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CEDA environmental committe issued a
process on this topic

Starting wit a questionnaire at dredging
days
The responses showed that turbidity limits

are widely used but often unclear what the
basis is.

Often turbidity is misunderstood as a
unique proxy for environment

Often the implcations of having a turbidity
limit are underestimated

Correctly set limits are highly beneficial for
the environment but incorrect limits may
lead to undesired environmental impacts
or excessive costs

Need to evaluate and discuss an approach

......
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Members of the CEDA Working Group on Guidelines
for Assessing and Evaluating Environmental
Turbidity Limits represent all facets of the industry

Mark Bollen, IMDC, Belgium (until February 2019)
Klavs Bundgaard, NIRAS, Denmark (Chair)
Styn Claeys, Flanders Hydraulics Research, Belgium
Jos de Cubber, Jan De Nul, Belgium
Lucie Evaux, Van Oord, the Netherlands

Alessandra Feola, ISPRA, Italy

Joél L'Her, Cerema, France
lolanda Lisi, ISPRA, Italy

Yves Planke, Port of Antwerp, Belgium
Bastian Schlenz, Femern A/S, Denmark
Jonathan Taylor, HR Wallingford, United Kingdom
Lynyrd de Wit, Svasek Hydraulics, (currently, Deltares) the Netherlands

Frederik Goethals, DEME, Belgium
Johan Henrotte, Boskalis, the Netherlands

The presentation is based on
a Working Group product,

with experts from different countries
with a broad range of experience.
The CEDA information paper was
released in May 2020.

The Central Dredging Association
(CEDA) Working Group on Assessing
Environmental Turbidity Limits
(WGETL) was initiated by

the CEDA Environment Commission.
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Interests

Authority

requirements:

. Achieve
objective

. Follow rules

. Auditable/do
cumentable

Environmental
requirements:

. Minimum
stress on
sensitive
receptors

Project

requirements:

0 Low
project
costs

. Minimize
risks

. Manegable

W




Approach

This presentation is based on the assumption that setting
turbidity limits requires a general understanding of dredging
processes as well as the surrounding

environment. The approach is thus an integrated approach
that takes all aspects into account. The main required aspects
for a general integrated approach is an understanding of:

* The baseline conditions for hydrodynamics, sediments
and biology;

* Thedredging operations in terms of locations, volumes
and spills;

* The sensitive receptors and their tolerance levels;
*  Possible monitoring programmes;
*  Possible response options.




PRELIMINARY AND DESION PHASES
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The term ‘turbidity’ is often used for a number of
aspects related to sediment in the water, from actual
concentrations to water clarity.

In US EPA (2012) definition, “Turbidity is a measure of
water clarity that indicates how much the material
suspended in the water decreases the passage of light
through it”.

In its correct usage, the term ‘turbidity’ solely refers to
the effect of suspended sediment measured by a
turbidity sensor (ISO, 2014).

Therefore, one must understand that ‘turbidity’ is a
proxy for ‘suspended sediment concentration’. CEDAW




For this context, the term ‘turbidity’ refers to the popular use of the word and thus
covers all kinds of measurable environmental parameters (e.g. turbidity, suspended
solids, sedimentation, light attenuation) that can be directly linked to the creation of
suspended sediment plumes and associated environmental impacts.

Turbidity can be measured and reported in terms of:

NTU

optical light scattering in the water
FTU
SSC
TSS concentration amount of sediment suspended
PPT

FETYA A A
several other ways W




Before setting any limits, it is important to
understand the physical and biological patterns
of the local system in term of its background
turbidity, natural variations and adaptation of
local sensitive receptors. The following factors
need to be investigated:

e Metocean conditions

 Sediment dynamics
* Biological aspects
* Anthropogenic conditions




Metocean

Wind

Waves
Currents
Water levels
Salinity
Temperature




Sediment dynamics

e Behaviour of
background
concentrations

* Behaviour of deposition
and erosion
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* Crustaceans

* Algae and Plants
* Fish

* Birds
Mammals




Beaches
Water intakes
Water quality
Appearence




Planned works

* Dredging method, location and
planning;

 Dredged volume;

* Dredging production rates; and
composition and optical and
physical properties of dredged
material.

e Spill amounts and distribution
* Timing of dredging




PRELININARY AND DESIGN PHASES

In the early phases of a project,
a crucial step is to identify the

presence of sensitive

receptors, —
and to build a proper system ____.._i._.,_;_
understanding, in order to: 1

- assess turbidity-related
influencing factors,

- identify threshold levels
(critical stress levels),

- finally select trigger levels
to protect the sensitive
receptors.

