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Summary

In dredging projects not only the combustion of fossil fuels by machines can be a source of
greenhouse gases, but also the emission from naturally occurring organic material in the
sediment can be a potential source. Greenhouse gases (GHGs) can be produced within
sediment as a result of microbial degradation (oxidation and reduction) of the organic matter.
Under certain conditions these GHGs can escape to the atmosphere. Little is known about how
much greenhouse gas is released from sediments as a result from dredging operations or
beneficial sediment use application. One of these potential beneficial uses is related to ripening
(salty) dredged material to produce clay for dike strengthening.

Within EcoShape framework, Deltares has carried out a research project to determine the

emissions of greenhouse gases during the maturation of the organic-rich dredged material from

the Eems-Dollard estuary in the clay ripening project “Kleirijperij de Kwelder”. The specific
goals of this study were to:

- Determine emissions of greenhouse gases (carbon dioxide (CO.), methane (CH4) and
nitrous oxide (N20)) during maturation of dredged material in the Kleirijperij de Kwelder
sedimentation basins; and to

- Evaluate factors that influence these GHG emissions.

After filling the ripening plots with sediment from December 2019 to March 2020, GHG
emissions were measured in April and June 2020. Over the course of these two months GHG
emission (CO2 and CHa) from ripening salty estuarine sediment was very low: COz and CH4
concentrations in gas chambers at the sediment were insignificant compared to control
chambers at the adjacent salt marsh. One of the reasons for this was probably the high
concentration of sulfate in the sediment, which can lead to the inhibition of methane production.
Another factor that might explain the low GHG emissions observed is slow oxygen transport
into and slow GHG transport out of the ripening clay. Increase in salt and sulfate concentration
upon drying and limitation of transport through the clay will further limit GHG emissions upon
further ripening. The role of salt in limiting GHG emissions from sediment was supported by
laboratory experiments of CH4 emissions from sediment in closed vessels: freshwater samples
showed significant CH4 emissions, whereas estuarine samples did not.

The decrease in organic matter (OM) content of the sediment was used to estimate cumulative
GHG emissions over longer timescales (months). The calculated emissions were significant,
but the alternative of using clay from Belgium was calculated to generate more GHGs from
transport alone.

We recommend expanding the GHG emission study to a range of sediments that are typically
dredged and deposited on land. This will help to bring perspective in maturation of dredged
sediment and accompanied emissions. A range of aquatic sediments varying in salt
concentrations (freshwater, brackish, salt) would allow to study the effect of salt and sulfate. A
range of organic matter (OM) content and age of this OM would allow to study whether OM
maturation occurs once the sediment is deposited on land, and how this affects GHG
emissions.
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In this study we only focused on emissions of the ripening sediment. However, there are many
process steps prior to the ripening period of the sediment that were not taken into account. It
would be good to study GHG emissions all the way from pre-dredging up to the moment the
ripened clay has been implemented in the dikes. The pre-dredging scenario gives an indication
of a reference GHG emission to compare the other emissions too. Pre-dredging or natural
emission are particularly important to provide the correct perspective on how significant the
effective contribution of dredging, or more generally, of human intervention is with respect to
the naturally occurring GHG emission. Ultimately, this data should be incorporated into a tool
that is able to calculate (predict) C-emissions, C-capture and C-storage for these types of
dredging activities.

Using the results from this study, Wetlands International, Boone Kauffman from Oregon State
University, U.S and Deltares jointly made a calculation method for the GHG emission from the
ripening process in the Kleirijperij, which was published in Terra and Agua (see Appendix C).
The calculation method presented offers a practical tool to estimate GHG emissions based on
relatively simple input parameters (most notably organic matter content). This also offers a way
to estimate effects of dredging or ripening conditions (e.g. freshwater vs. salt, availability of
oxygen) and comparison to alternatives (e.g. alternative sources of sediment). It should be
noted that the calculation method merely provides a start: many uncertainties still must be
addressed, and the calculations have to be further supported by measurements.
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1 Introduction

1.1 Background

111 The Kleirijperij pilots

The port of Delfzijl must be regularly dredged because of high sedimentation, which would
otherwise hamper passage of vessels. The Eems-Dollard estuary (to which the port of Delfzijl
is connected) has a high sediment content, which has a negative effect on the ecological value
(Ecologie en Economie in Balans, 2012). Under normal dredging operations, the dredged
material is transported and disposed back in the estuary. The “Kleirijperij” pilot (Dutch for “Clay
Ripening”) came into existence within the program “Beneficial Use of Dredged Material". The
aim of this program is to study how 2.5 million tonnes of (in situ) dredged material per year can
be structurally extracted from the system, and thereby improve the ecological value of the
Eems-Dollard estuary. At the Kleirijperij, the material dredged from the Eems-Dollard is
converted into clay soil suitable for use in embankments. This clay is then used in another pilot,
the “Wide Green Dike” (“Brede Groene Dijk” in Dutch) and applied to transform about one
kilometre of the Dollard dike into a wider and greener dike: an embankment with a slope which
is less steep than in normal embankments, and which is fully grass covered. Multiple parties
are collaborating to make the Kleirijperij a success: EcoShapel,the Province of Groningen,
Rijkswaterstaat, Groninger Landschap, Groningen Seaports and the Water Authority Hunze
and Aa's.

In the Kleirijperij pilots, the dredged sediment is deposited in 1 ha plots, where it is allowed to
mature (ripen), after which it can be applied on the dike. To be suitable for application on dikes,
the clay should fulfil the standard guidelines for application of clay in dike (TAW, 1996). One of
the requirements of these guidelines is that the organic matter content should be <5%.
However, dredged material can have a very high organic matter content (> 25%). During
ripening of the dredged material, the percentage of organic material decreases, mainly due to
oxidation. Furthermore, the strength and stiffness of dredged material increases when allowed
to ripen. Ripening or maturation of the dredged material is a process in which the largely
anaerobic dredged material turns into a more compact, more aerated and more permeable
material by drying and (microbial) oxidation. As a result, the dredged material gradually
changes from wet slurry into a more solid (clay) soil.

The Kleirijperij pilots were conducted at two locations: one near Delfzijl (Oosterhorn)
(‘Kleirijperij DelfzijI'), were sediment was placed in 2018, and one along the Dollard Dike in
Polder Breebaart (‘Kleirijperij De Kwelder’), where sediment was placed between 2019 and
2020.

1 within EcoShape, the project is carried out by Arcadis, Boskalis, Deltares, HKV, RHDHV, Van Oord, Wageningen
Marine Research and Witteveen+Bos
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1.1.2 Greenhouse gas (GHG) emissions from sediment: existing knowledge

Within dredging projects not only the combustion of fossil fuels by machines can be a source
of greenhouse gases, but also the naturally occurring organic material in the sediment can be
a relevant source. Greenhouse gases (GHGs) can be produced from the dredged material as
a result of microbial degradation (oxidation to CO2 and/or reduction to methane) of the organic
material in the dredged material. Limited knowledge is present on how much greenhouse gas
is released in the process of ripening of dredged material, dredged material movement and
natural background emissions in general. This is an important gap to quantify the overall impact
of dredging activities to GHG emission, beyond machineries, and in relation to emissions from
natural systems. Natural systems are indeed important contributors to the GHG cycle with
significant emissions (e.g. from oxidizing mud) and sequestration (e.g. in salt marsh or
mangroves). Quantifying GHG emissions from sediment, machines and natural background is
therefore important information to quantify and reach international climate mitigation targets.

