 -0.03
NOGOA_MACKENZIE GNO_006592 38200 151.96 165.01 164.80 -0.22 164.75 -0.04
NOGOA_MACKENZIE GNO_006583 39100 151.75 164.54 164.43 -0.11 164.37 -0.06
NOGOA_MACKENZIE GNO_006583 39100 151.75 164.54 164.43 -0.11 164.37 -0.06
NOGOA_MACKENZIE GNO_006570 39800 150.16 164.38 164.25 -0.13 164.17 -0.08
NOGOA_MACKENZIE GNO_006565 40300 149.96 164.22 164.12 -0.10 164.03 -0.09
NOGOA_MACKENZIE GNO_006560 40800 149.71 164.05 163.96 -0.09 163.85 -0.11
NOGOA_MACKENZIE GNO_006560 40800 149.71 164.05 163.96 -0.09 163.85 -0.11
NOGOA_MACKENZIE GNO_006545 41700 150.01 163.40 163.52 0.12 163.34 -0.18
NOGOA_MACKENZIE GNO_006537 42500 149.80 162.74 162.94 0.19 162.70 -0.24
NOGOA_MACKENZIE GNO_006532 43000 149.51 162.34 162.57 0.23 162.36 -0.21
NOGOA_MACKENZIE GNO_006522 44000 148.73 161.26 161.45 0.19 161.56 0.11
NOGOA_MACKENZIE GNO_006522 44000 148.73 161.26 161.45 0.19 161.56 0.11
NOGOA_MACKENZIE GNO_006510 45000 147.83 160.84 160.94 0.10 161.16 0.22
NOGOA_MACKENZIE GNO_006503 45700 147.83 160.45 160.59 0.14 160.84 0.25
NOGOA_MACKENZIE GNO_006503 45700 147.83 160.45 160.59 0.14 160.84 0.25
NOGOA_MACKENZIE GNO_006496 46200 147.10 160.36 160.27 -0.09 160.56 0.29
NOGOA_MACKENZIE GNO_006492 46600 146.79 160.15 159.99 -0.16 160.23 0.24
NOGOA_MACKENZIE GNO_006485 47300 146.19 159.62 159.37 -0.25 159.58 0.21
NOGOA_MACKENZIE GNO_006480 47800 145.92 159.31 159.08 -0.23 159.27 0.20
NOGOA_MACKENZIE GNO_006470 48800 147.16 158.77 158.67 -0.10 158.81 0.14
NOGOA_MACKENZIE GNO_006465 49300 149.31 158.52 158.42 -0.10 158.55 0.12
NOGOA_MACKENZIE GNO_006460 49800 146.41 158.28 158.06 -0.22 158.16 0.10
NOGOA_MACKENZIE GNO_006450 50800 145.90 157.86 157.43 -0.43 157.47 0.05
NOGOA_MACKENZIE GNO_006440 51800 145.33 157.48 157.06 -0.42 157.05 -0.02
NOGOA_MACKENZIE GNO_006430 52800 145.33 157.06 156.94 -0.12 156.90 -0.04
NOGOA_MACKENZIE GNO_006430 52800 145.33 157.06 156.94 -0.12 156.90 -0.04
NOGOA_MACKENZIE GNO_006420 53500 144.39 156.88 156.80 -0.08 156.77 -0.03
NOGOA_MACKENZIE GNO_006412 54300 143.76 156.63 156.53 -0.10 156.51 -0.02
NOGOA_MACKENZIE GNO_006405 55300 143.01 156.20 156.14 -0.06 156.15 0.01
NOGOA_MACKENZIE GNO_006405 55300 143.01 156.20 156.14 -0.06 156.15 0.01

1 in 20 year ARI1 in 20 year ARI
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Nogoa River Model Conversion
Case 086 Verification Results

Water Level
Results (mAHD) Results (mAHD) Results (mAHD)

Name of Watercourse X-SECT Name MIKE 11 Chainage Bed EL RUBICON MIKE11 difference MIKE11 difference
CASE 086 CASE 086 (mAHD) AD Case (mAHD)

1 in 20 year ARI1 in 20 year ARI

NOGOA_MACKENZIE GNO_006396 56100 147.46 155.80 156.03 0.23 156.04 0.01
NOGOA_MACKENZIE GNO_006390 56700 146.10 155.43 155.79 0.35 155.80 0.01
NOGOA_MACKENZIE GNO_006385 57200 144.90 155.22 155.60 0.38 155.62 0.02
NOGOA_MACKENZIE GNO_006379 57800 144.95 154.90 155.35 0.45 155.38 0.03
NOGOA_MACKENZIE GNO_006372 58500 143.36 154.47 154.76 0.29 154.84 0.08
NOGOA_MACKENZIE GNO_006367 59000 143.36 154.32 154.49 0.17 154.60 0.11
NOGOA_MACKENZIE GNO_006362 59500 144.95 154.19 154.37 0.18 154.49 0.13
NOGOA_MACKENZIE GNO_006356 60100 143.09 153.89 154.13 0.24 154.30 0.16
NOGOA_MACKENZIE GNO_006353 60400 142.16 153.65 153.89 0.24 154.08 0.19
NOGOA_MACKENZIE GNO_006350 60700 141.63 153.49 153.76 0.27 153.97 0.21
NOGOA_MACKENZIE GNO_006350 60700 141.63 153.49 153.76 0.27 153.97 0.21
NOGOA_MACKENZIE GNO_006342 61200 141.28 153.23 153.59 0.36 153.84 0.25
NOGOA_MACKENZIE GNO_006338 61600 142.49 153.01 153.36 0.35 153.66 0.31
NOGOA_MACKENZIE GNO_006330 62400 137.72 152.60 152.95 0.35 153.37 0.43
NOGOA_MACKENZIE GNO_006330 62400 137.72 152.60 152.95 0.35 153.37 0.43
NOGOA_MACKENZIE GNO_006323 63000 138.11 152.25 152.21 -0.04 152.65 0.44
NOGOA_MACKENZIE GNO_006319 63600 136.56 151.92 152.01 0.09 152.41 0.40
NOGOA_MACKENZIE GNO_006319 63600 136.56 151.92 152.01 0.09 152.41 0.40
NOGOA_MACKENZIE GNO_006310 64230 136.16 151.70 151.79 0.09 152.13 0.34
NOGOA_MACKENZIE GNO_006300 65220 135.59 151.51 151.57 0.06 151.83 0.26
NOGOA_MACKENZIE GNO_006290 66020 134.54 151.38 151.44 0.06 151.69 0.25
NOGOA_MACKENZIE GNO_006290 66020 134.54 151.38 151.44 0.06 151.69 0.25
NOGOA_MACKENZIE GNO_006285 66770 133.66 151.27 151.32 0.05 151.54 0.22
NOGOA_MACKENZIE GNO_006280 67280 134.24 151.17 151.22 0.05 151.41 0.19
NOGOA_MACKENZIE GNO_006275 67790 134.03 151.08 151.15 0.07 151.32 0.16
NOGOA_MACKENZIE GNO_006270 68090 133.76 151.03 151.10 0.07 151.25 0.15
NOGOA_MACKENZIE GNO_006265 68690 133.32 150.91 150.99 0.08 151.10 0.12
NOGOA_MACKENZIE GNO_006260 69230 133.29 150.85 150.91 0.06 151.01 0.10
NOGOA_MACKENZIE GNO_006256 69740 133.19 150.78 150.84 0.06 150.92 0.08
NOGOA_MACKENZIE GNO_006250 70340 133.01 150.72 150.75 0.03 150.81 0.06
NOGOA_MACKENZIE GNO_006250 70340 133.01 150.72 150.75 0.03 150.81 0.06
NOGOA_MACKENZIE GNO_006263 71780 133.01 150.61 150.51 -0.10 150.61 0.10
NOGOA_MACKENZIE GNO_006263 71780 133.01 150.61 150.51 -0.10 150.61 0.10
NOGOA_MACKENZIE GMK_006226 72980 132.16 150.35 150.12 -0.23 150.27 0.15
NOGOA_MACKENZIE GMK_006226 72980 132.16 150.35 150.12 -0.23 150.27 0.15
NOGOA_MACKENZIE GMK_006220 73400 131.23 150.20 150.02 -0.18 150.18 0.16
NOGOA_MACKENZIE GMK_006212 74120 130.24 149.91 149.81 -0.10 149.95 0.14
NOGOA_MACKENZIE GMK_006205 74780 128.63 149.65 149.61 -0.04 149.73 0.12
NOGOA_MACKENZIE GMK_006198 75710 128.11 149.38 149.34 -0.04 149.43 0.08
NOGOA_MACKENZIE GMK_006187 76730 128.89 149.10 149.00 -0.10 149.06 0.06
NOGOA_MACKENZIE GMK_006180 77330 129.00 148.91 148.81 -0.10 148.85 0.05
NOGOA_MACKENZIE GMK_006180 77330 129.00 148.91 148.81 -0.10 148.85 0.05
NOGOA_MACKENZIE GMK_006176 77810 129.00 148.76 148.62 -0.14 148.65 0.02
NOGOA_MACKENZIE GMK_006160 79490 130.10 148.33 148.13 -0.20 148.08 -0.05
NOGOA_MACKENZIE GMK_006149 80490 128.23 148.12 147.87 -0.25 147.79 -0.09
NOGOA_MACKENZIE GMK_006149 80490 128.23 148.12 147.87 -0.25 147.79 -0.09
NOGOA_MACKENZIE GMK_006147 80670 128.23 148.05 147.79 -0.26 147.71 -0.08
NOGOA_MACKENZIE GMK_006140 81390 126.91 147.83 147.56 -0.27 147.49 -0.07
NOGOA_MACKENZIE GMK_006132 82110 125.50 147.67 147.39 -0.28 147.32 -0.06
NOGOA_MACKENZIE GMK_006132 82110 125.50 147.67 147.39 -0.28 147.32 -0.06
NOGOA_MACKENZIE GMK_006107 84210 122.90 146.98 146.55 -0.43 146.50 -0.06
NOGOA_MACKENZIE GMK_006107 84210 122.90 146.98 146.55 -0.43 146.50 -0.06
NOGOA_MACKENZIE GMK_006085 85710 124.26 146.48 146.19 -0.29 146.14 -0.06
NOGOA_MACKENZIE GMK_006060 88210 123.23 145.68 145.69 0.01 145.63 -0.06
NOGOA_MACKENZIE GMK_006045 89710 122.45 145.14 145.32 0.18 145.26 -0.06
NOGOA_MACKENZIE GMK_006045 89710 122.45 145.14 145.32 0.18 145.26 -0.06
NOGOA_MACKENZIE GMK_006020 91710 121.21 144.60 144.75 0.15 144.68 -0.06
NOGOA_MACKENZIE GMK_005997 94010 119.56 143.90 143.92 0.01 143.85 -0.06
NOGOA_MACKENZIE GMK_005982 95510 118.83 143.32 143.23 -0.09 143.17 -0.06
NOGOA_MACKENZIE GMK_005982 95510 118.83 143.32 143.23 -0.09 143.17 -0.06
NOGOA_MACKENZIE GMK_005976 95910 118.83 143.13 143.03 -0.10 142.97 -0.06

