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To assist the reader, an overview of the documents comprising the river engineering technical 

reports is provided. The following attachments are included: 

 

• R.J. Hall and Associates Ltd. – Updated Diversion Details Shepherd Creek (REVISION 

A), dated 22 October 2024. 

This report provides an additional evaluation of the Shepherds Creek temporary re-

alignment, which is an addendum to the original Waikaka Gold Report.  

 

• R.J. Hall and Associates Ltd. – Updated Diversion Details, Flood Hazard Analysis, and 

Flood Mitigation Evaluation Summary Report – Waikaka River (REVISION B), dated 

31 April 2024. 

This report addresses at the current proposal comprising 5 separate temporary river 

diversions, and updates the previous assessment carried out by R.J. Hall and 

Associates (dated 13 April 2022). 

 

• R.J. Hall and Associates Ltd. - Proposed Diversion of Waikaka Stream below Waikaka 

Road, dated 13th April 2022. 

This provides a design and assessment related to a former proposal where the 

Waikaka Stream was proposed to be permanently diverted. This proposal has been 

superseded, however the some of the information has been relied on for the current 

proposal, as assessed in the report by R.J. Hall and Associates (dated 31 April 2024), 

as above. Channel design drawings are appended to this report. 

 

• R.J. Hall and Associates Ltd. - Check super-evaluation effects on floodway bends for 

Q20 design flood Waikaka Stream proposed diversion, dated 23rd June 2022. 

This report is an addendum to the 13 April 2022 assessment and evaluates the super-

elevation effects and flow dynamics on the bends of the proposed diversion floodway, 

determining the expected peak velocities, freeboard reductions, and structural 

requirements to ensure the grassed berm can withstand the design flood conditions. 

 

• Dr Henry R. Hudson - Waikaka River Diversion, dated December 1999. 
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This report was drafted to support a proposal by L&M Mining Ltd to permanently divert 

the Waikaka Stream. The more recent work of R.J. Hall and Associates relies on some 

of the data in this report. 

 

Each attachment is technical work that builds of the proceeding technical work. For this reason, 

all documents are provided to enable the reader full understanding. 
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Date: 22/10/2024 

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 Shepherd Creek (REVISION A) 

1 EXECTUTIVE SUMMARY 

RJ Hall and Associates Ltd have been engaged to provide an additional evaluation of the Shepherds 
Creek temporary re-alignment for the Waikaka Gold consent evaluation, as part of the Waikaka River 
re-alignment. This section is provided as an addendum to the original Waikaka Gold Report. 

The temporary alignment is proposed over approximately 2 years, during year 4 and year 5 of the 
mining operation. 

The analysis has been carried out with the following: 

 Hydrology Review (Shepherds Creek) 
 Analysis of typical sections (Existing LiDAR mapping) 
 Evaluation of proposed temporary re-alignment  
 Proposed Long Section and Cross Sections 

Typical geometry has been designed with a low flow channel geometry similar to the existing stream 
section. It is estimated that the low flow channel will cater for a flow of around 4.5cumecs, with the 
wider berm at bank full catering for an approximate 20 year flood flow. The proposed grade profile 
will be set at approximately 0.008 which is the gradient of the current stream alignment.  

Observation of the existing stream indicates that low flows are stable in the bed at the current gradient 
(s = 0.008 (0.8%)).  

2 DIVERSION PLAN 

The proposed update to the diversion plan and diversion centreline long sections are presented in 
Appendix A, Figure 1E (Drawing Number H05) and reproduced in Figure 2.  

The proposed diversion of Shepherds Creek typical profile is presented in Figure 1, the profile has been 
designed with a shallow low flow channel, the adjacent berm height had been set 1.0m above the 
general low flow bed level. A wide berm area has been designed to cater for the 20 year flood flow 
capacity at bank full.  
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As the existing stream has low sinuosity (sinuosity values of 1.015 to 1.085 and typical of a near 
straight section). It is proposed that the alignment is applied wit a sinuosity typical of the exiting 
natural channel. 

The bed profile is set at a constant bed gradient along the given diversion in the order of 0.007 to 
0.008 (0.7 to 0.8%) 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 levels of the bed upstream and 
downstream thus ensuring smooth transitions between the proposed diversion and the existing bed 
and berm profiles. 