The quantity of organic carbon within a sediment will give an idea of the potential for GHG
production. Silt fraction rather than the sand fraction is an important determinant for the GHG
production potential, as much as nutrients, specifically nitrogen (ammonium, nitrate( Gebert et
al2019). Within shallow lakes nitrogen and phosphorus also stimulate GHG production, as was
shown in the BlueCAN project (Schep et al. 2020).

Not only the quantity of organic matter determines GHG emissions, but also the quality of
organic carbon, or the degradable share of organic carbon, is relevant. Typically, older material
sediment contains organic carbon that is already more degraded than young, fresh sediment
For dredged sediment in a landfill, sediment depth was found to correlate to sediment age, with
deeper layers being older, and also there the same relationship between age of organic carbon
and degradability was found (Wijdeveld, 2004; Zander et al., 2020).

Furthermore, some environmental conditions are known to limit production of GHGs. High salt
and sulfate content (like in marine sediments), limit CH4 production. Therefore, many
freshwater sediments tend to have higher potential emission of the strong GHG CHa4. High
oxygen availability prevents formation of CHa, but allows for oxidation of organic carbon to COz,
causing high CO2 fluxes. Last but not least. high iron (hydr)oxide availability is able to bind CO2
as bicarbonate and thereby lower the CO2 emission.

To estimate the amount of GHG released for marine and freshwater sediments, degradation
tests can be performed in the lab or can be estimated using models. Several models have been
been made using sediment age, quantity of organic carbon present and degradability constants
as important determinants for the GHG production potential (Gebert et al., 2006; Grasset et al.,
2021; Lovelock et al., 2017; Middelburg, 1989; Wijdeveld, 2004).

Beside the geochemical characteristics of the sediment and its environment, project specific
design and operations may have a large role on influencing how much of the potential emission
is released. Selecting the optimum construction method, for example capping or underwater
placement instead of upland disposal, can be important to limit GHG emission, or potentially
improve sequestration

The GHGs produced within soft sediment will at some point escape the sediment and reach
the atmosphere. In the past, researchers at Deltares have studied how gas can escape soft
sediment (Van Kessel & Van Kesteren, 2002) and when the critical threshold for CH4 is reached
(Wijdeveld, 2004). Gas produced will create bubbles, that can only escape the soft sediment
when these bubbles have enough volume to migrate to the surface and by doing so create
channels and cracks. How much gas needs to be produced for these cracks to form depends
on the soft sediment characteristics. Deposited soft sediment may hold 25 up to 37% of gas
prior to it escaping to the atmosphere. Within Deltares models have been built within the
numerical model Delcon based on formula by Middelburg et al. (1989) for organic matter
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decomposition in sediment. This has been applied in various projects amongst which Stryker
bay, 1Jsselmeer, Ketelmeer and de Slufter (WL - Delft Hydraulics 2002, Wijdeveld, 1999).

Over the past years beneficial use of sediment gained ground, considering dredged sediment
a valuable resource. By using dredged sediment to aid in the development of ecosystems that
have a high potential to capture and store carbon, the sediment can even become a carbon
sink. The creation of natural islands in the Dutch Marker Wadden, and a mangrove forest
restoration project in Indonesia led to an initial increase in carbon captured in the sediment
(Veld, 2018). The Kleirijperij is another example of sustainable use of dredged sediment.

Sustainable use of dredged sediment and finding best practices to keep carbon locked in the
sediment, will help the Hydraulic Engineering (HE) sector to become carbon neutral by 2050.
Furthermore, it offers economic potential for the carbon market, where the storage of carbon
may be sold as carbon credits. A first plea for ecosystem-based carbon footprinting in in marine
engineering projects has been published (Dekker et al., 2014; Fiselier et al., 2015)Currently a
prototype tool is built for assessing circularity of inland dredging activities including effects on
ecosystem emissions (Besseling et al., 2021). This is created with the objective of helping the
Dutch Water Authorities to dredge sediments more circularly. Other exist to assess the
sustainability of civil construction projects, such as “DuBoCalc” and “CO2 prestatie ladder”,
both developed bij Rijkswaterstaat?. These tools are beginning to incorporate ecosystem- and
sediment-releated GHG emissions to some degree and with difference between tools.

In this specific project, the GHG emissions from dredged material from the Kleirijperij pilot De
Kwelder were studied, as a parallel study that leverages on the ongoing pilot, its data and
results. Potential follow-up studies will focus on measuring emission from other dredged
material related applications as well as various natural systems.

Scope

The aim of this research project was to measure the emissions of greenhouse gases during
the maturation of the organic-rich dredged material from the Eems-Dollard estuary in the clay
ripening project “Kleirijperij de Kwelder” (Figure 1.1 and 1.2). This location was chosen because
the GHG emission project, which started in 2019, could thus measure GHG emissions as
quickly after filling with sediment as possible, whereas the other pilot (Delfzijl), was already in
place for some time. The original goal was to measure GHG emissions over more than one
year; however, as partly ripened sediment was taken out for tests of applicability in dikes, in
situ GHG emissions were stopped after a few months. Longer term effects were estimated
based on additional measurements and theoretical calculations.

2 https:/iwww.rijkswaterstaat.nl/zakelijk/zakendoen-met-rijkswaterstaat/inkoopbeleid/duurzaam-inkopen
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The goals were to:

- Determine emissions of greenhouse gases (carbon dioxide (CO.), methane (CHs) and
nitrous oxide (N20)) during maturation of dredged material in the Kleirijperij De Kwelder
sedimentation basins; and to

- Evaluate factors that influence these emissions.

Figure 1.1 The “Kleirijperij de Kwelder” from above in 2020. At the bottom, the plots with dredged sediment can
be seen.

Salt marsh

Figure 1.2 Schematic drawing (not scaled) of the plots at “Kleirijperij de Kwelder” plots
(K1-K10).
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2 Materials & Methods

2.1 Study design

Study site

Measurements were done at the ‘Kwelder’ (salt marsh) clay ripening pilot in the north of
Holland. Here, in total 10 depots were filled with dredged sediment (Figure 2.1 and 2.2) in
Winter 2019-2020. The source of the sediment was the natural reserve “Polder Breebaart”,
where the material was dredging using a cutter dredger, and transported through a pipeline.
The sediment deposited in the ripening plots is from Breebaart polder, which is connected to
the Eems-Dollard intertidal flat.

To determine GHG fluxes from the ripening sediment, experiments were performed both in the
field and in the lab.

Field experiment

In the field, GHG fluxes were determined using respiration chambers developed by Deltares
(Figure 2.3). The chamber dimensions were: diameter: 19 cm, height (relative to sediment
surface): ~22 cm. Six chambers were installed, three in each of two plots (plot K1 and K8; see
Figure 2.4) in 2020. In week 5 (April 2020) and week 13 (June 2020) after completion of filling
the ripening plots, GHG fluxes were measured and sediment samples were collected.
Sediment samples were taken at 3 depths (0-15, 50-60 and 75-100 cm). The chambers were
taken out in week 35 after filling. This was earlier than planned; the reason for this was that
sediment was taken out for testing for application in dike material earlier than planned.

Key parameters were determined from the sediment samples directly in the field: electrical
conductivity, pH and redox potential. Other parameters were determined in the lab: water
content, organic matter content and grain size.

As a reference, GHG measurements with chambers were also performed at the adjacent salt
marsh.

Salt marsh

Figure 2.3 Cylindrical

respiration chamber for Figure 2.4 Schematic overview (not scaled) showing placement of the

sampling ~ greenhouse  respiration chambers in plot K1 and K8. SK = Dewatering cistern.
gases in the field.
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Lab experiments

In addition to the field experiment, two lab experiments were performed to assess GHG fluxes
of different stages of the ripening dredged material (fresh estuary sediment, ripe (partly
matured) dredged material (sampled in week 16) and freshwater sediment to control for impact
of salinity) (table 2.1).