BNO_L14 GNOL14_020 0 181.65 185.75 185.49 -0.26 185.49 0.00
BNO_L14 GNOL14_012 800 181.29 185.73 184.86 -0.87 184.86 0.00
BNO_L14 GNOL14_004 1600 182.53 183.40 183.75 0.35 183.75 0.00
BNO_L01 GNOL01_085 0 182.03 182.03 182.03 0.00 181.06 -0.96
BNO_L01 GNOL01_077 800 182.03 182.03 182.03 0.00 182.03 0.00
BNO_L01 GNOL01_068 1700 179.94 179.94 179.94 0.00 179.94 0.00
BNO_L01 GNOL01_060 2500 179.94 179.94 179.94 0.00 179.94 0.00
BNO_L01 GNOL01_051 3400 180.38 180.38 180.39 0.00 180.39 0.00
BNO_L01 GNOL01_045 4000 179.50 179.5 180.46 0.96 180.46 0.00
BNO_L01 GNOL01_032 5300 176.22 177.45 177.49 0.04 177.49 0.00
BNO_L01 GNOL01_024 6100 174.32 177.45 177.49 0.04 177.49 0.00
BNO_L01 GNOL01_018 6700 172.70 177.45 177.49 0.04 177.49 0.00
BNO_L01 GNOL01_010 7500 170.48 177.45 177.49 0.04 177.49 0.00

BOGGY CREEK GBO_000070 0 161.24 161.24 161.24 0.00 161.24 0.00
BOGGY CREEK GBO_000065 500 159.25 159.25 159.24 -0.01 159.24 0.00
BOGGY CREEK GBO_000062 800 158.46 158.46 158.45 -0.01 158.45 0.00
BOGGY CREEK GBO_000056 1400 156.69 156.69 156.69 0.00 156.69 0.00
BOGGY CREEK GBO_000052 1800 154.81 154.81 154.81 0.00 154.81 0.00
BOGGY CREEK GBO_000045 2500 153.36 153.36 153.36 0.00 153.36 0.00
BOGGY CREEK GBO_000038 3200 149.88 151.6 152.01 0.41 152.41 0.40
BOGGY CREEK GBO_000033 3700 148.19 151.6 152.01 0.41 152.41 0.40
BOGGY CREEK GBO_000026 4400 146.30 151.6 152.01 0.41 152.41 0.40
BOGGY CREEK GBO_000018 5200 145.25 151.6 152.01 0.41 152.41 0.40
BOGGY CREEK GBO_000013 5700 143.29 151.6 152.01 0.41 152.41 0.40
BOGGY CREEK GBO_000000 7000 143.29 151.6 152.01 0.41 152.41 0.40
COMET RIVER GCO_000168 0 141.12 154.28 154.36 0.08 154.38 0.02
COMET RIVER GCO_000161 700 141.12 153.97 154.04 0.07 154.07 0.03
COMET RIVER GCO_000161 700 141.12 153.97 154.04 0.07 154.07 0.03
COMET RIVER GCO_000157 1100 141.24 153.92 153.97 0.05 154.00 0.03
COMET RIVER GCO_000150 1800 141.31 153.83 153.87 0.03 153.90 0.03
COMET RIVER GCO_000143 2500 141.14 153.67 153.66 -0.01 153.70 0.04
COMET RIVER GCO_000135 3400 141.14 153.47 153.35 -0.12 153.40 0.05
COMET RIVER GCO_000128 4000 140.72 153.35 153.20 -0.16 153.26 0.06
COMET RIVER GCO_000117 5100 140.10 152.95 152.86 -0.09 152.93 0.07
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COMET RIVER GCO_000112 5600 137.39 152.81 152.75 -0.06 152.83 0.08
COMET RIVER GCO_000112 5600 137.39 152.81 152.75 -0.06 152.83 0.08
COMET RIVER GCO_000104 6500 136.49 152.52 152.58 0.06 152.67 0.09
COMET RIVER GCO_000099 6900 136.19 152.36 152.46 0.10 152.56 0.09
COMET RIVER GCO_000094 7400 135.49 152.21 152.35 0.14 152.45 0.09
COMET RIVER GCO_000089 7900 136.62 152.1 152.27 0.17 152.37 0.10
COMET RIVER GCO_000084 8400 135.90 151.99 152.18 0.19 152.28 0.10
COMET RIVER GCO_000074 9400 135.76 151.41 151.64 0.23 151.79 0.15
COMET RIVER GCO_000070 9800 135.25 151.28 151.42 0.13 151.60 0.19
COMET RIVER GCO_000065 10200 135.52 151.18 151.34 0.16 151.53 0.20
COMET RIVER GCO_000065 10200 135.52 151.18 151.34 0.16 151.53 0.20
COMET RIVER GCO_000058 11200 135.52 151.09 151.23 0.14 151.42 0.19
COMET RIVER GCO_000058 11200 135.52 151.09 151.23 0.14 151.42 0.19
COMET RIVER GCO_000051 11700 135.65 150.96 151.13 0.17 151.31 0.18
COMET RIVER GCO_000046 12200 135.45 150.89 151.05 0.16 151.21 0.17
COMET RIVER GCO_000041 12700 134.60 150.85 150.96 0.11 151.11 0.15
COMET RIVER GCO_000033 13500 134.49 150.79 150.83 0.04 150.99 0.16
COMET RIVER GCO_000028 13900 134.65 150.76 150.78 0.02 150.94 0.16
COMET RIVER GCO_000020 14800 134.40 150.69 150.67 -0.02 150.80 0.13
COMET RIVER GCO_000013 15500 134.40 150.64 150.57 -0.07 150.69 0.12
COMET RIVER GCO_000006 16100 134.56 150.61 150.51 -0.10 150.61 0.10

SANDHURST CREEK GSA_000160 0 151.64 154.89 154.95 0.06 154.95 0.00
SANDHURST CREEK GSA_000155 500 151.18 154.27 154.50 0.23 154.50 0.00
SANDHURST CREEK GSA_000150 1000 150.74 153.66 153.86 0.20 153.86 0.00
SANDHURST CREEK GSA_000146 1400 150.72 153.47 153.67 0.19 153.67 0.00
SANDHURST CREEK GSA_000141 1900 149.40 152.96 153.23 0.27 153.23 0.00
SANDHURST CREEK GSA_000136 2400 148.79 152.27 152.54 0.27 152.54 0.00
SANDHURST CREEK GSA_000128 3200 148.96 151.83 151.91 0.08 151.91 0.00
SANDHURST CREEK GSA_000121 3900 147.98 151.78 151.81 0.03 151.81 0.00
SANDHURST CREEK GSA_000117 4300 147.04 151.77 151.80 0.03 151.80 0.00
SANDHURST CREEK GSA_000111 4900 146.52 151.77 151.80 0.03 151.80 0.00
SANDHURST CREEK GSA_000104 5600 146.53 151.22 151.70 0.48 151.70 0.00
SANDHURST CREEK GSA_000096 6400 145.52 150.65 150.60 -0.05 150.67 0.07
SANDHURST CREEK GSA_000089 7100 145.29 150.65 150.60 -0.05 150.67 0.07
SANDHURST CREEK GSA_000084 7600 144.51 150.65 150.60 -0.05 150.67 0.07
SANDHURST CREEK GSA_000076 8400 143.41 150.65 150.60 -0.05 150.67 0.07
SANDHURST CREEK GSA_000065 9500 143.13 150.65 150.60 -0.05 150.67 0.07
SANDHURST CREEK GSA_000065 9500 143.13 150.65 150.60 -0.05 150.67 0.07
SANDHURST CREEK GSA_000052 10700 142.46 150.64 150.58 -0.06 150.66 0.08
SANDHURST CREEK GSA_000041 11700 141.07 150.64 150.57 -0.07 150.65 0.08
SANDHURST CREEK GSA_000035 12300 140.95 150.63 150.56 -0.07 150.64 0.09
SANDHURST CREEK GSA_000027 13100 140.65 150.63 150.55 -0.08 150.63 0.09
SANDHURST CREEK GSA_000015 14600 139.34 150.62 150.53 -0.09 150.62 0.09
SANDHURST CREEK GSA_000010 15100 138.19 150.62 150.52 -0.10 150.62 0.09
SANDHURST CREEK GSA_000000 16100 138.19 150.61 150.51 -0.10 150.61 0.10

