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1 Introduction

1.1 Objectives of these guidelines

The primary objective of these guidelines is t
Bay Regional C o u n c iadpoah far stradtumalrstorendated e s i g n

management devices. Specifically this includes design guidance for water quality and

water quantity ponds, wetlands, filtration practices, infiltration practices, bio filtration

practices and other practices that may be used.

The guidelines also have the following secondary objectives:

1.  To provide the reader with a summary of the principles of stormwater
management including an outline of environmental effects and management
concepts,
2.  Tooutline the statutoryproces s and introduce the rules in t
Regional Council related to stormwater discharges,
3.  To provide a resource guideline for those involved with the design, construction
and operation of stormwater management devices, and
4.  To minimise adverse environmental effects of stormwater discharges through
appropriate design, construction and operation of stormwater management
practices.

1.2 What is the effect of impervious area on stormwater runoff?

Devel opment of the Hawkeds Bay Region has <chan
landform by covering land with impervious surfaces. Houses, shopping centres and

office buildings provide places to live and work. Car travel between buildings is

facilitated and encouraged by a complex network of roads and carparks. This

infrastructure allows the successful operation of the cities, towns and region and

encourages social and economic development.

However, this change from natural landforms and vegetative cover to impervious
surfaces has two major effects on stormwater:

e Water quantity (urban hydrology)
e Water quality (non point source pollution)

1.2.1 Urban hydrology

Roofs, roads, parking lots, and other impervious areas stop water soaking into the

ground, diverting it across the surface and increasing the quantity and rate of water

discharging to streams and harbours. Impervious surfaces, compaction of soils and

the absence of vegetation reduce the fisponge |
surface, reducing infiltration and the volume of underground water that feeds

groundwater resources and stream baseflows. These changes in the hydrological

cycle cause flooding, stream erosion, sedimentation and loss of water for abstraction.

Flooding and erosion can have direct effects on public safety, while erosion and

sedimentation can affect the habitat of aquatic resources.

Hawkeds Bay Wat e $Storawater®™anagtmdnti 20000508 1
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1.2.2 Non-point source pollution

Particles from car exhausts, tyres and brakes, silt, fertilisers, oils, litter and other by-
products of urban life fall and collect on impervious surfaces. Many of these small
particles adhere onto sediment which stormwater runoff transports to streams,
estuaries and harbours. Where the water is still, these contaminants settle out and
accumulate. Other contaminants dissolve as rain passes over them and change the
physical-chemical composition of stormwater. The accumulation of sediment,
contaminants and changes to the chemical make-up of stormwater affect water
guality and can then have significant effects on the viability of aquatic resources.

These effects will be detailed further in Chapter Two.

1.3 Managing stormwater

Stormwater management aims to protect human and ecological values by preventing
or mitigating the adverse effects of stormwater quality and quantity on the human and
aguatic environment.

Stormwater management techniques are generally divided into:

e Non-structural practices (which prevent changes to the quality and quantity
of stormwater by low impact designs, management practices or planning
regulations), and

e Structural practices (which reduce or mitigate changes that have already
occurred to stormwater by constructed treatment devices).

Non-structural practices may be further categorised into:

e Site design practices which reduce the quantity of stormwater runoff, and
e Contamination control practices, which minimise the risk of contaminants
coming into contact with stormwater.

Structural, or treatment, practices assume that the increase in runoff or
contamination of stormwater has already occurred and attempt to reduce the
contaminants in the stormwater or hold runoff to reduce flooding and erosion.

1.4 Regulatory framework
The RMA defines BPO as:

ifiBest Practical Option means the best met hod f
adverse effects on the environment having regard, among other things, to
(@) the nature of the discharge or emission and the sensitivity of the receiving
environment to adverse effects; and
(b) the financial implications, and the effects on the environment, of that
option compared with other options; and
(c) the current state of technical knowledge and the likelihood that the option
can be successfully applied. o
s2(1) Resource Management Act, 1991

The HBRC is empowered under various acts of law to regulate and monitor the use
of our environmental resources to ensure these are used wisely and in such a

Hawkeds Bay Wat e $Storawater®™anagtmdnti 20000508 2
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manner that their existence and mauri* is assured for time to come. Through the
Resource Consent process, project plans, designs and processes are assessed to
ensure that degradation to the environment is avoided, remedied or mitigated. To
ensure the Resource Consent process is properly followed, the following applies to
any person planning works in, around or relating to waterways:

Any person or agency considering an activity concerning the:

a) taking, use, damming or diversion of water, or;

b) the discharge of any contaminant into water or onto land such that it may
enter water, or;

c) disturbance of the bed of a river or lake, or;

d) erection, maintenance, replacement, upgrade, placement or removal of any
structure in, on or under the bed of a river or lake

is advised to seek advice from the Regional Council at the earliest possible stage in
planning regarding Resource Consent requirements.

