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Chapter 1:  Introduction 

1.1 Objective of Guidelines 

The objective of this document is to provide design guidelines for activities that 
require hydrological, hydraulic and/or general civil engineering calculations or 
assessments. 

Such activities occur in surface waters and generally result in a modified waterway 
and typically include constructions such as: 

• culverts 

• bridges 

• services crossing a watercourse 

• impermeable surfaces (roads, carparks) 

• stream realignment and channelling 

• small embankments 

• flood detention or soil conservation dams 

• infilling of land acting as flood plains 

• stormwater systems 

• erosion controls (lined channels, drop structures) 

The document is for use by anyone carrying out any of the above constructions.  It is 
a guideline document in so much as it provides general procedures and principles to 
be applied with reference to existing textbooks, manuals and design guides for 
detailed information. 

These guidelines only cover design matters and are not intended to cover the broader 
issues relating to land development e.g. sustainability, matters of national 
importance, preservation of natural character, assessment of alternatives, 
consultations etc.  These are dealt with through regional planning and consent 
processes.  It is important to also carry out an ecological, cultural and perhaps 
historic evaluation of the site to determine whether any structure is acceptable and 



2 Environment B·O·P 

Hydrological and Hydraulic Guidelines Guidelines Report 2001/04 

whether there are any alternatives.  During the design stage of any modification, 
comments should be sought from regional council staff as to whether a resource 
consent is necessary. 

The intent of the guidelines is to cover the majority of situations.  However, it is 
recognised that there will be exceptions requiring specialist analysis.  Similarly, in 
some situations other solutions and procedures to those presented may be more 
appropriate. 

In terms of financial and environmental costs, there is a difference between spending 
more money on an activity up front (capital) as against more money over time 
(maintenance).  Environment B·O·P is aiming at minimising the maintenance side in 
order to avoid continually disturbing the environment.  However, again each 
situation can be evaluated on a case-by-case basis. 

1.2 Issues 

The guidelines have been developed to highlight some of the adverse environmental 
effects that can arise as a result of the above activities and how these might be 
avoided, remedied or mitigated. 

There are five main adverse effects: 

1 The discharge of sediment – causing decreasing water quality in streams, lakes, 
estuaries and harbours; smothering fish habitats and flora and fauna; damaging 
water pumps; raising stream bed levels and consequently increasing flood 
risks; causing unsightly debris and sediment deposits. 

2 Raising of water levels upstream of and adjacent to the modified waterway – 
causing flooding of land, buildings and equipment, danger to human life and 
creating alternative flow paths. 

3 Erosion – destroying streambed and streambank habitats, flora and fauna; 
creating unsightly and dangerous holes and cliffs; damaging any modifications 
to the waterway; creating hazards to recreation. 

4 Barriers to fish passage – especially to upstream migrating species. 

5 Increased flooding and runoff. 

All of these effects can be caused in a variety of ways by the incorrect design and 
construction within the waterway as follows: 

(a) Modifications to a waterway can decrease the cross-sectional area of the 
waterway (“waterway area”).  This causes water levels to rise upstream, 
leading to flooding and alternative flow paths, and velocities to increase, 
leading to increased amounts of scour and erosion and sediment deposition 
downstream. 

 
(b) Some modifications (culverts, bridges) create barriers to the natural flow of 

debris (logs, trees, bushes) in the waterway during floods.  This can block the 
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waterway causing upstream flooding or force the water through an unexpected 
flow path. 

 
(c) The embankments associated with bridge approaches or culvert fills can act as 

small dams in high flows, retaining considerable volumes or heights of water.  
Without appropriate design or construction these embankments can collapse 
leading to further erosion, sediment deposition, habitat destruction, short term 
flooding and loss of use of the structure. 

 
(d) Some modifications (culverts, weirs, drop structures) create barriers to 

migrating fish by creating steps, projections, ramps etc which cannot be scaled 
or that increase the velocity to impassable levels. 

 
(e) Inappropriate design of impermeable surfaces (carparks, roads, compacted 

soils) will cause increased runoff leading to flow concentrations.  Infilling of 
existing flood storage areas will cause flooding in adjacent areas. 

1.3 About This Document 

Chapter 2 describes the principles of good waterway design. 

Chapter 3 gives an outline of a typical investigation and design process for a 
waterway modification. 

Chapter 4 gives advice on the standards of design to be applied to various 
modifications from those associated with state highways and lightly trafficked 
forestry roads to erosion control structures and small dams. 

Chapter 5 describes how the design flow should be calculated using standard 
hydrological techniques. 

Chapter 6 highlights the importance of knowing what the existing water levels and 
velocities are and what they will be in the design event after the waterway has been 
modified.  Different modifications are discussed. 

Chapter 7 describes the design details that need to be considered and applied. 

Chapter 8 points out that flows in excess of the design flow must be expected and 
gives advice on how these can be handled cost effectively to reduce the potential for 
adverse effects. 

Chapter 9 is a list of references referred to in the text. 

1.4 Role of Environment B·O·P 

The purpose of the Resource Management Act 1991 (RMA) is to promote 
sustainable management of natural and physical resources.  Under the Act regional 
councils have the functions of managing the use of land, air, water and coastal 
resources to give effect to the purpose of the Act within their regions.  Environment 
B·O·P does provide a limited advisory service to applicants undertaking activities, 
whether these require consents or not.  However for detailed calculations applicants 
should employ their own consultant.  Over the years, Environment B·O·P has gained 
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knowledge of its region’s hydrology and land characteristics.  This knowledge is 
reflected in these guidelines and is made available for the use of applicants to ensure 
a consistent approach for activities. 
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Chapter 2:  Principles of Waterway Design 

2.1 Introduction 

Waterways in the natural environment or those modified at some time in the past 
have generally reached a “stable” state of equilibrium, albeit fluctuating from time to 
time through greater or lesser degrees of stability.  This state of equilibrium is very 
fragile and easily disturbed by both natural events and man-made actions.  Any 
proposal to alter a waterway must recognise this fragility and apply principles of 
good waterway design. 

2.2 Principles of Waterway Design 

Good waterway design should adopt the following principles: 

(a) Maximise waterway area – this directly reduces the velocity in the waterway, 
which reduces the erosive forces.  Lower velocities also reduce energy loss 
through the waterway, which directly reduces the extent of any rise in upstream 
water levels caused by the modified waterway. 

(b) Minimise sudden changes in the waterway geometry (shape, slope, direction).  
Sudden changes induce local turbulence increasing the potential for erosion 
and scour.  Smooth changes in bed slope or channel sides over long distances 
reduce this effect.  Maintaining the existing channel length is important to 
maintain the stability of the channel. 

(c) Minimise embankment heights – high fills over culverts or for the creation of 
small dams create a potential for downstream damage in event of failure.  Any 
embankments should have their need, height and extent minimised.  They 
should be designed in accordance with good engineering practice. 

(d) Protect against erosion – modifications to the existing waterway will 
undoubtedly destroy any natural armouring or vegetation that has established.  
Furthermore, where it has been impossible to avoid increases in velocity, the 
potential for erosion will increase.  This needs to be designed for using 
appropriate erosion control devices e.g. rip-rap, suitable vegetation, energy 
dissipators etc. 

(e) Reflect the waterway’s natural environment – where a waterway is to be 
modified.  It is desirable to use appropriate materials and designs that are 
compatible with the surrounding area and reflect its ecological values. 
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(f) Recognise private property rights.  It is not appropriate to assume that it is 
acceptable to cause flooding on another person’s property. 

(g) Allow for the needs of the fauna.  It is easier to allow for fish pass needs etc in 
the original design instead of trying to retrofit a solution. 
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Chapter 3:  Design Process 

Once it has been determined that the activity requires the modification of a waterway, the 
following design process is recommended. 