CXCUTION PHASE




In the early phases of a project,
a crucial step is to identify the

presence of sensitive

receptors,

and to build a proper system

understanding, in order to:

- assess turbidity-related
influencing factors,

- identify threshold levels
(critical stress levels),

- finally select trigger levels
to protect the sensitive
receptors.

STEPS FOR THE DEFINITION OF TURBIDITY
THRESHOLDS AND TRIGGER LEVELS

Identification of sensitive receptars

+

Identibcation of influencing factors

Definition of site-specific turbidity thresholkd(s)

Evamhmof ‘—I Evaluation of sflects ] §
.
i

Acceptable attended effects

+

Defirition of trigger levels and salection of
management practices

(optirmised and cost-effective strategy)




Sensitive Receptors, Threshold and Trigger
| — 1V Four-step Process LeveIS

This is a four-step process and each step will be defined in the following

Sensitive Influencing Threshold Triaaer levels
receptors parameters values 99

This approach should be performed based on local knowledge:

- available (local consultants, research institutes, users of the water body in
guestion, and historic information)

- or collected trough the implementation of environmental baseline survey(s).

CEDA%
TR




Sensitive Receptors, Threshold and Trigger

| — Identification of sensitive L evel S
receptors

The first key aspect is the identification of sensitive receptors

Sensitive Influencing Threshold :
Trigger levels
receptors parameters values




| — Identification of sensitive

receptors
As reported in the CEDA Information Paper “Environmental Monitoring Procedures”,

A a source-pathway-receptor
(S-P-R) model can be used to
present the theoretical
linkages (i.e. pathways)
between the sources (i.e.
dredging activities) and the
receptors which are identified
> > as being of importance and
Receptor —1 Pathway / Change [ may be impacted by the

works.
Sensitive receptors (receivers) may include species, habitats, Ceode‘,,a

resources and activities or items located in the area of influence

_




Sensitive Receptors, Threshold and Trigger

| — Identification of sensitive L evel S
receptors

Changes induced by
dredging can be described in
terms of physical effects

v on water column

v" and seabed

https://it.freepik.com W




Sensitive Receptors, Threshold and Trigger

| — Identification of sensitive L evel S
receptors

The identification of the
presence
of sensitive receptors

IS crucial to properly
assess the relationship
between the physical
effects induced by
dredging and the
effect/impact levels on

environment: , W

_ R - \
-
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| — Identification of sensitive
receptors

The potential sensitivity of the receptors to dredging works is determined by
the combination of:

- their own characteristics and functionalities
- the characteristics of the natural system, in which they are located
and where the works will occur.

Sensitive receptors are generally adapted:

- to their local ecosystem (e.g. offshore, coastal waters, coastal lagoon)
- and its natural variations (e.g. season, tide, flood). W

Dredying A




Sensitive Receptors, Threshold and Trigger

Il — Identification of influencin'g-evels
factors

It is important to recognize the factors related to the works influencing or stressing
each receptor in order to plan proper monitoring and management measures.

