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About This Report
Cover: Aerial view of Lake
Hayes/Wai Whakaata
(shown in center right),
Kawarau River, and nearby
communities. © iStock

T

his report was undertaken by The Nature
Conservancy Aotearoa (TNC) to assist Friends
of Lake Hayes Society Inc. (FOLH) in their efforts to
improve water quality in Lake Hayes/Wai Whakaata
(Lake Hayes), located in the Queenstown Lakes District,
New Zealand. FOLH is a charitable organisation whose
mission is “to ensure the restoration of Lake Hayes
water quality through research, catchment control
and restoration”.
TNC is an international non-governmental organisation
that works collaboratively with other entities to achieve
its conservation vision through pragmatic, on the
ground solutions that enable both people and nature to
thrive. The organisation operates in 79 countries and
territories, with a team of about 4,000 staff globally. For
more information on TNC, please visit nature.org.
TNC was awarded a grant to work with FOLH to help
restore the lake’s health by identifying sediment and
nutrient control mechanisms. The water quality of Lake
Hayes is negatively impacted by a range of factors,
including ones relating to urban development that
mobilise sediment with high phosphorous (P) loadings
that subsequently enter the lake. One mechanism for
mitigating these impacts is through the objectives and
policies outlined in the Queenstown Lakes District
Council (QLDC) proposed District Plan, which is
currently under review.
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This work investigates erosion and sediment control
programmes, regulations and best practices related
to urban development, and identifies effective
approaches appropriate for application in the Lake
Hayes catchment. It also highlights mechanisms
for implementing these approaches with the goal of
minimising impacts of future land development on lake
water quality.
Two primary methods and sources were utilised to
create this report: a documentary review and semistructured interviews with key informants. In addition to
background studies and information about Lake Hayes,
an extensive review of existing academic, scientific, and
engineering literature and studies was undertaken to
glean information about effective sediment reduction
methods, best management practices, and programmes.
Source materials examined include professional reports,
technical guidance documents, journal articles, scientific
papers, monitoring reports, professional websites,
presentations, policy documents, and regulations.
Information sources examined for this report are listed
in the references section on page 25.
Semi-structured (open-ended) interviews with 20 key
informants also served as a primary data-gathering
method to learn about innovative erosion and
contaminant control programmes. In-depth interviews
were conducted with scientists, planners, researchers,
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About This Report (continued)

consultants, engineers, hydrogeologists, and academics
in the field. In addition, elected officials from the Otago
Regional Council were contacted for information
regarding status of the Lake Hayes Management Plan.
Due to COVID-19 restrictions, all interviews with
were conducted via phone or Zoom calls. Iwi were
approached for an interview; however, they did not take
up the offer.
Contained in this report are three primary sections
plus appendices. Section One sets the study context
including background information on Lake Hayes and
the current policy and regulatory landscape. Section
Two describes the challenges of managing new
development, and Section Three offers recommended
interventions and model programmes for erosion
and sediment control. Appendices include a roster of
individuals interviewed for this report, a compendium of
innovative erosion and sediment reduction approaches,
and sample best management practices (BMPs).

Lake Hayes in summer.
© iStock

— Jackie Dingfelder, PhD
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I. Context: The Lake and How It Is Regulated
A. LAKE HAYES CATCHMENT
Lake Hayes, a small lake that sits in the Wakatipu Basin
of the Queenstown-Lakes Region of Otago, is located
11 km northwest of Queenstown. With a surface area
of approximately 2.74 km2, mean depth of 19.75 m, and
maximum depth of 33.3 m, Lake Hayes is situated
327.7 m above sea level with a catchment area of 48.1
km2. Lake Hayes is an important ecological, historical,
and cultural asset to the Otago Region; before Polynesian
settlement, the catchment was covered with evergreen
Kahikatea (Dacrycarpus dacrydioides) forest. This
was replaced by native tussock in upland areas and
swampland in lowland areas. Since the arrival of European
settlers in the early 1900s, the Lake Hayes catchment
has been largely transformed into pasture/agriculture
(Caruso, 2000; McBride, Muraoka & Allan, 2019.)
The major inflow is Mill Creek, which has a mean flow
of approximately 0.4 cubic meter per second. Snowmelt
contributes to the flow of Mill Creek from August
to October. The lake is small, relatively shallow, and
nutrient-rich, and has likely undergone progressive
eutrophication since catchment development and land
intensification began. Lake Hayes has become enriched
in nutrients, most notably phosphorous, during the
last 70 years. This is due primarily to human activity,
including historical fertiliser application, industry, septic
tank effluent from nearby residences, and removal of
wetlands and riparian plantings (GHC, 2019).
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The lake is currently classified as being in a eutrophic
state (LAWA, n.d.). In more recent years, resort and
residential development has increased near the lake.
Previous studies indicate that phosphorus is the
limiting nutrient causing eutrophication, and that most
phosphorus is bound to sediment from bed and bank
erosion of Mill Creek, the major lake inflow (Caruso
2000). Since 2010, the lake has been characterised
by poor water quality and pronounced summer algal
blooms. This has attracted public attention and provided
momentum from community and stakeholders to
assess available management options for restoring lake
water quality (McBride, Muraoka & Allan, 2019). Not
unlike many other parts of New Zealand, landscape
changes in the Lake Hayes catchment occurred years
ago with little recognition or concern about water
quality impacts. These land use alternations mobilised
sediment containing phosphorous and other nutrients
that ultimately entered the lake.

Mill Creek and riparian
planting just prior to the
creek’s entry into
Lake Hayes, 2020.
© Carl McGuinness/TNC
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Significant time and effort have been spent studying
Lake Hayes water quality and devising recommended
remedies. Several reports have detailed Lake Hayes
water quality issues and presented remediation options
(Schallenberg and Schallenberg, 2017; NIWA, 2018;
GHC, 2019; McBride et al., 2019).
Efforts are underway by the Otago Regional Council,
FOLH, and Queenstown Lakes District Council to
clean up Lake Hayes and restore ecosystem functions.
Remediating legacy nutrient problems in the lake is
a priority for the community. However, preventing
additional nutrient inputs from future development is
equally vital to prevent further water quality degradation.
B. LOCAL AND REGIONAL-LEVEL POLICY AND
REGULATORY LANDSCAPE
To be effective, the recommendations outlined in
this report must be responsive to the existing policy
and regulatory context that guides development and
manages resources in the Lake Hayes catchment.
National, regional, and district level policy and regulatory
aspects that form this context are described below.
National Freshwater Reforms
On 3 September 2020, the Government released its
Essential Freshwater package to restore and protect
the health of New Zealand’s waterways. The aim of
the Essential Freshwater rules and regulations is to
stop further degradation of New Zealand’s freshwater
resources and improve water quality within five years.
In addition, it aims to reverse past damage and bring
New Zealand’s freshwater resources, waterways, and
ecosystems to a healthy state within a generation. The
National Policy Statement for Freshwater Management
(NPS-FM) 2020 sets out the objectives and policies
for freshwater management under the Resource
Management Act 1991 and replaces the NPS-FM 2014
(amended 2017) (MfE, 2020).
The Nature Conservancy–Aotearoa New Zealand

The NPS-FM also includes new obligations for territorial
authorities to include provisions in district plans to
address cumulative adverse effects of land use resulting
from urban development on waterbodies and sensitive
receiving environments. Final decisions by councils
on changes to policy statements and plans must be
publicly notified no later than 31 December 2025.
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Otago Regional Water Plan
The Otago Regional Council (ORC) is responsible for
managing water quality and quantity in the Otago
region. This involves managing:
•
•
•
•
•

How to make sure water quality is maintained or
improved
How much water can be taken for use
What can be discharged into water
Monitoring water quality
Activities that affect the beds of water bodies and
surrounding ecosystems

ORC accomplishes this through regional policy
statements and regional plans. Regional plans must give
effect to national policy statements, national planning
standards, and regional policy statements set out by the
central government.
ORC's Plan for Water (Water Plan) became operative
on 1 January 2004, with subsequent plan updates, the
most recent of which in May 2020. The Water Plan
is the primary document that manages all freshwater
resources in the Otago Region, including in the
Wakatipu Basin. It serves as a legal document that
helps ORC manage water resources by regulating the
environmental effects created using water, activities in
water bodies, or discharges of contaminants into the
environment. Any activity involving water or a land use
activity that may affect water must comply with the
plan rules and any Water Plan changes.
Minimising Water Quality Impacts in Lake Hayes/Wai Whakaata Catchment

In addition, the Water Plan rules determine the status
of an activity and whether a resource consent will be
required before that activity can be carried out
(ORC, 2020).
As part of the ORC Water Plan update process, the
council is engaging the community in a Freshwater
Management Unit (FMU) planning process. FMUs
are established at an appropriate scale by the ORC for
managing water, including the setting of freshwater
objectives and limits. This can be a river catchment, part
of a catchment, or a group of catchments. Each FMU
will essentially form a chapter of the new Water Plan to
ensure water management based on locally determined
values, rather than on a one-size-fits-all regionwide
approach (ORC website, n.d.).

