
(2) Carriageway at crest > 4 m wide. 

(3) Stopbank height 2 2,900 cumecs + freeboard (i.e., the capacity of the b~ at 
its lowest point, excluding crossovers of roads). Also aim to achieve continuity 
of height between consecutive cross sections. 

(4) Batter slopes 2 1:3, or if works carried out I 1:3.5. 

(5) Attempt where possible not to encroach on existing Haul Road. However, in 
some places the road will have to shift locations (but onto WRC-vested land) 
e.g., in the vicinity of Cross Section @S) OT0120 (see Figures 2a and 2b for 
the location of the cross sections). 

(6 )  Where a berm has to be formed, generally design to the 50 percent flood level. 

(7) Where the crest position has to be altered, aim to keep a roughly consistent 
alignment. 

(8) Attempt to have a minimum of fill on riverside of stopbank (will only occur 
when berm establishment is required). 

2.2 Design Parameters for New Stopbanks 

Three parameters were used in the design of the stopbanks : alignment, hydraulic 
design and composition. Each of these parameters is described in more detail below. 

The stopbank alignments were based on the alignments of the design channels as 
described in the Phase 2 River Management report (Reference 4). The natural 
meander patterns of the river were used to guide the determination of the design 
channel widths and shape. Two alignments, the dominant flow alignment and the 
fairway alignment, were found to be appropriate for the Otaki River. The Phase I 
River Characteristics report (Reference 5) describes these alignments as follows: 

The dominantjlow channel width allows sutcient channel area for the 
smaller meanders associated with bed material movement to form full 
meanders of adequate, but not too great a curvature, and for the 
migration of these meanders within the channel. At the same time the 
river channel remains relatively wide with small jlood rises. 

However, in some places the dominant flow alignment was considered to encroach 
too much on the current river alignment. In these cases the alignment was shifted 
back from the existing river bank to allow for a 40, 50 or 80 metre berm. 

The wider fairway channel is based on a width of about 1.7 times the 
flow dominant meander width. This design allows for the migration of 
this meander form within the channel, assuming a meander sinuosity of 
1.1 to 1.2. In this case the small meanders have more area to form and 
migrate within, but the channel is still not so wide that they tend to break 
up and divide. Thus the channel is kept to a semi-braided state rather 
than breaking up into a fully braided condition. 



Where possible, the alignments were adjusted to make use of the existing stopbanks 
and high ground (such as the haul road and terraces). 
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Table 2 shows the various alignments used for each stopbank, 

Table 2 : Stopbank Alignments 

2.2.2 Hydraulic Design 

Overflow Bank 

The hydraulic design of the stopbanks is described by the design height (h) and the 
geometry. 

Seaward Extension 
Bank 

Chrystalls Bank 

Chrystalls Retreated 
Bank 

The design height of a stopbank is determined by the maximum water level of the 
design flood plus freeboard. The design floods are the 10 percent, 5 percent, 2 
percent, 1 percent AEP' and Extreme (1.5 times the 1 percent) events. They were 
modelled by the steady state hydraulic RIVERS model and the Rivers Department's 
MIKE 11 model of the Otaki River and floodplain (see References 6 and 7 for 
further details). 

Stream 

North of lagoon 

Connects North 
banks upstream 
of bridges into 
high ground 

Retreated 
alignment 
connecting to 
high ground - 

The freeboards (allowances for river waves, riverbed aggradation, debris buildup, 
model imprecision and any other unforseen factor) are as described in Section 7 of 
the Phase I Floodplain Hydraulics report (Reference 7). In the Otaki River the 
freeboard varies from 0.9 m for flows greater than the 2 percent (50 year) flood 
event, to 0.4 m for flows below the 20 percent (5 year) flood event. It is 0.6 m in 
the Waitohu Stream. 

However, for the 10 percent and 5 percent flows, 0.3 m freeboard is used, as it is 
considered a fair representation of the fluctuations around the computed levels. 
Reference 7 states that 84 percent of the levels are within 0.3 m. 

A complete listing of design heights used can be found in Appendix B. The design 
flows used for each stopbank are presented in Table 3 below. 

Table 3 : Design Capacities and Freeboard (fb) of Stopbanks 

The design geometry for all stopbanks consists of a four metre crest width, 3.5:l side 
slopes and 0.5 metre of foundation material removed to key the bank into the ground 
(see Figure 3). Note that the Chrystalls upgraded and retreated banks were designed 
separately from this report and are documented in Reference 8. See also Section 4.4 
of this report. 