 

Figure 1 - Typical Shepherds Creek 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 the Shepherds Creek diversion where required, with a typical bank profile 
demonstrated in Figure 3, of RJHall and Associates reporting 31/05/20241. 

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 
 Minimum 1.5 m in crest width 
 Batter angles 2:1  

The fill material for the embankment will be composed of inorganic clean gravel or silty gravel granular 
fill, and well compacted, this will be spread with 100 to 150mm of topsoil, and regrassed. 

                                                           
1 Report Reference: RJHall and Associates Ltd 31.05.2024, Updated Diversion Details, Flood Hazard Analysis, 
and Flood Mitigation Evaluation Summary Report – Waikaka River (REVISION B) 
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Figure 2 - Waikaka Stream and Shepherds Creek - Updated Diversion Locations 

3 CONCLUSIONS 

RJHall and Associates Ltd have been engaged to prepare and updated summary as an addendum to 
the Waikaka Diversion reporting for the proposed temporary river diversion of the Shepherds Creek. 

The proposed temporary alignment of Shepherds Creek, has been set to match the existing profile 
typical of the existing Shepherds Creek alignment. A typical cross section is proposed to cater for low 
flow and floods up to a 20 year recurrence interval. The proposed diversion is set to occur in year 4 
and year 5 of the mining operation and is estimated to be in effect for a two year period. 

A long section and typical cross section of the stream diversion is presented in Appendix A. 

 

 

Waikaka Diversion 1 

Existing Waikaka 
Stream Alignment 

Existing Shepherds 
Creek Alignment 

Shepherds Creek 
Diversion 
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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) 

 

 

 

 

Diversion 1 

Diversion 2 

Diversion 3 

Diversion 4 

Existing Waikaka 
Stream Alignment 
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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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LONGSECTION 3 SCALE- Hoz: 1:1,000, Vert: 1:100 (at A3)
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LONGSECTION 4 SCALE- Hoz: 1:1,000, Vert: 1:100 (at A3)
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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) 

Bank1 
Bank2 

Bank3 

Bank4 

Bank5 

Bank7 

Bank6 Bank8 

Bank9 



 

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) 



MEMO R.J. Hall & Associates Ltd. 

 Po Box 537, Timaru 
13 April 2022 File: RIV 021/056 

 
Memo: Waikaka Gold Ltd 

Review: Proposed Diversion of Waikaka Stream below Waikaka Road 

From: Bob Hall, R.J. Hall & Associates Ltd. 

To: Noel Becker 

 
 

In 1999 – 2000 L & M Mining were granted resource consents to divert approximately 

2.5km of the Waikaka Stream commencing about 200m downstream of Waikaka Road 

in order to facilitate the mining of past of the valley floor through which the Waikaka 

Stream passed.   

A preliminary assessment was made of the engineering requirements for such a 

diversion by Company by Montgomery Watson, which was summarised in their report 

of August 1999.  Subsequent to the Montgomery Watson report a more detailed 

assessment and report was prepared by Dr. Henry Hudson of Environmental 

Management Associates Ltd. (Report 99-18 dated December 1999).  This latter report 

was the basis upon which resource consents were granted for the diversion proposed 

at that time.   

The Hudson report set out a proposed alignment for the diversion, presented a generic 

cross-sectional form for the channel which included a flood channel within which was 

provided a low flow channel.  The design encompassed a plan form for the diversion 

single thread channel floodway with a sinuosity of 1.2 at a grade of 1 in 260 within 

which was to be constructed a meandering single thread low flow channel with a 

sinuosity of 1.48 at a gradient of approximately 1 in 320.  The flood flow channel was 

designed for a AEP 20 year flood peak estimated at that time to be 160 cubic metres 

per second.   

Provision was made in the design for the construction of pool and riffle features and 

grade control structures at various locations along with the dressing of the low flow 

channel bed with large stones to enhance in-stream conditions for fish.  Comment was 

also provided for a range of other environmental considerations necessary for the 

successful implementation of the works proposed at that time. 