Shoreline of Lake Hayes.
© iStock

Lake Hayes falls within the Dunstan Rohe part of the
Clutha/Mata-au FMU. Consultation on waterway
management for the whole of the Dunstan Rohe is
expected to take place sometime after 2021, according
to ORC. Staff have already been engaging with the
Arrow River community in identifying values and
objectives as part of their collaborative work to set
minimum flows for these rivers.

It is important to recognise that ORC, like all regional
councils, is responsible for implementing and
enforcing the freshwater reforms adopted by central
government. Although regional councils are tasked
with implementing freshwater reforms, they receive
little additional funding from central government and
are faced with constrained resources. ORC must rely
on existing rates to fund these programmes, which
limits their ability to hire additional staff and expertise
to assist with new freshwater requirements. Additional
funding from central government could boost council
efforts to complete their freshwater plan updates.
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ORC Lake Hayes Management Strategy
The Lake Hayes Management Strategy was developed
in 1995 reflecting ORC and QLDC concerns about
declining lake water quality and the need to take action.
Since October 2008, FOLH has worked collaboratively
with the Otago Regional Council and Queenstown
Lakes District Council to implement recommendations
outlined in the strategy.
Currently, FOLH is working with ORC to update the
1995 Lake Hayes Management Strategy. Positive actions
include installation of a lake monitoring buoy to provide
data related to both climate and weather, and also data
related to water quality, including water temperature,
dissolved oxygen, chlorophyll fluorescence, phycocyanin
fluorescence, turbidity, pH, and conductivity.
Monitoring information will greatly improve collective
understanding of how Lake Hayes is responding to the
environment in both the short- and long-term to aid
informed decisions about appropriate remediation.
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To complement the technological and restoration
strategies underway for restoring Lake Hayes water
quality, Schallenberg and Schallenberg (2017) suggested
focusing more attention on land management practices:
We, therefore, recommend that attention be refocused on
land practices and nutrient, E. coli and sediment losses from
the Lake Hayes catchment in order to further improve water
quality in the lake. The rapid rate of land development and
the diversity of land uses in the catchment both highlight the
importance of the use of best management practices and
suggest that land/nutrient management mechanisms might
be appropriate to protect the lake from future degradation.
These should focus on phosphorus and nitrogen and should
also account for fluxes during flood flows (Schallenberg and
Schallenberg, 2017, p. 16).
Additionally, the authors recommend exploring the
feasibility of setting a nutrient limit for the Lake Hayes
catchment: nutrient budgets are a standard approach
to understanding the nutrient sink/source dynamics of a
lake in relation to nutrient loads from the catchment. To
fully understand the condition and trajectory of a lake, it
helps to understand if the lake is absorbing or shedding
nutrients in relation to its nutrient inputs (Schallenberg and
Schallenberg, 2017, p, 23).
In the US, this method of setting a nutrient limit is
called a “Total Maximum Daily Load” or TMDL. This is
the calculation of the maximum amount of a pollutant
(e.g., phosphorus) allowed to enter a waterbody so that
the waterbody will meet, and continue to meet, water
quality standards for that particular pollutant. A TMDL
determines a pollutant reduction target and allocates load
reductions necessary to the source(s) of the pollutant.
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FOLH is also working with The National Institute of
Water and Atmospheric Research (NIWA), a Crown
Research Institute, to identify wetlands that can be
restored in the Lake Hayes catchment. Restoring
wetland areas will help improve the water quality that
enters the lake, thus assisting in the natural restoration
of Lake Hayes. Most recently, ORC engaged GHC
Consulting Ltd to prepare a report recommending
options to address the historical build-up of nutrients in
Lake Hayes that cause toxic algal blooms. This progress
reflects good faith efforts to remedy legacy problems;
however, implementing policies and programmes to
prevent additional nutrient inputs entering the lake from
future development is equally important.
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Queenstown Lakes District Council (QLDC) Plan/
Te Mahere ā-rohe
The QLDC Plan (District Plan) guides land use and
development across the Queenstown Lakes District,
including within the Wakatipu Basin that encompasses
the Lake Hayes catchment. The District Plan assists the
Queenstown Lakes District Council in carrying out its
responsibilities under the Resource Management Act by
establishing what activities are allowed by right, what
activities need a resource consent, and how certain
activities may be carried out. It covers elements like
residential development noise, location and height of
buildings, activities on the surfaces of rivers and lakes,
and protection of indigenous vegetation.
In 2015, the Queenstown Lakes District Council initiated
a review of the District Plan. Among the many policy
updates, the most significant for minimising impacts
to Lake Hayes is a recent addition to Section 24, the
Wakatipu Basin Rural Amenity Zone.
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The purpose of this zone is to maintain and enhance the
character and amenity of the Wakatipu Basin. To protect
water quality, a new subsection was added to the Plan,
Section 24.2.4.2, that reads “restrict the scale, intensity,
and location of subdivision, development, and use of
land in the Lake Hayes catchment unless it can occur
consistently with improvement to water quality in the
catchment”.
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As of the writing of this report, the above proposed
language was being contested in the Environment Court,
and QLDC is waiting for the court's decision. If upheld,
this policy language could be significant for limiting
impacts of new development on Lake Hayes water
quality. With a rezoning proposal under discussion
in the Lake Hayes area, adopting new erosion control
requirements could help protect the lake from further
degradation.
In addition to the District Plan, QLDC issued its
Guidelines for Environmental Management Plans in
2019. These guidelines provide content requirements
for the preparation of Environmental Management Plans
(EMPs) associated with land development activities
as required under QLDC issued resource consents
(Resource Management Act, 1991). EMPs are required
for medium to high risk projects. This document
can also be applied to small scale construction sites
(e.g., residential construction projects) to assist in
compliance with the environmental protection measures
outlined in the Earthworks chapter of the Queenstown
Lakes District Plan. High risk projects require ongoing
inspections by a qualified person and reporting to
Council. The Guidelines are applied in conjunction with
the ‘Environmental Management’ conditions of relevant
QLDC issued resource consents (QLDC, 2019).
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Lake Hayes reflecting
nearby mountains. ©iStock
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II. The Challenge: Managing New Development
A. UNDERSTANDING POTENTIAL IMPACTS OF NEW
URBAN DEVELOPMENT
Much of what has been detailed so far in this report
describes legacy contaminant issues. Equally important
are concerns about the cumulative impact of proposed
new development on lake water quality, especially
accelerated erosion and sedimentation from land
disturbances.
Erosion is a natural process by which soil and rock
material is loosened and transported. When land is
disturbed at a construction site, the erosion rate hastens
dramatically. Uncontrolled construction site erosion
can cause serious and costly problems, both on-site
and off-site. Since ground cover on an undisturbed
site protects the surface, the removal of that cover
increases the site’s susceptibility to erosion. Disturbed
land may have an erosion rate 1,000 times greater than
the pre-construction rate. Even though the process of
construction requires that land be left bare for periods
of time, proper planning and use of erosion prevention
measures can reduce the impact of accelerated erosion
caused by land development (CWS 2020, p. 21).
Sediment and other suspended solids are the most
common pollutant in storm water runoff. Erosion
and sediment loss from a site occur generally
because of vegetation removal. Soils exposed during
construction, logging, or agriculture can contribute
substantial quantities of sediment to nearby water
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bodies. Construction site erosion is one of the primary
contributors. Erosion problems associated with
construction activities include water pollution, increased
sedimentation, flooding, stream channel damage, and the
time and costs associated with addressing these issues.
(See Figure 1.)