The first experiment focused on controlled ripening in a closed vessel (mesocosms). This was
achieved by placing samples of dredged material in a closed vessel with silica gel acting as
desiccant (Figure 2.5). Unfortunately, the vessel appeared to be leaking CO. and CH4 hence
this experiment was left out of the report.

Figure 2.5 Closed vessel with sample of dredged material
to measure GHG emissions semi-continuously under
controlled conditions.

The second experiment aimed to quantify CH4 fluxes in detail. To this end, fresh estuarine
dredged material, (partly) ripe dredged material and freshwater sediment was incubated (see
table 2.2) in flasks (120 ml), closed with a butyl rubber stopper and crimp cap, with a headspace
of ambient air. Flasks remained closed for 40 hours. The CH4 concentration in the headspace
was followed in time.

Table 2.2 Overview of flask incubations for CH, flux determination

Incubation Dilution Abbreviation
Estuary sediment no ES
Ripe Clay no RC
Freshwater sediment no FWS
Diluted (1:4) estuary sediment 1to 4 ESd1:4

2.2 Organic matter content

In the lab, sediment pore water was extracted using rhizons (0.2um pore size) and vacuum
vials. Water content was determined by determining fresh weight of a 15 ml cup filled with the
sample, after which the sample was dried for 7 days at 40°C after which dry weight was
determined. Organic matter (OM) content was assessed via thermogravimetric pyrolysis (TGA
701, Leco, MI, US).
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From the TGA OM content (%), we calculated the rate of loss of OM between the two sampling
points. The OM content was corrected for salt sediment (factor 0.45, based on
Waterloopkundig laboratorium, 1985). Organic carbon (OC) within the total OM content was
calculated as OM/1.724 (g/g) = OC (Waxman & Stevens, 1930). Subsequently, OC was
multiplied by dry density (g/cm?®) of the sediment to get OC as mass per volume. To express
loss per area unit, we assumed C loss from the top 1 cm of 1 m2. Next, we calculated the GHG
emission in CO2 equivalents for the two extremes where all converted C in these 8 weeks was
emitted into either CO2 or CH4 (using the GHG equivalents for CH4 being 34 g/g CO2 , Myhre
et al., 2013).

Furthermore, Rock Eval 6 analysis was performed to measure total organic carbon (TOC),
mineral carbon (Min C) and asses the quality of the organic matter by calculating | and R indices
(according to Sebag et al., 2016).

2.3 Gas concentration

To measure greenhouse gas fluxes (COz, CHas, N20), the respiration chambers in the field site
were closed by screwing on the lids and closing the luer-lock 3-way connector. Gas samples
were collected after closing the chamber for at least 1 hour. In week 5 gas samples were
collected at the start and at the end of the closing period. In week 13 chambers were closed
for up to 4 hours and sampled at least 5 times from start to end. To take a gas sample, a 20 ml
syringe was connected to the luer-lock connector piece and, after flushing three times with gas
in the chamber, a gas sample was pulled from the chamber. Gas samples were injected in
vacuum 12 ml gas vials and returned to the lab for quantitative analysis.

In the lab gas samples were injected on a gas chromatograph (Agilent G1530a) using the TCD
detector (detection limits in table 2.3) to measure CO2, CH4 and N20. This GC was equipped
with an autosampler (PAL, CTC analytics).

The flask incubations were measured by collecting gas samples (250 pl) using a Hamilton
syringe and direct injection on a gas chromatograph (Varian 3800 with a tandem column (CP-
Molsieve5A and PoraBOND Q, Agilent Technologies) using the methanizer FID detector, over
the course of 40 hours.

Table 2.3 Detection limits for the GC-TCD analysis

Compound % Ppm
co2 0.14 1400
N20 0.15 1500
02 0.08 800
CH4 0.13 1300
2.4 Cat- and anion analysis

To analysis of cations and anions (sulfate, chloride, sodium) present in sediment porewater
was sampled using 0.2um rhizons and a syringe. Porewater was analysed using the ICP-OES
method on a Perkin ElImer Avio 500.
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3 Results

3.1 Field

3.11 Abiotic conditions
The sediment deposited in the ripening plots showed typical characteristics for mud from the
Eems-Dollard estuary intertidal mud flats. This sediment is rich in salt (pore water
concentrations: sodium: 3,78 + 0,35 g/L; chloride: 6,65 * 0,68 g/L and sulfate: 1,51 + 0,11 g/L).

Concentration

(mg/L)
0 5000 10000 15000
0
20
g 40
s §
S 60 —e—Sodium
30 «=fif=Chloride
100

Figure 3.1 Concentrations of sodium and chloride along a depth transect (10, 50 and 100 cm depth) collected
in June 2020 (week 13). Markers represent the mean (n=6) with error bars as SEM.

After 8 weeks of ripening, the pore water of the top layer showed higher concentrations of
sodium and chloride (Figure 3.1). This is most likely due to drying of the top layer, which lost
20% of its moisture in the same period (Figure 3.2 and Figure 3.3). Furthermore, upon ripening,
the sediment became even more reduced (redox potential -62 + 25 mV SHE in April went to -
162 + 17 mV SHE in June; table 3.1), indicating that despite the cracks that form during
ripening, oxygen is not able to reach into the blocks of clay (Figure 3.4). Analysis of sediment
along a depth transect in June showed that the sediment is relatively homogenous in terms of
pH, temperature, electrical conductivity and redox potential (table 3.2). Sulfate concentrations
were moderate (June average 1506 mg/L + 113 (n=6)) compared to seawater (~2688 mg/L);
partly, sulfate will have decreased due to conversion into sulphide by sulfate reduction, and
partly sulfate will have increased due to drying.
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Figure 3.2 Moisture fraction in de sediment along a depth transect (10, 50 and 100 cm) from samples in April
(week 5) and in June (week 13). Markers represent the mean (n=6) with error bars as SEM.

Table 3.1 Abiotic conditions in the top layer (0-10cm) measured in the

field in April and June (mean (n=6) £+ SEM)

Redox
pH Temperature EC potential
(°C) (mS/cm) (mV -SHE)
April 76 + 01 126 + 0,7 10 + 0,8 -62 25
June 73 + 0,1 244 + 1,0 137 + 69 -162 17

Table 3.2 Abiotic conditions in the field at different depths in June (mean (n=6) + SEM).

Soil depth pH Temperature EC Redox

(cm) (° Q) (mS/cm) (mV -SHE)

10 73 £+ 01 244 = 1,0 137 + 69 -162 £ 17
50 75 + 01 226 * 06 151 + 99 -192 + 21
100 73 + 01 233 + 0,7 199 + 122 -185 + 31

Figure 3.3 Pictures of the development of the ripening clay week 5 (A), week 13 (B), week 35 (C).
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Figure 3.4 Pictures of the ripening clay in week 35 of a plot that is not ploughed (A) and a ploughed plot (B).
The latter shows clear markings of oxidation on position were previously cracks were placed. Also, evident that
oxidation is only present on the outer edges of the blocks, in the cracks.

3.1.2 Organic matter change

Organic matter (OM) content as measured by thermogravimetric analysis (TGA) showed that
OM content was highest in the top 10 cm of the ripening sediment in April (12.5% * 0.3%; mean
+ SEM; Figure 3.5). From April to June the organic matter content decreased mostly in the top
10 cm of the sediment (total loss of 3.5% + 1.3%). The deeper layers showed much less loss
of OM (Figure 3.1 and table 3.1). On average, OM content in the top layer decreased with
0.43% + 0.16% per week (table 3.3). There was no correlation between OM content and
moisture fraction in time for the different depths (10, 50 and 100 cm).

