The primary
purpose of this
document is to
present an
alternative
approach to site
design and
development
from a
stormwater
management
context,
primarily
applicable for
residential land
development.

Low I mpact Development

Introduction

“Low Impact Design” is a design approach for site development that pro-
tects and incorporates natural site features into erosion and sediment con-
trol and stormwater management plans.

Purpose

The primary purpose of this document is to present an alternative approach to site
design and development from a stormwater management context, primarily applica-
ble for residential land development. Its basis is founded in the recognition that the
volume of stormwater discharged from a site may be of equal importance to limiting
contaminant discharge, especially for residential development. The low impact de-
sign approach is another stormwater management tool for reducing the adverse im-
pacts of stormwater runoff.

Itisnot intended that the approach will become mandated by the ARC. There may be
development situations where it will be difficult for other approachesto provide the
same level of protection for downstream receiving waters, but the decision asto the
stormwater management approach rests with the site devel oper aslong asthereisan
approach to stormwater management which can provide similar benefits and protec-
tion to receiving waters.

Therearetwo primary areas of interest addressed in devel oping this design approach.

0 erosion and sediment control
o] stormwater management
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Erosion and Sediment Control

Erosion and sediment control issues relate primarily to providing guidance on ways
and methods to reduce the amount of land disturbed, fitting land development to land
sensitivity, the length of time of that disturbance, and the proximity of the distur-
bance on a site and catchment basis to sensitive receiving environments. One inten-
tion of this manual is to provide incentives for developers to retain natural ground
cover during the site development process, thereby reducing:

o] sediment generation,
o] sediment transport, and
o] delivery downstream, either off-site or to a perimeter control.

Developer benefits can include:

0 Reducing earthwork areas and volumes,

0 Reducing costs associated with development or associated with erosion
and sediment control practices relative to total site disturbance,

o] Benefits can include reduction in site erosion in terms of rate and vol-
ume of yield and

0 Protection of receiving systems from sediment deposition.

Stormwater M anagement

Stormwater management issues relate primarily to providing guidance for site and
catchment design which incorporates natural site features into land development.
Theintention isto advise land devel opers on the benefits of retaining and incorporat-
ing these natural featuresinto the site devel opment process and thereby reducing or,
in very limited situations, eliminating the need for structural stormwater manage-
ment controls. Other benefits are certainly realized through natural site feature utili-
sation, such as more closely approximating the predevelopment water budget, pro-
tection of habitat, and reduced overall impact to the receiving system.

Stormwater Wetland Fringe Pond Used for Water
Quality Treatment

Other benefits
include more
closely approxi-
mating the
predevelopment
water budget,
protection of
habitat, and
reduced overall
impact to the
receiving
system.
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It must be
emphasized that
structural
controls will still
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many sites.

Low I mpact Development
Sitefeatures which will be discussed include:

Wetlands

Watercourses

Floodplains

Forested areas with emphasis on native vegetation
Riparian buffers

Sails

Steep slopes

Other natural features
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Design procedures are provided which alow site designers to incorporate practices,
inherently known to be good, but which have not had a sound rational basisto ensure
plan approval. That rational basis will be provided in this manual for a variety of
situations. The design approach will be flexible enough to allow for various low
impact practices to be combined on one site and quantify the benefits of that combi-
nation.

It must be emphasized that structural controlswill still be essential on many sites. A
heavily vegetated site having a significant portion of the tree canopy removed will
still have a significant increase in sediment yield and stormwater runoff, even with
aggressive planning efforts related to erosion and sediment control and stormwater
management. The practicesdetailed in thismanual are provided as additional toolsin
the erosion and sediment control and stormwater management toolbox. They may
supplement structural control practices and may, in some situations, replace or re-
duce the need for structural practices while providing attractive site amenities.

Audience

Themanual is primarily directed toward residential land devel opers and users. Com-
mercia and industrial land uses generally have a much higher level of site distur-
bance and imperviousness, which limits the degree that low impact urban design can
be utilized. Low impact urban design practices are still recommended on commercial
and industrial sites, but their ability to eliminate or significantly reduce the need for
erosion and sediment control or stormwater structural practices on commercial or
industrial sites may be limited.