Figure 1: Key sources and transport pathways of nutrients in catchments, with
construction soil contaminants transported primarily via urban stormwater runoff.
(Lintern, McPhillips, Winfrey, Duncan, and Grady, 2020)

When rain events take place, water inevitably flows
through those unprotected, eroded soil surfaces and has
the potential to transport sediment into waterways. This
sediment-laden water is referred to as stormwater. As
that stormwater flows over construction and industrial
sites, it can carry other pollutants (e.g., pesticides,
chemicals, asphalt, petroleum, debris) collected from
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the soil surface and deposit those materials into water
sources that serve as drinking water, aquatic habitats,
and public beaches and swimming areas (U.S. EPA, n.d.).
A Ministry for the Environment report by Morphum
Environmental Ltd. (2019) details research conducted
on the impacts of urbanisation on sediment discharges.
The report describes that catchment sediment yields
increase as land use changes from forestry to pasture,
and then sharply increase during urban development
(Morphum, 2019). It also underscores that “in an urban
environment, the greatest source of sediment occurs
during development, when the land is stripped of
vegetation” (Morphum, 2019, p. 5). During development,
the land is stripped of vegetation, exposing bare earth
which is susceptible to erosion. Sediment control
measures can be effective at reducing sediment, but the
effectiveness is reduced during storms.
Environmental impacts from sediment pollution are
often cumulative, and the ultimate results and costs may
not be evident until years later. Example effects include:
•

•
•
•
•

Eroded soil can contain nitrogen, phosphorus, and
other nutrients. When carried into water bodies,
these nutrients can trigger algal blooms that reduce
water clarity, deplete oxygen, and create odours;
Erosion of streambanks and adjacent areas can
destroy streamside vegetation that provide shade
and aquatic habitats;
Excessive deposition of sediments into water bodies
can smother bottom fauna and destroy fish habitat;
Turbidity can increase the amount of sunlight
absorbed in water, raising lake or stream water
temperatures;
Suspended sediment can abrade and coat aquatic
organisms;
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Erosion removes the smaller and less dense
constituents of topsoil, including clays, fine silt
particles and organic materials that hold nutrients
that plants require for healthy establishment.
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B. METHODS: EROSION PREVENTION VS. SEDIMENT
CONTROL
In addressing sediment discharges, it is important to
understand the distinction between erosion prevention
and sediment control. Also, the spatial element of
controlling sediment may vary (i.e., temporary vs.
permanent measures) depending on the application.
Effective erosion and sedimentation control require that
the soil surface be protected from the erosive forces of
wind, rain, and runoff; and that eroded soil is captured
on-site.
Erosion prevention is the elimination or minimisation
of soil erosion, and is the preferred approach as it is
the first line of defence, whereas sediment control is
the trapping of suspended soil particles. Sediment
control is necessary because some erosion from land
disturbances is unavoidable. Temporary measures
target sediment containment during the construction
period, whereas permanent erosion control facilities
focus on longer-term sediment containment. However,
these require maintenance and monitoring efforts.
Erosion prevention
Erosion prevention is defined as any practice that
protects the soil surface and prevents the soil particles
from being detached by rainfall or wind. Erosion
prevention treats the soil as a valuable resource that
should be kept in place with minimal disturbance. The
benefit of erosion prevention is that it seeks to prevent
the problem before it starts (CWS, 2020).
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Erosion prevention measures are more effective than
the reactive control of capturing sediment. It is often
impractical to recover large amounts of sediment after it
becomes dislodged and suspended in runoff. Once soil
particles become dislodged, it requires greater effort
and cost to contain the sediment on the site. In fact,
it is generally true that erosion prevention measures
are more reliable, whereas sediment control measures
require continual and costly maintenance.
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Erosion prevention measures include administrative
controls such as staging works to minimise the extent
of exposed soil at any one time. This is one of the
most important erosion control tools, particularly on
larger sites such as subdivision bulk earthworks. They
also include temporary ground covers (e.g., mulch,
temporary grasses, straw mulch and tackifier), matting,
plastic sheeting, and numerous other products designed
to provide mechanical or physical protection to exposed
soil (CWS, 2020).
Sediment Control
Once soil erosion has occurred, sediment control
measures are used to trap sediment to reduce the
amount of sediment and associated pollutants that
leave the site. Sediment leaving the site may damage
neighbouring properties, block drainage systems, and
enter waterways. Council budgets can be adversely
impacted by the cost to remove excessive sediment from
roads, ditches, culverts, and the receiving water bodies.

Lake Hayes Walkway.
© iStock

Examples of sediment control measures include sediment
traps and basins, sediment fences, check dams, sediment
barriers, catch basin filters, and separation of clean
and dirty water to minimise the size of the contributing
catchment. See Appendix C for a more complete list of
erosion and sediment control measures.
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III. Solutions: Recommended Interventions
and Model Programmes
A. RECOMMENDATIONS FOR MINIMISING
WATER QUALITY IMPACTS FROM NEW URBAN
DEVELOPMENT
New Zealand is at a critical juncture regarding
freshwater reforms. The Government has issued a
policy framework for effectively managing freshwater
resources that meets national objectives while
improving implementation at the regional and
catchment levels. ORC and QLDC, like all councils
and districts across New Zealand, are working hard
to update their existing plans to reflect these new
freshwater policies. This transformation demands
additional resources, staffing, and technical expertise.
The Nature Conservancy can support this transition
by providing expertise, resources, and examples of
successful programmes.
Presented here are seven recommended actions for
reducing sediment transport into Lake Hayes from
new urban development during the three development
phases: planning and design, construction management,
and ongoing occupancy. The following table indicates
which of the three development phases each
recommended actions addresses.
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Recommended Actions

Planning
& Design

Construction Occupancy

1. Strengthen erosion and
sediment control policy language
in the District Plan
2. Promote low impact
development approaches
3. Strengthen erosion control
plans for development in Lake
Hayes catchment focusing on
Best Management Practices
4. Ensure a robust compliance
and enforcement programme
5. Strengthen BMP monitoring
and maintenance programme
6. Work with the construction
industry (at all phases)
7. Expand strategic partnerships
to leverage scarce resources
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Phase 1: Planning and design of new development
1. Strengthen erosion and sediment control policy language
in the District Plan
The QLDC District Plan guides land use and
development across the district. It sets out what
activities are allowed by right, what activities need
a resource consent, and how certain activities may
be carried out. QLDC Planners have proposed a new
policy in the District Plan recognising the importance of
potential impacts of land use changes on the health of
Lake Hayes. As noted earlier, to address concerns about
future development impacting Lake Hayes water quality,
QLDC proposed the following policy language as part of
the District Plan update:
Restrict the scale, intensity, and location of subdivision
development and use of land in the Lake Hayes catchment
unless it can occur consistently with improvement to water
quality in the catchment.
This proposed policy provides an overarching framework,
but prescriptive regulations and requirements are
needed to minimise sediment entering the lake from
future land disturbances, especially during construction
periods. Site planning and good site control are the best
practices that can be used to prevent discharges from a
development site.
For example, to minimise soil erosion during rainy
periods, resource consents could set limits on the
quantity of exposed dirt (X square meters) during a
certain time period (from X date to Y date) and require
covering exposed soil during wet weather periods.
Additionally, the new development could be phased in to
limit soil exposure.
Another strategy for reducing stormwater runoff would
be to minimise impervious surfaces by limiting the
surface lot coverage to a certain percentage. QLDC does
The Nature Conservancy–Aotearoa New Zealand

this via their Maximum Site Coverage Rule, however,
QLDC could strengthen their policy for new development
within the Lake Hayes catchment. Specifically, it could
limit impervious surfaces to 15% of the site, thus
minimising the amount of land to be disturbed by new
development. Finally, stricter rules prohibiting erosion
could also be required for each consent.

