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Chapter 1:  Introduction 
Environment Bay of Plenty seeks to develop river protection works that provide the required 
level of protection and are affordable.  

The requirement for robust river protection works resulted from damages arising from the 
July 1998 floods. The severely eroded riverbanks left no doubt that the lighter erosion 
protection works (particularly vegetative means) were inadequate at high flows and resulted 
in large repair costs. Further floods over successive years, particularly the July 2004 flood, 
continue to exacerbate these concerns.  

Whilst some research work has been carried out nationwide, it is of insufficient value to 
Environment Bay of Plenty.  

The real need to carry out river scheme protection works trials was followed by the initiation 
of the River Scheme Protection Works Trials Project (DIP61000). The objective of this project 
is to construct several stand-alone systems of permeable groynes each year. These systems 
are to have varying design details, including groyne spacing, alignment, and possibly 
composite materials.   

This 2008 report expands on the Inaugural 2007 report and is the second in a series of 
annual monitoring reports that details initial conclusions on protection works effectiveness, 
together with recommendations. 
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Chapter 2:  Site Locations 
To date, six sites have been selected as trial sites. They are: 

(i) Whakatane River left bank – Holmes Bend (constructed before July 2004 flood) 

(ii) Whakatane River left bank – Yates (constructed late 2004) 

(iii) Waioeka River right bank – near Waioeka settlement (completed June 2006) 

(iv) Rangitaiki River right bank – Niven’s (constructed early 2006) 

(v) Waimana River left bank – Matahi Urupa (constructed early 2008) 
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Chapter 3:  Inspections 
Inspections of all test groynes sites are carried out by a representative from both Engineering 
(Eng) and Operations (Ops) staff. Inspections are to be carried out on an annual basis. This 
report expands on the 2007 conclusions and summarises findings of the June 2008 visits 
carried out by Graeme O’Rourke (Eng), Harold McConnell and Bill Ingle (Ops) on Friday, 
13 June and Monday,16 June 2008. 

Specific points to be noted in inspections include: 

• Precedent weather conditions prior to inspection including immediate and any 
significant storms since the last test groyne inspection (over an above a ‘freshes’ 
event) 

• Condition of the groynes, the adjacent rip-rap, willows, berm and stopbanks 

• Effects of the groynes e.g. beach development, bank erosion, channel development 

• Other points of interest that would be useful for future designs    

Weather conditions on both inspection days were fine. There had been no significant rainfall 
events in the previous week leading up to the inspections and river levels at each site were 
well below average levels.  

3.1 Whakatane River - Holmes Bend 

The Holmes protection works at this site were constructed prior to the start of the 
trial project and are included in this report for monitoring purposes only. Only limited 
details on the design and costs are available. 

3.1.1 Site description 

The Holmes site is located on the true left bank of the Whakatane River in the 
vicinity of Benchmark W41L and is approximately 3.8km downstream of the Ohutu 
Bridge at Ruatoki. The eroding bank is on the outside of a bend opposite a gravel 
beach.  

Rock groynes were initially constructed at this site following severe erosion during 
the 1998 flood. They were badly damaged during the July 2004 and again during the 
December 2004 floods. The groynes had been reinstated after each flood using 
existing and additional new rock.  

The bank had been eroding over a length of about 200 m. 
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Further erosion also occurred in 2004 on the left bank approximately 200 m 
upstream (Upstream Site) 

New groynes were constructed along this 80-100 m long site in 2006.   

Figure 1 shows site locations. 

 

Figure 1 Whakatane River bank erosion monitoring sites (2) at Holmes bend 

3.1.2 Design 

(a) Downstream Site - 2004 Design: Tony Dunlop (Works Engineer) 

A total of six rock groynes were constructed along the original 1998 erosion 
site. The distance between the groynes varies between approximately 20 m to 
60 m.  

The bank has been battered, seeded and planted with willows on the lower 
bank. Downstream of the rock groynes are three trench willow groynes.  