Background

When discussing the background of this manual, it is beneficial to recognise the
evolution of efforts related to erosion and sediment control and stormwater manage-
ment and their relationship to the Resource Management Act. These programmes are
continually evolving as we learn and this evolutionary process will have to continue
aslong as water quantity and quality problems exist. As can be seen, the legislation
follows the increasing awareness of the interrelated nature of land developed and on
soil and water resources. The greater the level of development, the greater the recog-
nition that problems resullt.

History of erosion and sediment control in the Auckland Region

The earliest legislative efforts to address soil erosion rested in the Soil Conservation
and Rivers Control Act of 1941 which had as an object the prevention and mitigation
of soil erosion. The context at that time was related to rural land erosion and the Act
provided for grants or loans to assist in erosion reduction.
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Sediment Choking a Stream Channel from an Uncontrolled
Earthworks Activity

Historically in the Auckland Region, from an urban context, earthworks controls  Historical |y in
were based on voluntary controls, initiated in the 1970’s in response to the Soil Con- the Auckland
servation and River Control Amendment Act 1959 by the former Auckland Regional ]

Water Board (ARWB). As an aside, the Ministry for Works had responsibility for  Region, from an
water and soil issues from the late 1960's until 1973 when the Auckland Regional  urban context,
Water Board was created. The Auckland Regional Authority (ARA) was gazetted as _
the Auckland Regional Water Board at that time and it implemented guidelinesand a earthworks con
complaints response role. The 1980’s saw the introduction of section 34 (offences trols were based
against the Act and powers of enforcement available) notices under the Soil Conser- 0N VO lun tary
vation and River Control Amendment Act 1959 which required that consentsbeob- controls.
tained from the Regional Water Board prior to undertaking earthworks. Thisapproach

to erosion and sediment control remained in effect until 30 September, 1993 as part

of Auckland Regional Council’s Transitional Regional Plan. A Soil Conservation

Consent for earthworks was then required under the Auckland Regional Council’s

“Erosion and Sediment Control Proposed Regional Plan” (October, 1993). As are-

sult of further submissions and subsequent hearings this has now become the current

Proposed Regional Plan: Sediment Control (September, 1995) which continues to

require consent for earthworks which exceed the limits set out in the Plan.

History of stormwater management

The earliest legislation related to stormwater may be the Land Drainage Act of 1908.
Section 26 of that Act notes that every person who without the consent of the Land
Drainage Board (established on a particular catchment boundary) makes any branch
drain into any watercourse or drain vested in the Board or under its management
commits an offence, as does any person who stops or obstructs any such watercourse
or drain. The definition of “drain” in the Act includes every passage, natural water-
course, or channel on or under the ground through which water flows continuously or
otherwise except a navigable river or water race.

Themajor piece of environmental legislation prior to the Resource Management Act,
was the Water and Soil Conservation Act 1967. That Act equally addressed water
quantity and water quality issues and was responsible for water classifications and
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than a
prescriptive
act. The ARC
can implement
management of
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physical
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through the
adoption of
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rules.

Low I mpact Development

issues related to the quality of discharges from industrial activities. The Auckland
Regional Authority approach at thistime, from a stormwater perspective was prima-
rily devoted to addressing water quantity issues. It formed the foundation for strate-
gies directed towards water quantity related issues which formed the basis for the
stormwater programme up to the late 1980'’s.

A major water quality initiative in the Auckland area was initiated in the Upper
Waitemata Harbour Catchment Study whose results were published in 1983. That
end product was a series of excellent guidelines and reviews, many of which are still
applicable today. Topics included in that effort include discussions of stream ecol-
ogy, energy patterns, fresh water resources, land resources, legal aspects, riparian
zone management, earthworks, and numerous other topics. In the late 1980's greater
research was done to detail the water quality impacts of urban activities. ARC Tech-
nical Publication No. 10 entitled “ Stormwater Treatment Devices’ was completed in
1992 which provided design guidance for stormwater management ponds and other
treatment systems to fulfil applicant consent obligations.

The Resource Management Act (RMA)

The Auckland Regional Council hasits duties, powers and functions specified in the
RMA, which was enacted in 1991. The purpose of the Act is defined in Section 5 of
the Act.