Sensitive Influencing Threshold Triaaer levels
receptors parameters values 99

Elevated turbidity due to dredging can affect the sensitive receptors for
example through light reduction, sediment deposition, contaminant/nutrient
release or burial phenomena. AW




Sensitive Receptors, Threshold and Trigger

Il — Identification of influencin'g-eveIS

Phy&EiPEFects induced by dredging activities
on water column and sea-bed can be synthetized as follow:

PHYSICAL EFFECTS

- INVOLVED PARAMETERS
(near field - far field)
— =N They have to be
gl dy ol described in term of
% organic matter, . . .
contaminants, etc. Evaluation intensity, duration
of significance
Coarser to fine sediment of effects and frequency of
deposition, Increasing .
mobility of deposition perturbation
sediments fraction, oxygen In terms of
vanations, less light intensity, duration,
penetration, variation % frequeegcy of
e esedines DA




Sensitive Receptors, Threshold and Trigger

Il — Identification of influencin'g-eveIS
factors

A list of receptors that
are potentially sensitive is presented T —
and the factors that influence them are m—]
outlined: S ST [ 8
- turbidity =~ mmmrmmmmmam L
" i S ol v kil s o e |
Tw[)er'qui'?lO&fBBBs are identified: —— e aees |~ | "
- Habitat and species (seabed habitats, el N
benthic communities, coral reef, seagrass, e s
fish, etc.) - e L e el
- Marine uses (bathing water quality, - e S O e e e | =
aquaculture, recreational areas, navigation, ' N E—
cultural heritage, etc.) CEMW




Sensitive Receptors, Threshold and Trigger

Il — Identification of influencin'g-eveIS
factors
A list of receptors that

are potentially sensitive is presented e ———

and the factors that influence them are |
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Rece L{ors are diAs: cﬁ)ed as fixed or mobile (ability to move away from disturbance). m



Sensitive Receptors, Threshold and Trigger

Il — Identification of influencin'g-eveIS
factors
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Il — Identification of influencing
factors

Some sensitive receptors are more vulnerable during critical periods that must be
taken into account to identify the optimal periods (i.e. environmental windows) in which
dredging can be performed with acceptable impact on biological resources.

Making examples...

v' for benthic species, critical or sensitive periods of the life cycle are recruitment,
deposition, reproduction;

v' some mammals are only present seasonally;

v’ seagrasses are most vulnerable to coverage during the growth period; A AR

v/ water quality in bathing areas is most important during the bathing season. __ W




Sensitive Receptors, Threshold and Trigger

Il - Definition of threshold Va|L.£VG|S

The next step is to define threshold values at which the sensitive receptors may
exhibit increasing effects/impacts.

Sensitive Influencing Threshold Trigaer levels
receptors parameters values 99

The threshold values can be defined in many
ways. O




[l - Definition of threshold values

Threshold values must be defined starting from:

- information about site-specific environmental parameters
- their natural variation

- the tolerance of specific sensitive receptors.

When a tolerance threshold value is exceeded, the sensitive receptor is
expected to experience a certain amount of stress or disturbance.

The acceptability of such effects must always be evaluated against the

- ._" |‘:ev’

characteristics of the system where the dredging activities occur.




Sensitive Receptors, Threshold and Trigger

Il - Definition of threshold valldévels

very high
4

Threshold levels are often defined as g ™
stress levels for a given receptor. E '

2 moderate
A scientifically sound approach is the o
use of species response curves 1 Noeftect
that describe the response of = I
individual species as a function of the e e e e
intensity and the duration of o
increased stress. Intensity-duration relationship (after = 4

Erftemeijer et al., 2012) based on the

species response curve for species and et
[ ical sensitive receptors.




Sensitive Receptors, Threshold and Trigger
Il - Definition of threshold Va|L.£V€|S

very high

>

A temporary moderate turbidity may be §
considered unlikely to cause serious 2] o
effects on a sensitive receptor H

while a moderate turbidity over a long
period of time may ultimately have extreme g
consequences on the same receptor.

) L Al
days weaks months years
>

]

Duration

Intensity-duration relationship (after = 4
Erftemeijer et al., 2012) based on the

species response curve for species and et
[ ical sensitive receptors.




Sensitive Receptors, Threshold and Trigger

Il - Definition of threshold Va|L.£V€|S

very high
4
A temporary moderate turbidity may be ; )
considered unlikely to cause serious . [
effects on a sensitive receptor H -
while a short, high peak of turbidity may = [
again have serious consequences on the el || e

same receptor. T T T
hours | days weaks months years
>

Duration

Intensity-duration relationship (after =4
Erftemeijer et al., 2012) based on the

species response curve for species and et
[ ical sensitive receptors.