The rock used was sourced from the Matahina quarry. The rock size is 
unknown, but likely to be similar to the rock used at the Yates site further 
upstream. The groynes are smaller overall than the ones at Yates, but have a 
similar appearance. 
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(b) Upstream Site – 2006 Design: Harold McConnell (Works Coordinator) 

Six new ‘rock finger’ groynes were built in 2006 comprising approximately 
1000 m3 of Matahina rock which was supplied and installed at a rate of 
$40/m3. The design of the new groynes was based on the existing Holmes 
pattern with the addition of a short length of rip rap lining placed along the 
bank upstream of each groyne. The purpose of the rip-rap lining was to absorb 
any adverse effect of eddy action from the groyne immediately upstream. 
Refer Figure A2 in Appendix 1. Harold reported that these new groynes began 
eroding the beach on the opposite bank while they were being built. This was 
the desired effect of groynes to widen and deepen the channel with the 
thalweg moving away from the outside of the river bend. 

3.2 Construction and costs 

3.2.1 Costs 

No formal design calculations or drawings were sighted by Technical Services 
(Engineering) since they were set-out and built by Rivers and Drainage (Operations) 
based on previous experience.  

According to the final claim Environment Bay of Plenty submitted to  
Ministry of Civil Defence and Emergency Management (MCDEM)1 for July 2004 
damages the cost to construct the six groynes was $44K (June 2006).  

Supervision works was carried out by Tony Dunlop (Works Engineer). 

3.2.2 May 2007 Monitoring 

No major flood events had impacted the groynes since December 2004. The 
groynes were in good condition and very little rock appeared to have been lost due 
to river flows.  

Beaches had formed between some of the groynes as gravel laden water deflected 
off and settled downstream of the protruding ends of the groynes. Flow deflection 
can be seen on the water surface at ends of the groynes in Figure A1 in Appendix 1. 

The embankment fill immediately downstream of the groyne was planted out with 
shrub willows. According to Harold McConnell, the willows help to protect the 
embankment fill from erosion. The rock/fill interface area is difficult to compact 
during construction. 

These groynes were in good condition with no apparent loss of rock to river 
currents. 

3.2.3 June 2008 Monitoring 

Flows in the Whakatane River were very low during the inspection with an 
expansive shingle beach formed on the right bank side. All rock groynes were stable 
and well vegetated with good grass cover and willow growth. There was no 
evidence of scouring of river bed and bank or loss of rock. The groynes had stood 
up well against a small flood event in April 2008 and flood debris could be seen 
collected in willows on the berm area above the groynes. 

                                            
1 Refer Final Claim report from EBOP to MCDEM dated August 2006 
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Harold queried the large spacing between the forth and fifth groyne suggesting this 
gap was vulnerable to potential erosion even though it was currently in a stable 
state. We will continue to monitor this stretch to look for signs of scour or slumping. 

The trenched willows were growing well and were doing good work collecting silt 
and debris which will encourage deposition of sediments between groynes. 

3.2.4 River Cross Sections 

Whakatane River Cross Section W41 runs through the downstream end of the 
Downstream site (See Figure 1). Figure 2 below shows the channel section for the 
2005 and 2008 survey. 

Two main features are evident from the two surveys: 

(i) Scouring of the 2008 channel of 0.5m on the left bank 

(ii) Aggradations of shingle beach of 0.5m on the right bank.  

Whakatane River Cross Section W41 at Holmes
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Figure 2 Whakatane River at Holmes – Cross Section plots of 2005 and 2008 
survey 

3.2.5 Recommendations 

2007 

• Provide a minimum length of rip-rap upstream of rock groynes to reduce risk 
of eddying from groyne immediately upstream eroding downstream bank. 
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2008 

• The recommendation above (2007) has not been implemented as the river 
banks adjacent to groynes have remained stable. 

• Continue to monitor large right bank beach formation as this may deflect river 
flows and increase pressure on groynes. This beach is a possible resource for 
shingle extraction although it is understood that local farmers reject shingle 
extraction from the Whakatane River. 

3.2.6 Photos of Holmes bend 

  
30 May 2007 – Downstream Site - Left bank 
looking upstream 

13 June 2008 – Downstream Site - Left bank 
looking upstream 

  

  
13 June 2008 – Downstream Site - Looking down 
rock groyne across river to large beach formation 
on right bank. 

13 June 2008 – Downstream Site - Recent flood 
debris caught in young willows 
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13 June 2007 – Upstream Site – Looking upstream at 
the groynes 

13 June 2008 – Upstream Site – Looking upstream of 
groyne. Grass has been flattened in an upstream 
direction indicating previous upstream eddy flow. Bank 
has been rock armoured to prevent erosion from this 
type of eddy action.  