“Section 5. Purpose:

1.  Thepurposeof the Actisto promote the sustai nable management
of natural and physical resources.

2. In this Act, sustainable management means managing the use,
development, and protection of natural and physical resourcesin
away, or at arate, which enables people and communitiesto pro-
vide for their social, economic, and cultural well-being and for
their health and safety while.

(@  Sustaining the potential of natural and physical resources
(excluding minerals) to meet the reasonably foreseeable
needs of future generations; and

(b)  Safeguarding thelife supporting capacity of air, water, soil,
and ecosystems; and

(c)  Avoiding, remedying, or mitigating any adverse effects of
activities on the environment.”

Under the RMA Regiona Councils and Territorial Authorities (TA's) have different
duties, powers and functions. The ARC has the function of “the establishment, im-
plementation, and review of policies and methodsto achieveintegrated management
of the natural and physical resources of the region” and “the control of discharges of
contaminants into or onto land, air, water, and discharges of water into water”. The
RMA is enabling, rather than a prescriptive act. The ARC can implement manage-
ment of natural and physical resources through the adoption of policies and rules.

Under Section 32 of the RMA, the ARC hasaduty to consider alternatives and assess
the benefits and costs before adopting policies and rules. An urban runoff quality
control programme must therefore consider all the tools available for reducing envi-
ronmental degradation from urban runoff and establish a strategy which passes the
tests provided for in Section 32 of the Act.
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Problem Satement

When considering problems related to erosion and sediment control or stormwater
management, there are anumber of contexts that can be considered. One approachis
to consider problems from a temporary (erosion and sediment control) and perma-
nent (stormwater management) perspective. From a temporary context, as will be
discussed in greater detail in Chapter 1, thereistheimportance of site disturbance on
sediment yields during construction. There are some basic statements that can be
made.

The greater the area of site disturbance, the greater the sediment yield
The longer the arearemains disturbed, the greater the sediment yield
The greater the slope, the greater the sediment yield

Disturbed land has a greater runoff potential than vegetated surfaces
The closer the site disturbance is to a receiving environment (water-
course, estuary, marine area), the greater the potential impact.

O O 0O Oo0Oo

When considering the permanent impacts of urbanisation, thereis the historic recog-
nition that flooding can be a problem. There is aso increased recognition that other
water-related problems are associated with land development. The most obvious, is
stream channel erosion with subsequent impacts on the stream biota. The develop-
ment of land increasesthetotal volume of water running off theland during arainfall
event. Thisincreased volume results during all storm runoff events and increasesthe
potential for stream channels to erode. The channel capacity is increased (wider,
deeper, or both) and resultsin the loss of private and public property and significant
habitat degradation. Thereisdocumentation indicating that channel erosionin acatch-
ment that is completely developed is the single largest source of sediment delivered
downstream. Channel instability results in public expenditures to reduce property
loss and necessitates channel works such as stone armouring or channel lining as
seen on the Wairau Creek.

Other impacts associated with land
devel opment include the generation of
pollutants carried off the landscape by
stormwater runoff. These pollutants
include:

o] sediment

0 oxygen-demanding
substances (decompo-
sition of organic ma
terials)

0 nutrients (predomi-
nantly nitrogen and
phosphorus)

0 metals (many differ-
ent onesbut zinc, cop-
per, lead are generally
found)

0 oil and grease

0 microorganisms (hu-
man or animal waste)

0 other pollutants (pes-
ticides, herbicides,
etc.)

Example of Contaminant Loading from a

Typical Urban Street

There is docu-
mentation
indicating that
channel erosion
in a catchment
that is
completely
developed is the
single largest
source of
sediment
delivered
downstream.
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Pollutants build up in a catchment, and are delivered to a receiving system during
storm runoff, and may accumulate over time. Their impacts tend to be chronic rather
than acute or episodic, and increase over time. Examples of impacts associated with
pollutant loadings include increased water supply treatment costs, destruction of
aguatic plants and animal s, beach and shellfish area closures from bacterial contami-
nation, and bioaccumulation of chemical pollutants. More subtle impacts caninclude
reduced harvesting or landings of fish and shellfish.