Waikaia Gold Ltd. wish to undertake a new mining venture in the general area which 

L & M Mining were granted consent to mine in 2000. L & M Mining’s operation was 

abandoned without undertaking their proposed diversion and accordingly, the Waikaka 

Stream presently flows on a course that it has followed ever extensive alluvial mining 

operations ceased in the valley some 60 to 100 years ago [H. Hudson. (1999)]. 

R.J. Hall & Associates Ltd. have been engaged by Waikaia Gold Ltd. to review 

engineering aspects of the Hudson diversion proposal to take account of a new 



diversion alignment and form not dissimilar to that proposed earlier by L & M Mining 

and on which resource consents were granted.  This review required the updating of 

both the flood and low flow hydrology estimates based on data provided by 

Environment Southland and subsequently adjusted by the reviewer to provide 

representative flow estimates at the Waikaia Gold Ltd. proposed mining site.  

The various considerations given by Hudson to instream and riparian habitats both in 

terms of diversion channel and low flow channel form and appurtenant features such 

as sinuosity, pool and riffle and grade control bedforms have been retained. This 

review has benefitted from more comprehensive survey information than that which 

was available in 1999 and, as a consequence, there has been a need to redefine the 

gradients of both the flood flow fairway and low flow channel to match the known 

topography and present channel inverts at the proposed upstream diversion point and 

the downstream point where the diversion channel merges with the existing Waikaka 

Stream. 

The combination of revised flood and low flow hydrology and redefined channel and 

landform gradients have resulted in some minor modifications to the earlier (1999) 

proposals.   

The current proposed diversion route is shown in Figure 1, which is attached along 

with the proposed long section of the diversion in Figure 2. Schematics for a generic 

cross section are outlined in Figure 3, alongside a plan of a notional pool and riffle 

feature, accompanied by a long section through that feature. 

It should be noted that the 2.5 km long section of the proposed diversion channel 

identifies the groundline at the notional centre of each of the cross sections at 200 m 

intervals along the diversion. Also shown on this long section are the formation levels 

for the flood channel berms and that of the low flow channel invert. The flood flow 

berms are graded at 0.0027 (1 in 370). The actual gradient of the low flow channel, 

with a sinuosity set at 1.50, is set at 0.0019 (1 in 526). This means that the long section 

accurately records the low flow channel invert at each of the 200 m intervals in Figure 

3. 

However, it is important to note that the intersection distance for the sinuous low flow 

channel will be greater than the 200 m interval of the sections on this long section. The 

actual cross sections shown occur at 200 m intervals on the proposed diversion long 

section, and these are set out in Figure 4. 

The revised channel forms have been designed for an AEP 1 in 20-year flood of 116 

cubic metres per second which gives an estimated average velocity on the grassed 

berm at the peak discharge of 116 cubic metres per second is some 2.2m/s (depth on 

berm 2.14m).  Velocities of this level can be sustained by a well-grassed berm for up 

to 16 hours which indicates that the risk of erosion on the grassed berm is likely to be 

minimal given that velocities over a 16-hour period straddling this peak flow will be less 

than 2.2 m / s.  Freeboard of between 500 and 700mm is proposed. For a bank full 

discharge of 160 cubic metres per second  (AEP 1 in 100-year peak flow) assuming 



500mm freeboard the average berm velocity is estimated at about 2.5m/s.  A velocity 

of this level can be sustained on a well-grassed berm for some 10 hours. 

The low flow channel has a trapezoidal form with a 5m bottom width, 0.75H: 1.0V 

batters and depth of 1.0m.  The bed of the low flow channel is to be dressed with 

cobbles ranging from 40 to 200 mm in mean diameter to provide an armoured layer to 

the underlying soil into which that channel is cut. The flood channel is also of 

trapezoidal form being 20m in with a berm level between the outer batters of the 

floodway. The batters of the floodway are set notionally at 3H:1V. The sinuous low flow 

channel which is to be cut into the floodway berm can meander across the floodway 

but should not approach closer than say 1.5m to the toes of the floodway 3H:1V 

batters. The berm and the berms 3H:1V batters are to be topsoiled and grassed.  It is 

intended that the floodway be fenced off in the first instance to exclude stock although 

a stock management scheme which allows limited grazing may be appropriate and can 

be determined at a later date.  The bank full discharge that can be accommodated by 

the low flow prior to spilling onto the berm is estimated to be about 5 cubic metres per 

second and results in an average velocity of 0.9 m/s.  