3.3 Whakatane River – Yates 

3.3.1 Site description 

This site is located on the true left bank of the Whakatane River approximately 
1.7 km downstream of the Ohutu Bridge at Ruatoki, in the vicinity of Benchmark 
W44L. The eroding bank is on the outside of a bend and opposite a gravel beach.  

The bank was eroding over a length of approximately 170 m. The bank upstream of 
this reach is secured by relatively young willow growth. Figure 3 shows the site. 

 

Figure 3 Whakatane River bank erosion at Yates 
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3.3.2 Design 

Design: Ingrid Pak (Environmental Engineer), Peter Blackwood (Manager Technical 
Services). 

3.3.3 Layout 

A total of four groynes were constructed in late 2004, with the top groyne being 50% 
larger than the remaining three. Following construction, erosion threatened to 
outflank existing rip-rap located downstream on the riverbank of McCracken’s 
property so in late 2006 an additional length of rip-rap lining was constructed that 
joined the most downstream groyne to the existing rip-rap.  

See photos below 

  
30 May 2007 Additional armouring placed downstream 
of groynes in 2006 

13 June 2008 One year later 

The distance between the groynes is approximately 40 m (i.e. approximately four 
times the effective length of the groyne). 

The bank has been battered to a slope of approximately 4:1, seeded and planted 
with willows on the lower bank and native toi toi along the top.  

3.3.4 Rock size 

The mean velocity for the main river channel at cross-section W44 is 2.96 m/s 
(based on s=0.0016, Manning’s n=0.033 in main channel, n=0.035 right and left 
channel, Q100=2136 m3/s). Applying a factor of 1.5, this gives a velocity of 4.44 m/s 
at the bank. 

Using the California Method a required d50 = 0.65 m is calculated, with a range of 
0.4 to 1.0 m.  

Measuring the rocks on site showed that the rock size had a d50 = 0.55 m, with some 
rocks being up to 1.0 m (very few). Sourcing rock of larger size became very difficult 
after the July 2004 floods. Therefore, a “zoned” groyne design was applied, where 
the inner core of the groyne smaller rock was used (approx. d50 = 0.4 m) and the 
larger rocks were placed on the outside, particularly on the head and the upstream 
face of the groyne (approx. d50 = 0.65 m). 
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3.3.5 Geometry 

The geometry of the groynes was determined by the following general requirements: 

• Crest 0.5 m below annual flood level; 

• Side slopes 2:1 upstream and outside, and 1.5:1 downstream; 

• Crest slope 10:1; 

• Tie 5 m into bank; 

• 8-9 m into channel; 

• Footprint 1 m below channel invert. 

In addition, a 10 m length of rip-rap lining was constructed upstream of the top 
groyne to prevent outflanking.  

The annual flood level at cross-section 44 was taken off Pascal Balley’s Hec-Ras 
model of the Upper Whakatane River (2 yr flood level = 23.74 mRL). 

3.3.6 Construction and costs 

Construction Supervisor: Scott Sisam (Stream Care Officer) 

According to the final claim Environment Bay of Plenty submitted to MCDEM for July 
2004 damages the cost to construct the four groynes was $87K (June 2006).  

3.3.7 May 2007 monitoring  

The groynes and rip-rap lining were in good condition. There did not appear to have 
been any loss of rock. Harold reported that some groyne rock had been recovered 
from the riverbed when the additional length of rip-rap lining was installed in late 
2006. No significant bank erosion or slumping was evident upstream and 
downstream or between the groynes. A reasonably sized beach had developed 
between the third and fourth groyne and a channel had developed between the 
beach and the riverbank. 

3.3.8 June 2008 monitoring 

The groynes and rip-rap lining continue to remain in good condition with no 
noticeable loss of rock. Willow, toi toi and grass are well established encouraging a 
good deposition of silt during higher river flows. 

There is an ‘island’ build up of shingle downstream of the middle groyne which is 
helping to deflect low flows away from the rock lining. During the current low flow 
state, river velocities at the waters edge were slow and hence reducing pressure on 
the outside bend. 

As with the Holmes site, there is significant beach build-up on the right bank which 
should be monitored as this may cause undue pressure on the protection works. 
Again, there may be objections from local farmers to manage these shingle 
beaches. 
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3.3.9 River cross sections 

Whakatane River Cross Section W44 runs through the upstream end of the rock 
protection works (See Site Plan - Figure 3). Figure 4 below shows the channel 
section for the 2005 and 2008 surveys. 