Another emerging concern is the reduction in low baseflows in streams as catch-
ments devel op. Streams which had water flowing in them all year frequently become
ephemeral as groundwater recharge isreduced. As ageneral comment, if astreamis
flowing when it is not raining, then the flow is groundwater generated. If groundwa-
ter levels drop lower than the stream invert, baseflow ceases and the stream losesiits
biologic values unless aguatic organisms can exist in pools until the time when the
stream flows again. All of uslivein catchmentsthat have been impacted asaresult of
our activities on the land.

For all of these reasons, the Auckland Regional Council implements an erosion and
sediment control programme and a stormwater management programme to imple-
ment temporary and permanent practices and strategies for water quantity and water
quality purposes. Consent requirementsfor erosion and sediment control are detailed
in the Proposed Regional Plan: Sediment Control, September, 1995. Existing storm-
water management requirements are detailed in the Operative Transitional Regional
Plan. Those requirements are under review at this time and subject to change.

The existing programmes place heavy emphasis on structural practices such as ba-
sinsand pondsto minimise, to some extent, the adverse impacts of stormwater runoff
both during and post-construction. Whenever site development is proposed, the land
devel oper must consider both the quantity of water leaving the site, and the quality of
that water both during and post-construction. Criteria are specified in ARC Guide-
lines, Technical Publication No. 90, “ARC Erosion and Sediment Control Guidelines
for Land Disturbing Activities’ and Technical Publication No. 10, “ Stormwater Treat-
ment Devices’, that must be followed.

As outlined above, the proper implementation of erosion and sediment control and

Sediment Pond with Floating Decant
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stormwater management in the Auckland Region has historically rested on the proper
design and implementation of structural erosion and sediment control and stormwa-
ter management practices. Thisrelianceisbased upon documentation of the perform-
ance of these practices. Thisis especially true for sediment control and stormwater
management ponds, resulting in their widespread use. However, moreinformationis
now becoming available on various innovative practices, and this manual provides
guidance on a desired alternative approach to site design for erosion and sediment
control and stormwater management.

Limitations of Existing Practices

Most erosion and sediment control and stormwater management programmes place a
heavy reliance onimplementation of structural facilities. Thesefacilitiesinclude ponds,
both wet and dry; flow diversion systems; filtering practices; and other variations of
them al. The implementation of these facilities is necessary for their water quantity
and water quality benefits and is expected to remain integral to programme imple-
mentation, but there should not be an overreliance on them. Thesefacilities, in and of
themselves, cannot eliminate adverse impacts that urban development has both dur-
ing and post-construction. In addition, there are a number of limitations to structural
facilities.

A sediment control or stormwater management programme relying solely on struc-
tural practices has a number of weaknesses. The existence of these weaknesses has
been recognized for some time, but there has been little information available on
aternative approaches that would justify their inclusion in programmes. In addition,
clear guidance must be available on alternative design approaches or practices which
can be used by plan designers and approval agencies. The guidance must aso lend
itself to effective field implementation. The following items and their discussion
present some of the weaknesses of programmes based on structural controls.

Lack of Flexihility in Site Design

A lack of flexibility in what a site developer can do for erosion and sediment control
and stormwater management will have an impact on how the site is developed. The
requirement to construct ponds will necessitate that site drainage be routed to the
ponds. Thiswould mean that runoff which can travel through sheet flow across veg-
etated areas must be conveyed to the pond. This will normally entail conversion of
the water from sheet flow into concentrated flow through a conveyance system.

The existing approach detailed in the Technical Publicationsis presented as a* cook-
book” of practices. The approach does not mandate one practice over another, but
rather provides a framework by which one practice is used over or in conjunction
with another one. Practices and approaches have limitations to their use and those
limitations will determine, to a large extent, which ones are used. Some flexibility
does exist but that flexibility is only as broad as the interpretation of the individuals
designing or approving the erosion and sediment control or stormwater management
plan. In reality, there is a perception, for the most part valid, that the preference for
pondsistoo often amandate. | n addition, design consultants must deliver an approvable
plan to the site devel oper. The expense associated with that plan is dependent on the
consultant being reasonably comfortable that their cost estimate for design will pro-
vide for their time and expense in doing the site design. An innovative site design
may receive a poor reception from the approval agency and necessitate a redesign
with amoretraditional approach to site control. Innovation isvery difficult to budget
for when monetary resources are limited.

