


Table 9.6: Examples of Non-Coral Bio-Indicators used to Monitor Coral Health
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This provides vital protection for the developer (and
the contractor) in the event of major impacts that
may be incorrectly attributed to the project, which
can result in significant legal, financial or reputation-
al consequences. In the case of coral reefs, for the
comparison to be valid, the reference sites need to
be outside the reach of the impacting process while
still as close as possible and they must resemble
the impact area with respect to water depth, coral
cover and composition, water currents, turbidity,
waves and possibly other aspects.

It is important to appreciate that monitoring of coral
reef health, turbidity, sedimentation and other en-
vironmental indicators can never cover all poten-
tial receptors and thus cannot provide a complete
temporal and spatial picture of the impacts result-
ing from the works. If the plume does not cross a
turbidity sensor it is not captured. Consequently,
best practice dictates that, although fixed monitor-
ing is required for defining the baseline, it shall only
be considered one component of a wider adaptive
monitoring and management programme.

9.2. Adaptive Management Strategies

Historically, marine construction works have been
managed in a static manner based upon single trig-
ger values. Statements like “the concentration shall
not exceed 10 mg/l” have been, and in some areas
still are, common where developers appreciate a
need to place environmental limits, but do not have
the required knowledge, or more importantly do not
appreciate the benefit of an adaptive management
strategy.

Taking a static monitoring limit for TSS of 10 mg/l
as an example raises two key questions:

Where is the 10 mg/l measured? If the plume
does not cross the coral reef then it is of no con-
sequence to the corals?

If the 10 mg/l is exceeded what is the response?
And withwhat justification? Whatis the response
of the coral reef to the loading —is it a sub-lethal
stress from which the coral may recover, or will
it result in mortality?

To address the limitations of static monitoring,

adaptive management strategies (Figure 9.3) have
been developed specifically aimed at addressing
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the problems of a static monitoring approach to en-
vironmental management.

\mplem

valuate

Figure 9.3: The adaptive management process

Adaptive Management

Ensures monitoring is targeted at the
environmental receptors

Provides tiered responses to relevant
trigger values

Is encountered in two forms, reactive
and proactive:

Proactive or Feedback
management is recommended as
the best practice approach to
managing and minimising
impacts from dredging and port
construction on corals

(o]

Reactive Management
Monitoring programmes that rely heavily on coral
health indicators tend to be reactive, with the tiered
response based on measured impact on the coral
reef. Although adaptive (in the context of provid-
ing a tiered response), the reactive nature of the
management leads to potential problems in terms
of coral reef management:



The intervals for coral monitoring (normally
months but at best weeks) allow for impacts
to occur that exceed the agreed level between
monitoring campaigns, as impacts on coral
health can develop in the space of days

Being applicable only where the acceptable loss
> 0 % (and greater than the uncertainty in the
measurements which is typically much greater
than 0 %)

Inability to segregate impacts from various com-
ponents of the works, such that the tiered re-
sponse may be inappropriate

Uncertain ability to provide timely management
response

Proactive or Feedback Management
Appreciating the limitations of reactive manage-
ment , there has been a move since the mid-1990’s
in Europe and mid-2000’s in Asia towards a fully
proactive approach to environmental management
of marine construction in sensitive environments,
based on feedback principles. The primary differ-
ence between proactive and reactive management
are:

Spill budget control is used to form a first lev-
el control of potential impacts. This provides
a means to segregate and thus manage indi-
vidual components of the work thereby avoiding
over response, whilst ensuring that the tiered
response targets those activities causing the
most impact

Results from online instrumentation (at coral
reef receptors) are used as indirect indicators of
potential coral health impacts based upon toler-
ance limits, which are updated as coral health
monitoring data are collected as the works prog-
ress (the so-called feedback loop)

Predictive (numerical) models are used exten-
sively to hindcast the location of the plumes
from the construction operations, thereby pro-
viding a complete temporal and spatial picture
of potential impacts, filling in the gaps between
monitoring stations (both instrumentation and
coral health) and allowing clear segregation of
the impacts arising from component activities.
Once again, impacts are based upon tolerance
limits, which are updated as coral health moni-
toring data are collected as the works progress.