Step 1  Decide on the design standard to be applied (refer to Chapter 4). 

Step 2 Site selection.  Where choice exists or is necessary, choose a reach of the  
waterway that is of straight alignment, has a flat slope along the waterway and 
has firm foundations.  Sites that are close to bends, on steep sections or have 
weak soils will have the potential to erode quickly once modified. 

Step 3 Obtain the catchment data (refer to Chapter 5 - Environment B·O·P holds 
various data).  This will include: 

• rainfall, flow and water level data 

• catchment size, shape, topography and vegetation 

• ecological values for protection 

• historic water level and anecdotal information 

Step 4  Estimate the design rainfall for the catchment above the site 
(Refer to Chapter 5). 
 

Step 5  Estimate the design flow at the site (refer to Chapter 5). 

Step 6 Obtain the site data and estimate or calculate the existing or natural flow 
conditions at the site: 

• site long-sections, plans and cross-sections 

• waterway characteristics (foundation materials, vegetation) 

Step 7 Select and/or conceptualise the proposed waterway modification and determine 
the changed flow conditions (refer to Chapter 6). 

Step 8  Design the modification in detail. 

Step 9 The structure should be checked for its performance in flows in excess of the 
design flow (refer to Chapter 8). 
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At all steps of the design process adequate information in accordance with these guidelines is 
to be collected and documented demonstrating an appropriate understanding of the physical 
processes involved in the waterway modification. 

 
 

Generalised Designs Process Flow Chart 
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Determine design standard 

Select site 

Collect catchment and site data 

Determine design rainfall 

Determine design flow 

Determine the present flow conditions 

Conceptualise the modification & determine the modified flow conditions 

Check performance with flows exceeding design flow 

Design the details of the modification 



  9 

Guidelines Report 2001/04 Hydrological and Hydraulic Guidelines 

Chapter 4:  Design Standards and Practices 

4.1 Introduction 

The Design Standard is expressed in terms of the return period of the flow that the 
waterway modification is to be designed for.  The Design Standard may also include 
requirements such as debris clearances above water levels for bridges, maximum 
heading up for culverts or prevention of flooding upstream.  These effects are to be 
designed for by applying the design standards listed in this chapter. 

The waterway modifications to which this chapter generally applies are bridges and 
culverts under roads.  These are discussed in detail.  Other modifications such as 
small embankments, stormwater systems and erosion controls are also considered. 

In the following paragraphs, clearance (“freeboard”) is a standard engineering 
provision for estimate imprecision/uncertainty (even the most sophisticated design 
techniques are unlikely to exactly predict complex hydraulic scenarios) plus 
phenomenon not explicitly included in the hydraulic calculations e.g. waves, 
aggradation, bend effects and debris blockage and passage. 

The standards set out below can be regarded as minimum acceptable standards 
without further analysis or justification.  They are standards to help avoid, remedy or 
mitigate the adverse environmental effects described in Chapter 1 and other 
regulatory authorities (e.g. Department of Conservation (DOC), Transit, district 
councils etc) may have other higher standards for fish passage, the protection of 
public safety or for economic reasons.  In any case the higher standard should be 
applied. 

4.2 Exceptions 

The design standards set out in this chapter are applicable to the whole of the Bay of 
Plenty Region except in the following circumstances: 

(i) Where there is a higher risk of adverse environmental effects in sensitive areas 
such as the Erosion Hazard Zone (Appendix II). 

(ii) Where substantial waterway modification already exists such as in land 
drainage schemes or flood control schemes. 

In these circumstances Environment B·O·P should be contacted to determine 
appropriate design standards. 
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4.3 Definitions 

For waterway modifications associated with stream crossings for roads, the 
definitions in Table 4.1 are used: 

Table 4.1 Definitions of Road Types 

Road Type Definition 

Major Road 

Either: 
(a) a state highway, or 
(b) within 1 km of any urban area or settlement, 

or 
(c) carrying more than 750 vehicles per day. 

Rural Road Any other road except as described below 

Remote Road 

Public or private roads accessing property that 
does not have dwellings and which cross a 
waterway with a contributing catchment of less 
than 50 km2. 

Access Tracks Rural roads that cross a waterway with a 
contributing catchment of less than 100 ha. 

 

4.4 Bridges and Culverts 

The following Table 4.2 shows the recommended design standards for bridges and 
culverts. 

Table 4.2 Design Standards for Bridges and Culverts 

Road Type Bridge Standard Culvert Standard 

Major Road 

Passage of the 100-year return 
period flood with minimum clearance 
of 0.6 m normally but with up to 1.2 
m where large trees can be 
transported in the river. 

• Passage of the 100-year 
return period flood by 
heading up to a maximum 
0.5 m below the road 
surface, and  

• Passage of the 10-year 
flood without heading up. 

Rural Road 
Passage of the 50-year return period 
flood with a minimum clearance of 
0.6 m. 

• Passage of the 50-year 
return period flood by 
overtopping the 
embankment to a maximum 
depth of 0.2 m, and 

• Passage of the 2-year 
return period flood with no 
heading up. 

Remote Road 
Passage of the 20-year return period 
flood with a minimum clearance of 
0.3 m. 

• Passage of the 20-year 
return flood with no 
freeboard, and 

• Passage of the 2-year 
return period flood with no 
heading up. 

Access Tracks 
Passage of the 10-year return period 
flood with a minimum clearance of 
0.3 m. 

• Passage of the 10-year 
return period flood by 
heading up to a maximum 
0.3 m below road level. 
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4.5 Erosion Protection and Stream Control Structures 

These include culvert inlet and outlet structures, flumes, rock- lined channels, drop 
structures etc, that are either integral with bridges and culverts or as stand alone 
structures.  Their design should allow the passage of the 20-year flow without 
damage, irrespective of the design standards in Chapter 4.4 above.  This means a 
culvert, for instance, designed for the 100-year return period flood need only have its 
erosion protection designed for the 20-year event.  However bridges and culverts 
designed to the 10-year event should have any integral erosion control structures 
designed to the 20-year event. 

4.6 Sea Levels 

For all waterway modifications where the site water level is influenced by sea level, 
the sea levels for design purposes are listed in Table 4.3.  This level is Environment 
B·O·P’s best estimate of sea level rise to 2100 and makes allowance for high tide and 
storm surge.  The levels do not include freeboard. 

Table 4.3 Sea Levels at Various Locations for Design Purposes (See 
References for Sources of Data) 

Sea Level (L) for Stated Return Period (Moturiki 
Datum)*2 Location 

L2 L20 L50 L100 
Tauranga Harbour*1 1.9 2.2 2.4 2.5 
Ohiwa Harbour 2.0 2.5 3.0 3.2 
Other Estuaries  1.9 2.3 2.7 2.9 
Open Coast – West of Matata 1.7 2.1 2.3 2.5 
Open Coast – East of Matata (Incl.) 1.8 2.3 2.6 2.8 

 
Note1: Levels for Tauranga Harbour are based on analysis of levels in the Tauranga District.  The 
figures given are for more exposed fetches.  Levels for sheltered fetches in the L50 and L100 cases may 
be decreased by up to 0.2 m where appropriate.  Conversely, there are some greater fetch lengths in 
the Western Bay of Plenty District – therefore judgement must be exercised in applying minor 
increases where appropriate. 

Note2: For stormwater pipelines these levels may be further reduced by 0.2 m, reflecting a shorter 
design life. 

It is common for the same meteorological storm event to cause both storm surges and 
flooding. 