BCO_L01-02-04 GCOL01_026 0 150.37 153.97 154.04 0.07 154.07 0.03
BCO_L01-02-04 GCOL01_020 600 149.72 153.57 153.62 0.05 153.66 0.03
BCO_L01-02-04 GCOL01_014 1200 149.40 153.22 153.22 0.00 153.27 0.04
BCO_L01-02-04 GCOL01_010 1600 149.30 153.09 153.07 -0.02 153.12 0.05
BCO_L01-02-04 GCOL01_002 2600 148.54 152.93 152.89 -0.04 152.95 0.05
BCO_L01-02-04 GCOL01_002 2600 148.54 152.93 152.89 -0.04 152.95 0.05
BCO_L01-02-04 GCOL02_069 3400 151.49 152.86 152.87 0.01 152.92 0.05
BCO_L01-02-04 GCOL02_062 4100 151.38 152.49 152.53 0.04 152.59 0.05
BCO_L01-02-04 GCOL02_057 4600 150.87 151.92 152.05 0.13 152.04 -0.01
BCO_L01-02-04 XCOL02_050 5300 n/a n/a 151.38 n/a 151.53 0.15
BCO_L01-02-04 GCOL02_045 5800 150.05 151.00 151.01 0.01 151.41 0.40
BCO_L01-02-04 GCOL02_040 6300 149.17 150.97 150.97 0.00 151.40 0.43
BCO_L01-02-04 GCOL02_030 7300 148.42 150.97 150.96 -0.01 151.40 0.43
BCO_L01-02-04 GCOL02_020 8300 147.83 150.97 150.96 -0.01 151.40 0.43
BCO_L01-02-04 GCOL02_016 8700 146.43 150.97 150.96 -0.01 151.40 0.43
BCO_L01-02-04 GCOL02_008 9500 146.34 150.96 150.96 0.00 151.40 0.43
BCO_L01-02-04 GCOL02_002 10100 145.47 150.96 150.96 0.00 151.39 0.44
BCO_L01-02-04 GCOL02_002 10100 145.47 150.96 150.96 0.00 151.39 0.44
BCO_L01-02-04 GCOL04_018 10600 145.95 150.90 150.90 0.00 151.38 0.48
BCO_L01-02-04 GCOL04_009 11500 145.96 150.77 150.74 -0.03 151.28 0.55
BCO_L01-02-04 GCOL04_000 12400 145.96 150.65 150.60 -0.05 150.67 0.07

CRINUM CK GCR_000155 0 160.89 164.96 165.05 0.09 165.05 0.00
CRINUM CK GCR_000150 500 160.72 164.80 164.83 0.03 164.83 0.00
CRINUM CK GCR_000145 1000 159.12 164.66 164.69 0.03 164.69 0.00
CRINUM CK GCR_000140 1500 159.32 164.27 164.36 0.09 164.36 0.00
CRINUM CK GCR_000135 2000 158.23 163.50 163.57 0.07 163.57 0.00
CRINUM CK GCR_000130 2500 158.11 163.18 163.18 0.00 163.18 0.00
CRINUM CK GCR_000120 3500 157.10 162.77 162.85 0.08 162.85 0.00
CRINUM CK GCR_000115 4000 156.73 162.46 162.57 0.10 162.57 0.00
CRINUM CK GCR_000110 4500 157.45 162.31 162.40 0.09 162.40 0.00
CRINUM CK GCR_000103 5200 155.38 162.15 162.23 0.08 162.23 0.00
CRINUM CK GCR_000095 6000 153.69 162.05 162.13 0.08 162.13 0.00
CRINUM CK GCR_000088 6700 154.88 161.97 162.04 0.07 162.04 0.00
CRINUM CK GCR_000078 7700 154.98 161.66 161.78 0.12 161.78 0.00
CRINUM CK GCR_000070 8500 154.83 161.40 161.51 0.11 161.51 0.00
CRINUM CK GCR_000060 9500 154.40 161.11 161.19 0.08 161.37 0.18
CRINUM CK GCR_000053 10200 154.40 161.02 161.13 0.11 161.33 0.20
CRINUM CK GCR_000053 10200 154.40 161.02 161.13 0.11 161.33 0.20
CRINUM CK GCR_000045 10900 153.91 161.00 161.11 0.11 161.32 0.21
CRINUM CK GCR_000040 11400 153.13 161.00 161.11 0.11 161.32 0.21
CRINUM CK GCR_000034 12000 153.13 160.99 161.11 0.12 161.31 0.21
CRINUM CK GCR_000034 12000 153.13 160.99 161.11 0.12 161.31 0.21
CRINUM CK GCR_000030 12300 153.00 160.99 161.11 0.11 161.31 0.21
CRINUM CK GCR_000020 13300 151.68 160.98 161.10 0.12 161.31 0.21
CRINUM CK GCR_000015 13800 151.68 160.97 161.09 0.12 161.30 0.21
CRINUM CK GCR_000015 13800 151.68 160.97 161.09 0.12 161.30 0.21
CRINUM CK GCR_000008 14400 150.39 160.66 160.76 0.10 161.02 0.27
CRINUM CK GCR_000006 14500 149.84 160.59 160.69 0.10 160.97 0.28
CRINUM CK GCR_000006 14500 149.84 160.59 160.69 0.10 160.97 0.28
CRINUM CK GCR_000000 15100 149.84 160.46 160.59 0.13 160.84 0.25
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MOSQUITO CK GMO_000052 0 166.31 166.31 166.31 0.00 166.31 0.00
MOSQUITO CK GMO_000048 400 165.17 165.17 165.17 0.00 165.17 0.00
MOSQUITO CK GMO_000042 1000 163.79 163.79 163.79 0.00 163.79 0.00
MOSQUITO CK GMO_000033 1900 162.98 162.98 162.97 -0.01 162.97 0.00
MOSQUITO CK GMO_000028 2400 162.25 162.25 162.25 0.00 162.25 0.00
MOSQUITO CK GMO_000020 3200 160.97 161.02 161.13 0.11 161.33 0.20
MOSQUITO CK GMO_000010 4200 158.36 161.02 161.13 0.11 161.33 0.20
MOSQUITO CK GMO_000000 5200 156.36 161.02 161.13 0.11 161.33 0.20

GORDONSTONE CK GGO_000092 0 161.52 164.07 163.91 -0.16 163.91 0.00
GORDONSTONE CK GGO_000080 1200 160.63 163.04 162.89 -0.15 162.89 0.00
GORDONSTONE CK GGO_000074 1800 160.00 162.71 162.52 -0.19 162.52 0.00
GORDONSTONE CK GGO_000062 3000 159.57 161.70 161.52 -0.18 161.52 0.00
GORDONSTONE CK GGO_000055 3700 157.92 161.00 161.12 0.12 161.32 0.20
GORDONSTONE CK GGO_000045 4700 157.33 160.99 161.11 0.12 161.32 0.21
GORDONSTONE CK GGO_000033 5900 157.07 160.99 161.11 0.12 161.32 0.21
GORDONSTONE CK GGO_000023 6900 156.31 160.99 161.11 0.12 161.32 0.21
GORDONSTONE CK GGO_000016 7600 155.94 160.99 161.11 0.12 161.32 0.21
GORDONSTONE CK GGO_000012 8000 155.75 160.99 161.11 0.12 161.32 0.21
GORDONSTONE CK GGO_000008 8400 155.14 160.99 161.11 0.12 161.31 0.21
GORDONSTONE CK GGO_000000 9200 153.14 160.99 161.11 0.12 161.31 0.21

UNNAMED CK GUN_000056 0 162.55 162.55 162.55 0.00 162.55 0.00
UNNAMED CK GUN_000050 600 161.77 161.77 161.77 0.00 161.77 0.00
UNNAMED CK GUN_000042 1400 159.15 160.22 159.53 -0.69 159.14 -0.39
UNNAMED CK GUN_000034 2200 157.87 160.22 159.53 -0.69 159.04 -0.49
UNNAMED CK GUN_000020 3600 155.73 160.22 159.53 -0.69 159.04 -0.49
UNNAMED CK GUN_000020 3600 155.73 160.59 159.53 -1.06 159.04 -0.49
UNNAMED CK GUN_000000 5600 155.73 160.59 160.69 0.10 160.97 0.28