Table 3.3 Average organic matter
(OM) loss (% week™) for the different
soil depths (mean (n=6) + SEM)

Soil depth OM loss

(cm) (% week?) SEM

10 0.43% + 0.16%

50 0.14% + 0.02%

100 0.21% + 0.18%
14%
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MW june

10%
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0%
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Figure 3.5 Mean (n=6) organic matter (OM) content of the ripening sludge in April (dark blue) and June (light
blue) for the different soil depths (10, 50 and 100 cm). Error bars represent SEM.
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The quality of organic matter was tested at the start of the experiment using Rock Eval 6
analysis. Details on this analysis are given in Appendix B, here a brief summary will be given.
This showed a substantially lower amount of total organic carbon (TOC), which was on average
2.6% TOC + 0.1 (SEM). Mineral carbon content was on average 1.22% mineral C + 0.02 (SEM).
Both TOC and Mineral C showed a similar pattern across all sampling locations, however, like
the TGA with depth, the TOC content as measured by Rock Eval decreased, from 3.06% TOC
+ 0.06 in the top layer to 2.34 + 0.05 at 1 m depth.

The calculated | and R indices (Sebag et al. 2016) places the quality of the organic matter
within the sediment into a organo-mineral to mineral fraction. This means that the OM pools
might be protected from degradation by adsorption onto mineral surfaces. The samples all
follow the humic trend, corresponding with organic matter from biological origin in the process
of maturation (humification). The organic matter is localized in the middle of the I-R plot, which
means that the material is in between very labile (top left part of the diagram) and very stable
material (bottom right part of the diagram).

3.1.3 Net GHG emissions field

The net efflux of greenhouse gases (CO2, CHa, N20) was measured in the field in April and
June using the respiration chamber depicted in Figure 2.3. The collected gas samples from
April were measured at the gas chromatograph (TCD) and all measurements were at or below
the detection limit. In June the measurements were repeated, this time the respiration
chambers were closed for a longer period (at least 4 hours). However, even with this prolonged
period of collecting gas samples, all measurements were at or below detection limit
(exemplified for CO2 shown in Figure 3.7). The emissions from the clay ripening site were not
significantly higher than those from the adjacent salt marsh.
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Figure 3.7 CO, concentration (% CO;) as detected in the gas respiration chambers over the course of time
(hours). Markers show mean (n=3) and error bars represent SEM.

3.2 CH4 emissions study by flask incubations

To study CH4 emissions in detail, flask incubations were performed with Estuary Sediment
(ES), Ripe Clay (RC) and Fresh Water Sediment (FWS). CO2 could not be monitored due to
the specific column available on the gas chromatograph. Only one treatment was performed:
dilution (1:4) of ES with freshwater. CHa4 concentrations were sampled directly from the
headspace regularly, over the course of 40 hours and injected on a gas chromatograph
(methanizer). Concentrations and rates were calculated (Figure 3.8). The CH4 emission was
absent in the estuary sediment (ES), ripe clay (RC) and diluted estuary sediment (ES d1:4) but
was present in a positive control of freshwater sediment 72,8 ug CHa / day (fit: R? =0,999)).
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Figure 3.8 Headspace concentrations of CH,4 in time in the flask incubations. Abbreviations: ES: Estuary
Sediment; RC: Ripe Clay; FWS: Fresh Water Sediment. Markers show the mean (n=2) and error bars represent
standard deviation.
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4 Discussion

This project set out to determine fluxes of greenhouse gases (CO2, CHas, N20) during
maturation of dredged material in the Kleirijperij depots. Next to that, development of related
parameters such as organic matter content and relevant chemical parameters in the sediment
(water content, redox potential, macro-ions) were assessed during maturation (ripening) of the
dredged material. To explain assess the effect of salt and sulfate, some control experiments
were done including freshwater sediment. In this chapter we will discuss the results of these
measurements in relation to clay ripening and greenhouse gas emissions. We will also discuss
calculated estimates for GHG emissions based on measured organic matter decrease.

41.1 Clay ripening

The sediment in the depots is typical of Eems-Dollard estuary sediment, rich in salt and sulfate.
From April 2020 to June 2020 it was a very dry and warm period, resulting in 20% loss of
moisture from the sediment. Consequentially, the sulfate and chloride concentrations
increased, and cracks formed, resulting in a block pattern (Figure 3.3 and 3.4). Blocks of
partially matured clay had a more ripe and dry top layer and were wetter in their core. Based
on pH, EC and redox potential results, the sediment stayed quite homogenous during this
ripening period. Only the redox conditions changed and became even more reduced with
ripening. This is a clear indication that oxygen was not able to access the sediment. Visually,
the same result was observed. The blocks showed oxidation on the outside (lighter gray
coloring of the sediment) along the cracks, but once cut, oxygen proved to only access the first
few mm of the surface that was exposed to the atmosphere, leaving the rest of the block
anaerobic (Figure 3.4). Transport out and into undisturbed ripening sediment was thus very
limited.

The maturation of the organic matter appeared to be low: very little OM loss was observed in
time. Only in the top 10 cm OM decreased in time, but with high variation. This might indicate
that CO2 and CH4 emissions were limited.

The limited oxygen diffusion combined with the increased sulfate and chloride concentrations
due to moisture loss, are likely to hamper the ripening process. (An experimental side effect of
the high salt concentration is that it might affect the TGA method that was used to determine
the organic matter content and cause high variation in OM content.)

41.2 GHG emissions

Emissions of CO2 and CH4 from ripening sediment measured in field experiment were below
detection limit.

There are several possible reasons that can explain this. Firstly, it was observed that the
sediment remained very dense and reduced over the timescale of the measurements. This will
also mean that the rates of transport from oxygen into the sediment is slow, slowing down any
potential breakdown of organic matter that might result in GHG formation. Secondly, the same
slow transport will lead to slow transport of any potentially formed GHGs. A third potential
reason for low GHG emissions from the sediment is the fact that the high sulfate and salt
concentration in the sediment might limit CH4 emissions via competition between sulfate
reducing microorganisms and methane producing microorganisms. The sulfate reducers are
known to outcompete methane producing microorganisms under anaerobic conditions
(Oremland & Taylor, 1975), resulting in limited CH4 formation. The flask incubation experiment
(Figure 3.9) confirmed this by showing that freshwater sediment produced CH4, whereas
sulfate rich sediment (estuary sediment and partially mature clay) produced little to no CHa.
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CO2 was not measured in this experiment, but as CH4 is a much stronger greenhouse gas, this
has important consequences for the greenhouse gas emissions from sediments.

GHG emissions can also be calculated based on the measured decrease of organic matter
(OM) (see Appendix C for more details on the calculation method).
In order to calculate GHG emissions the data collected from specific sampling points and
depths were assumed to represent certain depth ranges within the ripening sediment:

¢ 10 cm sediment samples: representative of the bulk density and soil organic matter at

the 0 - 30 cm?®

e 50 cm sediment samples: representative of sediments at the 30 - 60 cm depth

e 100 cm sediment samples: representative of sediments at the 60 — 100 cm depth.
We assumed that losses in carbon stock were largely emitted in the form of CO:2 rather than
CHas, based upon our field and lab experiments and given the high salinity contents of
sediments. Under this assumption, we report the carbon losses as potential CO2 emissions, or
CO2 equivalents (COze) — obtained by multiplying C values by 3.7, the molecular ratio of CO2
to C.
Two scenarios for GHG emissions were calculated: scenario 1 corresponding to the shallow
and limited organic matter degradation observed in the field study, and scenario 2 being a more
theoretical scenario corresponding to deeper and higher organic matter degradation, assuming
that the desired quality of 5% organic matter content would be reached.