13

2. Promote low impact development approaches
Low impact development (LID), also known as
water sensitive design (WSD), is an alternative to
conventional forms of urban development and helps
prevent sediment and nutrients being transported offsite. It uses natural soil and plant processes to manage
stormwater, promote water reuse and enhance urban
livability and human well-being. These approaches
emphasise conservation and use of natural site features
to reduce and mitigate the environmental impacts
of conventional development by mimicking natural
hydrology instead of replacing it with pervious surfaces.
(U.S. EPA, n.d.). LID practices aim to preserve, restore,
and create green space using soils, vegetation, and
rainwater harvest techniques.
QLDC calls out LID practices in the QLDC Land
Development and Subdivision Code of Practice
document. The Code of Practice represents a set of
minimum standards and good practice guidelines for
developers. Section 1.4 describes LID and states that
“low impact design solutions that use natural processes
and add value to urban environments are the preferred
approach” (QLDC, 2020, p. 26).
Additional policies encouraging low impact
development should be encouraged during the planning
and design phase of new development that are tailored
to the Lake Hayes catchment.
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Many practices are available that support LID principles
such as bioretention facilities, rain gardens, vegetated
rooftops, rain barrels, and permeable pavements. By
implementing LID practices, water can be managed in a
way that reduces the impact of built areas and promotes
the natural movement of water within an ecosystem or
watershed (U.S. EPA, n.d.). Supplementary information
about low impact development approaches is provided
in Appendix A.
Phase 2: Construction management for new
development
3. Strengthen erosion control plans for development in Lake
Hayes catchment focusing on Best Management Practices
By requiring an erosion control plan that utilises
erosion prevention and sediment control measures
called Best Management Practices (BMPs), all new
development will have to address how soil and sediment
disturbances will be avoided and minimised. As implied
by their name, BMPs are stabilisation methods and
structural erosion control measures that if installed and
maintained properly can be highly effective. As outlined
in the previous section, controlling erosion should be
the first line of defence in preventing sedimentation
and contaminant runoff. Promoting use of BMPs
comports with recommendations by Schallenberg and
Schallenberg (2017) highlighting the importance of
applying BMPs in the Lake Hayes catchment:
“Because Lake Hayes is an important and sensitive
receiving environment, we suggest that the concentrations
of contaminants flowing into Lake Hayes from all sources
should be better than average. We, therefore, recommend
that attention be refocused on land practices and nutrient,
E. coli and sediment losses from the Lake Hayes catchment
in order to further improve water quality in the lake. The
rapid rate of land development and the diversity of land uses
in the catchment both highlight the importance of the use of
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best management practices and suggest that land/nutrient
management mechanisms might be appropriate to protect
the lake from future degradation. These should focus on
phosphorus and nitrogen and should also account for fluxes
during flood flows (Schallenberg and Schallenberg,
2017, p. 19).”
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As of June 2019, QLDC started requiring Erosion and
Sediment Control Plans, or ESCPs, as outlined in the
QLDC Guideline for Environmental Management Plans.
These plans are intended to be professionally prepared
and reviewed for all new construction over a certain lot
size. The ESCP serves as a blueprint for the location,
installation, and maintenance of BMPs to prevent and
control erosion, and control runoff and sediment from
leaving the site during construction. A professional
erosion control specialist develops a plan based upon
information obtained from a detailed field site visit.
In addition, the professional should identify potential
erosion and sediment problems, develop design
objectives, formulate and evaluate alternatives, select
the best erosion prevention measures, and develop a
clear plan. A determination is then made about what
BMPs are appropriate. A variety of BMPs should be
included on the plan in order to provide adequate tools
in the field.
Typical steps in developing an ESCP are as follows:
i. Planning: Develop an erosion control plan by a
certified design professional that addresses erosion
and sedimentation control during all phases of land
disturbance activities to fit the existing site features,
including topography, soils, drainage ways, and natural
vegetation.
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ii. Consenting: Submit proper documents to the
jurisdiction to obtain applicable consents.
iii. Scheduling of Operations: Schedule a pre-construction
meeting. During this meeting, all phases of the project
will be discussed. Install initial soil erosion prevention
and control practices as a first line of defence against
off-site damage prior to initial land disturbance activities.
iv. Ongoing Sediment Control: Apply internal sediment
control practices as a second line of defence against offsite damage as illustrated on permitted plan.
v. Maintenance: Implement a thorough maintenance
programme before, during, and after development is
completed.
ESCPs should focus on preventing nutrients from entering
the Lake Hayes catchment. As mentioned previously,
erosion prevention is the most effective and inexpensive
method for reducing overall environmental impacts
associated with construction activities. Timing, staging,
and minimising the amount of exposed soil and directing
surface water runoff away from exposed soil are all
excellent ways to minimise erosion during construction.
Erosion prevention practices primarily involve
techniques such as preserving natural vegetation when
possible, stabilising exposed soils with temporary covers
or permanent vegetation, reducing erosion associated
with construction vehicular traffic, dust control,
temporary or permanent seeding, and application
of ground covers. Employing these types of erosion
prevention techniques can reduce erosion by 80 to 95
percent compared with exposed soils (CWS, 2020).
Appendix C contains a list of sample BMPs which can
be tailored for use in the Lake Hayes catchment.
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In addition to ensuring vigorous erosion control
measures, another suggested improvement for these
ECSPs would be to stipulate water quality objectives
specific to the Lake Hayes catchment. With specific
targets, contractors will have a better sense of what level
of performance they must achieve for their discharges.
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4. Ensure a robust compliance and enforcement programme
In addition to education and training, any erosion
control programme must include a robust compliance
and enforcement component. Throughout the life of
a construction project, periodic on-site inspections
conducted by a professional erosion control specialist
will help ensure a successful programme. QLDC
should consider building capacity or hiring trained
professional contractors to ensure an effective
enforcement programme. This may also be achieved
through collaboration with ORC in providing technical
assistance, enforcement, and staff support.
Experience shows that regular on-site inspections are
essential for programme compliance. Optimally, it would
be desirable to initiate monitoring prior to construction
to obtain baseline information, then monitor and
conduct inspections throughout the construction period
and continue monitoring under occupancy. During
the inspection, compliance officers will document
site conditions, compliance with the regulations and
consent conditions, any/all violations, and specify any
needed corrective actions as well as the deadline/s to
complete them. An abatement notice is often the initial
formal notification of non-compliance. It is based on the
inspection report and lists the violations, the corrective
actions needed, the deadline for completing them, and
any penalties for initial and continuing violations. A
continuing notice of violation or a stop work order may
be issued if the required corrective actions have not
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been completed by the set deadline. In addition, fines
should be levied at an amount for consent violations
that act as a deterrent to future violations.

Phase 3: Ongoing occupancy of new development
5. Strengthen BMP monitoring and maintenance
programme (ongoing)

In addition, citizen monitoring programmes have proven
to be extremely effective, especially in communities
with limited compliance staff. Residents can call an
erosion control hotline number to report complaints or
problems about on-site erosion.

As part of any successful erosion control programme,
monitoring and maintenance of BMPs, both temporary
and permanent, is essential to track their performance.
In addition, monitoring is necessary to determine
whether consent requirements are being met prior to,
during, and following construction periods. Permanent
facilities such as bioswales, detention ponds, and
sediment traps require longer-term maintenance plans.
Although much research has been conducted on BMP
effectiveness (see Lintern, McPhillips, Winfrey, Duncan,
and Grady, 2020), it is still important to set metrics to
determine BMP effectiveness in an individual catchment.