The existing
approach in the
Technical Publi-
cations is pre-
sented as a
“cookbook” of
practices.
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Altered Site Hydrology

The only structural practices that attempt to mimic predevelopment site hydrology
areinfiltration practices. Infiltration practices reduce the total volume of stormwater
runoff, provide groundwater recharge, and augment base flow in streams. Unfortu-
nately, infiltration practices cannot be placed everywhere, and in the Auckland re-
gion, they have limited potential for use. They cannot be used where clay soilsexist,
wherethereisahigh groundwater table, on steep slopes, or where bedrock is closeto
the surface of the ground. In addition, the long-term performance of infiltration prac-
tices has been questionable due to clogging of soils.

Other practices, such as sediment control or stormwater management ponds, only
minimise, to an extent, the adverse impacts of land development. The volumes of
stormwater runoff are increased immediately upon site clearance, and consequently
the duration of storm flows from these ponds is considerably longer than that which
would have occurred prior to site development. From awater quantity standpoint, the
intention isto hold the site's stormwater long enough to allow the catchment’s storm
flows to pass the site, and thus reduce downstream flooding. They provide water
quality treatment primarily through settling processesthat are designed into the prac-
tice. However, it needs to be recognised that flows can also modify ambient water
quality so asto make it unsuitable for downstream biota.

The use of ponds is a recognition and acceptance that site hydrology has drastically
been modified, and an increase in the volume of stormwater runoff isinevitable. In
the same regard, groundwater levels will drop and base streamflow will be reduced.
The pond’s purposeisto reduce, to the furtherest extent possible, the adverseimpacts
of contaminant discharge and atered site hydrology. If the site hydrology were not
atered to the degree that is normally accomplished, downstream impacts would be
reduced.

Expense

In addition to design costs, there is the greater expense associated with the construc-
tion of ponds and filtering facilities. These practices can be very expensive. Too
often in stormwater design the sizing of stormwater management practices is based
on the generic land use draining to the practice and does not consider that portions of
the site, if left undisturbed, would not generate the amount of runoff that results from
the developed portion of the site.

Ponds, as generally implemented, are structural practices. They must have properly
designed structural components such as a core trench, anti-seep collars, a riser as-
sembly with atrash rack, abarrel, and structural fill. These components are expen-
sive and require care in their proper installation and performance.

For the most part discussion in this guidance document will address ponds as the
current primary means for stormwater management in site devel opment. Ponds have
been preferred historically as a result of their applicability for water quantity usein
addition to their proven water quality performance values. There are a number of
other practices for both sediment control and stormwater management and all of
these other practices are structural practices. Other primary practicesincludeinfiltra-
tion trenches and dry wells. They also include filtration practices that rely on the
movement of water through a filter media, usually sand, to provide a water quality
benefit.
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Loss of site area

Ponds take up site area. When aland developer decides to develop a given piece of
property, an initial consideration is how many housing units can be placed on that
property, and their potential sale prices. A factor in this determination includes how
much of the site must be devoted to the stormwater management pond, maintenance
access to the pond, and drainage components that convey water to the pond. All of
these features limit what can be done by the land devel oper on the remainder of the
property. Low impact design practices will also utilize site area, but they can more
easily be blended into the overall site devel opment and required open space plan than
can stormwater management ponds.

Potential increased impacts to site and catchment natural resources

Generally, thelowest elevation of the sitewill be wherethe sediment control or storm-
water management pond is to be located. This will ensure gravity flow throughout
the site to the pond. If this portion of the site is vegetated or wetland, construction in
this area or near this area could adversely impact on those resources.