BCO_L03 GCOL03_008 0 148.43 152.93 152.75 -0.18 152.83 0.08
BCO_L03 GCOL03_000 800 148.43 152.81 152.89 0.08 152.95 0.05
BCO_L05 GCOL05_010 0 143.91 150.96 151.34 0.38 151.53 0.20
BCO_L05 GCOL05_000 1000 143.91 151.18 150.96 -0.22 151.39 0.44
BNO_L02 GNOL02_050 0 155.46 159.02 159.53 0.51 159.04 -0.49
BNO_L02 GNOL02_046 400 155.46 158.75 159.26 0.51 158.79 -0.46
BNO_L02 GNOL02_038 1200 154.08 158.10 158.70 0.60 158.13 -0.56
BNO_L02 GNOL02_030 2000 153.86 157.63 158.26 0.63 157.63 -0.63
BNO_L02 GNOL02_022 2800 152.81 157.27 157.70 0.43 157.24 -0.46
BNO_L02 GNOL02_016 3400 152.21 157.14 157.21 0.07 157.02 -0.19
BNO_L02 GNOL02_010 4000 149.77 157.1 157.04 -0.06 156.94 -0.11
BNO_L02 GNOL02_000 5000 149.77 157.06 156.94 -0.12 156.90 -0.04

WINTON CK GWI_000332 0 166.5 167.10 167.06 -0.04 167.06 0.00
WINTON CK GWI_000326 600 165.61 165.85 165.95 0.10 165.95 0.00
WINTON CK GWI_000319 1300 164.29 165.41 165.29 -0.12 165.29 0.00
WINTON CK GWI_000313 1900 163.83 165.40 165.27 -0.13 165.27 0.00
WINTON CK GWI_000305 2700 163.32 165.16 165.26 0.09 165.26 0.00
WINTON CK GWI_000301 3100 163.12 164.70 164.81 0.11 164.81 0.00
WINTON CK GWI_000296 3600 162.36 164.34 164.38 0.04 164.38 0.00
WINTON CK GWI_000288 4400 161.89 163.42 163.54 0.12 163.53 0.00
WINTON CK GWI_000280 5200 160.64 162.45 162.54 0.09 162.56 0.02
WINTON CK GWI_000276 5600 159.61 162.08 162.21 0.13 162.27 0.07
WINTON CK GWI_000269 6300 159.53 161.48 161.55 0.07 161.68 0.13
WINTON CK GWI_000263 6900 159.52 161.27 161.33 0.06 161.37 0.04
WINTON CK GWI_000259 7300 159.37 161.14 161.21 0.07 161.21 0.00
WINTON CK GWI_000253 7900 159.44 160.91 160.99 0.08 160.99 0.00
WINTON CK GWI_000247 8400 159.10 160.81 160.90 0.09 160.89 -0.01
WINTON CK GWI_000247 8400 159.10 160.81 160.90 0.09 160.89 -0.01
WINTON CK GWI_000239 9200 158.14 160.57 160.74 0.17 160.73 -0.01
WINTON CK GWI_000232 9900 157.73 160.26 160.20 -0.06 160.22 0.02
WINTON CK GWI_000224 10700 157.49 158.94 159.02 0.08 159.12 0.10
WINTON CK GWI_000220 11100 156.55 158.46 158.50 0.04 158.50 0.00
WINTON CK GWI_000220 11100 156.55 158.46 158.50 0.04 158.50 0.00
WINTON CK GWI_000214 11600 156.55 158.41 158.44 0.03 158.44 0.00
WINTON CK GWI_000205 12500 156.27 157.98 158.12 0.14 158.13 0.00
WINTON CK GWI_000200 13000 155.76 157.53 157.52 -0.01 157.52 0.00
WINTON CK GWI_000193 13700 155.41 156.79 156.73 -0.06 156.73 0.00
WINTON CK GWI_000185 14500 155.25 156.78 156.36 -0.42 156.28 -0.08
WINTON CK GWI_000180 15000 155.25 156.78 156.35 -0.43 156.27 -0.09
WINTON CK GWI_000175 15500 153.78 156.77 156.34 -0.43 156.25 -0.09
WINTON CK GWI_000175 15500 153.78 156.77 156.34 -0.43 156.25 -0.09
WINTON CK GWI_000170 15900 153.78 156.60 156.17 -0.43 156.09 -0.08
WINTON CK GWI_000166 16300 152.91 156.45 156.01 -0.44 155.93 -0.08
WINTON CK GWI_000160 16900 153.01 156.24 155.79 -0.45 155.71 -0.08
WINTON CK GWI_000152 17700 153.04 155.56 155.18 -0.38 155.10 -0.08
WINTON CK GWI_000147 18200 152.39 154.66 154.32 -0.34 154.42 0.09
WINTON CK GWI_000138 19100 150.97 153.97 153.77 -0.20 154.18 0.41
WINTON CK GWI_000128 20100 149.88 153.63 153.62 -0.01 154.13 0.50
WINTON CK GWI_000110 21900 147.01 153.34 153.53 0.19 154.09 0.56
WINTON CK GWI_000110 21900 147.01 153.34 153.53 0.19 154.09 0.56
WINTON CK GWI_000100 22800 149.46 152.91 153.30 0.39 154.09 0.79
WINTON CK GWI_000093 23500 147.74 152.26 152.67 0.41 154.09 1.42
WINTON CK GWI_000086 24200 148.91 152.08 152.34 0.26 154.09 1.75
WINTON CK GWI_000080 24800 147.11 151.93 152.14 0.21 154.09 1.95
WINTON CK GWI_000072 25600 144.97 151.83 151.93 0.10 n/a n/a
WINTON CK GWI_000064 26400 144.58 151.79 151.83 0.04 n/a n/a
WINTON CK GWI_000055 27300 146.09 151.74 151.72 -0.02 n/a n/a
WINTON CK GWI_000050 27800 145.53 151.65 151.60 -0.05 n/a n/a
WINTON CK GWI_000042 28600 145.53 151.37 151.14 -0.23 n/a n/a
WINTON CK GWI_000035 29300 144.86 151.29 150.91 -0.38 n/a n/a
WINTON CK GWI_000031 29700 145.01 151.27 150.84 -0.43 n/a n/a
WINTON CK GWI_000025 30300 145.08 151.23 150.79 -0.44 150.81 0.02
WINTON CK GWI_000022 30600 144.08 151.23 150.78 -0.45 150.81 0.03
WINTON CK GWI_000020 30800 143.13 151.23 150.77 -0.46 150.81 0.04
WINTON CK GWI_000010 31800 142.24 151.22 150.76 -0.46 150.81 0.05
WINTON CK GWI_000005 32200 140.45 151.22 150.75 -0.47 150.81 0.05
WINTON CK GWI_000000 32700 138.45 151 150.75 -0.46 150.81 0.06

RETREAT CK GRE_000215 0 172.21 177.48 177.44 -0.04 177.44 0.00
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RETREAT CK GRE_000210 500 172.24 177.16 177.10 -0.06 177.10 0.00
RETREAT CK GRE_000206 900 172.34 176.77 176.70 -0.07 176.70 0.00
RETREAT CK GRE_000196 1900 171.85 175.73 175.63 -0.10 175.63 0.00
RETREAT CK GRE_000190 2500 170.83 175.49 175.26 -0.23 175.26 0.00
RETREAT CK GRE_000185 3000 170.83 175.42 175.20 -0.22 175.20 0.00
RETREAT CK GRE_000185 3000 170.83 175.42 175.20 -0.22 175.20 0.00
RETREAT CK GRE_000174 3600 169.63 175.33 174.95 -0.38 174.95 0.00
RETREAT CK GRE_000170 4000 169.13 175.29 174.79 -0.50 174.79 0.00
RETREAT CK GRE_000165 4500 168.47 175.22 174.68 -0.54 174.68 0.00
RETREAT CK GRE_000160 5000 168.73 175.14 174.58 -0.56 174.58 0.00
RETREAT CK GRE_000149 6000 165.78 174.89 173.99 -0.90 173.99 0.00
RETREAT CK GRE_000149 6000 165.78 174.89 173.99 -0.90 173.99 0.00
RETREAT CK GRE_000145 6500 164.87 174.85 174.10 -0.75 174.10 0.00
RETREAT CK GRE_000145 6500 164.87 174.85 174.10 -0.75 174.10 0.00
RETREAT CK GRE_000141 6900 164.96 174.40 173.20 -1.20 173.20 0.00
RETREAT CK GRE_000135 7500 164.31 174.16 172.86 -1.30 172.86 0.00
RETREAT CK GRE_000122 8800 163.40 173.82 172.43 -1.39 172.43 0.00
RETREAT CK GRE_000117 9300 163.01 173.47 172.22 -1.25 172.22 0.00
RETREAT CK GRE_000112 9700 163.01 172.19 172.17 -0.02 172.17 0.00
RETREAT CK GRE_000112 9700 163.01 172.19 172.17 -0.02 172.17 0.00
RETREAT CK GRE_000109 10200 163.10 171.88 171.82 -0.06 171.82 0.00
RETREAT CK GRE_000109 10200 163.10 171.88 171.82 -0.06 171.82 0.00
RETREAT CK GRE_000105 10600 161.64 171.69 171.58 -0.11 171.58 0.00
RETREAT CK GRE_000095 11600 161.45 171.13 171.01 -0.12 171.01 0.00
RETREAT CK GRE_000089 12200 161.06 170.84 170.77 -0.07 170.77 0.00
RETREAT CK GRE_000084 12800 161.06 170.32 170.41 0.09 170.41 0.00
RETREAT CK GRE_000084 12800 161.06 170.32 170.41 0.09 170.41 0.00
RETREAT CK GRE_000076 13400 160.50 169.72 170.02 0.30 170.02 0.00
RETREAT CK GRE_000076 13400 160.50 169.72 170.02 0.30 170.02 0.00
RETREAT CK GRE_000068 14100 159.62 169.09 169.28 0.19 169.28 0.00
RETREAT CK GRE_000058 15100 158.71 168.56 168.77 0.21 168.77 0.00
RETREAT CK GRE_000050 15900 158.71 168.19 168.38 0.19 168.38 0.00
RETREAT CK GRE_000043 16600 157.72 167.98 168.11 0.13 168.11 0.00
RETREAT CK GRE_000038 17100 156.54 167.91 168.05 0.14 168.05 0.00
RETREAT CK GRE_000032 17700 156.54 167.82 167.97 0.15 167.97 0.00
RETREAT CK GRE_000025 18400 156.07 167.73 167.88 0.15 167.88 0.00
RETREAT CK GRE_000020 18900 155.88 167.68 167.84 0.16 167.84 0.00
RETREAT CK GRE_000013 19600 155.88 167.62 167.80 0.18 167.80 0.00
RETREAT CK GRE_000013 19600 155.46 167.62 167.80 0.18 167.80 0.00
RETREAT CK GRE_000001 20600 155.46 166.94 167.22 0.28 167.22 0.00
THERESA CK GTH_000130 0 172.04 180.36 180.27 -0.09 180.27 0.00
THERESA CK GTH_000112 1000 172.04 179.75 179.89 0.14 179.89 0.00
THERESA CK GTH_000112 1000 172.04 179.75 179.89 0.14 179.89 0.00
THERESA CK GTH_000105 1700 171.18 179.65 179.80 0.15 179.80 0.00
THERESA CK GTH_000095 2700 170.82 179.37 179.53 0.16 179.53 0.00
THERESA CK GTH_000080 4200 170.42 178.73 178.80 0.07 178.80 0.00
THERESA CK GTH_000073 4900 169.80 178.24 178.30 0.06 178.30 0.00
THERESA CK GTH_000063 5900 168.71 177.76 177.79 0.03 177.79 0.00
THERESA CK GTH_000063 5900 168.71 177.76 177.79 0.03 177.79 0.00
THERESA CK GTH_000052 6400 167.42 177.45 177.50 0.05 177.50 0.00
THERESA CK GTH_000042 7400 166.83 177.13 177.11 -0.02 177.11 0.00
THERESA CK GTH_000035 8100 166.56 176.87 176.80 -0.07 176.80 0.00
THERESA CK GTH_000030 8600 166.04 176.48 176.35 -0.13 176.35 0.00
THERESA CK GTH_000023 9200 166.28 175.43 175.45 0.02 175.45 0.00
THERESA CK GTH_000023 9200 166.28 175.43 175.45 0.02 175.45 0.00
THERESA CK GTH_000014 9800 166.01 175.24 175.04 -0.20 175.04 0.00
THERESA CK GTH_000005 10700 166.18 174.85 174.10 -0.75 174.10 0.00