Scenario 1: shallow and limited organic matter degradation (representing field data)
Based on the measured organic matter content for the different layers measured in April and
June, a mean carbon loss between April and June was calculated of 2 kg C/m2. This
corresponds to a mean potential GHG emission during the April to June clay ripening period of
7.7 kg CO2e m? of sediment (Table 1). Extrapolating to an entire single sampling pond (75 x
75 m or 5625 m?), we estimate the total emissions from a single clay ripening plot was 43.1 ton
CO:e per plot. The COze emissions from the entire 10 plots ripening sites was 431.5 ton CO.e
(Table 4.1). This comes down to 0.012 ton CO2e per ton clay.

Scenario 2: deep, high (5%) OM degradation (desired quality)

This scenario assumed higher loss of OM (to 5%) across the whole depth transect of the
sediment. As can be expected, the estimated CO2 emission in this scenario was significantly
higher (27 kg CO2e m™) than in scenario 1. In general, the CO2 emission will be proportional to
the depth to which the organic matter will be degraded, and the extent to which organic matter
content decreases.

Table 4.1 Estimated CO2 emissions per m2, per plot and per ton of clay for two scenarios.

Scenario CO; emission
(kg CO2e m?) (ton COze plot*)  (ton CO2€ ton clay)
1. Shallow, low OM loss 8 43 0.012
(represents field data)
2. Deep, high OM loss 27 149 0.05
(desired quality)

3 The depth range of 0-30 cm for the shallowest layer are probably an overestimation, as visual
observations made clear that the oxidized zone extended less deeply, say 10 cm. On the
other hand, the formation of cracks might propagate exchange.
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Given the small sample size, short sampling time and indirect measures of organic carbon,
data and results must be viewed with caution as there is likely a high degree of uncertainty.
However, the results do suggest that carbon emissions from the clay ripening process may be
significant. Further investigations using accurate portable infrared gas analyzers and intense
sampling of sediment carbon pools during the entire clay ripening process is recommended in
order to obtain more precise estimates of greenhouse gas emissions from the clay ripening
process.

The differences in GHG emissions calculated for the two scenarios demonstrates the influence
that environmental conditions, time and sediment management may have on the CO:
emissions. The depth and degree to which organic matter is degraded strongly determines the
CO:2 emission, and this is likely strongly dependent on ripening strategy (e.g.: ploughing,
influencing salinity) as well as the carbon quality of the sediment organic matter. Thus, the
different ripening strategies would influence the rate and quality of CO: emissions.
Furthermore, we demonstrated a much higher GHG emission from freshwater sediment
compared to saltwater sediment. Thus, also the choice between saltwater and freshwater
sediment can strongly influence sediment-related GHG emissions, as the production of CH4
and consequently the emission of GHG is most likely much higher in freshwater sediments.
To put the numbers calculated here into context, it is necessary to compare these to potential
alternatives. For building dikes, an alternative source of dike clay is the import of freshwater
sediment from Belgium, low in organic matter. An important component of the GHG emission
related to this alternative is the emission due to fossil fuel combustion. An estimate can be
made of this emission based on known numbers (https://www.co2emissiefactoren.nl/). The
emission of a truck (of 10-20 ton) is estimated to be 0.256 kg CO2/ton kilometer (well to wheel).
When we assume one-way transport of a loaded truck over 200 km (from Belgium to the pilot
locations), this leads to an emission of:

200 km * 0.256 kg CO2/ton kilometer = 51.2 kg CO2 / ton clay or 0.05 ton CO2 / ton clay.

This comes down to the same order of magnitude as the GHG emissions from the clay ripening
process under the worst-case scenario 2. Actual emissions from transport will be higher, as we
did not take into account other activities, and only included one-way transport.

4.1.3 Speeding up clay ripening

Speeding up oxidation of soft sediment after deposition might be possible by ploughing, which
means it can contribute to the ripening process. It is a question whether ploughing can cause
enough mixing to sufficiently improve transport. Furthermore, we doubt whether ploughing
sufficiently improves ripening of the OM in the sediment, as the maturation of the OM likely
remains hindered by the high salt and sulfate concentrations. Reducing salt/sulfate
concentration naturally will occur microbiologically, through plants, crack formation and through
precipitation. Further research is required to assess how these processes can be stimulated to
improve ripening of the OM. On the other hand, the fact that OM content decreases slowly
during ripening indicates that the estuary sediment has high C-storage potential. This might
mean that beneficial use so sediment, as in clay ripening and subsequent use (e.g. in dikes)
might have the positive side effect of carbon storage. This additional effect deserves further
guantification.
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5 Conclusions & Recommendations

Conclusions

Over the course of two months (April-June), GHG emission (CO2 and CHa4) from ripening
estuarine sediment was very low. This is probably caused by the high concentration of sulfate,
which can lead to the inhibition of methane production due to competition with Sulfate Reducing
Bacteria (SRBs). Increase in salt and sulfate concentration upon drying and limitation of
transport through the ripening clay will further limit GHG emissions.

The role of salt in limiting GHG emissions from sediment was further supported by laboratory
experiments of CH4 emissions from sediment in closed vessels: freshwater samples showed
significant CH4 emissions, whereas estuarine samples did not.

Based on decrease in organic matter content over time, GHG emissions over longer timescales
(months) were calculated. The calculated emissions, while higher than measured, were lower
than emissions related to alternative sources for organic matter for the eventual use of the
sediment.

Although the calculation method needs further quantification, it provides an easy tool to
estimate GHG emissions from sediment management and enable to evaluate effects of
different alternatives.

Recommendations

We recommend expanding the GHG emission study to a range of sediments that are typically
dredged and deposited on land. This will help to bring perspective in maturation of dredged
sediment and accompanied emissions. It will also help to objectively determine the extent of
GHG emissions from sediments with respect to other emission sources within the project and
as background. A range of aquatic sediments varying in salt concentrations (freshwater,
brackish, salt) would allow to study the effect of salt and sulfate. A range of organic matter
content and age of this OM would allow to study whether OM maturation occurs once the
sediment is deposited on land, and how this affects GHG emissions.

In this study we only focused on emissions of the ripening sediment. However, there are many
process steps prior to the ripening period of the sediment that are not taken into account. It
would be good to study GHG emissions all the way from pre-dredging up to the moment the
ripened clay has been implemented in the dikes. The pre-dredging scenario gives an indication
of a reference GHG emission to compare the other emissions too. Ultimately, should GHG
emissions from sediment be proven significant, this data should be incorporated into a tool that
is able to calculate (predict) C-emissions, C-capture and C-storage for these types of dredging
activities.
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A Ripening of the plots over time in pictures

Depot K1 : (April) Week 5

;:_“__D_%&@é%_:_;_,‘ e — = — - (JUHE) Week 13

Depot K1 (November) week 35
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(April) Week 5

Depot K8 (June) Week 13

Depot K8 (November) Week 35
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B Rock Eval 6 results
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Rock Eval results per depth
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Groningen, Groninges Landschap foundation,

Groningen Seapons, Rijkewaterstaat Narh
MNETNEMaNE, WaLSr BUTONTY HUNZE BN ASE
andthe EcoShage foundation

Ripening soft eediment to clay for
dyke construction

The lerge quantities of dredged sedimant
Can e bansfically uEed i @ NUMDEr ofways
Ome ks e use of clay for dyke consrucion.
In the Netherands, there is & great need

far high-gualty clay tareinforce andratse
dyKES, in order 1o 2dapt 1o e chellenges of
chmate chanpe. Oue o the demand, foreign
clay k= often Impored Croests of dyke clsy and
ranspar, in verms of market valus, ecological
degradanion and the carbon foowprint fram
foreign clay EXraction and TrENSHOr, SURgesis
Iocaly producad dredge spoils provide &
promising altemative