Even if wetlands or other natural features are avoided by the sediment control or
stormwater management practice, getting a reasonabl e return on the project may ne-
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An Efficient Stormwater Conveyance System. Rapid Travel Through New Zealand
the System Precludes any Water Quality Treatment has lost
approximately

cessitate disturbancein those areasfor another aspect of site development. Thiscould 90% of it
occur because housing lots may need to have agreater wetland areacontained intheir 0 .O IS
boundary or may necessitate cutting down more trees to get the minimum number of  NONtI dal

lots needed. wetlands. Those

Increased disruption of natural site features can have impacts off-site. Downstream wetlands were

wetlands or estuarine areas may have greater sedimentation as a result of increased not lost

site disturbance or increased disturbance of steep slopes, or erodible soils, etc. New  OVerni g ht or as
Zealand has lost approximately 90 percent of its nontidal wetlands. Those wetlands  the result of one
were not lost overnight or as the result of one activity. Adverse sediment and storm- activity

water impacts are cumulative in nature and result from numerous activities having a '
marginal individual impact.
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Configuration of Development

The traditional approach to sediment control and stormwater management seems to
also fit with the traditional approach to site development. The site design approach
allocates a portion of the site to sediment control and stormwater management in
conjunction with a“ cookie cutter” logicto sitelayout. Site devel opment isconfigured
inatraditional pattern that easily goesthrough theterritorial authority approval proc-
ess. Traditional structural sediment control and stormwater management requirements
are now well understood and are just incorporated in an overall site plan with little
consideration of the need to protect existing site resources.

Connection of Impervious Areas

Whereasite hassignificant imperviousarea, thoseimperviousareasare usually linked
by conventional storm drains. Storm drains are efficient water conveyance systems
which collect and quickly pass runoff into astructural stormwater management prac-
tice. Rapid travel through an enclosed storm drain system eliminates any potential
for pollutants to be removed from the stormwater conveyance system prior to its
entry into the stormwater management practice. This results in the stormwater man-
agement practice being the only means of treating the runoff water quality, and pro-
viding for water quantity control.

Disregards Site Resource Conservation Benefits

There is little incentive, under the existing approach to site development, to leave
treesin agiven location, to establish native vegetation in open space, or to maintain
low areas as wetlands. All of these practices reduce the total volume of runoff and
provide water quality benefits. There is no incentive if structural sediment control
and stormwater management are still required for the land development, and the
volume and areal extent of the practice cannot be reduced.

Protecting and preserving site natural features requires a greater effort during the
land development process. At present, thereis little incentive for the land developer
to take additional natural feature protection efforts, especialy if public perception
indicates that site buyers might prefer a more manicured site. The land developer
must receive an economic benefit by leaving natural features if that individual isto
“sell” eventual property owners on the rationale for leaving natural features.

M aintenance Obligations

Operation and maintenance of structural sediment control and stormwater manage-
ment practicesis asignificant responsibility if ongoing adegquate performance of the
practices is to occur. Structural practices require routine and periodic inspections to
ensure proper function and all system components need to be checked. Individuals
conducting these inspections need to be trained to recognize when a problem exists
and what steps need to be taken to rectify them. Inspection report forms need to be
completed and given to those individuals responsible for maintenance of the prac-
tice.

Actual maintenance of the structural practice is generally divided into two catego-
ries: routine and non-routine. Routine maintenance needs to be ongoing, such as
mowing or maintenance of terrestrial vegetation, debris removal, lubrication of any
moving partsto the practice, etc. Non-routine maintenanceisdone on an “ as-needed”
basis and can include sediment removal, aquatic weed removal, replacement of worn
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parts, needed structural repairs, and other activities associated with a particul ar struc-
tural practice. Maintenance activities represent a significant commitment of time and
resources to ensure long term function of the sediment control and stormwater man-
agement practice.

Also, the issue of who is responsible for operation and maintenance can be a prob-
lem, especially for permanent stormwater management practices. Thiscan exist where
stormwater facilities such as ponds have been installed in new subdivisions. Territo-
rial authorities or maintenance organizations may not have the expertise, awareness,
or inclination to address operation and maintenance obligations or problems. There
may also be a potential safety or liability problem in the event of stormwater facility
failure.

When maintenance is not accomplished, the results can range from increased down-
stream flooding and increased pollutant discharge, all the way to potential loss of life
and property. Maintenance is amajor expense associated with structural stormwater
management practices.

Low Impact Design Approach

Low impact design approaches reflect atotally different philosophy towards site de-
sign which integrates sediment control and stormwater management into the very
core of site design, as opposed to being considered an afterthought to site design.
These approaches can include an almost endless universe of practices, strategies,
planning, and common sense. This manual cannot include al potential components
but will provide guidance and information on many that are currently recognized
where data exists or can be generated to substantiate their benefits from a water
budget perspective.