For example, in the US, the City of Portland, Oregon
requires the developer or contractor to post erosion
concerns signage prior to ground disturbing activities
taking place. It must include the erosion control hotline
phone number and be laminated to ensure that the sign
withstand weather for the duration of the project. In
addition, the sign must be clearly visible from the public
right-of-way. Examples of Portland’s required signage
can be found here.

Lake Hayes. © iStock
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QLDC adopted significant monitoring requirements
as outlined in QLDC Guidelines for Environmental
Management Plans. The guidelines require monthly
monitoring for high-risk projects as described on page
11 “the Consent Holder (or nominated Contractor) shall
complete and submit exception reporting to QLDC in
the form of a monthly environmental report” (QLDC,
2019). For sites determined to have a very high erosion
risk, conditions of resource consent may require that
the Consent Holder engage an independent Suitably
Qualified and Experienced Person (SQEP), an individual
who has the abilities, formal qualifications, relevant
experience, skills, and competencies necessary to
perform a particular job.
With limited staffing, QLDC could consider conducting
independent, third-party monitoring and audits to help
ensure that the Erosion and Sediment Control Plan
requirements are being met. Monitoring during and after
significant rainfall events at construction sites to ensure
protection measures are operating effectively is highly
recommended to ensure that BMPs are performing
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effectively especially during medium to high intensity
storm events.
6. Work with the construction industry (at all phases)
Experts interviewed for this report underscored the
importance of industry support of any new regulatory
programme. The building industry needs to be engaged
with and supported to understand the potential
impacts of their actions on the Lake Hayes catchment.
Demonstration of good sediment control practice by the
building industry will also meet the growing expectation
of the market for sustainable development practices.
Good soil management practices can also be good for
business. Engaging the development and construction
community upfront will pay dividends down the
road, through having a community that understands
and supports the need for good sediment control
practices. The building community will then engage
in these practices, not just because it is a regulatory
requirement, but because they consider it to be the right
approach and cost effective.
Education and clear communication are essential
elements of any successful erosion and sediment
control programme. Trained professionals are needed to
develop and administer effective erosion control plans
and communicate effectively with the building industry.
The designated person, whether contractor or
erosion and sediment control specialist, has a defined
responsibility to follow the approved erosion control
plan to prevent pollution from leaving the site. The
designated person should also be responsible for
monitoring and record keeping of the site conditions as
they relate to erosion prevention and sediment control.
Appropriate professional training and education is
needed to ensure that the designated person:
• Is knowledgeable in the principles and practice of
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•
•
•
•

•

erosion and sediment controls and understands the
benefits of applying those controls;
Possesses the skills to assess conditions at the
construction site that could impact water quality;
Understands the erosion and sediment control
policies and regulations;
Is knowledgeable in the correct installation and
maintenance of the erosion and sediment controls;
Can assess the effectiveness of any sediment
and erosion control measures selected to control
the quality of stormwater discharges from the
construction activity;
Can recognize impending issues on-site that are not
inherently obvious to most before they happen.
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Workshops and trainings for the building industry
should be developed to educate the building community
on why erosion and sediment controls are needed and
on the specifics of new regulations. QLDC could partner
with the New Zealand chapter of the International
Erosion Control Association to tailor training workshops
for the local building community.
7. Expand strategic partnerships to leverage scarce resources
(at all phases)
QLDC has a strong working relationship with the
Friends of Lake Hayes. Collaborations in the Lake Hayes
catchment could be expanded to additional partnerships
with organisations like The Nature Conservancy
and New Zealand Landcare Trust. Neither of these
organisations have regulatory authority, however, they
engage directly with private landowners and interested
parties to improve catchment health throughout New
Zealand. The Nature Conservancy can bring technical
expertise and resources to the table. Landcare Trust
is also an important partner in that they can help
leverage resources to promote ecological benefits in
the Lake Hayes catchment. By collaborating with these
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organisations, QLDC can expand their reach and impact
towards improving Lake Hayes water quality.
B. MODEL EROSION AND STORMWATER CONTROL
PROGRAMMES
Four programmes in particular, two in the United
States and one each in New Zealand and Australia,
provide inspiration for how elements of a programme
for Lake Hayes could be structured over time. These
programmes were selected because collectively they
offer a proven track record of success, recently updated
policies/handbooks/guidance documents, science
based BMPs, a robust monitoring and evaluation
programmes, and user-friendly information.
Elements of these programmes detailed in the following
pages could serve as examples and be adapted to
address the unique needs, capacity, and administrative
framework of the Lake Hayes catchment.
Clean Water Services, Tualatin River Catchment,
Oregon, US
Like Lake Hayes, the Tualatin River catchment in Oregon
faced water challenges from legacy contaminants
(i.e., high levels of phosphorus and nitrogen) and
experienced regular algal blooms. Following a lawsuit
under the US Clean Water Act, local governments
were required to adopt new policies and programmes
to address contaminant issues. Thirty years since that
lawsuit, the Tualatin River catchment nutrient mitigation
programme is a well-documented success story.
Clean Water Services (CWS) is the water resources
management utility for the Tualatin River catchment. In
addition to operating four wastewater treatment plants,
CWS constructs and maintains flood management
and water quality projects, and manages flow into the
Tualatin River to improve water quality and protect
fish habitat. Like Lake Hayes, the Tualatin River faced
The Nature Conservancy–Aotearoa New Zealand

water quality issues from legacy phosphorus problems,
enhanced pollutant load from increased urban
development, non-point source agricultural inputs,
and decreased river flows due to irrigation diversions.
Untreated stormwater entering the river was also a
contributing factor to increased algal growth resulting in
reoccurring algal blooms.
After several lawsuits filed under the Clean Water Act,
CWS developed a comprehensive water management
plan and nutrient mitigation programme funded
through rates. CWS’s programme is multi-faceted and
encompasses an integrated catchment approach. Some
key elements that may be applicable in Lake Hayes
include the following:
•

•

•
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CWS’s Erosion Prevention and Sediment Control
Planning and Design Manual, revised in June 2020,
provides a comprehensive and detailed approach
towards controlling erosion on construction sites.
CWS promoted LID approaches by working directly
with developers, homebuilders, and the construction
industry. Staff consulted for this report highly
recommended this approach for promoting
sustainable development practices in the
catchment. As presented earlier, low impact
development approaches can maximise a site's
potential by reducing or incorporating the area
needed for water quality treatment while protecting
natural resources and habitat.
CWS developed an excellent handbook (see
Appendix B) promoting these low impact
development approaches as a supplement to its
Design and Construction Standards. The handbook
explains the benefits of LID site planning and the
design process. Fact sheets illustrate rain gardens,
vegetated swales, porous pavement, and the
other types of facilities with detailed information
about effective design, planting, and maintenance.
Minimising Water Quality Impacts in Lake Hayes/Wai Whakaata Catchment

Included are inspection checklists, detail drawings, a
glossary, and links to additional resources.
•

•

•

CWS promoted LID approaches by working
directly with developers, homebuilders, and the
construction industry. Staff consulted for this report
highly recommended this approach for promoting
sustainable development practices in the catchment.
As presented earlier, low impact development
approaches can maximise a site's potential by
reducing or incorporating the area needed for water
quality treatment while protecting natural resources
and habitat.
CWS staff interviewed for this report shared that
at first, staff provided an education and training
programme for developers and contractors
operating in the catchment. Staff shared that clear
communication explaining why the new regulations
were needed was an essential first step, followed
by training materials and workshops on programme
implementation. CWS staff were available for site
visits to offer technical assistance and answer
questions upon the programme launch.
Just as important as training, staff underscored
that a robust enforcement programme is necessary
to ensure programme success. Regular on-site
inspections are essential for programme
compliance and success. In addition, an erosion
control hotline number was established for residents
to report complaints or problems about on-site
erosion or pollution. This additional citizen-driven
complaint mechanism has strengthened the
programme’s success.