BTH_L01 GTHL01_048 0 172.09 175.43 175.45 0.02 175.45 0.00
BTH_L01 GTHL01_045 300 172.03 174.82 174.96 0.14 174.96 0.00
BTH_L01 GTHL01_040 800 171.09 174.02 174.00 -0.02 174.00 0.00
BTH_L01 GTHL01_036 1200 170.36 173.85 173.71 -0.14 173.71 0.00
BTH_L01 GTHL01_028 2000 170.11 173.42 173.25 -0.17 173.25 0.00
BTH_L01 GTHL01_017 2900 169.37 173.12 172.91 -0.21 172.91 0.00
BTH_L01 GTHL01_012 3400 169.35 172.98 172.75 -0.23 172.75 0.00
BTH_L01 GTHL01_005 4100 169.15 172.19 172.17 -0.02 172.17 0.00

BTH_R01-R03 GTHR01_023 0 174.31 179.75 179.89 0.14 179.89 0.00
BTH_R01-R03 GTHR01_020 500 174.31 179.54 179.61 0.07 179.61 0.00
BTH_R01-R03 GTHR01_010 1500 174.31 179.05 179.15 0.09 179.15 0.00
BTH_R01-R03 GTHR01_000 2500 173.30 177.82 177.82 0.00 177.82 0.00
BTH_R01-R03 GTHR01_000 2500 173.30 177.82 177.82 0.00 177.82 0.00
BTH_R01-R03 GTHR03_042 3800 173.30 177.28 177.27 -0.01 177.27 0.00
BTH_R01-R03 GTHR03_034 4600 175.05 176.93 176.82 -0.11 176.82 0.00
BTH_R01-R03 GTHR03_028 5200 174.36 176.82 176.69 -0.13 176.69 0.00
BTH_R01-R03 GTHR03_020 6000 174.08 176.70 176.57 -0.13 176.57 0.00
BTH_R01-R03 GTHR03_010 7000 174.08 176.15 176.15 0.00 176.15 0.00
BTH_R01-R03 GTHR03_000 8000 172.26 175.42 175.20 -0.22 175.20 0.00

BNO_L07-08-09 GNOL07_010 0 171.35 173.33 173.06 -0.27 173.06 0.00
BNO_L07-08-09 GNOL08_023 1000 171.35 172.58 172.64 0.06 172.64 0.00
BNO_L07-08-09 GNOL08_023 1000 171.35 172.58 172.64 0.06 172.64 0.00
BNO_L07-08-09 GNOL08_014 1900 171.00 172.37 172.36 -0.01 172.36 0.00
BNO_L07-08-09 GNOL08_005 2800 170.42 172.27 172.18 -0.09 172.18 0.00
BNO_L07-08-09 GNOL09_045 3300 170.42 172.22 172.09 -0.13 172.09 0.00
BNO_L07-08-09 GNOL09_045 3300 170.42 172.22 172.09 -0.13 172.09 0.00
BNO_L07-08-09 GNOL09_040 3800 170.58 172.18 172.00 -0.18 172.00 0.00
BNO_L07-08-09 GNOL09_031 4700 169.99 172.15 171.89 -0.26 171.89 0.00
BNO_L07-08-09 GNOL09_025 5300 168.99 172.05 171.87 -0.19 171.87 0.00
BNO_L07-08-09 GNOL09_015 6300 169.06 171.90 171.84 -0.06 171.84 0.00
BNO_L07-08-09 GNOL09_010 7000 169.34 171.89 171.79 -0.10 171.79 0.00
BNO_L07-08-09 GNOL09_005 7800 167.24 171.88 171.76 -0.12 171.76 0.00

BRE_R02-4-6-7-13-14 GRER02_010 0 168.53 174.89 173.99 -0.90 173.99 0.00
BRE_R02-4-6-7-13-14 GRER04_018 1000 168.55 172.77 173.26 0.49 173.26 0.00
BRE_R02-4-6-7-13-14 GRER04_018 1000 168.55 172.77 173.26 0.49 173.26 0.00
BRE_R02-4-6-7-13-14 GRER04_012 1600 169.50 172.54 173.00 0.46 173.00 0.00
BRE_R02-4-6-7-13-14 GRER04_007 2100 169.38 172.21 172.23 0.01 172.23 0.00
BRE_R02-4-6-7-13-14 GRER04_007 2100 169.38 172.21 172.23 0.01 172.23 0.00
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BRE_R02-4-6-7-13-14 GRER07_018 2600 169.36 170.80 171.15 0.35 171.15 0.00
BRE_R02-4-6-7-13-14 GRER07_018 2600 169.36 170.80 171.15 0.35 171.15 0.00
BRE_R02-4-6-7-13-14 GRER07_008 3600 168.09 170.16 170.52 0.36 170.52 0.00
BRE_R02-4-6-7-13-14 GRER07_000 4400 167.35 170.01 170.39 0.38 170.39 0.00
BRE_R02-4-6-7-13-14 GRER07_000 4400 167.35 170.01 170.39 0.38 170.39 0.00
BRE_R02-4-6-7-13-14 GRER13_029 5500 168.55 169.88 169.76 -0.12 169.76 0.00
BRE_R02-4-6-7-13-14 GRER13_020 6400 167.91 169.60 169.39 -0.21 169.39 0.00
BRE_R02-4-6-7-13-14 GRER13_010 7400 165.97 168.44 168.57 0.13 168.57 0.00
BRE_R02-4-6-7-13-14 GRER14_032 7900 164.52 167.85 168.04 0.19 168.04 0.00
BRE_R02-4-6-7-13-14 GRER14_032 7900 164.52 167.85 168.04 0.19 168.04 0.00
BRE_R02-4-6-7-13-14 GRER14_020 9100 163.09 167.69 167.88 0.19 167.88 0.00
BRE_R02-4-6-7-13-14 GRER14_010 10100 161.98 167.63 167.82 0.19 167.82 0.00
BRE_R02-4-6-7-13-14 GRER14_005 10600 160.11 167.62 167.80 0.18 167.80 0.00

BRE_R09-10-12 GRER09_010 0 169.36 170.80 171.15 0.35 171.15 0.00
BRE_R09-10-12 GRER09_007 250 170.46 170.46 171.12 0.66 171.12 0.00
BRE_R09-10-12 GRER10_019 500 169.64 169.92 170.77 0.85 170.77 0.00
BRE_R09-10-12 GRER10_019 500 169.64 169.92 170.77 0.85 170.77 0.00
BRE_R09-10-12 GRER10_010 1400 168.52 169.52 170.20 0.68 170.20 0.00
BRE_R09-10-12 GRER12_020 1900 167.40 168.05 169.07 1.02 169.07 0.00
BRE_R09-10-12 GRER12_020 1900 167.40 168.05 169.07 1.02 169.07 0.00
BRE_R09-10-12 GRER12_010 2900 165.96 167.85 168.12 0.27 168.12 0.00
BRE_R09-10-12 GRER12_002 3700 164.52 167.85 168.04 0.19 168.04 0.00