These sea levels should be combined with the floods (Chapter 4.4) as shown in 
Table 4.4 below.  Both cases should be considered and the critical case selected.  In 
circumstances where the consequence of exceeding design levels is serious (e.g. 
synergistic effects where flooding of an effluent treatment plant may result) then 
consideration should be given to applying more severe combinations. 

Table 4.4 Design Standard Combinations for Floods and Sea Level 

Design Return Period Case 1 Case 2 
100-year Q100 : L20 Q20 : L100 

50 Q50 : L20 Q20 : L50 
20 Q20 : L2 Q2 : L20 
10 Q10 : L2 Q2 : L10 
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For example, a bridge on a remote road (requiring a 20-year design) must be checked 
for both the 20-year flow with a two-year sea level and the two-year flow with the 
20-year sea level. 

4.7 Combined Events 

For structures near the confluence of two waterways there is potential for the 
downstream water level to combine with a flow smaller than the design standard 
above to cause the critical water level at the site under consideration.  Therefore 
combinations of flows in the two waterways should be analysed to determine the 
critical case.  The combinations shown in Table 4.5 below should be investigated.  
The two values presented are the respective flood magnitudes in the two waterways. 

Table 4.5 Design Standard Combinations for Two Waterways 

Design Return Period Case 1 Case 2 
100-year Q100 : Q20 Q20 : Q100 

50 Q50 : Q20 Q20 : Q50 
20 Q20 : Q2 Q2 : Q20 
10 Q10 : Q2 Q2 : Q10 

 

4.8 Upstream Water Levels 

Where there is potential for increases in upstream water levels over and above 
existing, the flooding impacts on land and on existing and proposed buildings should 
be checked.  Property owners should be consulted on the affect of these water levels 
on their land.  Surface water ponding upstream of the waterway modification 
resulting from the 50-year return period flood must not enter buildings. 

4.9 Dams 

This Chapter includes water supply dams, flood detention dams, soil conservation 
dams or any other embankment that has the potential to impound water e.g. a culvert 
embankment. 

A small dam is one less than 4 metres in height (from the base of its foundation with 
the natural ground to its crest).  A small dam is also defined as one that retains not 
more than 3 m of water depth and not more than 20,000 cubic metres of water.  A 
small dam should be designed in accordance with Chapter 7.4 of these guidelines. 

Any of the structures detailed in these guidelines may require consent pursuant to 
RMA.  The requirement may be outlined in a regional plan such as the Land Plan.  
The activity may also be permitted if it complies with certain rules in a plan.  A 
Building Act consent from the relevant district council may also be required.  
Further, the NZSOLD (NZ Society on Large Dams) publication “Dam Safety 
Guidelines” should be consulted. 
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Chapter 5:  Calculation of Design Flow 

5.1 Introduction 

The calculation of the design flow should follow standard documented procedures.  
This will usually require either:  

• The use of available flow data; or 
 
• The determination of the design rainfall and conversion of this to a design flow 

by examination of the characteristics of the catchment above the site in 
question. 

 

5.2 At-Site Analysis 

Historical flow data is available for some catchments and Environment B·O·P have 
carried out flood frequency analyses on this data.  Environment B·O·P should be 
consulted to see if relevant data or analyses exists for the subject catchment or a 
neighbouring catchment, with similar hydrological characteristics.  Whilst the data 
will frequently not be measured near the subject site, it can usually be transposed by 
adjusting the respective catchment areas to the power point of 0.8.  However in many 
cases, the catchment area at the recorder will be an order of magnitude or more than 
that at the subject site.  In this case the methods converting rainfall to design flow 
should also be applied. 

5.3 Design Rainfall 

The design rainfall for the catchment above the site should be determined using the 
HIRDS software programme available from NIWA (National Institute of Water and 
Atmosphere).  This is a straightforward programme for use and requires input of the 
longitude and latitude of the centre  of the catchment.  The programme returns a table 
of rainfall amounts for various return periods and durations.  Some judgement is 
required on the areal extent to which the rainfall intensity is applied.  Where rainfall 
at the centre of the catchment is not representative of average catchment rainfall then 
a weighted average of rainfall at several sites should be applied and a check made 
against local rainfall records and anecdotal information. 

Environment B·O·P has tested the accuracy of the design rainfall estimates produced 
by HIRDS and has found that in general the estimates are fine.  There are however a 
few areas where this is not the case, particularly where topography is steep and the 
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orographic enhancement component significant.  In these areas the methodology for 
interpolating between rainfall recorders may not produce accurate values and some 
adjustment to the estimates may be necessary.  A recent study of high intensity 
rainfalls in the Western Bay of Plenty/Tauranga area has also shown that the HIRDS 
intensities for Tauranga are generally too low.  Environment B·O·P Technical 
Services Section staff should be consulted for appropriate design values. 

Where rainfall data from a recorder at a nearby site is available this should also be 
utilised.  Data is held on several sites by Environment B·O·P, district councils and 
NIWA. 

Generally, the return period of the rainfall chosen should match the return period 
determined in Chapter 4.  For practical purposes this assumption is the most 
reasonable to make. 

The duration of the rainfall event to choose should match the time of concentration 
for the catchment.  This is the time for water to travel from the farthest point in the 
catchment to the site of the modification.  Its determination requires a knowledge of 
the catchment characteristics (channel slope, flow length, catchment area, elevation 
difference) and can be calculated by a number of methods (Ramser-Kirpich, 
Bransby-Williams, US Soil Conservation Service, Nomographs) all of which are 
described in Technical Memorandum 61 and BIA Document E1. 

Each of these methods for the time of concentration will give a different result.  The 
final choice should not be arrived at by simply averaging the results, but rather 
should be the one considered most reasonable for the catchment.  This will require 
some judgement and the final choice should be justified.  Ranges of time of 
concentration, rainfall duration and rainfall intensity should be noted for later 
incorporation into a sensitivity analysis of the design flow calculation. 

5.4 Catchment Characteristics 

Most procedures that convert rainfall to runoff require input of the characteristics of 
the catchment.  These include: 

• Present ground cover (grass, roads, buildings, bush, trees etc). 

• Future ground cover.  If the structure is designed to last well into the future, the 
changes in ground cover must be considered. 

• Waterway channel length. 

• The direct length from the top of the catchment to the site. 

• Area. 

• Soils. 

These characteristics can be obtained from aerial photos, contour maps and site 
inspections.  Environment B·O·P staff have a good knowledge of catchment 
characteristics and are happy to discuss these.  Historical flow data is available for 
some catchments. 
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5.5 Flow Calculation 

There are a number of recognised methods in New Zealand for estimating catchment 
flows from design rainfalls.  These are listed below with some comments on their use 
arising from their use in the Bay of Plenty. 

5.5.1 TM61 

This is an empirical method suitable for all catchment sizes.  It has been in use for 
some time and in some parts of the country has been replaced by other methods.  
Environment B·O·P continues to use it, recognising judgement is needed in deciding 
on the most appropriate runoff coefficient and time of concentration to use.  Table 
5.1 gives values of WIC. to use in TM61.  Soil types in the Bay of Plenty are generally 
absorbent but in some cases are moderately or very absorbent. 

Table 5.1 Values of W IC. for use in TM61 

Soils Ground Surface - Cover WIC 
 
Impervious soils (such as clay 
soils with poor structure e.g. 
northern yellow brown earths). 
 
 
Any soil, if saturated, is included 
in this group. 
 

 
Urban Catchments  High density development 
 (West Coast high rainfall) 
 Moderate to low density development 
 
Mainly bare surfaces 
Average shortgrazed catchments 
30% of area in long grass, scrub or bush 
60% of area in long grass, scrub or bush 
100% of area in long grass, scrub or bush 

 
1.8 
 
1.5 
 
1.2 
1.1 
1.0 
0.9 
0.8 
 

 
Moderately absorbent soils 
(such as medium textured soils 
with good structure e.g. 
southern yellow brown earths). 