The Appendi x has Hawkeodés Bay Regional Counci l
Discharges to Land/Water.

1.5 Technical Objectives

This guideline provides information on the selection and design of structural

stormwater management devices. The primary objectives therefore relate to the

removal of contaminants from stormwater, reducing peak discharges, and reducing

site runoff by volume control. However, prevention is better than cure. To fully meet
stormwater objectives set by the Hawkedés Bay R
stormwater management solutions that are integrated with development and all

opportunities should be taken to prevent and minimise stormwater effects.

The Hawkebdés Bay Regional Council 6s objectives

1.5.1 Water quantity

The primary water quantity objective of treatment devices is to match the pre-
development and post-development peak flow rates for the 50%, 20%, 10%, and 1%
Annual Exceedence Probability (AEP) rainfall events.

Where significant aquatic resources are identified in a freshwater receiving
environment, additional water quantity requirements may be required.

1.5.2 Water quality

The primary water quality objective of the treatment devices in this guideline
is to remove 75% of total suspended sediment on a long-term average basis.
Removal of sediment will remove many of the contaminants of concern, including;
particulate trace metals, particulate nutrients, oil and grease on sediments and
bacteria on sediments.

1Life force.

Hawkeds Bay Wat e $Storawater®™anagtmdnti 20000508 3
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1.5.3 Aquatic resource protection

Aquatic resource protection is primarily concerned with maintaining the
physical structure of the receiving system while promoting practices that provide
habitat conditions conducive to a healthy ecosystem in receiving environments.

Designing for the detention, storage, and release of 1.2 times the water quality
rainfall over a 24-hour period reduces physical structure effects.

Other practices include riparian vegetation maintenance or enhancement and a
reduction in the volume of runoff through revegetation and use of roof runoff for
domestic water purposes.

It is important to note that these are objectives only. They are not standard
requirements. There will be situations where alternative approaches or design
requirements may be appropriate.

Their application depends upon whether the stormwater issue they address is
present and the degree of implementation depends upon site and catchment
circumstances as determined by the Best Practicable Option. For example water
guantity objectives are unlikely to be required where stormwater is discharged to an
open coastal environment where erosion, sedimentation and flooding issues are not
present. While water quality is a significant issue in urban areas, the degree to which
the water quality objectives are implemented depends on the practices that can be
retrofitted into the available space. The same issues also apply to aguatic resource
protection.

In addition,t he approval by the Hawke6s Bay Regional
management plan for specific catchment that has been submitted by a local authority

may provide for alternative requirements that have been defined through a

catchment-wide analysis. Proposed individual developments should investigate

whether an approved comprehensive catchment plan exists for a given catchment,

and if so, should ensure that development is in accordance with that plan.

1.6 Structure of these guidelines

These guidelines are divided into the following chapters as follows:

Chapter One: Introduction

Chapter Two: Effects of Land Use on Stormwater Runoff
Chapter Three: Receiving Environments

Chapter Four: Stormwater Management Concepts

Chapter Five: Choosing a Stormwater Management Device
Chapter Six: Hydrology and Water Quality

Chapter Seven: Detailed Stormwater Management Practice Design
Chapter Eight: Landscaping

Chapter Nine: Outlet Design

Chapter Ten: Innovative Practices

Chapters 1 - 5 aim to provide all users with an introduction to the regulatory
framework, effects of stormwater and the range of management concepts applicable
to the Hawkeds Bay Regi on.

Hawkeds Bay Wat e $Storawater®™anagtmdnti 20000508 4
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Chapter 6 describes the hydrologic approach to stormwater management in the
Hawkeds Bay Regi on.

Chapter 7 provides detailed design procedures for the various practices contained in
these Guidelines.

Chapter 8 provides discussion on landscaping to enhance site appearance and
public acceptability.

Chapter 9 discusses the design of outlet structures to ensure that erosion does not
occur at the outlet of stormwater management practices.

Chapter 10 relates to new practices and establishes a framework for the assessing

performance expectations of new practices and the level of testing that is required for
their widespread use in the Region.