9.3. Tiered Response

A key component of effective environmental man-
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agement of marine works in the proximity of sensi-
tive habitats is providing a link between the EMP
and DOP in a format that the contractors can imple-
ment, control and monitor. The DOP should also
provide a tiered response in a manner that ensures
that the environmental targets are met, but without
overreacting. In particular, it is important that the
response is targeted at those aspects of the con-
struction that cause the impact rather than a gen-
eral response across all aspects of the work. Such
targeted response is most effectively managed
through the use of feedback EMP.

The strategies that can be adopted in tiered re-
sponse follow the mitigating measures described in
Chapter 8.

The tiered response would typically follow a pro-
gression, such as:

» Address issues not directly affecting production
(e.g. sedimentation cell control strategies). For
larger projects with greater flexibility this may
include relocating discharge locations
Introduce production limitations (e.g. 10 % re-
duction) at specific locations under particular
hydrodynamic (normally tidal flow direction)
conditions

Introduce production restrictions (e.g. no pro-
duction) at specific locations under particular
hydrodynamic (normally tidal flow direction)
conditions, or limitations for longer periods
Require a change in work method (e.g. changein
equipment, change in schedule of construction)

It should be remembered that any tiered response
that affects production will have cost implications
to the contractor and/or consequences to the time
schedule of the project. It is essential that the nec-
essary provisions for such tiered response are in-
cluded in the construction contract. It goes without
saying that the project developer must also be com-
mitted to the economic and time schedule conse-
quences.

9.4. Components of Feedback Monitoring
and Management Plan

The key components of the feedback monitoring
and management plan are:

+ Control Monitoring
Habitat Monitoring
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» Spill Budget
Spill Hindcast Modelling

Compliance Monitoring and Reporting

These are described in more detail in the following
sections.

9.4.1. Control Monitoring

Control monitoring normally refers to monitoring of
physical and chemical parameters, such as:

*  Turbidity
Currents
Water quality

Best practice would indicate that such measure-
ments should provide real-time information via te-
lemetry, in order to provide an initial level of envi-
ronmental control.

As the measurements are indirect (in relation to
coral reef response) care must be taken in terms of
setting trigger values for control monitoring param-
eters. These should include:

Statistical analysis of baseline data to establish
a description of ‘no change’ at a certain confi-
dence level

Assessment of tolerance limits for the environ-
mental receptor, which may be updated via the
feedback loop to be added to the ‘no change’
limit

Use of control stations outside the potential im-
pact area to establish non-project related varia-
tions in background conditions

Care should be taken in not overreacting to ex-
ceedance of compliance monitoring trigger values
as these represent not only an indirect measure-
ment of coral reef impact, but also reflect only a lim-
ited number of locations subjected to both project
and non project-related forcing. A typical response
structure to exceedance of control trigger values
would be:

Ascertain whether the exceedance is related to
equipment malfunction (e.g. bio-fouling) or is a
‘real’ event

Ascertain whether the exceedance is project-
related or a result of external factors (typically
via compliance monitoring and hindcast model-

ling)
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Real-time control monitoring forms an important
component of the feedback monitoring plan, as it
provides a method to respond within 1-2 days (if
the nature of the exceedance is confirmed to war-
rant an immediate response).

Recently the use of satellite imagery (e.g. Figure
9.4) has become possible as a control mechanism
for larger projects, where there is risk of significant
plume excursion from dredging and material relo-
cation. This technique is reasonably cost effective
for larger impact areas and the results accessible
for non-specialists.

Constraints such as resolution, weather, response
time, cost and the fact that satellite images reflect
surface conditions and not the bottom-layer im-
pact, presently limit the use of remote sensing to a
supporting, but nevertheless important monitoring
role.

9.4.2. Habitat Monitoring and
the Feedback Loop

Habitat monitoring refers to the repeated monitor-
ing of marine habitats during the works. The applied
indicators normally reflect the components of the
baseline survey and often with a reduced number
of stations, although the number of stations may be
increased during the works.

The frequency of habitat monitoring depends on:
* Predicted impacts levels (temporal and spatial)
Accessibility (e.g. tide and wave limitations)
Time scale for response (for corals this could be
somewhere around 14 days)

Balance between obtaining monitoring informa-
tion and risk of physical damage to the reef as a
result of the monitoring.