 
Urban Catchments High density development 
 Moderate to low density development 
 
Mainly bare surfaces 
Average shortgrazed catchments 
30% of area in long grass, scrub or bush 
60% of area in long grass, scrub or bush 
100% of area in long grass, scrub or bush 

 
1.7 
1.3 
 
1.1 
1.0 
0.9 
0.8 
0.7 
 

 
Absorbent soil (such as deep 
yellow brown sands and pumice 
soils). 

 
Urban Catchments High density development 
 Moderate to low density development 
 
Mainly bare surfaces 
Average shortgrazed catchments 
30% of area in long grass, scrub or bush 
60% of area in long grass, scrub or bush 
100% of area in long grass, scrub or bush 
 

 
1.5 
1.2 
 
1.0 
0.9 
0.8 
0.7 
0.6 

 
Very absorbent pumice soil 
 

 
Mainly bare surfaces 
Average shortgrazed catchments 
30% of area in long grass, scrub or bush 
 
60% of area in long grass, scrub or bush 
100% of area of long grass, scrub or bush 

 
 
0.5 
 
 
0.4 
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5.5.2 Rational Method 

Generally useful for catchments less than 500 ha in size.  This too is an empirical 
method of less complexity than TM61 but still requiring good judgement on runoff 
coefficients and time of concentration.  In Environment B·O·P experience it tends to 
overestimate flows from the pumice catchments in the Bay of Plenty.  Table 5.2 
gives values for C for use in the Rational Method. 

5.5.3 Modified Rational Method 

Generally useful for catchments greater than 500 ha.  The method is considered 
slightly more rigorous than the Rational Method as it allows consideration of more 
catchment characteristics.  Table 5.2 above may also be used for the Modified 
Rational Method. 

5.5.4 Flood Frequency in New Zealand 

This method developed by McKerchar and Pearson in 1989 is listed as a permissible 
alternative to the Modified Rational Method by the Building Industry Authority in 
Document E1.  It provides contour maps of the relationship between mean annual 
flood and catchment area and proposes a method of extrapolation to other return 
period floods.  It outperforms the previous Regional Flood Estimation Method of 
Beable and McKerchar 1982. 

It is a document intended for use by experienced professionals in water resource 
engineering and is prone to prediction errors in catchments less than 10 km2.  In 
Environment B·O·P experience the method tends to underestimate flows particularly 
in smaller catchments. 

5.5.5 Other Methods 

Other sometimes more in-depth methods include Extrapolation, Unit Hydrograph 
and Rainfall-Runoff. 

5.6 Changing Hydrological Regime 

Due to what is probably the natural variability of climate there are strong trends in 
the frequency of floods in the Bay of Plenty.  For the three decades preceding the 
mid 1970s there was an abundance of major floods.  Conversely, since the mid 1970s 
there has largely been an absence of major floods (with the notable exceptions of the 
major floods in the late 1990s). 

Application of data recorded since the mid 1970s may well lead to an underestimate 
of design flows.  Consequently, due account of climatic trends must be taken in 
determining design estimates.  Further details are contained in the paper by 
McKerchar and Pearson (2000). 
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Table 5.2 Run-off Coefficients for Use in Rational and Modified Rational 

Methods 

Description of Surface C 
 
Natural Surface Types 
 
Bare impermeable clay with no interception channels or run-off control 
 
Bare uncultivated soil of medium soakage 
 
Heavy clay soil types: 
• pasture and grass cover 
• bush and scrub cover 
• cultivated 
 
Medium soakage soil types: 
• pasture and grass cover 
• bush and scrub cover 
• cultivated 
 
High soakage gravel, sandy and volcanic soil types: 
• pasture and grass cover 
• bush and scrub cover 
• cultivated 
 
Parks, playgrounds and reserves: 
• mainly grassed 
• predominantly bush 
 
Gardens, lawns etc 
 

 
 
 
0.70 
 
0.60 
 
 
0.40 
0.35 
0.30 
 
 
0.30 
0.25 
0.20 
 
 
0.20 
0.15 
0.10 
 
 
 
0.30 
0.25 
 
0.25 

 
Developed Surface Types 
 
Steel and non-absorbent roof surfaces 
 
Asphalt and concrete paved surfaces 
 
Near flat and slightly absorbent roof surfaces 
 
Stone, brick and precast concrete paving panels: 
• with sealed joints 
• with open joints 
 
Unsealed roads 
 
Railway and unsealed yards and similar surfaces 
 

 
 
 
0.90 
 
0.85 
 
0.80 
 
 
0.80 
0.60 
 
0.50 
 
0.35 
 

 
Land Use Types 
 
Fully roofed and/or sealed developments 
 
Industrial, commercial, shopping areas and town house developments 
 
Residential areas in which impervious area exceeds 35% of gross area (this includes most 
modern subdivisions) 
 

 
 
 
0.90 
 
0.65 
 
 
0.45 
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5.7 Summary 

This Chapter has focussed largely on the methods available to determine a peak 
design flow at a site under consideration by converting rainfall to runoff.  By its 
nature it is an in-exact science and each method will produce different answers.  
Where at-site flood frequency data is available it should be transposed to the site.  
This will likely provide the most accurate estimate when the catchment area at the 
recorder is not more than one order of magnitude different from that at the subject 
site.  Considerable judgement is required to select the most appropriate figure for 
design and must take account of the importance of the modification and the 
consequences of flows in excess of the design flow.  Reasons for choosing the design 
flow should be clearly stated and an assessment made of the effect of flows larger 
than this. 
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Chapter 6:  Water Level Calculation 

6.1 Introduction 

Using the estimated design, flow the modification to the waterway can be designed.  
These modifications will usually decrease the waterway area and create the effects 
described in Chapter 1.  The less the waterway area is reduced the less the effects.  
However, any structure or improvement to a waterway will invariably increase in 
cost as waterway area increases.  Hence there will be an optimum modification size 
where the total of the costs of the modification and of prevention or mitigation of 
adverse effects is minimised. 

This Chapter of the guidelines highlights the importance of defining the flow 
conditions (water levels, velocities) in the waterway prior to the proposed 
modification and provides guidance on how to determine the flow conditions for the 
modified waterway. 

6.2 Site Description 

It is necessary to adequately describe the site.  This will require at least the 
following: 

(i) A plan showing the site location on NZMS 260 series map, the catchment 
boundary, soil type, vegetation,  

(ii) Site plan at a scale, which adequa tely shows the waterway 50 metres either 
side of the site.  Recent aerial photographs at scales of 1:1000 are ideal. 

(iii) A long-section along the waterway from 50 metres upstream to 50 metres 
downstream of the site.  The purpose of the long-section is to show 
adequately the slope of the waterway and therefore its scale and detail should 
be carefully selected.  Where other characteristics of the river more than 50 m 
away affect flood levels, then information on these features may be necessary 
and hydraulic computer modelling required. 

(iv) Typical water level profile(s) plotted on the long-section. 

(v) Surveyed cross-sections at appropriate intervals along the waterway from 50 
metres upstream to 50 metres downstream of the site.  The spacing of the 
cross-sections, their extent, scale and detail again should be carefully 
selected.  This will require the advice of an experienced person who can 
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assess the hydraulic effect of topographical features on the proposed 
waterway.  All points on the cross-sections must be levelled to a datum 
common to the entire set of drawings. 

(vi) The above drawings also need to show, in the opinion of an experienced 
hydraulic engineer, any other features that will affect the hydraulics of the 
waterway e.g. sudden constrictions or expansions; bends; trees or bush along 
the waterway; downstream expanses of water (lakes, estuaries, harbours, sea); 
downstream river or stream confluences. 