I OrHer 10 be SWabiE for USE 35 oysE Ciay,
the eswuanne soft 2sdimant from the Erms-
DhollErd eSTuUary (1. TNE Sadiman trap Deltzl))
harour for the ciay npening pilor Deli) and
E0ft EBONMENT depoEis in polder Bresbaar,
deposined over the past 20 years) hesm
underge maruration or ipening This Involes
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oewatenng, tesalinisanon and degradauion
of organic matter. Desired targets ame 3
porewater chiorde conient below 24 gL-*
and an organic Matter content of below 5%
(ory maer basis]. To efficiently reach this
COMPOSITION, vanous STategies that may

¥mprove aeration and avakaby of lablle
Organic MEtter were TesTag, SuCh 38 38rauon
of the secment through ploughing flushing
with freshwater pnor to deposition in the
12851 bed, and sumulzing bioiogical factors
{te. plants and worms)

IS

How ripening can result in

GHG emissions

Coastal BStuaring Sediments are carbon snks
[Macreamse £1 3, 2018) Multiple canditions

In the coastal estuary, Incluming anzerodic
{axygen-ires] conditions In Sediments, result
In this long-term storage. Dradging aciivities in
the coastal estuary disturb processes both In
these ecosystems and In the dredged maeerial
Thes can resuin In the release of the stored
carbon In the form of GHE emissions GHEG
emissions are lIkely 1o vary depanding on the
dredging method, aparoschas ta depositon
and tha composion of the dredged matenal
Oxygen Is the key element that when avallable,
faciiitatas fast microdial degradavon of
Organic carmon stored in the fing seciment
This results In loss of organic carbon &8s GHG
carbon dixios (CO0,)

During and after dredging, GHGS escape from
the dredged matenal as a resuit of microblal
degradauon of organic matter Following
dredging, increasad avadatdity of axygen

10 The Secsment SpEeds Up the degracation
process, resulting In the reguction of organic
carbon content through ncraased CO;
emiSsions TNEME IS 3 growing SWarensss

that this source of GHEG emissions might

be significant far ydraukc engingenng
INFrasTruCTLre projects (dyKes, harbours,
aguaculture, etc] (Fisslier et al, 2018)
Howaver, few relladle measurements or
3SEEESMENTS Of GHE EMISSIONS OUE 10
ECOSYSIEM-0ErVed Carbon Ksses in hyaraulic
ENgINBEring projects are avallable

In thes study, we made a prekminary
assessment of the carbon koss and resulting
GHE emissions from oreoged sedimants
duning the ciay ripening phase of 2 hydraulic
enginearing plict project Our goals were o
Mlustrate an approach 1o 3SSess carbon losses.
GHE emissions and key processes ivolved

In the end, we NOpE 10 Propose & framewornk

far comparing emissions bewween differsnt
practical aptions

Monitoring GHG emissions during
the clay ripening pilot project

GHE emissions were measured in the first

3 montns of the npening of fine coastal
sedimants 3t the clay ripening peot project
Hwelder Measurements were performed both
In the field and In the labaratory. In March
2020, he clay npening pot Kwelder was
esiablshed and filed with fine sadiment.
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This sediment originated from Poider
Braebaarn, a salt marsh area connected 1o
the Eams- Dosard estuasy and thus subjected
10 (dampened) tdal effects which resuted
InanetIncrease In Sediment over the years
The matesalwas removed Using a cutter
oragger and pumped a1 2 low oensity
[ca105-110 kg/m=) 1o e mud ripenar aver
©a 10 km where It wes deposiad in ten test
bads [K1-K10) (s2e Figure 2}

Sampeng sNes 1o gather GHE emssions
ware carefully selected 1o contain fing
sedments that made up the largest part

of the depasit These siiesware far away
from the entry IDCETON of the SEmNMEnt, 28
mainly heavy particies [sand] setted naar
hese IDZ3nens N TWo of these 18st beds

[H1 and KB}, GHE MeasuremeniswenR

1aken TNese 1851 Dens Were Not Ireated

by ploughing, cesalintsation methods or
Intreduction of plants In 8ach 1est bed, three
semment samping points were selected and
respiravon fiux chambers (see Figure 2)were
Instalied Maasurements wers parformed
InApril and June 2020, 5and 13 weeks
respectvely afier deposmon of the maenal

Tomonitor GHG emissions In the feld, fux
Cchamiers were ciosed for 4 hours 1o cakiect
§as samples, whichwere iater analysed inthe
laboratory. To suppan field measuremants,
segiment fram both ciay npening pllot projects

Wes incubatad under controfied conditons
In the lzboratory 1o measure mathane (CH,)
proguction, by monitoring headspace CHy
concentraton. For comparison, frash sah
marsh sediment [Staning matenal in the
Hwelder peot), ripe sat marsh ciay from

he Deizl|l pllot and freshwater sediment
[from a ditch) were Incubated in paraliel in
he laboratory

Toanayss physical and chemscal ripening In
1281 bed Ki and KB, sediment sampies were
cobected at three sol depths 10, S0 and
100 cm') below the surface and analysad for
slectrical conouctivity, pH, redox potental,
bulk denstyy [BO) and organic matter (OM)
coment OMwas analysed by I0sSs on ignion
with thermogravimetric pyrolysss (using the
TGA-701 by Leca}

Physical and chemical ripening of
the clay

Dver ume, the fine sedimens dried and
consoidated 10 form & oensar subsuate

The shrinking comgactian and formation of
cracks Is ciaasly seen inthe photos In Figure 3
Dver the first 3 months, the molsture conent
decraased on average from BS% M Apri (43%
Standard Deviazion (SO), owver entire profile of
1m]) 1o lowes values in June 44% (4% SD)In

1 Insoma snalyzas intha frst penad 76 om.

the 1op layer 55% (315% SO] n the
Imermeate iayer and 38% (42% S0D)

In tha deep layer Chionde and sulfate
CONCENIratons Increasad in the top layer due
10 SVanOration of water Elecrical conductivity
(EC)was used 3s a proxy for salinty and
INCTEaSed IVer 18N TMmes ouring the mnital

3 monns of npening (ApnI 10 + 0.8 mS/om;
June137:Bams/cm)

Funhermore, the redox potential secreased,
refigcting Increasingly recuced conomions
[average recax patental -B2 + 25 mV va SHE=?
In April 2nd-162 & 7 MV In June) and low
avallabllity of ceygen Analysis of sedimant
along a depth gradent showed that afier

13 WeeKs SB0NEnt was SImeEar In terms of pH
{range73-75), temperature, EC {range of
avarages 137-188 mS/cm) and redox potential
{range of averages 162192 mV) Al average
VaAUes are D3sed 0N SiX MEaswrements per
ssdiment layer

Change in organic matter and field
GHG emissions

Therewas a significant decresse Inorganic
maner i1 the top layer of the ripening sedimant
[Figura 4) The OM content In Apriwas highest
In e top 10 cm and decsned by 28% In

3 monzns (mean 125% InAprti and 9% n June}

2 SHE - Standard Hydrogan Elecroce
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2 ripening s2dimant in the Kweddar pliot in Apn
TOr Diars nepresent

Monethelass, the npening clay from both
pilot project Snes was far from e
OyHe-Clay STannarns desred 5% of organic
MSTET CONENT 35 & fraction of dryweight

No significant emessions of CH, and CO, were
mezsurad in tha feld [detection imic D1S%
[CH,]. This resul was confemed by closed
bt Incubanons In the Eborsmory [Figure S