It is important to develop an ethic which treats stormwater runoff as a “resource”
rather than a“by-product” of development. As such, there are a number of key site
design components to consider:

Reducing site disturbances
Reducing impervious surfaces
Constructing biofiltration practices
Creating natural areas

Clustering development

O O 0O Oo0Oo

Low impact approaches will be discussed through the manual but some are briefly
discussed here to provide an initial awareness of the range of options that will be
discussed later in greater detail.

Reducing site disturbances

Many sites have existing resources which, in addition to other values, have soil reten-
tion and stormwater management benefits. These natural systems include forested
areas, wetlands, and other areas of natural value and are discussed in greater detail in
Chapter 3.

Forested areas provide for rainfall interception by leaf canopy. In addition, an or-
ganic forest litter develops on the forest floor which acts very much as a sponge to
capture the water and prevent overland flow. Trees use and store nutrients for long
periods of time. Trees also moderate temperatures during the summer and provide

It is important to
develop an ethic
which treats
stormwater
runoff as a
“resource”
rather than a
“by-product” of
development.
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wildlife habitat, thus providing other environmental benefits.

Wetlands are valuabl e resources and provide numerous benefitsincluding flood con-
trol, low streamflow augmentation, erosion control, water quality, and habitat. They
are very productive ecosystems whose maintenance would have significant water
quantity and quality benefits. Where they exist on aland development site, they could
become an important element in site design.

From a construction standpoint, leaving areas in natural ground cover can have a
significant benefit by reducing downstream sediment delivery. Sediment yield from
disturbed soils can be 2000 times greater than yields from forested areas. Leaving
site areas undisturbed is an important low impact approach component.

Reducing impervious surfaces

Impervious surfaces (roads, roofs, footpaths) prevent the passage of water through
their surface into the ground. Water must then be transported across the surface to a
point of discharge. Residential subdivisions can reduce the width of roadways, or
design the roadwaysto limit the total length needed to service individual properties.
In conjunction with imperviousness, roof downdrains may be directly connected to
streets or reticul ation systemswhen providing splash blocks and discharging the wa-
ter across grass and away from impervious surfaces (footpaths, streets) will allow for
agreater amount of water to infiltrate into the ground.

An important factor in limiting impervious surfaces and separating roof drains from
direct connection to streetsis the need for education of home owners regarding their
awareness and responsibility to ensure continued function of these practices. Home-
owners often change or otherwise redirect lot drainage to impervious surfaces which
undoesalot of low impact design benefits. Community education and involvement is
integral if programme implementation is to be effective.

Constructing biofiltration practices

The use of vegetative swales and buffer strips can provide asignificant water quality
benefit in addition to reducing the total volume of stormwater runoff. The primary
processesinvolved intheir performance arefiltering of pollutants contained in storm-

Biofiltration Swale at the North Harbour Stadium
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water runoff and infiltration of runoff into the ground.

Even with kerbs being needed to prevent traffic movement off of paved surfaces,
kerb cuts or openings can be placed in the kerb to allow water to pass off the paved
surfaceinto abiofiltration facility. Thiswould allow for both objectives (public works
and stormwater) to be attained.

Creating natural areas

In many site devel opment situations, the predevel opment condition may be paddock
or highly modified hydrological condition. Creation of a natural area as open space
would have significant stormwater management benefits for both water quantity and
water quality. The area, if well designed and constructed, could become an attractive
amenity to acommunity and enhance the value of the properties.

Example of Site Revegetation in the Oratia Catchment

Clustering development

How asiteis developed and to what degree the entire site must be utilized will have
asignificant impact on sediments and stormwater runoff from the site. Conventional
land development encourages sprawl, while other approaches to land development
can provide significant sediment control and stormwater benefits. Cluster devel op-
ment encourages smaller lots on aportion of asite, allowing the same site density, but
leaving more site area in open space or disturbing less of the natural ground cover.
Clustering entail sdesigning residential neighbourhoods more compactly, with smaller
lots for narrower single-family homes, as are found in traditional villages and small
towns. Cluster development can provide for protection of site natural areas, while at
the sametimereducing total siteimperviousness by reducing the areal extent of roads.