1.7 Statement of intent

Applicants may propose alternative designs that meet the requirements of the

Hawkebdés Bay Regional Pl an, and the Hawkeds Bay
whet her the design wi lahdohjectiveiseve t he Pl andés goa
In addition, this Guideline is being distributed primarily in digital format. One reason

for that approach is the recognition that updates may be necessary due to increased

knowledge relating to investigations or criteria changes both here and overseas. It is

the intent of the Hawkeds Bay Regional Counci l
changes are warranted. Distribution can then be done more easily by posting

changes on the Hawkeb6ts Bay Regional Council we

Hawkeds Bay Wat e $Storawater®™anagtmdnti 20000508 5



2 Effects of Land Use on Stormwater Runoff

2.1 Urbanisation

211 The hydrological cycle

Water moves constantly between the atmosphere, ground and water bodies in an
ongoing, worldwide cycle; the hydrological cycle. Processes such as rainfall,
infiltration runoff, evaporation, freezing, and melting, continually move water between
different physical phases, across regions, between fresh and saline waters and into
the atmosphere. Some processes, such as freezing in polar areas or deep infiltration
to slow aquifers, may keep water in one part of the cycle for long periods of time. All
the time though, water is moving through the cycle.

Stages of Urban Land Use
Bush, Rural, Lifestyle, Urban

The total volume of water in the cycle is finite. The amount of water vapour in the
atmosphere plus the amount of rainfall, freshwater, ground water, seawater and ice
on the land is constant. Over time, physical factors such as climate or landform may
change the volume of water at each stage in the cycle or sub-cycles, but in total no
water leaves or enters the cycle.

Restricting the movement of water in one stage of the hydrological cycle will
proportionally increase its movement in another. This occurs during urbanisation. The
photographs above show the typical phases of urbanisation; through bush, pasture,
subdivision and mature urban land use. In a natural state, bush, trees and grass
cover a catchment, which intercept rainfall and let it infiltrate into the ground.

Hawkeds Bay Wat e $Storawater®™anagtmdnti 20000508
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Urbanisation creates impervious surfaces, which reduce vegetative interception,
depression storage, infiltration and surface roughness (flow retardation). The excess
water now runs off more quickly and increases the flow rate and volume of
stormwater for a given storm event.

To illustrate these changes, Table 2-1 gives estimates of the proportion of movement
by each process before and after development. These figures represent typical
proportions for non-volcanic soils.

Table 2-1
Components of a Typical hydrological cycle

Component Pre-development (mm) Post-development (mm)

Annual rainfall 1200 1200

Total runoff 320 700

Deep infiltration 60 10

Shallow infiltration 300 100

Evaporation/transpiration 520 390

2.1.2 Non-point source pollution

Impervious surfaces also collect contaminants .
derived from everyday urban life. These could be Typical Example of Street
anything from litter, dust, decomposing vegetation or Runoff

oils, to exhaust emission particles. Roads, in
particular, collect by-products from vehicle wear and
tear and combustion by-products. In the context of
stormwater management and this guideline, these by-
products are all termed

Stormwater runoff moves contaminants off
impervious surfaces, through drainage pipes and into
water bodies. Litter and larger particles are washed
off directly while the (very small) contaminant
particles attach more to fine silt and clay particles and
become readily transportable. Heavier particles drop
out of suspension close to the ends of stormwater
pipes while finer silts settle and accumulate further
away in still, sheltered sections of water. This
accumulation of contaminants from wide areas of
developed urban | and is
pollution.

The effects of non-point source pollution are diverse. Persistent contaminants such
as metals and toxic organics accumulate in sediment and have toxic ecological
effects. Other contaminants such as sediment physically affect habitat, for example
by smothering.

In some cases, these contaminants occur naturally in the environment. However, it is
important to remember that impervious surfaces and stormwater pipes collect
contaminants together, transport them and allow them to accumulate in places that
they would not normally end up, and in much higher volumes and concentrations.

Hawkeds Bay Wat e $Storawater®™anagtmdnti 20000508
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2.2 Key effects

Many of the effects of stormwater are only significant when considered cumulatively.
The water quality and flooding effects of stormwater from an individual site may be
relatively minor. If we consider a 10% increase in peak flow from a 1 hectare site,
downstream flood levels may only increase 1 mm or less. However, allowing an
increase in flood levels on an individual site basis is an ad hoc approach, which
neglects the sum total of all potential development in a catchment. Therefore, in
addition to any site-specific effects, stormwater effects must be considered on a
cumulative basis.

The three key effects of urban stormwater on the environment are:

1.  Water quantity - flooding and erosion risks to humans and their property from
altered hydrology and development too close to existing watercourses.