Cong e s [,
lop CH, | et mght)
- s
A\
A

-

&

freshly collected sal
Error bars Indicate standand deviation [S0)

COnNcentration inthe gas headspace of the incubation flasks in time Bottles conaned ether
h sediment, ripe =al marsh cley or freshwater

ANDOC CONOMONE CTESTE high patenal for
METhane [CH,) producnon THe prysical znd
chamical data of the ripaning cigy showed
ThaT meEygen penetraTon was iow and redox
potential remained kow from April 1o June in
The entire sediment profile. The fact that no
considerable CH4 BMissions were obseved
IO ThE Cidy NpEnIng migt be due
Inhiizion of CH. production by high sulfse
CONCENTETONE In the esuaring siudge This
Tesults in more favourahle conditions

fior sulfas- reducing microorganisms

[that produca sulfide), rather than methene-
ProduCing microorganisms. SUHELE [e0UCErE
12 HNCWN 10 DUTCOMELE METhane-producing
micIoonganisms under enasrobic condions
[Ovemiand and Taylor, 157 5. resuling in
limitesd CH. formarion. Similar resulisware
fOLND in |30V STOTy ME3EUrEmEnE of METhane
BmEEsan In 120 mi fask Incubzions fledwith
&0 ml of fresh EsTuaTne Sadimen, EStuering
ripa clay and fresnweter sediment Methzne
emissions from eswaring sediment and ciay
wEE negiygible, whareas methans emissions
from freshwaner sedimentwene significant

[z 1.22 Py METanE [wat walght]-' day-)

To conclude. for the period of this sTudy we
meszured relatively limined decine in orgenic
MENTar cantent throughout the sadimen
and kw GHE emissions under tha given fiekd
CONOITtionS Factors tar coull be the cause
farmhiz ee

*  Oursamping methodology was not
sunzhle for Messuring the carbon
EMmis=ions &1 the low IEvels thet ncoumed
In tha 1es bads;

*  Organic Matter reakdosm by microbal
acThiTies IS probatly emited by kmeed
supply of ooy gen [or other elecmon
acceprors) and

+ despite favourable redox conditions,
METN&nE fOrmation IE probealy emied
DEC3UsEE Of SUATE MEOUCINY CONIToNS.

The degradaion of Organic METier was
studied &t this pliot for & limited number of
1ime points over the inftial months fobmwing
depositan and for only ona ngening method.
O IIUSITETE onganic MaTLer degqradaTion over
3I0Ngar I8 an fOF ANarnaIve Taaumant
optionz (g ploughing stimulated dramage
and plants), we Compars these 1o values

far the organic mamer content for the ciay
ripaning pilot Oelzijl AT the pilot Dakz)|
ripaning for 3 yEars IeswTed in kmined
reduction in in organic mater (less than 10%
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Of the INitizl 3MownT) [rEswTs not shown)
This Shows thar alsa for the Oeka)l plor,
Drganic Mattes DegradaTon remaned Imnad
During 2 yEars of fpening, and ERemae
MENO0S of NPEnng did not Show Signifcant
Increass in degradation

Potential GHG emizsions bazed on
changes in sediment carbon stock
Basad on tha decTaase In organic matter
CONC2MUENans, Carhon S1cks of Setments
ENd TNE CONCOMITENT GHG BMISSIoNS of tha
NEEnIng prcass can ba estmaed THiE IS
EIMIIZr T0 My STUCIES tNal have quantheo
Carbon Stocks of CosyE1ems, Buch 38 SaiT
marshes and mangroves [Hauffman et al,
2020a Keuffmen et al, 20200] This Isthe
S10C¥-change spproach [SCA) that |s siso
described in the Imergovemmental Fanal on
Climate Change [IPCC) & an apprmoach 1
M@AELrE CArbon SIOcs 05588 and emIEsIone.

In the current sESEsEment, this SCA approach
wag parformed for wo scenaring

= ScenarioT: This sCenano Bpresents
the results natained fram te fisid
Az descried in the resuls section,
wranspor of meygen in the sediment and
of GHES Dut of the SEdimEnt was slow,
rESURING In 2Thin i=yer of ssdiment
IIHElY SCTvaly BmITting GHGS. For Ths
SCANArio, we assumed the onganic
cerbon degradaionvalues obiained
from the clay rpening pilat Hwelder

- Scenario ZInhis SCENanDWe
S5EUMEd the cigy 10 reach tametvalses
Of Organic MEmar content, which wens
san forthe finel stage of npening of this
=2dIMant [5% organic Marter of dry
mMater] Starungwith 10% of anganic
MaTIEr COntent in the freshly dredged
sadiment, this equals 3 decresse of 5%
organic marer [ass In this scenana,
this Ios5 Of anganic materwas
=ssumed for thewnole s2dimant mass
A3 llustraned with the 2-year desa far
the Deliz|]l pilot, this organic mamar
degradanion was not found in praciice,
despite effores 10 mach e targat
by aeration through ploughing end
the addition of plants Therefare, this
SCENrio rEpresents 3 Case scenann,
non lkety 1o be reached in pracrice in
3 SN0 TIme frame of 2years AS e
Dhatfzip peot snowed, even ploughing
did not result in this degradation
OWET 2 YEAIE

Esnimated CO, emissions per m?, pertest bed and per tonne of clay for @ o scenarios

CO,E emission CO,eemission CO e emis=zion
Seenano kg CO,em-=z] [tonne CO,e1estbed-1) [vonne CO,2 tonne- clay)
1 Shaliow, Iow OM Ioss ; -
[represents fleld dats) 4 o S
2 Desp. high OM los
R 77 148 nosa

[desired quality)

Calculation
In onder 1o calculets GHE emiesions for
e entre 1251 bed for scenano, e data
coliected from specific samgpling poins and
depths wers 3Esumead 10 IEpresent caman
depth rengeswithin the ripening ssdimant:
= 10 Cm =S2dimEnt SE3mples: IEpresEnaive
CFTNE DU 0ENSITY an0 S0l organic meter
srthe 0-30 cms,
= 50 cmsediment Samples: reprEsentEiNe
of sadimants &1 the 30-60 cm degih; and
= 100 cm s2dimEnt 33mples: represeniaive
of sediments &1 the G0-100 cm depth

DOrganic carbon was detesmined from
Mazsunad arganic MeEmar Concentrarons
oM Tne walder piot Lsing & retation
presentzd by Fourgurean et al. [2012] and
Howard =1 2l [2014)

=02 - 048 m

Whare¥ is organic C [%] andX = organic marer
(%), 12= 057

AE |2 apparent through phouos 13HEN 31INE
wme of samgling dramanc changes in soils
nersean the different Tme penods ware
observed. In a period of IESs than 3 manths,
larpe cracks had formed In surface |ayers and
3cConcaomitant Increase in soll bulk densiy
wes obhserved. Soil bulk density of the surface
Iayerswes 0.35 ' cm® inApril compared 1o
O.EF g/cmainthe June. Samilar responsss were
found & the middle depths [30-60 cm). Due
10 oifferences in the soil bulk density betwesn
M perinds, COMparisons of caron STochs

5. Tha degh mnga of 0-30 om for the shallowast
Iayar is probably an ovanestimanion, as wisual
abserranions mats chear thar cthe midised
zone extanded less desply say 10 cm. On tha
aifar hiand, tha formaoion of cracks migho

Propagata axonanga.

through eExaminaton of the sEame sollvolume
would yield INCOTECt ESUmatons of carbon
flue through tme

Therefoee, 10 COmpare Soil carbon SI0CKE
adequately, 2STIMales WEre Made using
BOUNEEMT MAESEE Of TE mineral Sol fraction
farapril and June [Hauffman et al, 2018
Arnifand et al, 20207 The maneral soil mass is
derarminzd thimugh subtraction of the soil
organic matier density from the 1otal sof buk
denzmy. Then the tal mess of the mineral
frection Is devermined for the tog 100 cm of
sadiment inApril followed by calculation of the
mineral soil mass for the June samples.