The river bank, channel and right bank beach have all remained stable with little 
change occurring in the three years between surveys. 

Figure 4  Whakatane River at Yates – Cross Section plots of 2005 and 2008 
survey 

3.3.10 Recommendations 

2007 

Place rip-rap on riverbanks adjacent to any new groynes to reduce risk of erosion. 
Current test sites suggest rip-rap placement: 

• Upstream and between groynes helps reduce eddy and outflanking erosion  

• Connecting groynes to previously lined riverbanks reduces erosive outflanking 
(completed late 2006) 

2008 

• Maintain watch on large right bank shingle beach to monitor deflection of river 
flows against left bank rock protection. 

Whakatane River Cross Section W44 at Yates 
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3.3.11 Photos of Yates bend (2008) 

  
Looking upstream to shingle beach on right bank Looking upstream from rock lining that was 

placed in late 2006.  

3.4 Waioeka River – start of gorge 

3.4.1 Site description 

This site is located on the true right bank of the Waioeka River in the vicinity of 
Waioeka Pa Road (Benchmark WO7.5R). It is located near the Waioeka settlement 
where the river flows out of the Gorge and onto the plains. The eroding bank is at 
the start of an outside bend, and a gravel beach was building up on the opposite 
bank. The stopbank running along it is part of the Waioeka Otara Scheme where the 
protection service level is a 20 year flood plus 300 mm freeboard standard. 

The bank has been eroding since the October 2003 floods over a length of 
approximately 180 m, reducing the berm width to as little as 4 m in places. The 
original railway iron groynes that were placed in the past have been badly damaged 
by scour and debris, and some remnants can still be seen partially exposed within 
the main river channel.  

Two cross-sections were surveyed in June 2004 at a distance of 76 m (XS1) and 
116m (XS2) downstream of BM7.5R. 

Figure 5 shows the site and the locations of the surveyed cross-sections. 
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Figure 5 Waioeka bank erosion site 

3.4.2 Design 

Design: Ingrid Pak (Environmental Engineer), Peter Blackwood (Manager Technical 
Services). 

(a) Layout 

Construction of the sole rock groyne located at the top of the reach was 50% 
greater in volume compared with standard design requirements to provide 
extra strength at the upstream end.  A 10 m length of rock lining was placed 
upstream of the groyne, returning into the bank, to prevent outflanking. 
Similarly a 6 m length of rock lining was placed downstream of the groyne to 
cope with river flows over the groyne during a major flood. Refer Figure A4 in 
Appendix 1. 

Downstream of the rock groyne, nine railway iron groynes were installed 
approximately 20 m apart. Refer Figure 6 for existing groyne layout. 

Further, rock lining at the downstream end of the eroding reach was installed 
to prevent the erosion moving further downstream  

Flattening the bank batter to 4:1, and realigning the stopbank provides 
sufficient berm width. 

Figure 6 shows the existing groyne set-up at Waioeka. 
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Figure 6 Existing (2007) set-up for Waioeka erosion site 

(b) Rock size for rock groyne 

The mean velocity for the main river channel at the cross-section at BM7.5 is 
3.17 m/s (from Phil Wallace’s Mike11 model for 100 yr flow). Applying a factor 
of 1.33, this gives a velocity of 4.23 m/s at the bank. 

Using the California Method a required d50 = 0.60 m is calculated, with a range 
of 0.35 to 1.0 m.  

Measuring the rocks on site showed that the rock size was approx. d50 = 0.50 
m, with some rocks being up to 0.8 m. Sourcing rock of larger size became 
very difficult after the July 2004 floods. Therefore, a “zoned” groyne design is 
applied, where the inner core of the groyne smaller rock is used and the larger 
rocks are to be placed on the outside, particularly on the head and the 
upstream face of the groyne.  

(c) Geometry of rock groyne 

The geometry of the groyne is determined by the following general 
requirements: 

• Crest 0.5 m below annual flood level; 

• Side slopes 2:1 upstream and outside, and 1.5:1 downstream; 

• Crest slope 10:1; 

• Tie 5 m into bank; 

• 8-9 m into channel; 
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• Foot 1m below channel invert. 

A 10 m rock lining was placed upstream of the groyne to prevent outflanking. 

The annual flood level at cross-section BM7 5 was taken off Phil Wallace’s 
Mike11 model of the Waioeka-Otara Rivers (2 year flood level = 16.35 mRL).  