(vii)  A description of the materials in the bed and banks of the waterway (rock, 
boulders, cobbles, gravel, sand etc) and a sediment site grading.  This is used 
to determine Mannings n coefficient. 

(viii) A most important aspect is to obtain any existing data on historical floods 
recorded along the waterway.  The key data will be flow rate, water levels, 
contributing rainfall, downstream water levels, level/design information on 
old bridges at the site, details of culvert washouts. 

(ix) Photographs of the site and upstream and downstream. 

6.3 Normal Water Surface 

With the design flow estimates from Chapter 5 and the site data from Chapter 6.2, 
the normal water surface (NWS) through the site should be determined.  The NWS is 
represented by the water levels throughout the existing site that occur during the 
design event.  The downstream length of the NWS is particularly important, as in 
most cases it is the water level downstream of the proposed waterway modifications 
that will control water levels within and upstream of the site.  The exceptions to this 
rule are when the site is steep or where the modification creates an upstream 
constriction (e.g. culvert inlet control). 

The determination of the NWS requires application of standard hydraulic 
calculations such as the Standard Step Method or those available on many computer 
software systems for the determination of water surface profiles (HEC-2, MIKE-11). 
For more detail the user is referred to Henderson (1966). 

In Environment B·O·P’s experience the commonly encountered difficulties in 
applying this and other methods utilising Mannings equation are as follows: 

(a) Provision of adequately detailed geometric data (cross-sections, long-sections, 
plans) of the waterway.  The more accurate and detailed this information the 
better the results.  Good judgement by experienced people is required to ensure 
enough data exists.  It is particularly important in situations when the flow area 
increases significantly at high flows that the cross-sections are extended to 
include all the flood plains that become submerged. 

(b) The choice of Mannings n.  Although many of the references contain tables of 
n the choice is very much a matter of expert judgement.  Hicks and Mason 
(1998) assign hydraulic roughness coefficients in New Zealand river reaches 
by a visual comparison method for rivers of flows 0.1 – 353 cumecs, slopes of 
0.00001 – 0.042 m/m and bed materials of silt to bedrock.  That handbook 
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emphasises that n can vary significantly with flow and should be based on the 
graphs of Mannings n versus discharge not the n value for mean annual flow.  
It contains good photographs and data on mean annual flood, mean annual 
flow and bed grain size gradations.  Table 6.1 lists Mannings n for various 
channel types and conditions. 
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Table 6.1 Manning’s Roughness Coefficients (from “Urban Drainage Design”, 

Sutherland Shire Council, Sydney 1992) 

I. Closed Conduits: 
 

A. Concrete pipe  0.011-0.013 
B.  Corrugated metal pipe or pipe arch: 
 1. 68 mm by 13 mm corrugation 0.024 

2. 150 mm by 50 mm corrugation  
 (field bolted)  0.030 

 C.  Vitrified clay pipe 0.012-0.014 
 D. Cast iron pipe, uncoated 0.013 
 E. Steel pipe 0.009-0.011 
 F.  Brick 0.014-0.017 

G. Monolithic concrete: 
1. Wood forms, rough 0.015-0.017 
2. Wood forms, smooth 0.012-0.014 
3. Steel forms  0.012-0.013 
 

II. Open Channels, lined (straight alignment): 
 

A. Concrete, with surfaces as indicated:  
1. Formed, no finish 0.013-0.017 
2. Float finish 0.013-0.015 
3. Float finish,  
 some gravel on bottom 0.015-0.017 
4. Gunite, good section 0.016-0.019 
5. Gunite, wavy section 0.018-0.022 

B.  Concrete, bottom flat finished, 
sides as indicated: 
1. Random stone in mortar  0.017-0.020 
2. Dry rubble (rip-rap) 0.020-0.030 

C.  Gravel bottom, sides as indicated: 
1. Formed concrete 0.017-0.020 
2. Random stone in mortar  0.020-0.023 
3. Dry rubble (rip-rap) 0.023-0.033 

 D. Brick 0.014-0.017 
 
III. Open Channels, excavated (straight alignment, 

natural lining): 
 
A. Earth, uniform section: 

1. Clean, after weathering 0.018-0.020 
2. With short grass, few weeds  0.022-0.027 
3. In gravelly soil, uniform section, 
 clean 0.022-0.025 

B.  Earth, fairly uniform section: 
1. No vegetation 0.022-0.025 
2. Grass, some weeds 0.025-0.030 
3. Dense weeds or aquatic plants 
 in deep channels 0.030-0.035 
4. Sides clean, gravel bottom 0.025-0.030 
5. Sides clean, cobble bottom 0.030-0.040 

C.  Dragline excavated or dredged:  
1. No vegetation 0.028-0.033 
2. Light brush on banks 0.035-0.050 

D. Rock: 
1. Smooth and uniform 0.035-0.040 
2. Jagged and irregular 0.040-0.045 

E. Channels not maintained:  
1. Dense weeds, high as flow depth 0.08-0.12 
2. Clean bottom, brush on sides 0.05-0.08 
3. Clean bottom, brush on sides, 
 highest stage of flow 0.07-0.11 
4. Dense brush, high stage 0.10-0.14 
 

IV.  Highway channels and swales with maintained 
vegetation: 
(values shown are for velocities of 0.6 m/s and 1.8 m/s) 

 
A. Depth of flow up to 210 mm:  

1. Good stand, any grass: 
a. Mowed to 50 mm 0.045-0.07 
b. Length 100 mm 

 to 150 mm 0.05-0.09 
2. Fair stand, any grass:  

a. Length about 300 mm 0.08-0.14 
b. Length about 600 mm 0.12-0.25 
 
 

B.  Depth of flow 210 mm to 460 mm:  
1. Good stand, any grass: 

a. Mowed to 50 mm 0.07-0.12 
b. Length 100 mm to 
 150 mm 0.10-0.20 

2. Fair stand, any grass:  
a. Length about 300 mm 0.06-0.10 
b. Length about 600 mm 0.09-0.17 
 

V. Street and Expressway Gutters: 
 
A. Concrete gutter, trowelled finish 0.012 
B.  Asphalt pavement: 

1. Smooth texture 0.013 
2. Rough texture 0.016 

C.  Concrete gutter with asphalt pavement: 
1. Smooth 0.012 
2. Rough 0.013 

D. Concrete pavement: 
1. Float finish 0.014 
2. Broom finish 0.016 

E. For gutters with small slope, 
 where sediment may accumulate, 
 increase above values of n by 0.002 
 

VI. Natural stream channels: 
 

A. Streams: 
1. Fairly regular section:  

a. Some grass and weeds, 
little or no brush 0.030-0.035 

b. Dense growth of weeds, 
depth of flow greater 
than weed height 0.035-0.05 

c. Some weeds, light brush  
on banks 0.035-0.06 

d. Some weeds, heavy 
brush on banks 0.05-0.07 

e. Some weeds, dense  
willows on bank 0.06-0.08 

f.  For trees within channel, 
with branches submerged 
at high stage increase all 
above values by 0.01-0.02 

2. Irregular sections, with pools, 
slight channel meander: 
Increase values given in 
1.a. to 1.e. by  0.01-0.02 

3. Mountain streams, no vegetation  
in channel, banks usually steep, 
trees and brush along banks 
submerged at high stage: 
a. Gravel, cobbles, and  

few boulders on bottom 0.04-0.05 
b. Cobble with large boulders  

on bottom 0.05-0.07 
B.  Flood plains, adjacent to natural streams: 

1. Pasture, no brush:  
a. Short grass 0.030-0.035 
b. High grass 0.035-0.05 

2. Cultivated areas: 
a. No crop 0.03-0.04 
b. Mature row crops 0.035-0.045 
c. Mature field crops 0.04-0.05 

3. Heavy weeds, scattered brush 0.05-0.07 
4. Light brush and trees: 

a. Winter 0.05-0.06 
b. Summer  0.06-0.08 

5. Medium to dense brush: 
a. Winter 0.07-0.11 
b. Summer  0.10-0.16 

6. Dense willows 0.15-0.20 
NOTE: The value of n for natural channels must be increased to 
allow for the additional energy loss caused by bends.  The increase 
may be in the range of perhaps 3 to 15 percent. 
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(c) Lack of calibration and checking.  If flood data and water leve ls have been 
obtained in Chapter 6.2 these can be used to check the accuracy of the NWS.  
For more critical structures, it is suggested gaugings be undertaken at various 
flows to obtain this data. 