For larger projects or those reactive EMP’s reliant
on coral monitoring, coral reef habitat monitoring
should be sequenced so that some habitat informa-
tion is received from the impact area on a fortnightly
basis, whilst the time scale for all monitoring sta-
tions to be repeated may be in the order of months
(preferably not more than 3 months). Where spe-
cific impacts are expected during particular periods
of construction activity, or during sensitive sea-
sons, the frequency of habitat monitoring may be
increased.
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Figure 9.4: Use of satellite imagery to monitor sediment plumes during dredging
at Hay Point, Queensland, Australia.
Left: Baseline; middle: Unprocessed satellite image; right: Processed satellite
image quantifying turbidity. (Photos: © Commonwealth of Australia)

As well as providing a direct control against envi-
ronmental targets, the habitat monitoring provides
key information for the feedback loop where spill
budgets and DOP control mechanisms are updat-
ed.

To allow such feedback, analysis of habitat re-
sponse must include data on turbidity and sedimen-
tation at the monitoring site and information on the
contribution to turbidity and sedimentation arising
from the works via hindcast modelling. This allows
tolerance limits to be refined and thus the DOP to
be updated as the works progress. Without such
supporting information, the habitat monitoring can
only be used in a reactive manner and the benefit
of the EMP to the project (and future projects) is
greatly reduced.

9.4.3. Spill Budget

A key component of Feedback EMP is the concept
of spill budget. The spill budget is the maximum
amount of spill that can be released into the envi-
ronment while still ensuring that the environmental
objectives (in terms of coral health) will be met.

Typically, the spill budget is defined via sediment
plume forecast modelling. It is updated on a regu-
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lar basis as works progress (e.g. due to shifts in
operating area, protection afforded by earlier com-
ponents of the construction, or changes in material
characteristics). The spill budget should distinguish
between the various key components of the works
(e.g. dredging and material placement) and loca-
tions, so that the tiered response strategies can be
targeted at the relevant activities.

Spill Budget

Maximum amount of spill for a given
project (or stage of a project) that en-
sures that the environmental objectives
(in terms of coral health) will be met

Determined by sediment plume model-
ling, updated regularly based on actual
works completed and monitoring re-
sults

Highly flexible management approach,
allows segregation of impacts from dif-
ferent components of the work, from
adjacent projects and from natural
events
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9.4.4. Spill Hindcast Modelling

Direct monitoring of all environmental receptors
(coral reefs in the present context) is never practi-
cal. At best, only a small fraction of coral reef in the
potential impact area can be monitored and then
only on an infrequent basis. It is thus possible for
impacts to be missed or for impacts to develop be-
tween surveys.

For coral reef environments the use of spill hind-
cast modelling (Figure 9.5) is a critical component
of feedback EMP, providing the necessary temporal
and spatial information required to manage the cor-
al reef environment as a whole, rather than those
isolated stations where monitoring is undertaken.
Best practice spill hindcast modelling will address
all project sources of spill both within and outside
the work area. It will be executed daily, reflecting
the specifics of the daily production and hydraulic
(tide and wave) conditions and will include regular
updating of bathymetry (and thus hydraulic condi-
tions) through the course of the works. As the EMP
includes control monitoring (turbidity and currents)
and compliance (spill) monitoring, daily validation
of the spill hindcast model allows continuous refine-
ment through the course of the EMP.
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Figure 9.5: Example of hindcast model output
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Key to the application of the spill hindcast results
is the tolerance limits of the coral reefs to the tur-
bidity (often expressed as light attenuation at the
bed) and sedimentation predicted by the hindcast
models. This shall be continuously refined through
the course of the EMP, based upon the results of
the habitat monitoring compared to the model pre-
dicted turbidity and sedimentation.

9.4.5. Compliance Monitoring and Reporting

Compliance monitoring and reporting confirms that
the contractor is complying with the environmental
requirements of the DOP.

In the context of feedback management, compli-
ance monitoring refers to spill budget control, which
may be across multiple time scales to reflect the
different temporal scales in the sensitivities of the
coral reef receptors.

Depending on the nature of the activity, spill budget
control may be undertaken either by direct mea-
surement of spill at the source (e.g. in the over-
flow of a TSHD), measurements in the receiving
waters (where best practice would dictate the use
of acoustic backscatter to measure sediment flux),
and/or via empirical methods (based on sediment
flux measurements) which relate production to spill,
considering prevailing material properties, water
depth and hydrodynamic conditions.