Figure 7 shows a sketch of the rock groyne design at cross-section XS1 
(76 m d/s of BM7.5R).  

Waioeka River Erosion Rock Groyne Design - XS1 at 76m
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Figure 7  Waioeka rock groyne design 

(d) Railway iron groynes 

• 20 m apart; 

• 10 m long; 

• angle at approx. 55 degrees; 

• railway iron length 6.4 m (half of raw product), 5 m embedded to protect 
against scour; 

• iron spacing: groynes 3, 6, and 9: 1m with no wire; 

• groynes 1, 2, 4, 5, 7, and 8: 2 m with two rows of wire. 
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Figure 8 shows a sketch of the railway iron groyne design at XS1. 

Waioeka River Erosion Railway Iron Design -  X S1 at  76 m

9
10
11
12
13
14
15
16
17
18
19
20

100 110 120 130 140 150 160 170
Of f set  dist ance ( m)

existing channel
new bank

WL annual flood
railway iron groyne

4:1
10:1

Railway iron groynes 
10 m long at  an angle 
of  55 degrees

 
Figure 8  Railway iron groyne design at Waioeka  

3.5 Construction and costs 

3.5.1 Costs 

The initial cost estimate to construct the Waioeka test groynes was $115K. This 
assumed a rock supply rate of $50/m3 and rail iron supply rate of $26/m. The final 
construction cost came to approximately $107K. This was due to slightly cheaper 
labour and machinery rates being used.  

Supervision was carried out by Arch Delahunty (Works Engineer) 

3.5.2 May 2007 monitoring (Supplemented with 2008 photos) 

The rock groyne was in good condition. The upstream rip-rap was obscured from 
view since part of it had been returned into the bank to prevent outflanking. Scrub 
willow planted upstream of the rip-rap also obstructed viewing. No erosion in the 
bank upstream of the groyne was apparent. See photo(s) below 

  
30 May 2007 13 June 2008– One year later 
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A gravel beach had formed a distance away from the groyne towards the river 
centreline. This was encouraging to see since it indicates the groyne is successfully 
deflecting erosive gravel laden waters away from the previously eroded right bank. 
See photo(s) below 

  
30 May 2007 – Looking upstream 13 June 2008 – One year later 

The railway iron groynes were intact and no damage was apparent. Some debris 
had caught on the wire ropes. See photo(s) below 

  
30 May 2007 – Looking upstream 13 June 2008 – One year later 

Willows had begun to grow between the railway irons and grass cover had been 
established on the new riverside embankment face. Slumping in the embankment 
was evident between the second and third railway irons but this appeared surficial. 
This location should be checked after the next freshes event to ensure slumping has 
not worsened. See photo(s) below 

  
30 May 2007 25 June 2008 – One year later (Recent 

deposition of silt from minor fresh a week earlier) 
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Rip-rap placed on the bank downstream of the last railway groyne appeared intact. 
The rip-rap lining downstream of the rock groyne had partially collapsed due to gully 
head erosion at the field drain outlet located immediately downstream of the groyne.  

See photos below 

  
30 May 2007 25 June 2008 – One year later 

The field drain is fed from a culvert under SH2 and run-off from the plain between 
the stopbank and SH2. During the 2007 inspection, a digger was on-site carrying out 
repairs to the drain mouth. It is assumed the intent was to backfill the erosion gully 
and reinstate the rip-rap lining downstream of the groyne. The total cost to repair the 
riverbank at the field drain outlet was $17K. Another suggestion might be to relocate 
the exit of the field drain further upstream so that it does not discharge between the 
rock and first railway iron groyne. 

3.5.3 June 2008 monitoring 

River flows were very low during the inspection showing good exposure of river 
protection works and beach. The river beach in front of the groyne was well formed 
with some good cobble size rock present. The beach in front of the groyne has 
aggraded well deflecting main stream pressure away from the groyne area. 

See Figure 9 below.  
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Waioeka River Cross Section WO 7.5M at Mouth of Gorge
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Figure 9  Waioeka River at Mouth of Gorge – Cross Sections 

Willow growth and grass immediately upstream of the groyne was well established 
however grass cover downstream on the railway iron section was very thin and 
sparse due to minimal soil/silt content in the predominantly shingle bank.  