BNO_L10 GNOL10_010 0 170.71 170.71 170.77 0.06 170.77 0.00
BNO_L10 GNOL10_005 1000 172.54 172.54 172.09 -0.45 172.09 0.00

BNO_L06-4 GNOL06_010 0 171.35 172.58 172.64 0.06 172.64 0.00
BNO_L06-4 GNOL04_043 1000 172.69 172.69 172.69 0.00 172.69 0.00
BNO_L06-4 GNOL04_038 1500 172.24 172.24 172.19 -0.05 172.19 0.00
BNO_L06-4 GNOL04_029 2400 171.62 171.62 171.62 0.00 171.62 0.00
BNO_L06-4 GNOL04_021 3200 170.81 170.81 171.15 0.34 171.15 0.00
BNO_L06-4 GNOL04_014 3900 170.60 170.8 171.15 0.35 171.15 0.00
BNO_L06-4 GNOL04_007 4600 169.36 170.80 171.15 0.35 171.15 0.00
BRE_R08 GRER08_010 0 167.35 170.01 170.39 0.38 170.39 0.00
BRE_R08 GRER08_000 1000 161.06 170.32 170.41 0.09 170.41 0.00
BRE_R05 GRER05_012 0 169.38 172.21 172.23 0.01 172.23 0.00
BRE_R05 GRER05_004 800 168.36 172.20 172.17 -0.03 172.17 0.00
BRE_R03 GRER03_026 0 168.55 172.77 173.26 0.49 173.26 0.00
BRE_R03 GRER03_021 500 167.69 172.69 173.16 0.47 173.16 0.00
BRE_R03 GRER03_012 1400 167.41 172.49 172.89 0.40 172.89 0.00
BRE_R03 GRER03_001 2600 166.55 172.20 172.17 -0.03 172.17 0.00
BRE_L01 GREL01_030 0 164.67 171.90 171.82 -0.08 171.82 0.00
BRE_L01 GREL01_019 1100 165.73 171.20 171.17 -0.03 171.17 0.00
BRE_L01 GREL01_014 1600 165.50 170.73 170.67 -0.06 170.67 0.00
BRE_L01 GREL01_005 2500 162.74 170.40 170.11 -0.29 170.11 0.00
BRE_L01 GREL01_000 3000 162.74 170.36 170.02 -0.34 170.02 0.00

BRE_L02-04 GREL02_050 0 162.74 170.36 170.02 -0.34 170.02 0.00
BRE_L02-04 GREL02_042 800 162.65 170.11 169.75 -0.36 169.75 0.00
BRE_L02-04 GREL02_030 2000 162.12 169.87 169.37 -0.50 169.37 0.00
BRE_L02-04 GREL02_020 3000 161.44 169.67 169.09 -0.58 169.09 0.00
BRE_L02-04 GREL02_010 4000 160.60 169.54 168.89 -0.66 168.89 0.00
BRE_L02-04 GREL04_048 4700 160.50 169.46 168.51 -0.95 168.51 0.00
BRE_L02-04 GREL04_048 4700 160.50 169.46 168.51 -0.95 168.51 0.00
BRE_L02-04 GREL04_040 5500 164.51 168.38 167.80 -0.58 167.80 0.00
BRE_L02-04 GREL04_035 6000 164.39 168.05 166.93 -1.12 166.93 0.00
BRE_L02-04 GREL04_030 6500 163.89 168.04 166.42 -1.62 166.42 0.00
BRE_L02-04 GREL04_025 7000 163.89 167.19 166.14 -1.05 166.14 0.00
BRE_L02-04 GREL04_020 7500 163.38 166.76 165.73 -1.03 165.73 -0.01
BRE_L02-04 GREL04_010 8500 161.36 166.64 165.46 -1.18 165.44 -0.02
BRE_L02-04 GREL04_000 9500 161.36 166.58 165.37 -1.21 165.34 -0.02

BRE_L03 GREL03_016 0 160.50 169.46 168.51 -0.95 168.51 0.00
BRE_L03 GREL03_008 800 160.53 169.37 168.27 -1.11 168.27 0.00
BRE_L03 GREL03_000 1600 160.53 169.26 167.80 -1.46 167.80 0.00
BTH_R02 GTHR02_020 0 173.3 177.82 177.82 0.00 177.82 0.00
BTH_R02 GTHR02_010 1000 171.07 177.76 177.79 0.03 177.79 0.00
BTH_R02 GTHR02_000 2000 168.5 177.76 177.79 0.03 177.79 0.00
BMK_L05 GMKL05_070 0 140.08 147.34 145.32 -2.02 145.26 -0.06
BMK_L05 GMKL05_060 1000 140.08 145.26 143.42 -1.84 143.35 -0.07
BMK_L05 GMKL05_050 2000 140.08 144.20 143.24 -0.96 143.17 -0.07
BMK_L05 GMKL05_040 3000 140.24 143.47 143.23 -0.24 143.17 -0.07
BMK_L05 GMKL05_025 4500 132.40 143.33 143.23 -0.10 143.17 -0.06
BMK_L05 GMKL05_015 5500 129.87 143.32 143.23 -0.09 143.17 -0.06
BMK_L05 GMKL05_000 7000 129.87 143.32 143.23 -0.09 143.17 -0.06

BMK_R01-02 GMKR01_038 0 144.75 150.35 150.12 -0.23 150.27 0.15
BMK_R01-02 GMKR01_029 900 141.17 149.78 149.54 -0.24 148.90 -0.65
BMK_R01-02 GMKR01_020 1800 144.13 149.20 148.99 -0.21 148.45 -0.54
BMK_R01-02 GMKR01_010 2800 143.28 148.43 148.42 -0.01 148.13 -0.28
BMK_R01-02 GMKR02_031 3500 136.00 148.14 147.90 -0.24 147.79 -0.11
BMK_R01-02 GMKR02_031 3500 136.00 148.14 147.90 -0.24 147.79 -0.11
BMK_R01-02 GMKR02_027 4000 145.18 147.84 147.66 -0.18 147.56 -0.10
BMK_R01-02 GMKR02_020 5100 143.07 147.68 147.39 -0.29 147.33 -0.06
BMK_R01-02 GMKR02_010 6100 133.07 147.67 147.39 -0.28 147.32 -0.06
BMK_R01-02 GMKR02_000 7100 123.07 147.67 147.39 -0.28 147.32 -0.06

BMK_R03 GMKR03_080 0 136.00 148.14 147.90 -0.24 147.79 -0.11
BMK_R03 GMKR03_000 800 136.00 148.12 147.87 -0.25 147.79 -0.09
BMK_L02 GMKL02_030 0 147.62 150.35 150.12 -0.23 150.27 0.15
BMK_L02 GMKL02_022 800 147.28 149.54 149.41 -0.13 149.53 0.13
BMK_L02 GMKL02_014 1600 145.65 148.96 148.86 -0.10 148.93 0.07
BMK_L02 GMKL02_009 2100 142.20 148.92 148.82 -0.10 148.86 0.05
BMK_L02 GMKL02_000 3000 142.20 148.91 148.81 -0.10 148.85 0.05

BMK_L01-04 GMKL01_092 0 143.66 148.91 148.81 -0.10 148.85 0.05
BMK_L01-04 GMKL01_082 1000 147.00 148.72 148.71 -0.01 148.75 0.04
BMK_L01-04 GMKL01_073 1900 146.26 148.32 148.32 0.00 148.36 0.04
BMK_L01-04 GMKL01_063 2900 145.94 147.73 147.69 -0.04 147.74 0.05
BMK_L01-04 GMKL01_055 3700 144.87 147.72 147.33 -0.39 147.38 0.05
BMK_L01-04 GMKL01_049 4300 145.40 147.72 147.06 -0.66 147.09 0.04
BMK_L01-04 GMKL01_040 5200 144.81 147.72 146.79 -0.93 146.78 0.00
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BMK_L01-04 GMKL04_050 6200 142.55 146.99 146.55 -0.44 146.49 -0.06
BMK_L01-04 GMKL04_050 6200 142.55 146.99 146.55 -0.44 146.49 -0.06
BMK_L01-04 GMKL04_043 6800 142.63 N/A 145.98 N/A 145.92 -0.06
BMK_L01-04 GMKL04_037 7500 142.63 147.26 145.76 -1.50 145.70 -0.06
BMK_L01-04 GMKL04_028 8400 139.80 N/A 145.59 N/A 145.52 -0.07
BMK_L01-04 GMKL04_020 9200 139.80 147.30 145.53 -1.77 145.46 -0.06
BMK_L01-04 GMKL04_010 10200 139.80 N/A 145.44 N/A 145.38 -0.06
BMK_L01-04 GMKL04_004 10800 140.08 147.34 145.32 -2.02 145.26 -0.06