Velocities of 0.48 m / s (1.0 m3/s and depth 0.39m), 0.56 m/s (1.5 m3/s and depth 

0.50m) and 0.61 m/s (1.8 cubic metres per second and 0.58m) are estimated for the 

low flow channel under low flow conditions.  Environment Southland’s hydrometric site 

at Willowbank for the period 1 June 1975 through to 1 June 2019 flow duration record 

indicates a median flow of 1.75 cubic metres per second at that site which translates 

to approximately to 0.9 cubic metres per second at the mine site.   

The armouring of the low flow channel as described above is required to minimize the 

risk of erosion of that bed under flood conditions but also to assist in conjunction with 

the steep 0.75H:1.0V batters of that channel to facilitate limited localized lateral erosion 

of the channel which will provide overhangs on the channel’s sides.  This feature is 

included to assist in providing shelter/shade for fish particularly during summer when 

diminishing low flows occur in those reaches where limited and/or no shade otherwise 

exists. 

It is intended that riparian plantings should also be provided, both to help stabilise the 

low flow channel and again to provide shade to the low flow channel.  It is 

recommended that a combination of native and introduced plant species be used for 

this purpose; plants such as shrub willow, flax and toi toi would be appropriate for this 

purpose.  Plant species of this kind will also encourage insects which in turn can 

provide a source of food for fish inhabiting the low-flow channel.  It is suggested that 

the planting of shrub willow poles can be undertaken to advance the riparian planting 

exercise. 

It is known that effluent groundwater flows occur in the lower reaches of Waikaka 

Stream within the area proposed to be mined.  These flows assist in regulating water 

temperature and stream flows during the summer months and is an important factor in 

maintaining in-stream habitat health at such times.  It is not known at present as to 

where and to what extent such effluent flows will occur into the lower reaches of the 

diversion channel.  Part of the reason for this uncertainty lies in the history of the soils 



present in this area.  As has been noted earlier, the valley floor through which the 

present Waikaka Stream flows has been greatly modified by previous (historic) alluvial 

mining activities.  As a consequence of these activities, the conditions described with 

respect to effluent groundwater flows in the lower reaches of the Waikaka Stream in 

the area of interest may not be representative of the conditions which will arise with 

the new diversion. 

A primary consideration in the design of the proposed diversion channel is to 

endeavour to provide a stable floodway and low flow channel under a range of flows.  

As has already been noted the existing channel which is proposed to be diverted is not 

in itself a natural water course as such.  This channel is the end result of a channel 

which was constructed presumably at, during and after the historic alluvial mining 

activities were taking place and subsequently modified by channel forming flood flows, 

stock movements and river protection activities.  In order to endeavour to provide 

“stable” channels for both the floodway and low flow channels an examination of 

present channels characteristics has been made and applied to a method developed 

by Dr. G Griffith [“Stable-channel Design in Gravel-bed Rivers” Journal of Hydrology, 

52 (1981) 291 – 305].  This method has been used successfully by the writer in the 

rehabilitation of both the Mararoa River (Southland) and the Ahuriri and Lower Tekapo 

Rivers (Mackenzie Country, inland South Canterbury) as well as the Rangitaiki River 

in the Bay of Plenty and numerous other small water courses.  This method allows a 

preliminary assessment to be made of the requisite widths for a channel for a 

predetermined design discharge.  Once this has been established the sediment 

erosion/transport behaviour can be evaluated, channel dimensions and critical shear 

stresses assessed, and requisite bed material armouring layer grain sizes determined 

in order to derive a quasi-stable bed under the expected flow regime.  

It is proposed that the diversion channel be excavated in the dry and a system set up 

at the upstream entry point to regulate inflows into the diversion channel when the 

diversion procedure commences; it is proposed that this is undertaken in a step-wise 

flow fashion to allow the new low flow channel to settle down before the full diversion 

flow is directed into the new low flow channel.  It will also be necessary to install 

sediment traps in the diversion channel to intercept as far as reasonably practical fine 

sediment in order to minimise the effects of erosion and transport of fines eroded from 

the recently constructed channel being entrained and contaminating the stream flow.  

