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Date: 31/05/2024 

Job Number: 1196-03-24 
 
Noel Becker,  
Waikaka Gold Ltd 
1616 Riversdale Waikaka Road 
No 7 RD, GORE, 9777 
 
Email:   Noel Becker   noel.becker@waikaiagold.co.nz (letter sent as email) 
CC:  Bob Hall bobhall@xtra.co.nz 
 
Dear Noel, 

RE: Updated Diversion Details, Flood Hazard Analysis, and Flood Mitigation Evaluation Summary 
Report – Waikaka River (REVISION B) 

1 EXECTUTIVE SUMMARY 

RJHall and Associates Ltd have been engaged to provide an updated assessment for temporary 
diversions of the Waikaka Stream, updates as follows: 

 Updated diversion plan (four smaller river diversions c.f. one original diversion) 
 Individual diversion time (2 years typical) 
 Analysis of 20 year recurrence interval flood through Waikaka Stream, and adjacent floodplain 

(Q20 (5% annual exceedance probability)) 
 Proposal for flood mitigation works (stop banks) 

The update to the diversion plan has been provided to reduce to overall impact within the Waikaka 
Stream system. And presentation of proposed flood mitigation works, which are designed to reduce 
the risk of inundation of the work sites resulting from flooding of the Waikaka Stream. 

The diversion works presented here incorporate the fundamental of prior reporting by RJHall and 
Associates Ltd, with the updated developments presented within this document.  

All diversions are to be in cut, however some locations out of stream embankment filling works is 
required. These embankment fill works are required to contain higher flows regimes, and all diversion 
sections are designed to carry the 20 year flood with a supplementary freeboard of 300mm. 

In addition to the temporary diversions, it is proposed that flood mitigation banks are provided for the 
wider stream area, this is to reduce the potential for flooding of the work site area. 

Typical flood mitigation embankments have been targeted in potential breakout zones which were 
identified by 2D flood modelling. The main embanked heights are typically with less than 1.5m in 
height, with one localised area greater that this at 1.9m (Bank 2). The average height is estimated to 
be less than 1.0 – 1.2m in height. As the bank heights are located along potential breakout regions, 
the embankments are not continuous along the full length of the site.  
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2 DIVERSION PLAN 

The proposed update to the diversion plan and diversion centreline long sections are presented in 
Appendix A, Figure 1a to Figure 1d, with the layout plan presented below in Figure 2.  

The proposed diversions have the same typical profile as per the original diversion design report (refer 
Figure 1), with a shallow low flow bed (1m below berm) this is set in a sinusoidal pattern along the 
diversion reach. The wider berm width is set at 20m, and 3:1 batters (H:V) out to natural ground level. 
The proposed diversion is designed to carry a minimum 20 year flood with a minimum 300mm 
freeboard. The bed profile is set at a constant bed gradient along the given diversion in the order of 
0.002 to 0.003 (0.2 to 0.3%) this is designed to match into existing low flow bed levels, some 
adjustment of levels and alignment may be required on site to match into current bed levels, and 
undertaken to ensure smooth transitions between the proposed diversion and the existing bed and 
berm profiles. 

 

Figure 1 - Typical Diversion Profile 

It is noted that where the natural ground level adjacent to the channel is lower than the proposed 
bank height a bund will be provided to prevent spill of the 20 year flood into the wider floodplain. In 
general, this is provided for each of the diversions, with a typical profile demonstrated in Figure 3, 
where a typical section is cut through the alignment of Diversion 2 at a chainage of 60m. 

As above, where bunds are required the plan area of the bund will be stripped of topsoil, and filled to 
the required height. Typical dimension of the embankment profiles are: 

 Embankment height set based on 20 year flood capacity (+300mm); 
 Minimum crest width 1.5 m; 
 Side batter angles 2:1  

The fill material for the embankment will be composed of inorganic clean gravel or silty gravel granular 
fill, and will be well compacted. The embankment will spread with 100 to 150mm of topsoil, and 
regrassed. Maintenance of grass and weed will be by occasional, controlled, grazing.  
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Figure 2 - Waikaka Stream - Updated Diversion Locations 

 

Figure 3 - Indicative Diversion Cross Section (Diversion 2, Chainage 60) 
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3 FLOOD HAZARD ASSESSMENT 

A 2D flood hazard model was evaluated to assess flood mitigation locations and to reduce the 
potential for flooding of proposed works areas during the mining operation. The generalised flood 
conditions used within the flood model were as follows:  

 2D terrain – Surface LiDAR 1x1m grid, Manning’s n=0.035, no additional structures 
(bridges/culverts); 