In practice, a combination of all three methods is
required for all but the simplest projects that involve
only one or two dredgers and where effective 24
hour monitoring of sediment flux from the work area
may be possible.

For effective environmental management, the re-
porting (and response) time for compliance moni-
toring should be as short as possible, with a best
practice target of less than 48 hours for complex
projects.

A case study showing the application of the Feed-
back EMP approach in Singapore is presented on
the next page.



9.5. Post-Project Monitoring

Post-project monitoring is an essential component
of any EMP to ensure that the predictions made at
the EIA stage were accurate, that the EMP was ef-
fective and to provide an avenue for improvement
of the environmental performance of future projects.
The key activities undertaken as part of post project
monitoring are described in Table 9.7.

9.6. Management Responsibilities

An effective EMP requires a clear allocation of man-
agement responsibilities. In particular, there should
be transparency in the EMP via appointment of an
independent consultant responsible for the execu-
tion of the EMP. The EMP consultant’s responsi-
bilities relate to the monitoring and management
of the environment and reporting the contractor’s
compliance with the environmental components of
the DOP.

The dredging contractor is responsible for execu-
tion of the construction works. In relation to the
environment the contractors responsibilities are
set out in the DOP and refer to operational criteria
under the control of the contractor such as compli-
ance with spill budget and tiered response actions
in the event that impact targets are exceeded.

The project developer forms the interface between
the EMP consultant and the contractor, as the con-
tractor’s environmental responsibilities (as speci-
fied in the DOP) are covered by the construction
contract. The project developer is also overall re-
sponsible towards the authorities for compliance
with the environmental criteria set out in the project
environmental approvals.

EMP response is normally managed via an Envi-
ronmental Management Committee. Typically , a
working EMC, comprising the project developer,
contractor and EMP consultant is constituted to
deal with the day to day EMP compliance and
response, whilst a wider EMC, comprising the
EMC core members, relevant agencies and other
stakeholders, may meet in response to significant
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non-compliance events, in the event of external
impacts, or in response to stakeholder require-
ments.

9.7. Data, Information and Publication

EMPs generate a substantial amount of data and
knowledge, which can form a reliable basis for im-
proving the environmental performance of future
projects.

For coral reefs, where little is presently known about
tolerances, response and recovery, it is important
that the data and knowledge from EMPs in coral
reef areas is disseminated in a manner that can
benefit coral reef management. This can include:

Provision of coral monitoring data to national
data bases (standardisation of variables and
format are important)

Scientific publication of tolerances, response
and recovery data

Unfortunately, to date, most EMP data in coral reef
areas remain confidential. In the long term, such
data protection policies will only serve to increase
the gap between project developers and stake-
holders in coral reef areas, whilst proactive dis-
semination of information can demonstrate that,
given effective environmental management of the
works, it is possible to undertake marine construc-
tion in the proximity of coral reefs within appropri-
ate (and, where required, strict) environmental
targets.
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Case Study: Feedback Monitoring and Management in Singapore

Due to the confined nature of Singapore wa-
ters and presence of a large number of patch
reefs, dredging and port construction activities
often take place in close proximity to coral reefs.
Recognising the value of these marine habitats,
Singapore has established strict Environmental
Quality Objectives (EQQO) for marine construc-
tion activities. In order to document compliance
with these EQOQO’s, proactive Feedback EMPs
are required for marine construction activities in
close proximity to key environmental receptors.

The feedback mechanism allows for updating of
the spill budget limits, response limits and toler-
ance limits, based on the results of control moni-
toring and habitat monitoring. To ensure the ac-
curacy of the entire system, the performance is
confirmed on a daily basis via compliance moni-
toring of sediment spill.

The Feedback EMP approach adopted in Sin-
gapore is summarised in Figure 9.6. The re-
sponsiveness of the system allows unexpected
impacts to be mitigated prior to them becoming
a serious threat to the environment. Importantly,
the level of documentation provided ensures

Daily Measurement of Sediment Spill

Quarterly Habitat Monitoring of
Corals Seagrass Mangroves

Tolerance Limits
updated

Production method / rates
updated

Environmental
Management
Committee

Response Limits
updated

that developers and contractors are not exposed
to unwarranted claims concerning environmen-
tal degradation as the Feedback EMP approach
allows full segregation of project impacts from
other third party disturbances.