(d) Determination of flow type.  In most cases the flow under consideration will be 
sub-critical (low velocity, mild slope, Froude number less than 1).  Under these 
conditions it is the downstream water level that control upstream flow 
conditions.  However in rare cases supercritical flow may exist (high velocity, 
steep slope, Froude number greater than 1).  In this case the upstream water 
level determines flow conditions downstream.  Correct determination of flow 
type is vital before effects can be considered of any proposed waterway 
modifications. 

6.4 Modified Water Surface 

6.4.1 Introduction 

Having established the NWS through the waterway during the design event, it is 
necessary to determine the effect of the proposed waterway modification on water 
levels and velocities upstream and downstream of the modification.  Each type of 
modification produces these effects in different ways. 

6.4.2 Culverts 

The design of culverts is described in the following references: 

• Christchurch Manual for the Design of Waterways (in press), 1999. 

• Concrete Pipe Association of Australasia, Hydraulic Design Manual 1997 (also 
known in the past as the Humes Manual). 

• Waterway Design, Chapter 7 of Austroads. 

The first two are a succinct summary of key design requirements while the third is a 
comprehensive but very readable design manual.  The latter has been used to prepare 
the following notes. 

As stated before, culverts invariably decrease the waterway area causing a rise in 
upstream water levels, leading to inundation or flooding, and an increase in velocity 
at the culvert entry and exit, leading to the potential for scour. 

These effects are reduced by: 

(a) increasing the culvert size or number of culverts 

(b) aligning the culvert vertically and horizontally to the existing waterway 
geometry 

(c) the use of improved inlets and outlets 

(d) increasing allowable headwater by the construction of levees or embankments 
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The most important consideration in culvert hydraulics is whether the flow is subject 
to inlet or outlet control.  Refer to Figures 6.1 and 6.2. 

 

Figure 6.1 Flow Profiles for Culvert under Inlet Control 

With culverts subject to inlet control, the important factors are the entrance 
conditions and the projection of the culvert into the headwater pond.  Sketches of 
inlet control flow for both unsubmerged and submerged projecting entrances are 
shown on Figures 6.1a and 6.1b.  Figure 6.1c shows a mitred entrance flowing 
submerged with inlet control.  In inlet control the roughness, slope and length of 
culvert and the outlet conditions, including depth of tailwater, are not factors in 
determining culvert capacity. 

Outlet control occurs (Figure 6.2) either in long culverts laid on flat grades and/or in 
culverts with high tailwater depths.  Culverts with outlet control can flow with the 
culvert full or part full.  If both the inlet and outlet are submerged the culvert flows 
full under pressure (Figure 6.2a).  The culvert can also flow full over part of its 
length then part- full at the outlet (Figure 6.2c).  If the culvert grade is flat enough, the 
culvert can flow under outlet control, part-full along its entire length and with both 
inlet and outlet unsubmerged (Figure 6.2d). 

In designing culverts, the type of control is determined by adopting the greater of the 
headwater depths calculated for both inlet and outlet control.  For the two types of 
control, different factors and formulae are used to calculate the hydraulic capacity of 
the culvert.  These are covered in the above References. 

Culverts installed under high embankments may allow higher headwaters to be 
adopted.  If deep ponding is envisaged, potential failure of the embankment should 
be investigated.  The design standards of Chapter 4 and the design details of Chapter 
7 should be adopted in this case. 

Consideration must also be given to the potential for debris from the catchment to 
block the culvert inlet.  This is discussed further in Chapter 7. 

With culverts subject to inlet control, the important factors are the entrance 
conditions and the projection of the culvert into the headwater pond.  Sketches of 
inlet control flow for both unsubmerged and submerged projecting entrances are 
shown on Figures 6.1a and 6.1b.  Figure 6.1c shows a mitred entrance flowing 
submerged with inlet control.  In inlet control the roughness, slope and length of 
culvert and the outlet conditions, including depth of tailwater, are not factors in 
determining culvert capacity. 

Outlet control occurs (Figure 6.2) either in long culverts laid on flat grades and/or in 
culverts with high tailwater depths.  Culverts with outlet control can flow with the 
culvert full or part full.  If both the inlet and outlet are submerged the culvert flows 
full under pressure (Figure 6.2a).  The culvert can also flow full over part of its 
length then part- full at the outlet (Figure 6.2c).  If the culvert grade is flat enough, the 
culvert can flow under outlet control, part full along its entire length and with both 
inlet and outlet unsubmerged (Figure 6.2d). 

6.1a PROJECTING END – UNSUBMERGED INLET  

6.1b PROJECTING END – SUBMERGED INLET 

6.1c MITRED END – SUBMERGED INLET 
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In designing culverts, the type of control is determined by adopting the greater of the 
headwater depths calculated for both inlet and outlet control.  For the two types of 
control, different factors and formulae are used to calculate the hydraulic capacity of 
the culvert.  These are covered in the above References. 

Culverts installed under high embankments may allow higher headwaters to be 
adopted.  If deep ponding is envisaged, potential failure of the embankment should 
be investigated.  The design standards of Chapter 4 and the design details of 
Chapter 7 should be adopted in this case. 

Consideration must also be given to the potential for debris from the catchment to 
block the culvert inlet.  This is discussed further in Chapter 7. 
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Figure 6.2 Flow Profiles for Culverts under Outlet Control 

6.4.3 Bridges 

Similar to culverts, bridges too have the potential for increasing upstream water 
levels and for increasing local velocities especially around piers and abutments.  
Figure 6.3 shows the typical effects that are possible.  Backwater profiles can further 
be increased by build up of debris on the bridge. 

6.2a CULVERT FLOWING FULL, SUBMERGED OUTLET 

6.2b CULVERT FLOWING FULL, UNSUBMERGED OUTLET 

6.2c CULVERT FLOWING FULL FOR PART OF LENGTH 

6.2d CULVERT NOT FLOWING FULL 
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The design of bridges is well covered in Chapter 5 of Austroads (1994).  Hydraulic 
factors that should be considered in the design of bridges are: 

• Flow type – tranquil or rapid. 

• Freeboard. 

• Total length – the total length between abutments must be adequate to avoid 
excessive constriction to flow and interruption with river fluvial processes 
(meandering and sediment transport). 

• Clear span length – the size of debris to be passed will influence clear span length 
in addition to backwater effects and economic factors. 

• Scour. 

• Buoyancy – can be caused by air entrapment or debris under the superstructure, 
and reduction of the effective weight if inundated.  Therefore, adequate 
anchorage at the piers and abutments should be provided to resist both horizontal 
and vertical forces. 

• Hydrodynamic loading – from the direct action of stream flow on a bridge 
structure. 

The design of bridges to avoid or reduce their effects is complex and professional 
advice should be sought. 