South Lake Tahoe, California, US
The City of South Lake Tahoe, located on the eastern
side of the Sierra Nevada Range in California, lies
The Nature Conservancy–Aotearoa New Zealand

adjacent to Lake Tahoe, the largest alpine lake in North
America. Protecting Lake Tahoe water quality is a top
priority and strictly regulated under the Clean Water
Act (as are all discharges into US waters), and by
local ordinances and regulations. South Lake Tahoe’s
programme is highlighted here as it shares similar
challenges to Lake Hayes.
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Despite land-use planning and export of treated
sewage effluent from the catchment, Lake Tahoe
became increasingly eutrophic according to regional
water quality authorities (Kieser & Associates, 2007).
To reverse that trend, the Tahoe Regional Planning
Agency (TRPA), which oversees the entire Lake Tahoe
catchment, established policies and requirements
that all developers and jurisdictions within the Lake
Tahoe catchment must follow. The TRPA adopted
growth management policies that significantly limits
the amount of growth and development that can occur
within the Lake Tahoe catchment and developed a BMP
handbook to reduce erosion in the Lake Tahoe Basin.
In addition, the City of South Lake Tahoe adopted
an aggressive stormwater management programme
in 2013 to control and reduce the discharge of fine
sediment, nutrients, and other pollutants from
private lands and city streets and facilities. The city
promulgated the CSLT Stormwater Ordinance that
requires South Lake Tahoe residents, businesses, and
construction sites to implement certain practices
to minimise lake water quality impacts. It contains
requirements for controlling contaminants from new
development and redevelopment, and construction sites
and details requirements for implementing BMPs. The
relevant sections are as follows:
•

New development and redevelopment: The city
may require any owner or person developing real
property to identify appropriate BMPs to control
Minimising Water Quality Impacts in Lake Hayes/Wai Whakaata Catchment

the volume, rate, and potential pollutant load of
storm water runoff from new development and
redevelopment projects as may be appropriate to
minimise the generation, transport, and discharge
of pollutants. The owner and developer shall comply
with the terms, provisions, and conditions of any
land use entitlements and building permits which
require such BMPs. These BMP requirements
may include a combination of structural and nonstructural BMPs and shall include requirements
to ensure the proper long-term operation and
maintenance of these BMPs.
•

•

Construction sites: Temporary and permanent
BMPs to reduce pollutants in any stormwater
runoff activities shall be incorporated in any land
use entitlement and grading, encroachment,
construction, or building-related permit. The
owner and developer shall comply with the
terms, provisions, and conditions of such land use
entitlements, building, grading, encroachment, or
demolition permits as required by the city.
Responsibility to implement BMPs: Any person or
entity engaged in activities or operations, or owning
facilities or property which will or may result in
pollutants or non-stormwater discharging into
stormwater, the storm drain system, or waters of the
state shall implement, operate, and maintain BMPs
to the extent they are technologically achievable to
prevent and reduce such pollutants to the maximum
extent practicable.
The owner or operator of a commercial or industrial
establishment shall provide reasonable protection
from accidental discharge of prohibited materials
or other wastes into the municipal storm drain
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system or waters of the state. Facilities to prevent
accidental discharge of prohibited materials or
other wastes shall be provided and maintained at
the owner or operator’s expense (CSLT Stormwater
Ordinance 2013, pp. 7-8).

20

According to South Lake Tahoe stormwater programme
staff, an important element for their programme is
timing. The city requires scheduling construction
that anticipates seasonal precipitation. That means
earthwork is simply not allowed in the winter. Grading
is prohibited between 15 October and 1 May, and all
construction sites must be stabilised by 15 October. This
significantly reduces the risk that construction sites are
active and exposed during the primary rain and snow
season. The city also conducts pre-rain event visits
to ensure site inspections before predicted summer
thundershowers, when issues can be prevented. During
the long periods of dry weather, frequent inspections
and enforcement are considered less critical.
Staff observed that their programme has been
successful in minimising potential adverse impacts
from new development and redevelopment due to
several factors. First and foremost, the city invested
considerable resources and staff time towards
education and outreach to the building industry. The city
partnered with TRPA on trainings for both temporary
construction controls and permanent facilities on
construction sites. South Lake Tahoe and TRPA created
comprehensive and detailed handbooks on stormwater
control and BMPs that serve as important resources.
Providing one- or two-page flyers summarising these
materials was an essential component of their building
industry education programme as not everyone will
read through detailed manuals. Workshops and training
session were offered at the programme onset. Staff

Minimising Water Quality Impacts in Lake Hayes/Wai Whakaata Catchment

commented that these initial trainings were important
to gain acceptance from the building community.
South Lake Tahoe city staff also underscored the
importance of a robust and well-staffed enforcement
programme. All new building permits in South Lake
Tahoe require an approved erosion control plan.
Inspections need to be conducted routinely prior to,
during, and after work begins on a construction site.
For builders, lost time translates into lost money, thus
they are incentivised to avoid delays or penalties from
failing to apply erosion control BMPs. Staff commented
that enforcement actions are occasionally necessary
even with a high compliance rate.
Overall, developers and construction personnel now
recognise the importance of protecting Lake Tahoe water
quality. Of course, this understanding did not happen
overnight, and city staff underscored the importance of
consistent outreach, training, and technical assistance in
working with the building community.
Spending time in the field interacting with construction
personnel has paid dividends in that the city’s erosion
control programme exhibits a high compliance rate. Staff
emphasised that maintaining a regular field presence so
that builders and contractors have a clear sense of what
is expected of them is essential to success.
Auckland, New Zealand
With explosive growth occurring in the Auckland region
and development intensifying, the Auckland Council
recognised the impacts of development, especially
sediment, on freshwater ecosystems. The council has
identified a need to introduce interventions at multiple
levels of development to reduce sediment to waterways
and developed a Strategic Approach to Sediment
programme, which proposed regional scale interventions
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to drive a reversal of the environmental decline caused
by sediment runoff into Auckland’s streams, rivers,
lakes, and coastal waters. The programme aims to
target interventions appropriately, with sites categorised
as small, medium, and large to reflect the size and scale
of development and associated earthworks. These
thresholds trigger different regulatory processes.
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Auckland Council outlined six key work areas of their
strategic approach to reducing sediment contamination:
1.

2.

3.
4.
5.
6.

Better information: We need to identify the gaps in our
knowledge and understanding and how we address
those through data, research, and intelligence. This
will also involve recognising what great work is already
being done and coordinating information across the
council and externally.
Strategy and policy: Look at where we can improve the
management of sediment in regional strategies, plans
and policies across the council group and with industry
partners and where and how the council can influence
central government direction on the issue.
Interventions: Examine what interventions are currently
working and investigate how key learnings can support
improved compliance.
Monitoring and evaluation: Define what we need to
monitor and how that can be used to evaluate how well
policies and interventions are working.
Coordinating and building capacity: Find out what skills
and resources the council group needs to make informed
decisions to implement the strategic approach.
Communications and engagement: Establish how we
engage the council group, mana whenua, industry
partners and other stakeholders in helping to make the
strategy a success (Auckland Council website, n.d.).

Councillor Penny Hulse, who served as Chair of
Environment and Community Committee at the time of
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the work programme adoption, remarked, “We know it’s
a complex issue with many players and factors, but by
having a strategic approach that is consistent across the
region, everyone will be on the same page. It’s crucial
we bring everyone along this journey with us; one of the
important parts of this plan is looking at how we can
bring on board key players become part of the solution
and lead the way in changing how we do things”.
(Auckland Council website, nd.).