See photo(s) below 
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Harold discovered some minor erosion downstream of the railway iron section and 
has proposed some early willow trenching work to prevent further erosion. This work 
should commence June/July 2008. See photos below: 

  
25June 2008 – New erosion site on right bank downstream of railway iron section (looking both 
downstream and upstream respectively) 

3.5.4 Recommendations 

2007 – Ensure drain or stormwater outlets within the rip-rap protected reach are well 
protected and do not pose a point of weakness that could become subject to 
erosion.  Alternatively investigate possibility of re-directing field drain outlets out of 
the rock protected areas (completed) 

2008 – Establish trench willowing downstream of railway iron section to prevent 
further erosion of collapsing river bank. 

Maintain watch over willow pole planting through the railway iron section to ensure 
roaming horses are not damaging fence or willow poles.    

3.6 Rangitaiki River - Niverns 

3.6.1 Site description 

This site is located on the true right bank of the Upper Rangitaiki River near Galatea, 
some 150 m downstream of cross-section No. 14 (BM UR14R) and just upstream of 
an existing block diversion. The bank is eroding on the outside bank of a river 
meander over a length of approximately 120 m. Refer Figure 7 below.  

The bank has been eroding since the July 2004 floods. During that period the river 
burst its banks at the location of the block diversion, which was constructed to re-
direct the river back into its original course. Whilst the banks had burst, the true right 
river banks immediately upstream of the block diversion began eroding. It is 
expected the new groynes will help redirect flow away from the right bank and keep 
the river in its current course. 

Two cross-sections were surveyed in June 2005 at a distance of approx. 10 m 
(XS1), and 125 m (XS2) upstream of the block diversion. 
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Figure 10 shows Niven’s site and the locations of the surveyed cross-sections. 

3.7 Design 

Design: Robbin Britton (Project Engineer) 

3.7.1 Layout 

Five rock groynes were constructed between cross-sections XS1 and XS2, with the 
volume of the most upstream groyne increased by 50% above normal design 
requirements to provide extra strength at the upstream end. Refer Figure 12/B1. 
Originally rip-rap was only to be placed between the top two groynes and 10 m 
upstream of the most upstream groyne. In the end, rip-rap was placed between all 
groynes instead of just between the two most upstream ones due to surplus of rock. 
See Figure 11. 
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Figure 11 Groyne set-up at Niven’s 

3.7.2 Rock size for rock groynes 

The mean velocity for the main channel at the XS1 (10 m upstream of block 
diversion) is 2.71 m/s (based on s=0.0017, Manning’s n=0.035 in main channel, 
n=0.036 right and left channel, Q100=503.74 m3/s). Applying a factor of 1.33, this 
gives a velocity of 3.61 m/s at the bank. 

Using the California Method a required d50 = 0.40 m is calculated.  

3.7.3 Geometry of rock groyne 

The geometry of the groyne is determined by the following general requirements: 

• Crest 0.5 m below annual flood level; 

• Side slopes 2:1 upstream and outside, and 1.5:1 downstream; 

• Crest slope 10:1; 

• Tie 5 m into bank; 

• 8-9 m into channel; 

• Foot  2 m below channel invert; 

The five groynes are spaced 25 m apart and at an angle of 120 degrees to the river 
bank.  
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Further to the above, the top groyne was constructed extra strong (volume 
increased by 50%). 

The annual flood level was taken as the average of the channel capacity 
calculations for XS1 and XS2 (2.33 year flood level = RL160.04 m). 

Volume: four groynes at 335 m3 each and one at the upstream end 50% larger, i.e. 
500 m3 (total volume: 1840 m3). 

See below for sketches of the rock groyne design and other details. 

3.8 Design drawings of Niven’s groynes 

Figure 12 /A1 Schematic Layout of Typical Niven’s Rock Groyne  
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Figure 12 /A2 Proposed Cross Section through Niven’s Rock Groyne 

Figure 12 /A3 River Cross Section showing Groyne in place. 
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Figure 12 /A4 Section of Rip Rap lining between top two groynes 

3.9 Rip-rap 

Provide “1/4” rock protection between groynes with chapter thickness of 1.15 m. 
Rip-rap to be laid against right bank between two most upstream groynes plus 10 m 
upstream of most upstream groyne, at maximum slope of 2:1. Grading of “1/4” rip-
rap is described in Environment Bay of Plenty’s Hydrological and Hydraulic 
Guidelines as follows: 

Rock size 
(m) 

Rock mass 
(kg) 

Minimum % of rock 
larger than 

0.75 500 0 

0.55 250 50 

0.30 35 90 

Gross volume of rip-rap lining is 440 m3 (i.e. approx. 11 m wide, 1.15 m thick and 
25m + 10 m in total length). 