These effects are reduced by: 

(a) increasing the waterway area by increasing the bridge length and height above 
water level 

(b) decreasing the size and number of piers and improving their shape 

(c) aligning the bridge perpendicular to the flow direction 

(d) reducing the eccentricity factor of bridges in flood plains 

Backwater calculations are well described in Austroads to determine water leve l rises 
upstream of bridge sites. 

6.4.4 Service Crossings 

Many types of services cross watercourses including stormwater, water supply, 
effluent, gas, power and communications (e.g. fibre optic cables).  Every attempt 
should be made to plan service networks so that crossings may be attached to 
existing bridges.  Where this is not feasible then the crossings will either have to be 
designed to the standards required for bridges or constructed under the streambed 
and below likely scour depth.  Particular care is required with effluent crossings to 
avoid fracture and consequent stream pollution. 
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6.4.5 Other Modifications 

Other modifications include channel realignments, stream diversions, erosion control 
devices, stormwater detention dams, soil conservation dams and stormwater 
collection and conveyance systems.  Each of these will modify the normal water 
surface and velocities in a manner similar to culverts and bridges.   

The effects of channel realignments, stream diversions and erosion controls (rock-
lined channels, drop structures) can be assessed in the same manner as the Normal 
Water surface was determined in Chapter 6.3 by applying the modified channel 
geometrics and roughnesses.  In drop structures the added complication of hydraulic 
jumps will require consideration. 

Stormwater detention dams and soil conservation dams will usually incorporate 
discharge conduits and can be treated similarly to culverts under inlet control under 
deep embankments.  These dams also require adequate spillways to overcome 
blockages of outlets and provide for high return period flows. 

Stormwater collection and conveyance systems are described in the CPAA Hydraulic 
Design Manual and will also be covered by Local Authority Design Guides. 
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Figure 6.3 Effects at Bridges 
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Chapter 7:  Design Details 

7.1 Introduction 

In addition to the general design procedures described in Chapter 6, there are design 
details that should be considered and implemented.  The resolution of these will 
assist in the achievement of waterway modifications that avoid, remedy or mitigate 
the adverse effects listed in Chapter 1. 

7.2 Culverts 

The following adverse effects, in addition to raised upstream water levels, of culverts 
should be addressed and resolved using the techniques available in the references: 

(a) Inlet scour – due to increased water velocities.  Not as significant as outlet 
scour but should be considered and can easily be resolved by application of 
standard inlet designs.  Will also improve the culvert’s performance by 
reducing headlosses and allow use of a smaller culvert or lower headwater.  
Use of wing walls, aprons, cut-off walls and embankment paving should be 
considered. 

(b) Outlet scour – again due to increased water velocities and more destructive 
than inlet scour.  Outlet protection should be considered to prevent erosion of 
the fill and adjacent channel and to prevent undermining of the culvert ends. 
Where necessary it can also combine to prevent seepage and piping through 
the bedding and backfill along the culvert barrel.  Consideration should be 
given to the provision of wing walls, headwall, cut off and apron.  
Investigation of scour protection at similar culverts in the vicinity will provide 
valuable guidance.  An important parameter in the selection of an appropriate 
energy dissipator is the Froude Number of the outlet flow: 

Fr Dissipator 

Less than 1.7 
 
Greater than 1.7 and 
less than 3 
 
Greater than 3 

Simple apron structure, or flow expansion 
 
Rip-rap basin or horizontal roughness elements 
basis 
 
Hydraulic jump basin 
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Streambed protection downstream of the culvert outlet can also be achieved by 
utilising the methods described in Chapter 7.5 below. 

(c) Debris collection leading to failure of the drainage structure and overtopping 
and failure of the embankment.  Where debris is a potential problem 
consideration should be given to the installation of debris control structures 
(Austroads Chapter 7.7) i.e. smooth inlets, increase culvert size, relief culvert, 
grills and gratings.  These structures require regular maintenance to avoid 
blocking and consequent flooding. 

(d) Embankment failure.  Precautionary design and construction details should be 
used to prevent embankment failure while water is ponding upstream.  These 
are described in Chapter 7.4 below. 

(e) Siltation. 

(f) Barriers to fish passage.  High velocities and smooth inverts create barriers to 
fish.  See Chapter 7.6 below. 

(g) Safety – installation of grills at upstream ends. 

7.3 Bridges 

The following adverse effects, in addition to raised upstream water levels, of bridges 
should be addressed and resolved using the techniques available in the References: 

(a) Scour: There are four types that require consideration, these being river 
degradation, general, local and constriction.  Different materials scour at 
different rates.  Loose granular soils are easily eroded while cohesive soils are 
more resistant although ultimate scour depths can be the same.  There is ample 
discussion of these in Austroads (1994 Chapter 6).  It is important to note that 
the problem of scour at bridges is complex hence appropriate factors of safety 
should be applied.  The following points are made about each type of scour: 

(i) River degradation – of the whole river system, can be brought about by 
the construction of a dam upstream or close downstream; gravel 
extraction; afforestation or deforestation of a large portion of the 
catchment. 

(ii) General scour – due to river morphology, includes the unevenness of 
the natural river channel; deepening at bends; general bed motion 
during floods. 

(iii) Constriction scour – should be calculated if the bridge works constrict 
the waterway area by more than 10%.  Constriction can be caused by 
both piers and narrowing between abutments. 

(iv) Local scour – at piers, abutments and embankments.  If the upstream 
Froude number might approach unity, design of piers should be 
approached with extreme caution.  Multi-piers can attract debris. 
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The design of scour protection is covered in Austroads (1994) Chapter 6.3 and 
should be undertaken bearing in mind the importance of the crossing and the 
consequences of failure.  The following methods should be considered: 

(i) Abutments should be protected by the use of rock rip-rap (see 
Chapter 7.5 below). 

(ii) Align piers with the direction of flood flows. 

(iii) Use round piers and note that streamlined piers decrease turbulence and 
reduce the potential for debris accumulation. 

(iv) Apply conservative factors of safety to foundation depths. 

(b) Debris collection leading to increased backwater and flooding and structure 
failure:  The minimum waterway freeboard clearances stated in Chapter 4 
should be applied with some judgement as to their adequacy.  Span length 
between piers or abutments should also be maximised to reduce this problem. 

7.4 Embankments and Small Dams 

For embankments and small dams, as defined in Chapter 4, the following practices 
should be considered: 

(i) Preparation of the foundation surface to remove  loose and permeable 
material. 

(ii) Use of low permeability soils in the embankment (clayey or silty gravel, 
clayey or silty sand, clay or silt). 

(iii) Batter slopes of 3 horizontal to 1 vertical (3H:IV). 

(iv) Minimum crest width of 4.0 metres. 

(v) Constructed in layers, 200 mm loose thickness, compacted to 95% of 
maximum dry density. 

(vi) Allowance for secondary flow paths (see Chapter 8). 

(vii)  Use of anti-seep collars on pipes through the embankment. 

7.5 Rock-lined Channels 

In some locations, rock- lined channels provide an adequate solution for erosion 
protection.  The rock lining could either be placed rip-rap, rock mattresses or flexible 
mats.  Where necessary a permeable geotextile filter should be placed between the 
rock lining and the channel. 
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7.5.1 Low to Moderate Velocities 

Where flow velocities are less than 4.5 m/s and batter slopes less than 1.5H:1V, the 
class and thickness of rock to be used as placed rip-rap can be obtained from Tables 
7.1 and 7.2.   

Rock mattresses (Gabions, Renos) and flexible mats are proprietary products covered 
by manufacturers technical literature. 