Seaward Extension Bank 

Chrystalls Bank 

Chrystalls Retreated Bank 

2.2.3 Composition 

Three different compositions were used. The first composition (termed "Full 
Design") (see Figure 4) is a standard design considered suitable for stopbanks with 
adequate berm widths. It consists of a two metre wide central clay core, twice the 
height of the bank (it extends the height of the bank into the ground), and bulk fill 
batters. This composition was used for the south bank, north bank upstream of the 
bridges and the Harpers Bank. 

0.9 m fb 

0.9 m fb 

For the upper north banks, composition 2 (Figure 5) was used : a bulk corelbank of 
selected river gravels, with the top 0.3 m of silts from the surrounding country. This 
is a cheaper design to take advantage of the available material and consistent with 
the value of asset being protected. 

Composition 3 (Figure 6) was used for the Lower Waitohu overflow and the Seaward 
Extension banks : a bulk fill bank with a two metre thick, low permeability clay core 
on the Mangapouri Stream face or lagoon face respectively, lined with a 0.5 m thick 
rock facing. The heavier design is necessary due to the smaller berm widths. 

no fb 

0.9 m fb 

0.9 m fb 

1 Annual Exceedance Probability 

0.9 m fb 

0.9 m fb 



However further site investigations should be camed out to determine whether a bulk 
fill stopbank with a graded filter on the landward toe would be more suitable (to 

'8 reduce pore water pressure in the case of permeable subsoils (gravels)). 

2.2.4 Design Process 

The method used to determine the stopbank material volumes and the areas of land 
to be purchased is outlined below. -4 

Step 1 The required stopbank alignments were marked on the contoured aerial 
photography (scale 1:2500). The line delineated the river-side toe of the 
stopbank. The location of this toe was marked on each cross section 
using the 1991 Otaki River cross section survey plans. Where these were 
not available, cross sections were scaled off contoured aerial photography 
(as was the case for the Lower Waitohu overflow bank). 

Step 2 The appropriate design water levels (h) were read off the model result 
files (Appendix B) and marked on the cross section plans. 

Step 3 The stopbank geometry (as given in Figure 3) was drawn on the cross 
sections, given the toe position and h. 

Step 4 Formulae (see Appendix C) had been derived to calculate the cross- 
sectional area of batters and core. Parameters required in these formulae 
were measured off the cross sections and entered into spreadsheets 
(contained in Appendix D). The volume between two cross sections was 
calculated as the average cross-sectional area multiplied by the distance 
between the cross sections. The total volume was thus the sum of all 
such volumes. 

Step 5 The areas of land to be purchased (for those lengths of bank which lay 
on private land) were calculated by multiplying the average base-width 
of two cross sections by the distance between the cross sections, and then 
summing all such areas. 

3. Cost Estimates 

3.1 Costs of Maintenance to Existing Stopbanks 

Table 4 below contains a summary of the costs of maintenance to the existing 
stopbanks to bring them up to an acceptable standard of serviceability and security. 
The costs include supervision - see Appendix E for a breakdown. The rates used for 
minor reconstruction of the north bank downstream of the bridges are: 

Cut to fill $7lm3 
Cut to extraction -$Urn3 

(See also Appendix E, part C2). 

Table 4 : Summary of the Costs to Maintain the Stopbanks 

3.2 Costs of Constructing New Stopbanks 

Stopbank 

Taylors 

North Bank Upstream of Bridges 

North Bank d s  Bridges : SH1 Bridge to Weigh Bridge 

North Bank d s  Bridges : Weigh Bridge to Plant 

North Bank d s  Bridges : Plant to GateIGas Crossing 

North Bank d s  Bridges : GateIGas Crossing to Rangium Access 

South Bank 

Chrystalls Bank 

Total 

The total costs of new stopbanks include components for construction, design, 
supervision, consents, land purchase and contingencies. The cost component for 
maintaining these stopbanks is not taken into account here, but has been taken into 
account in the combinations report (Reference 2, Volume 2). 

Cost . 
($) 

4,100 

24,600 

4,900 

69,000 

22,100 

10,050 

10,650 

56,000 

201,400 

The rates used to calculate the costs are listed in Table 5. The materials' rates 
include the cost of purchase and transport of material to the site and actual 
construction costs of the stopbanks (clearinglstripping foundations, grassing, 
construction of fencing and access ramps). The design component includes the cost 
of surveying (see Appendix F). 

The total costs are summarised in Table 6 .  

Table 5 : Rates Used to Calculate Construction Costs 

Item 

Clay core 

Bulk fill 

Gravel (ex-beaches) 

Silt topping 

Rock facing 

Land purchase 

Rate 

$20/m3 

$12/m3 

$9/m3 

$6/m3 

$1 7/m3 

$1 .60/mz 
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