These structures can be installed at or in the immediate vicinity of the pool and riffle 

features and elsewhere as appropriate. 

It is noted that the proposed diversion channel passes close to an abandoned refuse 

pit located on the berm of Sheppards Creek some 100m or so up that creek from its 

confluence with the true left berm of the proposed diversion channel system.  The exact 

dimensions of this pit are not known but it is important that the diversion floodway does 

not intersect it.  If it does, then the floodway will either need to be relocated to avoid 

that situation or measures taken to prevent erosion of its contents and/or isolation to 

avoid the risk of contaminants from that pit entering the new diversion channels low 

flow channel. 



There are a number of other small watercourses that presently discharge into Waikaka 

Creek in the proposed mining area, and which will ultimately discharge into the new 

diversion channel once constructed.  It will be necessary to undertake specific designs 

for each of these watercourses to ensure that problems such as headward erosion 

don’t occur as a result of changes in channel gradients in their lower reaches where 

they intersect the new diversion channel.  Discussions will need to be had with the 

landowners who may be affected by these works in order to obtain satisfactory 

solutions which meet the needs of channel stability, habitat requirements and land use 

needs. 

There are two bridges across the present course of Waikaka Creek through the area 

where mining is now proposed. It is intended that these structures will be demolished, 

and replacement structures provided across the new diversion at sites to be confirmed 

between Waikaia Gold Ltd. and the landowners affected by these changes.  Integral 

to this exercise will be the need to confirm what type of structure is required here e.g., 

a structure to span the low flow channel or something more substantial. It is anticipated 

that a combination of steel piles and precast concrete decks are likely to be required 

to provide the requisite crossings. 

 

 

 

 

 

 

R.J. Hall. 

MIPENZ (Civil) CPEng Int PE (NZ) No.19621 

ME (Nat Res) BE (Civil) NZCE (Civil) 

 

R.J. Hall & Associates Ltd. 

13 April 2022 

  



ATTACHMENTS 

MEMO 

 

MEMO R.J. Hall & Associates Ltd. 

 Po Box 537, Timaru 
23 June 2022 File: RIV 021/056 

 

Memo: Check super-evaluation effects on floodway bends for Q20 design flood Waikaka 

Stream proposed diversion 

From: Bob Hall, R.J. Hall & Associates Ltd. 

To: Noel Becker 

 

 

I have assessed possible super-elevation effects on the outside of the proposed 

diversion floodway’s bends for a minimum radius to cthe entre line of a bend set at 

about 25m for the design flood of 116 cubic metres per second  (aep = 1 / 20).  I 

estimate the super-elevation of 0.35m under these conditions with the proposed 

channel geometry. 

For uniform flow under the 116 cubic metres per second  Q20 discharge, the normal 

depth on the berm is 2.1m with a freeboard of 900mm. The superelevation described 

in effect locally reduces freeboard on these bends to 500mm at the peak flow of 116 

cubic metres per second . The uniform flow peak velocity on the grassed berm is 

estimated at about 2.0 m/s which will rise locally on the outside of these bends to about 

2.4 m/s.  

An average grassed berm can be expected to sustain a velocity of 2.4 m/s for some 

18 hours. In reality, this situation is unlikely to occur because the 2.4 m/s is the 

maximum velocity expected for the peak discharge of 116 cubic metres per second . 

Conservatively if we assume an average velocity say of 75% of the peak velocity of 

2.4 m/s i.e. at 1.8 m/s, the grassed berm and floodway batters should be able to 

accommodate some 30 hours under those conditions (1.8 m/s for 30 hours). 

I would not recommend floodway bends to be tighter than a centre line radius of the 

25m used. 

 

R.J. Hall. 

MIPENZ (Civil) CPEng Int PE (NZ) No.19621 

ME (Nat Res) BE (Civil) NZCE (Civil) 

 



R.J. Hall & Associates Ltd. 

13 April 2022 
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