Next steps for Auckland’s programme include:

Auckland’s Erosion and Sediment Control Guide for
Land Disturbing Activities in the Auckland Region
was developed to provide technical guidance for the
selection, design, and use of erosion and sediment
control (ESC) practices and measures for a range of
land-disturbing activities. The guideline’s ultimate
goal is to minimise erosion, sediment discharge, and
sedimentation that occurs as a consequence of land
disturbance. Specifically, the guideline aims to:

•

•
•
•

Provide an understanding of the fundamental
principles of ESC;
Provide user-friendly technical advice on ESC
methodologies/technologies that are current best
practice, proven, and practical;
Guide users on how to select and implement
ESC practices and procedures during the design,
construction, operation, maintenance, and
decommissioning phases within the Auckland
context.

Auckland Council reports that by working closely with
the building industry, they are realising significant
improvements in use of sediment controls. Another
factor for success is that the council has invested
significant resources towards strengthening inspections
and enforcement.
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•
•
•
•

•
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Developing options for industry environmental
training requirements;
Develop case studies to assess the effectiveness of
sediment controls under different conditions;
Develop and encourage the use of transparent and
consistent guidance;
Advocate for national-level industry qualifications
and accreditations;
Run a series of industry workshops to encourage
and enable voluntary compliance on medium-sized
construction sites;
Further develop partnerships with community and
mana whenua.

Queensland, Australia
The Queensland state government has promulgated
a comprehensive erosion and sediment control
programme to minimise sediment inputs to their
waterways that ultimately can impact the Great Barrier
Reef. In Australia, the State Planning Policy and Planning
Act 2016 regulates future planning and development
including provisions relating to construction and
operation of developments. Land and infrastructure
development (i.e., all residential, commercial, industrial
and public infrastructure developments on land, such
as subdivisions, roads, rail, bulk water distribution, and
hospitals) is subject to legal requirements for depositing
prescribed water contaminants in waters for urban land
development under the Environmental Protection Act
1994 (EP Act).
The Queensland Department of Environment and
Science has developed tools for minimizing pollutants
entering their waterways. Requirements outlined in
the document Procedural Guide, Releases to Waters
from Land Development Sites and Construction Sites
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2,500m2 and Greater apply specifically to construction
and land development sites across Queensland.
These guidelines have been reviewed for application
across the state and incorporate evolving sediment
management technologies. In addition, the procedural
guide provides compliance officers with an assessment
tool for undertaking ESC compliance inspections at land
development sites in Queensland, and guidance to apply
enforcement provisions under the EP Act.
The Queensland government contracted out
development of a suite of ESC online tools for the
building and construction sectors. These tools assist the
building and construction sectors to meet their erosion
and sediment control requirements. User-friendly
factsheets and compliance guidelines provide technical
advice and mobile user-friendly checklists to prevent
sediment leaving building and construction sites and
reaching local waterways. These resources are available
on the Healthy Land & Water ESC Toolkit website.
The online tools form part of the actions under the
Reef 2050 Long Term Sustainability Plan, including
the specific requirements to implement best practice
stormwater management (e.g., erosion and sediment
control, water sensitive urban design and capture
of gross pollutants) for new development in coastal
catchments, and to build capacity for local government
and industry to improve water quality management in
urban areas.
The Queensland government has offered ESC capacity
building workshops and events developed in association
with the building industry and other government and
private sector partners. These workshops included:
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•
•
•

•

Field days demonstrating best practice and
emerging technologies such as high efficiency
sediment basins;
Local information sharing workshops;
Information about recent amendments to the State
Planning Policy to improve erosion and sediment
control measures during construction and through
water sensitive urban design;
Information regarding graduated penalties for
local government urban building site erosion and
sediment control compliance programs.

Crown Range looking
south to Lake Hayes in the
distance. © iStock

More specific information about this programme is
included in Appendix B.
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IV. Concluding Remarks

M

any studies and reports detail Lake Hayes water
quality challenges and recommended remediation
options. Efforts are underway by the Otago Regional
Council, Friends of Lake Hayes, and the Queenstown
Lakes District Council to improve Lake Hayes water
quality and restore ecosystem functions through
implementation of the Lake Hayes Management Strategy.
However, minimising additional nutrient inputs from
future urban development is equally vital to prevent
further lake degradation.

In addition, four model programmes were highlighted to
share insights on how an erosion and sediment control
programme could be structured over time. QLDC could
adopt elements of these programmes to address the
unique needs, capacity, and administrative framework
of the Lake Hayes catchment. Ultimately, the goal is
to continue to improve lake water quality, minimise
the impacts of future land development, and restore
ecosystem health.

Aerial view of Lake Hayes.
© iStock

This report presented information about effective
erosion control programmes, regulations and innovative
best management practices for reducing further water
quality impacts. Seven recommended actions have
been offered for use during three development phases,
planning and design, construction management, and
ongoing occupancy:
1.
2.
3.
4.
5.
6.
7.

Bolster erosion and sediment control policy
language
Promote low impact development approaches
Strengthen erosion control plans for new
development
Ensure a robust enforcement programme
Strengthen ongoing monitoring programmes to
track success
Work with the building industry
Expand strategic partnerships to leverage scarce
resources
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Appendix A: Research Project Interview Participants
United States
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jburke@cityofslt.us
Steve Butler, Policy Manager for Planning
The Municipal Research and Services Center
2601 4th Avenue, Suite 800
Seattle WA 98121
sbutler@mrsc.org

Tony Gilbertson, CPESC
Development Services Programme Manager
Clean Water Services | Planning & Development Services
2550 SW Hillsboro Hwy
Hillsboro OR 97123
T: +1 503-681-5119
gilbertsont@CleanWaterServices.org
Keri Handaly, Water Science & Policy Lead, City of Gresham,
Oregon
1333 N.W. Eastman Parkway
Gresham OR 97030-3813
keri.handaly@greshamoregon.gov
Jeremy R. Russell, Sr. Site Development Inspector
Property Compliance Division
City of Portland–Bureau of Development Services
1900 SW 4th Ave, Suite 5000
Portland OR 97201
T: +1 503-823-5021
jeremy.russell@portlandoregon.gov
Andrew Simon, Water Resources Scientist V | PhD, Senior
Geomorphologist
Senior Principal–Geomorphology /Modelling
Oxford MI 38655
T: +1 662-832-1347
andrew.simon@cardno.com
Kendra Smith, Assistant Public Works Director
Environmental Manager
San Juan County, Washington State
kendras@sanjuanco.com
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Appendix A: Research Project Interview Participants (continued)
New Zealand
Craig Barr, Principal–Resource Management Policy
Planning & Development
Queenstown Lakes District Council
T: +64 3 443 0121 | M: +64 3 441 0499
craig.barr@qldc.govt.nz
Stu Farrant, Southern Sector Manager
Morphum Consultancy Ltd.
T: + 64 4 802 4987
stu.farrant@morphum.com
Councillor Alexa Forbes, Otago Regional Council
70 Stafford Street, Private Bag 1954
Dunedin 9054
alexa.gorbes@orc.govt.nz
Dr. Max Gibbs, Water Quality Scientist,
National Institute of Water & Atmospheric Research Ltd
(NIWA)
Gate 10 Silverdale Road Hillcrest
Hamilton 3216
T: +64 7 856 1773 | M: +64 27 604 1449
max.gibbs@niwa.co.nz
Mike Hanff, Friends of Lake Hayes Society Inc.
75 Arrowtown Lake Hayes Road, RD 1
Queenstown, 9371, Central Otago
savelakehayes@gmail.com

Quinn McIntyre, Planning Manager, South Island
the Property Group
Level 3 / Five Mile Centre, 36 Grant Road,
Frankton, Queenstown 9371
PO Box 2130, Queenstown 9371
T: +03 363 5901 | M: +021 022 60046
qmcintyre@propertygroup.co.nz
Gavin Palmer, General Manager of Operations
Otago Regional Council
70 Stafford Street, Private Bag 1954
Dunedin 9054
gavin.palmer@orc.govt.nz
Marc Schallenberg PhD, Research Fellow in Freshwater
Science
University of Otago
Dunedin 9016
T: +64 3 479 8403
marc.schallenberg@otago.ac.nz
Dr. Ben Woodward, Biogeochemist, Group Manager– Aquatic
Pollution, NIWA
Gate 10 Silverdale Road Hillcrest
Hamilton 3216
T: +64 7 856 1754
ben.woodward@niwa.co.nz