 Model boundary conditions: 
o Inflow hydrograph (Q20 = 116 cumecs, 3 hours duration); 
o Outflow – normal depth condition; 

 Model analysis: Full momentum; 
 NB: external stormwater sources from rain on wider floodplain were not incorporated in 

model with flooding source from the Waikaka River above the bridge; 

The flood model results are presented in Figure 4, with the generalised proposed flood banks 
locations overlaid (Bank 1 to Bank 9)  

 

Figure 4 - Waikaka Stream 20 year Flood Model and Proposed Embankment Locations 

Full flood plain was modelled on a 1mx1m grid. Input of water was applied immediately downstream 
of the road bridge (north of the site) as a hydrograph. 

There was no addition of culverts of bridges within the model area, where existing crossings are 
located some adjustment of conveyance may be required if significant influence from bridge crossings 
are anticipated to be confirmed on site.  
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4 FLOOD MITIGATION 

The application of flood mitigation embankments is proposed along the river’s edge with the general 
extents presented in Figure 4. 

The flood bunding is to be applied with a finished embankment height approximately 0.3m above the 
Q20 flood level for this initial proposal. A summary of maximum embankment heights and 
embankment lengths for each of the sites is presented in Table 1. Long sections for the proposed 
embankments are appended to this document (Appendix B). 

Table 1 Q20 Flood Embankment Summary 

Embankment 
Embankment 

Length (m) 
Maximum Bank 

Height (m) 
Comment 

Bank 1 115m 1.4m 
Embankment crest generally level along section 
approximately RL 121.5m 

Bank 2 125m 1.8m Embankment crest grades down 0.24% over length 

Bank 3 390m 0.9m Embankment crest grades down 0.23% over length 

Bank 4 160m 1.0m 
Embankment crest generally level along section 
approximately RL 117.7m 

Bank 5 130m 0.9m 
Embankment crest grades down 0.22% over length, 
downstream end left open to return water from side stream 
into main Waikaka River 

Bank 6 70m <0.6m 
Embankment crest generally level along section 
approximately RL 117.45m 

Bank 7 170m 0.9m 
Chainage 0 – 40 bank RL 116.7m embankment level, then 
grades down at 0.08%. 

Bank 8 400m 1.5m 

Chainage 0 – 125 bank RL 114.8m embankment level, then 
grades down at 0.25%. Downstream of embankment 
truncated to allow surface water to flow back to Waikaka 
Stream 

Bank 9 180m 1.45m 
Embankment crest generally level along section 
approximately RL 117.45m 

5 CONCLUSIONS 

RJHall and Associates Ltd have been engaged to prepare and updated summary report for the 
proposed temporary river diversion of the Waikaka Stream, and the addition of flood mitigation to 
reduce the risk of flooding of mining works area.  

The updated long sections are provided to break up the effects and overall diversion timeframe 
presented in the original report. The diversions works are designed to cater for 20 year recurrence 
interval flood (discussed in previous reporting).  

In addition to the diversion works, a proposal for flood mitigation works is presented, this work 
involves placement of embankments to prevent breakout of the river into the wider floodplain, to 
lower the risk of inundation of the work site, during the mining process.  
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Cameron Hall  
Chartered Member Engineering NZ 
EngNZ Number: 1018157 
CMEngNZ, BE (Civil) Hons, Dip (Civil) 
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Appendix A – Diversion Layout Plan 
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LONGSECTION 1 SCALE- Hoz: 1:1,000, Vert: 1:100 (at A3)
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FIGURE 1A - Diversion 1
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Appendix B – Flood Model – Proposed Berm Long Sections 
 

  



 

Figure 1: Flood Mitigation Embankment Layout  

 

 

Figure 2: Bank 1 Long Section with estimated flood bank profile (brown line) 
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Figure 3: Bank 2 Long Section with estimated flood bank profile (brown line) 

 

 

Figure 4: Bank 3 Long Section with estimated flood bank profile (brown line) 

 



 

Figure 5: Bank 4 Long Section with estimated flood bank profile (brown line) 

 

 

Figure 6: Bank 5 Long Section with estimated flood bank profile (brown line) 

 



 

Figure 7: Bank 6 Long Section with estimated flood bank profile (brown line) 

 

 

Figure 8: Bank 7 Long Section with estimated flood bank profile (brown line) 

 



 

Figure 9: Bank 8 Long Section with estimated flood bank profile (brown line) 

 

 

Figure 10: Bank 9 Long Section with estimated flood bank profile – settlement pond outlet (brown 
line) 
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