BMK_L03 GMKL03_008 0 135.05 146.99 146.55 -0.44 146.49 -0.06
BMK_L03 GMKL03_004 400 130.05 146.98 146.55 -0.43 146.49 -0.06
BMK_L03 GMKL03_000 800 125.05 146.98 146.55 -0.43 146.50 -0.06
BNO_L13 GNOL13_050 0 144.31 151.38 151.44 0.06 151.69 0.25
BNO_L13 GNOL13_043 700 144.31 151.11 151.23 0.12 151.48 0.25
BNO_L13 GNOL13_038 1200 142.42 150.89 151.06 0.17 151.29 0.22
BNO_L13 GNOL13_033 1700 143.91 150.62 150.86 0.24 151.00 0.14
BNO_L13 GNOL13_030 2000 141.90 150.53 150.77 0.24 150.90 0.12
BNO_L13 GNOL13_023 2700 141.84 150.39 150.65 0.26 150.76 0.11
BNO_L13 GNOL13_020 3000 141.10 150.34 150.61 0.27 150.72 0.11
BNO_L13 GNOL13_016 3400 142.41 150.29 150.57 0.28 150.67 0.10
BNO_L13 GNOL13_010 4000 141.46 150.25 150.54 0.29 150.64 0.10
BNO_L13 GNOL13_000 5000 141.46 150.20 150.51 0.31 150.61 0.10

BNO_R22-23-24-25 GNOR22_090 0 142.64 156.20 156.14 -0.06 156.15 0.01
BNO_R22-23-24-25 GNOR22_078 1200 142.64 155.73 155.73 0.00 155.80 0.06
BNO_R22-23-24-25 GNOR22_074 1600 143.42 155.53 155.55 0.02 155.64 0.09
BNO_R22-23-24-25 GNOR22_068 2200 141.94 155.30 155.22 -0.08 155.38 0.16
BNO_R22-23-24-25 GNOR23_058 3000 141.46 154.96 154.84 -0.12 155.11 0.27
BNO_R22-23-24-25 GNOR23_058 3000 141.46 154.96 154.84 -0.12 155.11 0.27
BNO_R22-23-24-25 GNOR23_051 3700 142.45 154.63 154.57 -0.06 154.87 0.30
BNO_R22-23-24-25 GNOR23_046 4200 140.83 154.36 154.34 -0.02 154.58 0.24
BNO_R22-23-24-25 GNOR24_040 4700 140.55 154.10 154.09 -0.01 154.34 0.25
BNO_R22-23-24-25 GNOR24_040 4700 140.55 154.10 154.09 -0.01 154.34 0.25
BNO_R22-23-24-25 GNOR24_035 5200 139.91 153.92 153.90 -0.02 154.21 0.31
BNO_R22-23-24-25 GNOR24_029 5800 139.48 153.64 153.67 0.03 154.06 0.40
BNO_R22-23-24-25 GNOR25_022 6400 140.68 153.28 153.52 0.24 153.99 0.47
BNO_R22-23-24-25 GNOR25_022 6400 140.68 153.28 153.52 0.24 153.99 0.47
BNO_R22-23-24-25 GNOR25_012 7400 139.61 152.94 153.19 0.25 153.66 0.47
BNO_R22-23-24-25 GNOR25_005 8100 138.37 152.73 153.02 0.29 153.46 0.44
BNO_R22-23-24-25 GNOR25_000 8600 138.37 152.60 152.95 0.35 153.37 0.43

BNO_R21 GNOR21_000 0 150.55 154.96 154.84 -0.12 155.11 0.27
BNO_R21 GNOR21_008 800 152.55 154.91 154.83 -0.08 155.09 0.26
BNO_R21 GNOR21_012 1200 151.44 154.81 154.51 -0.30 154.85 0.34
BNO_R21 GNOR21_020 2000 147.01 153.34 153.53 0.19 154.09 0.56
BNO_R27 GNOR27_018 0 147.01 153.34 153.53 0.19 154.09 0.56
BNO_R27 GNOR27_010 800 146.07 153.33 153.52 0.19 154.02 0.49
BNO_R27 GNOR27_006 1200 144.54 153.32 153.52 0.20 154.00 0.48
BNO_R27 GNOR27_000 1800 144.54 153.32 153.52 0.20 153.99 0.47

BNO_R12-13-18-19 GNOR12_081 0 161.96 164.05 163.96 -0.09 163.85 -0.11
BNO_R12-13-18-19 GNOR12_074 700 161.66 162.76 162.65 -0.11 162.59 -0.06
BNO_R12-13-18-19 GNOR12_065 1600 159.73 160.76 160.60 -0.16 160.54 -0.06
BNO_R12-13-18-19 GNOR12_061 2000 158.75 160.13 160.08 -0.05 159.99 -0.08
BNO_R12-13-18-19 GNOR12_053 2800 158.15 159.69 159.86 0.17 159.78 -0.09
BNO_R12-13-18-19 GNOR12_044 3700 157.78 159.54 159.83 0.28 159.74 -0.08
BNO_R12-13-18-19 GNOR12_035 4600 157.73 159.45 159.81 0.36 159.73 -0.08
BNO_R12-13-18-19 GNOR13_030 5000 157.73 159.40 159.81 0.41 159.73 -0.08
BNO_R12-13-18-19 GNOR13_030 5000 157.73 159.40 159.81 0.41 159.73 -0.08
BNO_R12-13-18-19 GNOR13_021 5900 157.42 159.06 159.28 0.22 159.06 -0.23
BNO_R12-13-18-19 GNOR13_016 6400 156.75 158.89 159.01 0.12 158.83 -0.18
BNO_R12-13-18-19 GNOR13_010 7000 154.96 158.75 158.48 -0.27 158.52 0.03
BNO_R12-13-18-19 GNOR18_067 8000 152.05 158.04 158.34 0.30 158.42 0.08
BNO_R12-13-18-19 GNOR18_067 8000 152.05 158.04 158.34 0.30 158.42 0.08
BNO_R12-13-18-19 GNOR18_060 8700 152.05 157.76 158.02 0.25 158.11 0.10
BNO_R12-13-18-19 GNOR18_053 9400 149.89 156.58 156.90 0.32 156.97 0.07
BNO_R12-13-18-19 GNOR18_053 9400 149.89 156.58 156.90 0.32 156.97 0.07
BNO_R12-13-18-19 GNOR19_040 10200 155.21 156.03 156.17 0.14 156.22 0.05
BNO_R12-13-18-19 GNOR19_031 11100 153.44 155.36 155.57 0.20 155.64 0.07
BNO_R12-13-18-19 GNOR19_026 11600 153.02 155.10 155.28 0.18 155.36 0.08
BNO_R12-13-18-19 GNOR19_018 12400 152.79 154.33 154.55 0.22 154.65 0.10
BNO_R12-13-18-19 GNOR19_012 13000 151.86 153.53 153.76 0.23 154.19 0.43
BNO_R12-13-18-19 GNOR19_002 14000 147.01 153.34 153.53 0.19 154.09 0.56

BNO_R17 GNOR17_105 0 154.02 160.45 160.59 0.14 160.84 0.25
BNO_R17 GNOR17_098 700 154.05 160.27 160.33 0.06 160.59 0.26
BNO_R17 GNOR17_090 1500 154.25 159.99 160.11 0.12 160.39 0.28
BNO_R17 GNOR17_085 2000 153.88 159.60 159.66 0.06 159.99 0.33
BNO_R17 GNOR17_080 2500 153.60 159.17 158.96 -0.21 159.24 0.28
BNO_R17 GNOR17_073 3200 152.66 158.87 158.78 -0.09 159.04 0.26
BNO_R17 GNOR17_068 3700 152.05 158.04 158.34 0.30 158.42 0.08
BNO_R20 GNOR20_050 0 149.89 156.58 156.90 0.32 156.97 0.07
BNO_R20 GNOR20_043 700 149.89 156.34 156.68 0.34 156.75 0.06
BNO_R20 GNOR20_039 1100 149.20 156.20 156.53 0.33 156.59 0.06
BNO_R20 GNOR20_032 1800 149.12 155.96 156.20 0.24 156.27 0.07
BNO_R20 GNOR20_025 2500 148.83 155.85 156.00 0.15 156.09 0.09
BNO_R20 GNOR20_016 3400 149.20 155.69 155.86 0.17 155.95 0.10
BNO_R20 GNOR20_007 4300 149.04 155.35 155.41 0.06 155.57 0.16
BNO_R20 GNOR20_000 5000 149.04 154.96 154.84 -0.12 155.11 0.27

BNO_R04-5-6-7 GNOR04_005 0 158.89 165.63 165.37 -0.26 165.34 -0.02
BNO_R04-5-6-7 GNOR05_007 500 160.06 165.54 165.23 -0.31 165.20 -0.03
BNO_R04-5-6-7 GNOR05_007 500 160.06 165.54 165.23 -0.31 165.20 -0.03
BNO_R04-5-6-7 GNOR06_013 1200 159.05 164.98 164.79 -0.19 164.75 -0.04
BNO_R04-5-6-7 GNOR06_013 1200 159.05 164.98 164.79 -0.19 164.75 -0.04
BNO_R04-5-6-7 GNOR06_005 2000 159.14 164.58 164.46 -0.12 164.40 -0.05
BNO_R04-5-6-7 GNOR06_005 2000 159.14 164.58 164.46 -0.12 164.40 -0.05
BNO_R04-5-6-7 GNOR07_000 2700 157.96 164.54 164.43 -0.11 164.37 -0.06

BNO_R01-3 GNOR01_029 0 164.73 168.28 168.35 0.07 168.35 0.00
BNO_R01-3 GNOR01_021 800 165.80 167.70 167.87 0.17 167.87 0.00
BNO_R01-3 GNOR01_018 1300 164.94 167.43 167.33 -0.10 167.33 0.00
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Nogoa River Model Conversion
Case 086 Verification Results

Water Level
Results (mAHD) Results (mAHD) Results (mAHD)

Name of Watercourse X-SECT Name MIKE 11 Chainage Bed EL RUBICON MIKE11 difference MIKE11 difference
CASE 086 CASE 086 (mAHD) AD Case (mAHD)