2. Water quality - threats to human health and receiving systems from changes to
the physical-chemical nature of water and sediment.

3. Aguatic resources - loss of freshwater aquatic resources due to both altered
hydrology and non point source pollution. In particular, this considers the
physical effects of stormwater on the freshwater environment.

2.3 Water Quantity

2.3.1 General

Stormwater drainage systems are generally designed for a moderate level of
performance and adopt approximately a 10% AEP event for pipe sizing. However,
the importance of more severe, less frequent events is acknowledged and allowance
is made for overland flow paths for events up to 1% AEP. These two systems are
termed the primary and secondary drainage systems. To protect the public and their
property, habitable building floor levels are required to have a contingency freeboard
above the 1% AEP flood levels.

Flooding adjacent to waterways naturally occurs but urbanisation can increase flood

potential due to either a gradual increase in peak flows (as a result of upstream

development described in the example below), or, where a constriction in the

drainage channel (culvert, pipe drainage system) or stream channel reduces the flow
capacity. However, the safe passage of flood
the pipes big enough. o Water flow can change
due to changes in topography, channel dimensions, roughness, pools and other

factors. The flood level at a given point is therefore determined by how quickly

upstream conditions deliver water and how quickly downstream conditions allow it to

get away. The equilibrium sets the flood level. However, the flow rate also changes

with time, as the flood passes down a catchment. The flood level will therefore

constantly change as both the physical- spatial factors and the variation of flow with

time balance.

2.3.2 Case study:

Figure 2-1 sets out the predevelopment and post development 50% and 10% AEP
hydrographs for a 27.7-hectare residential development, which was previously

Hawkeds Bay Wat e $Storawater®™anagtmdnti 20000508 8
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pasture. The site changed from two houses to 297 lots of about 600 square metres.
For average sized houses, garages driveways and subdivision roading, the
imperviousness increases from less than 1% to 54%.

The
hydrographs
show that the
peak flow
rate for the
50% AEP
event
increases
from 1.51
m?/sec to
2.80 md/sec
and for the
10% AEP
event
increases
from 2.7 md/s
to 4.37 m?/s.
The volume
of stormwater
runoff for the
50% AEP
event
increases
from 10,200
m?3t016,800
m3.

Stormwater
from the
development
discharges to
a stream.
The extra
peak flow in
the

Figure 2-1
Pre- and Post-Development 50% and 10% Hydrographs
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watercourse raises the flood level. The flood level equivalent to the predevelopment
50% AEP event now occurs more frequently, resulting in more frequent bankfull
flows. This results in more stream bank erosion.

Hawkeds Bay
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2.3.3 Examples of effects

1. Extent of flooding

Flood levels are determined by
equating the rate of inflow, outflow
and available storage. Where the
outflow is smaller than the inflow,
levels rise. In the adjacent picture the
flooding has risen above the stream
channel and spread across large
sections of land - the natural
floodplain.

Increased imperviousness upstream
and loss of storage volume, by filling
in the flood plain, would make the
flood level higher still.

2. Channel constrictions

Channel constrictions such as
culverts and bridges are potential
flooding points. Constrictions usually
include an overland flow path to pass
events more severe than the design
event and make allowance for
blockage.

3. Lack of freeboard

ARSI TR «
To calculate freeboard and allow for  § “mmm' m "'- '

the safe passage of flood flows, the
ultimate development scenario
upstream must be considered.

The consequences of getting it
wrong are evident in the adjacent
picture. A further rise in flood level
will cause the bridge to become a
constriction and raise upstream flood
levels significantly.

Hawkeds Bay Wat e $Storawater®™anagtmdnti 20000508
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4. Channel erosion

As bankfull flows increase in
frequency with development, the
channel erodes to become stable

for the increased flow and velocity.
As shown, this often results in a

wi der , AUO0 shaped
most efficient shape for

transporting the flow. During this
process, aquatic habitat is lost.

5. Bank slumping

Stream flows are generally deepest
and fastest on the outside of a
bend. When flow velocities
increase, the toe of a bank is often
eroded, removing bank support.
Eventually, the bank slumps. The
recent slump is also susceptible to
erosion and, unless stabilised, can
keep retreating.

6. Channel Incision

The adjacent picture shows a
stream where high velocity and
frequent high flows erode the
channel base. The clay channel
invert here has been cut down 0.5
mto 1.0 m

Channel erosion is a significant
source of sediment, which affects
water quality and downstream
habitat.

2.4  Water Quality

24.1 General

Hawkeds Bay Wat e $Storawater®™anagtmdnti 20000508
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