Sensitive Receptors, Threshold and Trigger

Il - Definition of threshold Va|L.£V€|S

Using: Modified from Lisi et al. (2019)

- the species response curve approach

- the cIa§S|f|cat|c_>n proposed by thg CABITATS AND
Australian Environmental Protection PR me
Agency (2016) - acceptable effect, ey sxens mw"’.‘.m"'“"“

moderate impact, high impact - Marggoven; Shalfsh;
of severity of * Flabs Wiouie)

the next step is to define the specific

threshold levels at which the receptor oo o o e Rt
. ] sensitive L Navigation, Fighary,
undergoes effects/impacts with - BACKGROUND  Cultral herage:

increasini sevii“i.



Sensitive Receptors, Threshold and Trigger

Il - Definition of threshold valldévels

The relationship between physical effects of changes induced by dredging on water
and sea-bed

PHYSICAL EFFECTS

INVOLVED PARAMETERS
(near field - far field)

|dentification of
Increase of SSC and site-specific
turbidity, reduced light trigger levels
penetration, varation
% organic matter,
contaminants, etc. Evaluation
of significance

I Coarser to fine sediment of effects

deposition, Increasing
mobility of deposition
sediments fraction, oxygen In terms of
vanations, less light intensity, duration,
penetration, variation % frequency of
organic matter, exceedance

oonhmin'a_nts. elc. CEM
Modified from Lisi et al. (2019) . e 'Ma




Sensitive Receptors, Threshold and Trigger

[l - Definition of threshold valldévels
and the associated environmental effects/impacts on the specific receptors,

considering their specific tolerance levels
SENSITIVE RECEPTORS

HABITATS AND
Identification of Seabed habrtats.
tolerance levels Macrophy m’
‘Mangroves; Shellfish;
Evaluati
dm m;" ) mm
{e.g. Bathing water
Location and state — M o
o schorcieri COMPARABLE tourism;, Infrastructure,
sensitive TR .
eepizind ot WITH LOCAL u-rmnm

TP, .

Modified from Lisi et al. (2019)




Sensitive Receptors, Threshold and Trigger

[l - Definition of threshold valldévels
can be derived on the basis of site-specific data, literature data or by expert judgement

EFFECTS/IMPACTS LEVELS ON
SENSITIVE RECEPTORS

PHYSICAL EFFECTS

INVOLVED PARAMETERS HABITATS AND
(near field - far field) SPECIES
Identification of Identification of ('95“3“"*“"
Increase of SSC and site-specific receptor-specific , g
turbidity, reduced light trigger levels tolerance levels
penetration, varation
% organic matter,
contaminants, etc.
Coarser to fine sedment
deposition, Increasing
mobllity of deposition
sediments fraction, oxygen In terms of Location and state
vanations, less light intensity, duration, of environmental tourism; Infrastructure,
penetration, variation % frequency of sensitive WITH LOCAL Navigation; Fishery;
organic matter, exceedance receptors BACKGROUND Cuitural heritage;
contaminants, etc. Water intake) CEDA w

Modified from Lisi et al. (2019)



[l - Definition of threshold values

For this purpose, site-specific data should be available and/or

Inferred by:
- either direct experience of dredging from previous projects

In the same context
- or specific tests performed on sensitive receptors.

CEDAW




[l - Definition of threshold values

CRITICAL ASPECT: site-specific data are often NOT available

or useful!!! ! na A
It may therefore be necessary a baseline monitoring campaign, in order to

determine, before the execution of the dredging works:

- the variation in the natural levels of turbidity

- reasonable and realistic thresholds.
NOTE: the processing and the interpretation of a baseline
monitoring data set represents a complicated matter!!!
This is a task that requires local insight and specialist

knowledge. AW

N




Sensitive Receptors, Threshold and Trigger
IV - Definition of trigger IevelJ—eVeIS

It is good practice to define a set of trigger levels for each receptor.