Catchment Wide Approaches

While not afocus of this manual, catchment-wide considerations, from a broad per-
spective, are important and should be the context from which many resource-based

How a site is
developed and
to what degree
the entire site
must be utilised
will have a
significant
iImpact on
sediments and
stormwater
runoff from the
site.
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land development decisions are made. Catchment based approaches are further dis-
cussed in an ARC document “Investigation Strategy for Erosion and Sediment Con-
trol in the Auckland Region”. This document strongly supports catchment based ap-
proaches to land use decisions. This context isimportant from a number of perspec-
tives.

0 Catchment approaches allow for a recognition and consideration of
where growth distribution should occur.
0 Consideration of land use from a catchment perspective allowsfor a

greater awareness of the cumulative impacts of catchment devel op-
ment. Impervious surfaces are important to consider if downstream
areas are to be protected.

0 A comprehensive approach to resource protection can be devel oped
and implemented based on consideration of catchment specific is-
sues such as steep slopes, erodible soils, existing bush retention, high
water table, the need for aquifer recharge, etc.

0 A catchment approach allows for devel opers and the general public
to understand the basis by which land use decisions were made in a
rational format which can be easily understood.

0 Land use decisions based on catchment wide analyses provide the
territorial authority abasisfor making decisionsthat can be defended.

Long Bay Catchment Where a Comprehensive Catchment Plan is Being
Developed

Asdesirable as catchment-wide approaches are, it must be recognized that significant
“up front” resources and costs may be needed to accomplish these efforts. Depend-
ing on the goals of the effort, significant data needs may exist. From a long term
perspective, catchment approaches represent the most economical approach if re-
source protection is to be considered in conjunction with land development.

Organisation of Manual

The manual is organised along the following chapters.

Chapter 1 - Importance of Site Disturbance on Sediment Control |ssues

This chapter specifically looks at impacts related to construction activities. Therela-
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tionship of disturbed areaand slope asafunction of sediment yield isdiscussed. Con-
ventional approachesto sediment control are also presented along with the benefits of
vegetation for sediment reduction. In addition, natural mechanismsfor sediment yield
reduction are provided.

Chapter 2 - Importance of Water Cycle in Stormwater M anagement

Various aspects of the water budget are discussed. Rainfall and itsrelationship to site
stormwater runoff are components of the water cycle. Data that relates to ecological
response to urbanisation and that relationship to water quantity and quality are al'so
presented. A final element mentioned is natural mechanisms for stormwater pollu-
tion removal.

Chapter 3 - Site Resources

Site resources will be discussed in terms of their inclusion as components of overall
site design. Thiswill include a discussion of ecology and landscape form, wetlands,
floodplains, riparian buffers, forests, soils, steep slopes, and other natural features.
Consideration of these site components may have a significant impact on reducing
adverse stormwater related impacts.

Chapter 4 - | ow Impact Design Approach

A low impact design approach will be presented that considersan array of nonstructural
low impact techniques. These techniques include: reduction of site imperviousness,
use of swales appropriately, reduction in use of kerbing, clustering to reduce site
disturbance and imperviousness, lengthening stormwater flow paths, preservation
and enhancement of native bush, and other concepts.

Chapter 5 - Detailed Design Procedures

A design procedureis provided for minimising adverseimpactsrelated to earthworks
during construction and minimising impacts on along term basis relating to perma-
nent stormwater management. Checklists are provided to assist in site design.

Chapter 6 - Case Studies

Case studies of conventional residential site development are presented. In each case
study, highlighting adverseimpacts associated with the devel opment’ s structural storm-
water management approach. Hydrologic calculations are presented to detail these
impacts. These case studies are designed to incorporate an array of different factors
such as soils and slopes, densities of development, and predevel opment land use and
ground cover. Representative costs and cost benefits analyses are also provided.

Chapter 7 - Institutional 1ssues

Territorial authority institutional requirements in the form of consent or permit con-
ditions have a profound impact on the nature of land development. Issues such as
road widths, requirement for kerbing, and flexibility in lot sizing will facilitate or
preclude low impact options. Individua territorial authority requirements will be
detailed and recommendations made to facilitate low impact design, if needed.