Table 7.1 Design of Rock Slope Protection (?<4.5 m/s) 

Velocity 
(m/s) 

Class of Rock Protection 
Wc 

(tonne) 

Chapter Thickness, T 
(m) 

<2 None ---- 
2.0-2.6 Facing 0.6 
2.6-2.9 Light   0.85 
2.9-3.9 ¼   1.15 
3.9-4.5 ½   1.35 

 
Table 7.2 Standard Classes of Rock Slope Protection (?<4.5m/s) 

Rock Class Rock Size* 
(m) 

Rock Mass 
(kg) 

Minimum 
Percentage 

of Rock Larger 
Than 

Facing 
0.40 
0.30 
0.15 

100 
35 

  2.5 

 0 
 50 
 90 

Light 
0.55 
0.40 
0.20 

 250 
 100 
 10 

 0 
 50 
 90 

¼ tonne 
0.75 
0.55 
0.30 

 500 
 250 
 35 

 0 
 50 
 90 

½ tonne 
0.90 
0.70 
0.40 

 1000 
 450 
 100 

 0 
 50 
 90 

 
*Assuming a specific gravity of 2.65, spherical shape and batter slope of 1.5 horizontal to 1 vertical. 
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Figure 7.1 Rip-rap sizing diagram to determine d50 
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7.5.2 High Velocities 

For flows of greater than 4.5 m/s or batter slopes steeper than 1.5H:1V then Figure 
7.1 should be used in conjunction with more specific design such as the Californian 
Division of Highway Studies (1970) and Simons (1977). 

7.6 Fish Passage at Culverts 

The maintenance of passage for fish is a requirement of permitted rule activities and 
regional plans and is likely to be a condition of any resource consent. 

NIWA and DOC have published a document called Fish Passage at Culverts that 
reviews the literature on the effects of culverts on migrating indigenous and exotic 
freshwater fish.  It also discusses the applicability of passage solutions devised 
elsewhere in New Zealand and reports limited tests on aids to fish migration. 

The following recommendations are copied from that text, noting that they are 
interim only: (Environment B·O·P comments added in italics) 

(i) The culvert should be positioned so that its gradient and alignment are the 
same as the stream.  Drop structures should only be used as temporary 
solutions and in ephemeral streams if possible. 

(ii) The culvert width should be equal to or greater than the average streambed 
width at the elevation the culvert intersects the streambed. 

(iii) The culvert invert should be set well below the current streambed (minimum of 
20% of culvert diameter at downstream end). 

(iv) Weirs should be notched and impermeable so that a pathway over the weir is 
present at all flows. 

(v) Bed material should be assessed to determine the potential for downstream 
erosion.  If erosion is likely, a weir, or series of weirs, should be provided 
downstream of the outlet.  Such weirs could also provide pools that serve as 
resting areas, reduce culvert velocities by backwatering, and eliminate elevated 
outlets. 

(vi) Armouring of the banks with rip-rap at the outlet and inlet may be required to 
prevent erosion. 

(vii)  The average barrel velocity should ideally be below 0.3 m s-1; where this 
cannot be achieved, a 50-100 mm zone should be provided on either side of the 
culvert with velocities below 0.3 m s-1. 

(viii) Where average barrel velocities are greater than 0.3 m s-1, smooth culverts 
provide a more suitable surface for climbing indigenous New Zealand species 
than ribbed ones (note, however, that ribbed culverts of the PolyfoTM type are 
useful for reducing barrel velocities while still providing resting areas for 
climbing species). 

(ix) Spoilers are useful fo r reducing barrel velocities as well as for providing 
resting areas.  Such structures should only be installed where they will not 
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cause obstruction of the culvert through accumulation of debris, and where site 
and engineering restrictions leave no other options. 

(x) Baffles are useful to ease passage of salmonids; but to ensure an uninterrupted 
pathway for indigenous species, they should not cut across the entire floor of 
the culvert. 

(xi) Where low flows (and therefore shallow water depths) are a feature of the site, 
the apron, weir, or barrel floor (for large and box culverts) should be dished or 
sloped to give greater water depth. 

(xii)  All junctions at the leading end of, and in between, the culvert components 
should be rounded to allow climbing species to pass 

(xiii) Where the flow regime of the stream permits, in order to ensure the 
maintenance of a wetted margin the water depth should be no greater than 45% 
of the culvert height for the majority of the upstream migration period. 

Users are advised to refer to this document further to gain a fuller understanding of 
its basis, applicability and limitations. 
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Chapter 8:  Flows in Excess of Design Flow 

8.1 Introduction 

In most of the situations for which these guidelines are intended to cover there will 
be an appreciable risk that the design flow will be exceeded during the lifetime of the 
waterway modification.  For instance a culvert under an Access Track will likely be 
subjected to a flow exceeding the 10-year return period design flood sometime 
during its lifetime.  It must therefore be accepted by all interested parties that the 
structure could fail and cause adverse effects downstream (sediment deposition, 
erosion etc). 

The purpose of this Chapter is to provide some guidance on how to reduce the 
likelihood of these effects by the application of precautionary design measures. 

8.2 Secondary Flow Paths 

Secondary flow paths are routes upstream of the modification along which water will 
flow if water levels get high enough.  Identification of secondary flow paths is 
recommended and they should be shown on the plans and cross-sections provided.  
This is where the stream or river will flow if the waterway modification is too small 
or has become blocked by debris and upstream water levels rise above the design 
headwater.  This identification is a requirement in any situation where water may 
enter a building (see Chapter 4.8). 

The secondary flow path might be a saddle in the catchment over into an adjoining 
catchment, or the overtopping of natural ground around the structure, or the 
overtopping of the structure itself.  For major roads special floodway design might be 
appropriate (Austroads Chapter 9). 

In all cases it is desirable to have the secondary flow path in non-erodible ground, 
ideally rock, but for lower velocity flows well-vegetated slopes might be suitable.  
Where high velocities occur, the slope and crest of the path should be protected in a 
similar manner as rock lined channels. 

Where overtopping of small embankments is likely and no flow path exists in natural 
ground, the embankment can be designed for overtopping to some degree.  This first 
of all requires adherence to the recommended practices in Chapter 7.4.  In addition 
the crest of the embankment and the downstream slope can be protected with grass or 
dumped rock.  The use of anything more substantial should be investigated and the 
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cost weighed up against the adverse effects of failure and the resultant structural 
damage. 

8.3 High Velocities 

Higher than design flows will invariably produce higher than design velocities and 
hence depth and length of scour and erosion patterns.  The design of protective 
measures should therefore be conservative and should consider the inaccuracies and 
the ranges inherent in determining design flows.  Construction of additional outlet 
scour protection on culverts should be carefully considered. 
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Appendix I The Erosion Hazard Zone 

The following definition of the Erosion Hazard Zone is copied from Rule 10.4 of the 
Proposed Regional Land Management Plan 

Erosion Hazard Zone 

Land that has very severe to extreme use limitations due to severe to extreme erosion hazards 
that make it unsuitable for most land uses.  The Erosion Hazard Zone is identified by any one 
or more of the following criteria: 

(i) any land with a predominant slope greater than 40 degrees; or 

(ii) any land within a Riparian Management Zone with a predominant slope greater than 
35 degrees; or 

(iii) all sand country including undulating to steep unstable coastal sand dunes, up to 200 
metres landward from the line of mean high water springs; or 

(iv) ridge tops with an altitude greater than 1,200 metres above sea level; or 

(v) ephemeral water bodies (intermittently flowing) located in the upper Rangitaiki River 
catchment above the confluence of the Otangimoana Stream and Rangitaiki River, 
including the Otamatea River catchment. 

If the land meets any of the criteria (i) to (v) given, then it is treated in the rules as being in the 
Erosion Hazard Zone. 
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