3.10 Construction and costs 

3.10.1 Costs 

The initial cost estimate to construct the five rock groynes including rip-rap was 
$74K. This was based on a rock supply rate of $30/m3. The final construction cost 
came to approximately $126K.  

Supervision was carried out by Bill Ingle (Works Overseer). 
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3.10.2 Construction comments 

All five groynes were constructed in February 2006. The work took approximately 
four weeks from start to finish. 

The rock came from Waiohau quarry and was delivered to the site. The volume of 
rock was greater than that required. Part of the reason for this was that the volume 
specified was solid measure and not the nett (i.e. nett volume = solid volume minus 
air void volume). Excess rock was used for extra rip-rap between all groynes instead 
of just between the two most upstream groynes and beyond. 

The groynes were set-out by placing two pegs on the true right floodplain behind the 
groynes and using these to line up the groyne orientation. The groyne depth below 
the river bed was supposed to be 2 m. However, it was difficult to excavate without 
the trenches collapsing under water. The actual depth is estimated at 1 – 1.5 m 
below the river bed.  

The groyne shape is not symmetrical and therefore challenging to create when river 
levels are higher than the top of the groyne. The water was also muddy when the 
rocks were placed and therefore the shape is difficult to confirm exactly as shown on 
the drawings. 

3.10.3 May 2007 monitoring (supplemented with 2008 photos) 

The groynes at Niven’s are underwater by design. The top of the groyne at XS1 
should be half a meter below the average river flow level at Niven’s of RL160.04 at 
Q2.33 = 159.8 cumecs. Bill Ingle confirmed that water level on the day of the site visit 
at this location was below the average level and hence the groynes could not be 
seen. See photo(s) below 

  
30 May 2007 – Looking upstream 17 June 2008 – One year later 
  

  
30 May 2007– Looking upstream across river 17 June 2008 – One year later 
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The river is very deep at Niven’s site and unlike previous sites visited that day; the 
bottom of the river bed could not be seen. Comment can not therefore be made on 
the appearance of the groynes themselves at this time. However based on the 
appearance of the rip-rap no further erosion was apparent on the true right bank 
including immediately upstream of the lining. It was also difficult to tell if the river 
cross-sections had changed. Bill Ingle believed there had been some beach build up 
on the opposite bank opposite the block diversion (constructed shortly before the 
groynes). 

During the next river cross-section survey additional sections should be completed 
at the locations of the test groynes. By doing so Environment Bay of Plenty can 
assess improvements made to the main river channel, beaches and berms as a 
result of the new groynes.  

3.10.4 June 2008 monitoring 

River flows in the Rangitaiki River were very low during the inspection with the 
groynes visible either at and below water level. See photo below. The groynes 
appeared in tact with no signs of attrition or slumping occurring. The rock lining 
between the groynes also appeared stable with no bank erosion evident. Grass 
cover was well established along with some gorse that had been recently sprayed. 
The beach on the right bank opposite the works is well established with a thick cover 
of gorse stabilizing its banks See photo below 

17 June 2008– A groyne just visible under water 17 June 2008 – Looking upstream across river to 
right bank beach 

3.10.5 Recommendations 

2007 – The river depth at this site was the deepest of all the sites selected to date 
for test sites. In future it may be better to concentrate on sites that are shallower to 
reduce construction difficulties and associated costs. 

2008 – None 
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3.11 Waimana River – Matahi Urupa 

3.11.1 Site description 

This site is located on the true left bank of the Waimana River at Matahi. 

 

Figure 13 Location plan of groyne trial site at Matahi 

The site adjoins a local marae and cemetery (urupa) where the left bank was 
eroding over a 50 m stretch and threatening to undermine the urupa. Previously, 
some toe rip-rap was installed to stabilise the toe however this has not stopped 
erosion from progressing inland. Prior to these works and erosion, the toe was some 
6 to 8 metres further out.  

A cross-section survey was carried out and two snub groynes were designed for the 
site. The groynes have the purpose to protect the riverbank adjacent the urupa by 
deflecting fast flowing water towards the opposite bank. The opposite bank has a 
rock base and is expected to cope with the minor channel realignment. The groynes 
will encourage sedimentation on the stream bank downstream of the groynes and 
thus help to stabilise the bank toe.  