1 in 20 year ARI1 in 20 year ARI

BNO_R01-3 GNOR01_013 1800 164.06 166.99 167.08 0.09 167.08 0.00
BNO_R01-3 GNOR03_058 2800 164.03 167.00 166.72 -0.28 166.72 0.00
BNO_R01-3 2800 164.03 167.00 166.72 -0.28 166.72 0.00
BNO_R01-3 GNOR03_050 3600 162.94 166.02 166.11 0.09 166.11 0.00
BNO_R01-3 GNOR03_041 4500 162.40 165.84 165.83 -0.01 165.82 -0.01
BNO_R01-3 GNOR03_035 5100 162.17 165.79 165.73 -0.06 165.71 -0.01
BNO_R01-3 GNOR03_028 5800 162.10 165.73 165.63 -0.10 165.62 -0.01
BNO_R01-3 GNOR03_019 6700 162.41 165.66 165.49 -0.17 165.47 -0.02
BNO_R01-3 GNOR03_012 7400 162.51 165.61 165.38 -0.23 165.36 -0.02
BNO_R01-3 GNOR03_005 8100 161.21 165.54 165.23 -0.31 165.20 -0.03
BNO_R02 GNOR02_029 0 163.62 167.00 166.72 -0.28 166.72 0.00
BNO_R02 GNOR02_024 500 163.62 167.17 166.76 -0.41 166.75 0.00
BNO_R02 GNOR02_015 1400 164.30 167.18 166.82 -0.36 166.82 0.00
BNO_R02 GNOR02_010 1900 164.51 167.18 166.96 -0.22 166.96 0.00
BNO_R02 GNOR02_000 2900 164.03 167.33 167.22 -0.11 167.22 0.00

BNO_R08-15-16 GNOR08_090 0 161.54 164.58 164.46 -0.12 164.40 -0.05
BNO_R08-15-16 GNOR08_087 300 161.68 164.28 164.07 -0.21 164.01 -0.06
BNO_R08-15-16 GNOR08_080 1000 162.10 163.89 163.56 -0.33 163.49 -0.06
BNO_R08-15-16 GNOR08_075 1500 161.52 163.76 163.44 -0.32 163.37 -0.07
BNO_R08-15-16 GNOR08_070 2000 161.08 163.65 163.33 -0.33 163.26 -0.07
BNO_R08-15-16 GNOR08_056 3400 160.24 163.39 162.97 -0.42 162.89 -0.08
BNO_R08-15-16 GNOR08_050 4000 158.99 163.13 162.71 -0.42 162.63 -0.08
BNO_R08-15-16 GNOR08_050 4000 158.99 163.13 162.71 -0.42 162.63 -0.08
BNO_R08-15-16 GNOR08_040 5000 158.99 162.95 161.76 -1.19 161.70 -0.06
BNO_R08-15-16 GNOR08_036 5400 159.22 162.89 161.35 -1.54 161.28 -0.07
BNO_R08-15-16 GNOR08_030 6000 157.73 160.81 159.86 -0.95 159.77 -0.08
BNO_R08-15-16 GNOR08_030 6000 157.73 160.81 159.86 -0.95 159.77 -0.08
BNO_R08-15-16 GNOR15_025 6160 157.92 160.81 159.59 -1.22 159.53 -0.06
BNO_R08-15-16 GNOR15_018 6700 157.01 159.84 159.05 -0.79 159.17 0.12
BNO_R08-15-16 GNOR15_008 7700 156.00 159.34 158.57 -0.77 158.71 0.14
BNO_R08-15-16 GNOR15_000 8500 155.46 159.07 158.35 -0.72 158.35 0.01
BNO_R08-15-16 GNOR15_000 8500 155.46 159.07 158.35 -0.72 158.35 0.01
BNO_R08-15-16 GNOR16_020 9200 155.39 158.78 157.94 -0.84 157.88 -0.06
BNO_R08-15-16 GNOR16_015 9700 155.33 158.68 157.63 -1.05 157.54 -0.09
BNO_R08-15-16 GNOR16_007 10500 154.25 158.55 157.01 -1.54 156.90 -0.10
BNO_R08-15-16 GNOR16_000 11200 153.78 156.77 156.34 -0.43 156.25 -0.09

BNO_R11A GNOR11_075 0 161.41 164.58 164.46 -0.12 164.40 -0.05
BNO_R11A GNOR11_075 250 N/A N/A 164.46 N/A 164.40 -0.05
BNO_R11A GNOR11_070 500 162.47 164.58 164.46 -0.12 164.40 -0.05
BNO_R11B GNOR11_060 0 162.47 162.47 162.95 0.47 162.59 -0.36
BNO_R11B GNOR11_054 600 161.99 161.99 162.52 0.53 162.13 -0.39
BNO_R11B GNOR11_049 1100 160.99 160.99 161.56 0.57 161.12 -0.44
BNO_R11B GNOR11_042 1800 160.27 160.27 160.66 0.39 160.38 -0.28
BNO_R11B GNOR11_035 2500 158.56 158.56 159.52 0.96 159.10 -0.42
BNO_R11B GNOR11_024 3600 158.95 158.95 159.31 0.36 159.07 -0.25
BNO_R11B GNOR11_018 4200 158.16 158.46 158.50 0.04 158.50 0.00
BNO_R11B GNOR11_009 5100 157.44 158.46 158.50 0.04 158.50 0.00
BNO_R11B GNOR11_004 5600 156.55 158.46 158.50 0.04 158.50 0.00
BNO_R09A GNOR09_060 0 162.36 164.98 164.79 -0.19 164.75 -0.04
BNO_R09A GNOR09_060 250 N/A N/A 164.79 N/A 164.75 -0.04
BNO_R09A GNOR09_055 500 162.36 164.98 164.79 -0.19 164.75 -0.04
BNO_R09B GNOR09_041 0 164.85 164.85 164.87 0.02 164.85 -0.02
BNO_R09B GNOR09_034 700 163.50 163.50 163.98 0.48 163.60 -0.38
BNO_R09B GNOR09_026 1500 162.34 162.34 163.08 0.74 162.50 -0.59
BNO_R09B GNOR09_021 2000 161.50 161.50 162.52 1.02 161.74 -0.79
BNO_R09B GNOR09_015 2600 161.13 161.13 161.36 0.23 161.13 -0.23
BNO_R09B GNOR09_005 3600 159.10 160.81 160.90 0.09 160.89 -0.01
BNO_R10A GNOR10_109 0 162.47 164.58 164.46 -0.12 164.40 -0.05
BNO_R10A GNOR10_101 800 161.89 163.88 163.70 -0.18 163.64 -0.06
BNO_R10A GNOR10_094 1500 159.71 163.70 163.48 -0.22 163.40 -0.08
BNO_R10A GNOR10_090 1900 160.46 163.62 163.38 -0.24 163.30 -0.08
BNO_R10A GNOR10_079 3000 160.19 163.43 163.03 -0.40 162.93 -0.10
BNO_R10A GNOR10_074 3500 160.29 163.36 162.94 -0.42 162.84 -0.10
BNO_R10A GNOR10_065 4400 158.99 163.13 162.71 -0.42 162.63 -0.08
BNO_R10B GNOR10_072 0 160.19 160.19 160.37 0.18 160.34 -0.02
BNO_R10B GNOR10_062 1000 158.90 159.06 159.13 0.07 159.11 -0.03
BNO_R10B GNOR10_044 1800 157.32 159.06 158.53 -0.53 158.46 -0.07
BNO_R10B GNOR10_036 2600 157.07 159.06 158.35 -0.71 158.36 0.01
BNO_R10B GNOR10_030 3200 155.46 159.06 158.35 -0.71 158.35 0.01
BNO_R14 GNOR14_005 0 157.73 160.81 159.86 -0.95 159.77 -0.08
BNO_R14 GNOR14_000 20 157.73 159.40 159.81 0.41 159.73 -0.08
BNO_L11 GNOL11_008 0 150.60 161.26 161.45 0.19 161.56 0.11
BNO_L11 GNOL11_000 800 150.60 160.97 161.09 0.12 161.30 0.21
BRE_R11 GRER11_040 0 168.05 168.05 169.07 1.02 169.07 0.00
BRE_R11 GRER11_032 800 168.05 168.05 168.93 0.88 168.93 0.00
BRE_R11 GRER11_021 1900 166.85 167.68 167.78 0.10 167.78 0.00
BRE_R11 GRER11_012 2800 160.69 167.63 167.78 0.15 167.78 0.00
BRE_R11 GRER11_004 3600 160.69 167.63 167.78 0.15 167.78 0.00
BNO_R26 GNOR26_010 0 152.26 154.10 154.09 -0.01 154.34 0.25
BNO_R26 GNOR26_000 1000 152.26 153.49 153.76 0.27 153.97 0.21
BCO_R01 GCOR01_030 0 149.65 152.81 152.75 -0.06 152.83 0.08
BCO_R01 GCOR01_022 800 149.65 152.35 152.33 -0.02 152.41 0.08
BCO_R01 GCOR01_019 1200 149.68 151.93 151.99 0.06 152.09 0.10
BCO_R01 GCOR01_011 1900 147.93 151.28 151.40 0.12 151.57 0.17
BCO_R01 GCOR01_007 2300 147.09 151.11 151.25 0.14 151.44 0.19
BCO_R01 GCOR01_003 2700 141.07 151.09 151.23 0.14 151.42 0.19
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