The performance of the Feedback EMP in terms
of meeting EQOs has been verified by habitat
monitoring, which are also used to confirm ad-
opted tolerance limits for corals.

The Feedback EMP approach has been success-
fully adopted for the environmental management
of dredging and port construction projects in oth-
er parts of SE Asia including Bintulu and Kota
Kinabalu, Malaysia and previously mentioned
Bali Turtle Island, Indonesia. The Feedback ap-
proach has also been successfully applied in Eu-
rope, including for the @resund Link construction
and the Fehmarn Belt (bridge linking Denmark
and Germany) construction, which is currently
underway. The Feedback EMP techniques are
thus becoming accepted internationally as best
practice methodologies, particularly for dredging
and port construction near coral reefs.

Daily Spill Budget Control

Daily Hindcast of Temporal and Spatial Extent
of Suspended Sediment Plume
1

Spill Limits
updated

Coral reef

Confirmation that Environmental Quality Objectives
have been met at the habitat Ievel

<

Real Time Measurement of Turbidity,
Dissolved Oxygen and Noise

LR . I O
B
[ un o

Impacts controlled against Toleranoe lelts

MWMW M’M -

Levels controlled agalnsl Response Limits

Figure 9.6: Feedback EMP approach adopted in Singapore
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When What Why How Who
3to6months e Short-term post- To document final levels Continue e Developer
after project monitoring of project impact prior to relevant e EMP
substantial (if short-term any recovery components consultant
completion of impacts are of EMP
project identified during
the project)
o Final report
6to12 o Medium-term post- To ensure that long-term Continue e Developer
months after project monitoring impacts are captured relevant e EMP
substantial (if impacts were Document project has components consultant
completion of identified during complied with of EMP « Contractor
project the project, or if environmental quality Report . Stakeholders
POSt'ptFOJeCt objectives set for the Workshop
Impacts are project and that impact -
expected) predictions are accurate S;:leer:tslflc
o Workshop-lessons To provide pap
learned documentation for
e Final report release of relevant
components of
performance bond if
applicable
To improve future EMPs
Stakeholder
communication
24-36 months e Long-term post- To capture recovery Continue e Developer
after project monitoring from long term impacts— relevant e EMP
substantial (for long-term more appropriate components consultant
completion of projects, where timescale to the of EMP e Regulator
project major impacts expected coral Report 9
were identified ecosystem recovery. Workshop e Stakeholders
during or after Potential for learning/ -
completion of the feedback into future Scientific
project) activities papers

Workshop-lessons
learned

Final report

Table 9.7: Key activities to be undertaken after substantial completion of work
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APPENDIX A

SUMMARY OF COLLABORATION, CONSULTATION & REVIEW PROCESS

This report represents a significant and highly ben-
eficial collaboration between UNEP and industry
partners. It was recognised at the outset that the
report is intended to inform a diverse range of user
groups, including government agencies, port au-
thorities and developers, consultants, the conser-
vation sector, dredging related industries, and other
stakeholders active in the marine and coastal sec-
tor.

The Working Group recognised the challenges of
achieving such a broad outcome, whilst keeping
the Working Group a manageable size and builtin a
process of stakeholder consultation and an external
review process to ensure this aim was achieved:

Stakeholder Consultation: Working Group mem-
bers utilised existing meetings and symposia to
convene the stakeholders. The sessions enabled
the Working Group to present the work and hold
open discussions to inform the structure and con-
tent to ensure that the final report would reflect the
needs of the different groups. Four main consulta-
tions were held during the early drafting phase:

* Dredging and Port Construction Contractors
(August 2006)

» Coral reef interest groups including managers
and government representatives from coral re-
gions (ITMEMS3, October 2006)

« Civil and Environmental Consultants (January
2007)

* Port Authorities (January 2007)

The format of the consultations varied. However the
intention was to present the draft and to workshop
the structure and format to reflect and balance the
needs of the different groups.

Review Process: On completion of the full draft,
the report was circulated to a selection of external
parties for review. The intention was to identify re-
viewers from tropical and island states, as well as
those with global experience across the intended
target groups. 20 sets of comments were received,
17 from reviewers external to PIANC (see Table
A.1), and three from within PIANC EnviCom.
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