Councillor Marian Hobbes, Otago Regional Council
70 Stafford Street
Private Bag 1954
Dunedin 9054
marian.hobbs@orc.govt.nz
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Appendix B: Compendium of Innovative Erosion and Sediment Control
Programmes and Approaches
Appendix B presents a compendium of innovative
erosion and sediment prevention and reduction
approaches that could for be modified for use in the
Lake Hayes catchment.
Low Impact Development/Water Sensitive Design
Resources
New Zealand Ministry for the Environment, Ngā Wai
Manga: The Urban Water Principles can help decisionmaking and promote the creation of water sensitive
urban spaces. The principles were developed by the
Urban Water Working Group in their phase I report.
The Group’s phase II report gives policy and practice
recommendations for implementing Ngā Wai Manga.
Low Impact Development, U.S. EPA: Includes LID
factsheets and reports, design guidance manuals, and
other information resources
Low Impact Development Center: Non-profit organization
dedicated to the advancement of low impact
development technology; includes publications,
rain garden template, green highways, and green
infrastructure
Developing Low Impact Development (LID) Standards:
Washington State Department of Ecology - Results of
state advisory committee process, 2009–2011
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Green Roofs for Healthy Cities: Green Roof Infrastructure
Industry Association - Extensive information on green
roof systems
Low Impact Development, Technical Guidance Manual for
Puget Sound, WSU and Puget Sound Partnership, 12/2012:
Includes guidelines for low impact development
practices and research and data related to those
practices to help inform decision making when adapting
LID applications to local jurisdictions
Stormwater & Low Impact Development (LID), Puget Sound
Partnership: Basic information about the benefits of LID
Urban Design Tools for Low Impact Development, Low
Impact Development Center: Provides watershed
managers with tools and techniques that can be used
to meet regulatory and receiving water protection
programme goals for urban retrofits, re-development
projects, and new development sites
Resources on Best Management Practices
New Zealand
International Stormwater Best Management Practices
(BMP) Database: Auckland, New Zealand’s erosion and
sediment programme is described in Section III. The
erosion and sediment control guide can be found here.
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Appendix B: Compendium of Innovative Erosion and Sediment Control
Programmes and Approaches
Resources on Best Management Practices (continued)
Queensland, Australia
Queensland has developed an extensive erosion
control programme to minimise sediment and nutrients
impacting waterways that can contribute to degradation
of the Great Barrier Reef. Here are guides, handbooks
and toolkits that provide comprehensive and innovative
information on erosion and sediment control:
•
•
•
•
•

Updated procedural guides
Erosion and sediment control online tools for the
building and construction sectors
Erosion and Sediment Control (ESC) capacity
building workshops
Procedural guide, Releases to waters from building
sites and small construction sites (less than
2500m2)
Healthy Land & Water ESC Toolkit

US Federal Government: Environmental Protection Agency
Resources include the National Menu of Best
Management Practices (BMPs) for Stormwater, a menu
of BMPs representative of the types of practices that can
successfully achieve control measures required under the
US Clean Water Act.
California, US
• Stormwater Best Management Practices Municipal
Handbook
• The California Stormwater Best Management
(BMP) Practice Handbooks/Portal, California
Stormwater Quality Association (last updated 2009)
The Nature Conservancy–Aotearoa New Zealand

South Lake Tahoe, California, US
South Lake Tahoe, as presented in Section III of this
report, supports a rigorous erosion and sediment control
programme to minimise nutrients entering Lake Tahoe.
Information on the City Stormwater Programme can be
found on the city's website.
Tahoe Regional Planning Agency (TRPA) has adopted
growth management policies that significantly reduce
the amount of growth and development that can occur
within the Lake Tahoe basin and has developed a BMP
Handbook to reduce erosion in the Lake Tahoe Basin.
The most valuable section of this TRPA BMP Handbook
is Chapter 4 (BMP Toolkit), which includes the actual
construction drawings for the permanent BMPs, and
the temporary erosion controls that can be used during
construction.
Washington State, US
Municipal Research and Services Center, a non-profit
organisation based in Seattle, has examples of best
management practices for storm and surface water
management in Washington State on its website.
Stormwater Management and Design Manuals,
Department of Ecology–Manuals under revision; see
best practices chapters
Using Smart Growth Techniques as Stormwater Best
Management Practices, Environmental Protection
Agency, EPA 231-B-05-002, 2005
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Appendix B: Compendium of Innovative Erosion and Sediment Control
Programmes and Approaches
Resources on Best Management Practices (continued)
Washington Stormwater Center: A collaboration
between Washington State University and the
University of Washington
Pierce County Stormwater Management and Site
Development Manual, Vol. IV - Source Control (Best
Management Practices Manual), 2008 Stormwater
Resources, Puget Sound Partnership
City of Portland, Oregon, US
The City of Portland’s Erosion Control Manual provides
technical guidance for temporary and permanent
erosion prevention, sediment control, and control of
other development activities that can cause pollution
during the construction process (before, during, and
after clearing, grubbing, grading, and excavation). The
manual is in accordance with the City of Portland’s
Title 10 Erosion and Sediment Control Regulations.
Title 10 and this Erosion Control Manual apply to all
ground-disturbing activities, whether or not a permit is
required, unless such activities are otherwise exempted
by Portland City Code. Portland City Code Title 10
and Erosion Control Manual. The manual emphasizes
careful planning and erosion prevention over measures
taken to control sediment and pollutants after the fact.
Undisturbed groundcover must be retained whenever
possible. This emphasis is particularly important in the
Pacific Northwest immediately before and during the
rainy season, when it is difficult to establish vegetation
and the intense rains have high erosion potential.
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More information on the City of Portland’s stormwater
management programme can be found here.
Tualatin River Catchment–Clean Water Services:
As described in Section III. of this report, Clean Water
Services has developed a comprehensive and effective
erosion control programme to reduce the impact of
human-induced erosion, including the movement of soil
off-site and minimise impacts on Tualatin River water
quality. Programme information can be found here.
Erosion Control Manual (updated in 2020): Erosion
Prevention & Sediment Control Manual.
The City of Beaverton (neighboring Portland) has an
inspection guidance document that shows escalating
enforcement protocol.
Clean Water Services and its partners also completed
the Low Impact Development Approaches (LIDA)
Handbook to promote sustainable development
practices for the Tualatin River Watershed in 2009. The
LIDA Handbook is a supplement to the Clean Water
Services' Design and Construction Standards and is
to be used in conjunction with the Standards, other
applicable regulations and local codes:
•
•

Low Impact Development Approaches Handbook
LIDA & Homebuilding Fact Sheet
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Appendix C: Best Management Practice Sample List
BMP APPLICATION

TEMPORARY/PERMANENT

EROSION TYPE
Buffer Zone

Permanent

Preserve Natural Vegetation

Permanent

Dust Control

Temporary

Ground Cover

Temporary

Hydraulic Applications

Temporary/Permanent

Matting

Temporary

Plastic Sheeting

Temporary

Seeding Temporary/Permanent

Temporary/Permanent

Sod

Permanent

Source: Clean Water
Services (2020). Erosion
Prevention and Sediment
Control Planning and
Design Manual.

RUNOFF CONTROL
Check Dams

Temporary

Diversion Dikes and Swales

Temporary

Grass-lined Swale

Temporary

Outlet Protection

Temporary

Pipe Slope Drain

Temporary

Surface Roughening

Temporary

SEDIMENT CONTROL
Bio-filter Bags

Temporary

Construction Entrance

Temporary

Dewatering

Temporary

Filter Berm

Temporary

Inlet Protection

Temporary

Oak Mats

Temporary

Prefabricated Barriers

Temporary

Sandbags

Permanent
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