Five survey cross section lines were established to survey the channel for design 
and provide for future monitoring. 

Following nearly two years of discussion (hui) with local hapu (iwi sub-tribes), 
resolution was finally sought in early 2008 to begin construction. 
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3.12 Design 

Design: Ingrid Pak (Environmental Engineer) 

3.12.1 Layout 

Two rock groynes were constructed just upstream of cross-sections XS2 and XS3. 
Refer Figure 14. Rock lining was also placed upstream of each groyne to stabilize 
the existing bank and reduce the risk erosion outflanking the new groynes. The bank 
downstream of cross section 3 was also reinstated with rip rap to stabilize the bank 
immediately below the urupa. 

 

Figure 14 Site Plan showing proposed location of snub groynes adjacent and 
upstream of Urupa. 

3.12.2 Rock size for rock groynes 

The mean velocity for the main channel at XS2 and XS3 (Groyne locations) is 3.38 
m/s (based on s=0.0037, Manning’s n=0.038 in main channel, Q100= 629.8 m3/s). 
Applying a factor of 1.33, this gives a velocity of 4.5 m/s at the bank. 

Using the California Method a required d50 = 0.65 m is calculated.  

3.12.3 Geometry of rock groyne 

The geometry of the groyne is determined by the following general requirements: 

• Crest 0.5 m below annual flood level; 

• Side slopes 2:1 upstream and outside, and 1.5:1 downstream; 

• Crest slope 10:1; 
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• Return 5 m into bank; 

• 8-9 m into channel; 

• Footprint  1.0 m below existing channel invert; 

Zoomed in view of rock groyne at XS3
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Full river channel view of rock groyne at XS3
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The two groynes are spaced 27 m apart at an approx. angle of 120 degrees to the 
river bank.  

The annual flood level was taken as the average of the Channel Capacity 
calculations for XS2 and XS3 (2.33 year flood level = RL7.8 m when Bench Mark #5 
= RL 10.0 m - assumed) 

Rock Volume = two groynes at 300 m3 each plus rock lining at 200 m3 = 800 m3 total  

3.13 Construction and costs 

3.13.1 Costs 

The initial cost estimate to construct the two rock groynes including rip-rap was 
$66K. This was based on a rock supply rate of $45/m3. The final construction cost 
including contouring, grassing and fencing came to approximately $60K.  

Supervision was carried out by Arch Delahunty (Works Engineer). 
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3.13.2 2008 Photos - construction and monitoring 

  

Pre-Construction – Eroded left bank below the 
Urupa before construction begins. The river is 
hard against the left bank increasing the risk of 
further erosion. 

Pre-Construction – Zoomed in view of eroded left 
bank below the Urupa. Previous rock lining has 
been eroded leaving urupa vulnerable to collapse.  

 

Construction – Each snub groyne was well keyed 
into the channel invert and river bank to prevent 
scouring from river flow. 

Post Construction – Completed groynes in place 
shaped and contoured to fit into existing terrain. 

 

Post Construction – July 2008 
Groynes remain stable with only minor loss of 
rock. There is good deposition of gravel between 
and downstream of groynes 

Post Construction – July 2008 
Looking downstream from groyne at newly formed 
gravel beach. The main river channel has been 
deflected across the river into a hard rock face. 
There is a scattering of rip rap across the beach 
following a recent fresh and this loss has been 
accepted as natural attrition and will actually help 
stabilize the new beach formation.  
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Looking back upstream from beach to groyne. The 
river is no longer against the eroded left bank and 
has been successfully deflected away to the other 
side  

Looking back across river to the work site. The 
previously threatened Urupa is above the 
reinstated dirt bank immediately downstream of 
the first groyne 

Cross section 5 downstream of the urupa was resurveyed in July 2008 to measure 
the growth of the new beach formation downstream of the lower groyne. The new 
channel has deflected 20 m towards the right bank and has aggraded approximately 
0.9m. The left bank has remained stable with no sign of erosion or slumping 
occurring.   

Waimana River at Matahi Valley - Cross Section 5 downstream of Urupa 
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3.13.3 Recommendations 

2008 – Maintain monitoring of site (particularly after significant flooding) to ensure 
the new bank below the urupa remains stable. 
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