Sensitive Influencing Threshold Triaaer levels
receptors parameters values 99

The trigger level is the turbidity level that needs to be respected to ensure
that the threshold levels are not reached. It is a specified criterion used for
the management of the dredging operations.

When a trigger level is exceeded, the need for a management action will be
assessed and, if necessary, implemented to prevent undesired/negatiygd

_




IV - Definition of trigger levels

A typical approach is to define three different types of trigger
levels:

» warning level: indicating an increase in turbidity levels, providing
time to investigate the causes and anticipate/identify possible

> SeWIPRSel: indicating that the levels have continued to rise and that
mitigation measures need to be taken to prevent the impact level from

> MERIRARIEHdicating that the increased turbidity levels have the potential
to harm the sensitive receptors and that urgent action needs to be taken
to reduce them below the impact level or the action level.

wyrved by W freupibcom

Trigger levels should be monitored either at the receptor ‘ “n
or at a location at which the response of the receptor is known. W@




Trigger level evaluation and mronritoring program definition

There are many different ways in which trigger levels and monitoring programs
are defined worldwide.

The elements to provide a clear definition of limits and to develop a monitoring
program that can effectively be implemented are:

» monitoring parameters (paper par 6.6 }; — _

> intensity and duration (paper par 6.7); | A 9ood monitoring strategy involves

> location (paper par 6.8); the analysis of the gensitive receptors
> frequency (paper par 6.9); at risk
> depth (paper par 6.10). (CEDA, 2015; CEDA/IADC 20

_ we




Turbidity measurements can roughly be divided into direct and indirect
measurements. Direct measurements are measurements that do not require
transfer functions.

Examples include:

*  Water samples as well as sediment analyses (e.g. SSC) in the laboratory;
light dampening and scattering of light (e.g. NTU, FTU);

* Sediment traps as well as sediment analyses in the laboratory; and grain-
size distributions (LISST, Malvern).

Indirect measurements can be derived from transferfunctions. Typical
examples are:

*  Calculated SSC values (typically from NTU or ADCP);
*  Remote sensing (e.g. satellite images).

CED/JW




NTU <—> SSC Requires Watersamples

SSC <> NTU Requires measurements
of light

Point is all indirect measurements require direct
measurements to establish a transfer function.
Must be local! e




Typical devices

 Watersamplers

e OBS (Optical backscatter)
* Lisst

 ADCP (Sound)
 Sediment traps

CEDAW




* Always choose a strategy that fits both the
environment you want to protect and the
operation you want to monitor.

* Define a sufficient, practical and cost-efficient
monitoring strategy




Briefly, the turbidity limit should be:

Based on a system
understanding of local
hydrodynamics, sediments and
biology;

Manageable in a dredging
operation and provide
reasonable response times;

Based on a clear definition of
where to measure and what to
measure;

Site-specific and based on the
critical stress levels for the local
sensitive receptors.

We propose the following steps, which can be

derived from a dedicated study, an ESIA, or a local
survey undertaken in connection with the project.
All of these steps are applicable in time and space:

Develop a system understanding.
Identify receptors sensitive to turbidity.

Determine critical stress levels for sensitive
receptors (threshold value).

Choose a measurable turbidity limit based on
the critical stress levels for the receptors and
select a relevant measurable parameter.

Determine the trigger levels that need to be
respected to avoid reaching the threshold
levels and related management.

Determine where the turbidity limit applies
based on the influence areas, the sensitive
receptors and the dredging plan.

Define a sufficient, practical and cost-efficient El

monitoring strategy.




Thank you for your attention!

Who to contact for questions:
Klavs Bundgaard, NIRAS, Denmark email: klbu@niras.dk
Alessandra Feola, ISPRA, Italy email: alessandra.feola@isprambiente.it

CEDA email: ceda@dredging.org
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DREDGING FOR
SUSTAINABLE INFRASTRUCTURE
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http://bit.ly/CEDA-webinar-contracts

CEDA webinar #11.
Effective Contract-type Selection for Dredging Works

 Date: 19 October 2020
* Time: 14:00 - 15:00 hrs. (CET)
* Free of charge, registration required

? http://bit.ly/CEDA-webinar-contracts
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