'Wa aEsumed that |gses In cerbon socH wars
largely emitted in the form of C0, remer than
CH,, based upon our figld and |eh expariments
and gwen the high saliniy contemts of
sadiments Lhdarmlsmsumpnnn.we repor
maama'_.mam Cerbon Ios58s 88 FII:I'[EFII]H
0, Eméssions, or GO, Equivalens [CO,E]

— pbained by muttiplying Cvaluas by 27, the
MOsECLEAT Tan0 of CO, 10 C

Methane emissions
from estuarine
sediment and clay were
negligible, whereas
methane emissions
from freshwater
sediment were
significant.
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PROECT

Scenario1:ehallow and limitad

organic matter degredation
[rapresenting field data)

Basad on the messwad organic mater
COMENT fior the diffenent &y ers measurad In
April and Jung, 3 mean carbon IDss bavwean
AP and Jung was calculEen of 2 kg M2
ThiE COMESPONGS 10 3 Mean poentlsl GHEG
EmiEsion during the Apeil 1o June clay npening
pariod of 77 kg CO,E m-=2 of sedement [Tagla 7).
Extragalzting vo &n entire single test bad

[75x 75 m or SEZ5 me), we esTimate the umal
EMIZII0NE from & saingle clay rpening Test bed
wat 4311onmes COz. The COzE BMEssions
from the ENUME 120 NPENNG SiES Wes

4315 wnnes CO2 [Table T This comes

oown 10 0.012 onne CO, pertonne ofclay.

Scenario 2 deep, high [5%) OM
degradation [desired gusality)

Thi ecenario assumed higher Inss of OM

[t0 5% across thewhole depth Trensect

of the ssdiment A= cen be expected, the
Estimated Ci,; EMESEIOn In TS ECenarnwas
sigrificantly hegher (27 kg COz& m-7) than
InEcanario in gensrsl, the CO, emission
will b proportianl 1o the depth towhich

ThE Drganic marterw i be degreded and

ThE EXTENT TOWhICh Organic memer cantent
DEcr2asEes TNEME aNe CUTENTY No INdICEons
ELCA & ECENANG IS 1ekng place when ngening
semiment from the Ems-Dolard estuarnys.

Results

GWEn the Emall =ampie se, shon sampling
time @nd indIrect measwres of organic carbon,
0313 and results must be vIEwed with caution,
B Thare |5 & hegh degrae of uncenainty.
Howewes, The reswits do Suggest that carmon
EMIZII0NE from the clgy-ngening process may
ba significant. Fumher InvEesTigetion using
BCCUTETE ponatle infrered ges analysers and
Imenzs sampling of 2diment caron poois
ouring the entire ciay fpening process is
IECOmmended In ordes 10 ObTEmn more preciss
Estimates of GHE emissions.

The differences In GHE emissions calculated
fOr TE ™0 SCENArios demonsirates the
INFILIENCE AT BnvINoNMENTal Condixans,
time and SediMEen: MEN3gement may have
on the CO, emizsiona The degth and degree
towhich organic matter i3 degraded strongly

4. EVSLEUDNS S TaHINg placd 1o sea i oy 5ol
Of 3 highr Drganic Matwer snd San eaks can
nNavarthalass ba 53ty Lse N Smbankmants.

The presented analyses in this study
demonstrate a useful methodology
and indicative numbers for

sediment-related GHG emissions.

determines the CO, emiseion, and k3 Akely
sTongly depenoent on ngening sretegy [eg
ploughing end influencing salnity] eswel &2
1he carban qualiyy ofthe sediment organic
marter. Thug, Te different ngening sUaeges
woukd influence the rate end quelity of COs
Emission e Furharmone, with thie lsboratory
Incudations, we demonstrated 8 much higher
GHEG amizsion from freshwarer sadimens
comgared 1o salwater sediment. Therefare,
e cholce herween Saltwater and freshwater
sediment can also srongly influence
sediment-reiated GHEG BMEEIDNS, 88 the
production of CH,, and CoNEsquEntl tha
emission of GHE s most Mkely much higher
In freshw eter Sedimenta

TOUT TNE NUMDETS CACUISTEN NEME N0
canext, it is useful 10 compare these 1o
potenual alematives For bulding dykes,

3n ahEmanve SOUNCE Of dyke clay IS The
Import of freshwates sedimant from Belgum
o oTher pans of the Mecherlands, low in
Organic matter AN IMpomant cCompanent

of the GHE emission related o tis
altemnative IS the EMEEEion dus o fosel fusl
COMEUESTIoN AN SSIMALE Can be made ofthis
EMIESH0N hasem an KNOWN MUMDETS AW,
coZemssiefeciorennl) The GHE emissions
of B Truck [weighing 1020 tonnes] i
eSUmated 1o be 0256 ky COfonne
kbometre [wall-1e-whesl] When we ssums
ONE-WEY TrANEPDM Of 3 I0aded ruck over
200 kem [from Baigum to the pilot Iocationz),
This k2eds 1o an emizson of ZD0&m* 0255 kg
CO../1onne KIoMETNE = 512 ky COftonne
clzy or 0.05 wnne COyfonne clay.

This comes down to the ssmaarder of
magniiude &5 118 GHE emissions from the
clzy ripaning process wndes ThEw IFsT-Cass
Soenano 2. Actual emissions from wranspan
will e higher, 35w did noT Ta4E IS BCCIunt
ther acivRias, and only Included one-way
wanspon. In general thase calculamns

should be seen & a first estimas 1o llusTae
the methodalogy; for a complets compartsan,
Emissions from several sCTiities n bot

sCenaring should also be Taken INTo acCount.

Digcussion

The wgency of & business sectors

10 address climate changs mitgation
Through reduction of emissions and te
sequasTration of GHGE iswell recognised.
Ifwa are 1o emain thetarget of the Pars
Agresment, all stakaholders must act In
linewrth this, the Durch governmeant sims
10 reduce tha Metharlznds’ greennauss gas
emissions by 45% by 2030, compered 1o
1980 levels, and 3 85% reduction by 2050 In
additian, the Dutch kiniswry of Infrastruciure
and'water Management S00pTed & TEmET
10 achieve Net-Zens emissions by 2030,
Companies in the mariume and dredging
SECTON have Saned 10 e0opt NET-Zem
rargets This has slready rasuled In senous
effors 1o minimise emissions from hydraulc
enginesring parscularly i retEtion to
minemising wse of fossl fuels and opumising
construction materiae The presanied
analyses in this s1udy demonswate 3 useful
methodology and Indicauve numbers for
sadimant-ralated GHEG smissions, iowavar,
Many LNCETaINTEs remain that deserve
further auention Improved approaches

10 the samgling of GHE emissions and
QUAMTIFICATION of ThE Caroon mass within

the sadimeni=would facilitate accurate
guanification of carbon s1o0cks and GHG
EMESEions from the rgening procass

DWECT ME3EUrEMENTE Of GHE BMISS0NS &re
nesded to condirm the findings and validae
Therange of apalicabikty bath in the field

and inthe lsd [Le Gebert et al, 20019) The
use of poratle infrared ges anatysars woulkd
faciingts eorurens fisld messures of ece
ges emiz=nns [CO;, CH4 W20) Furthemaore,
Imense sampling of Sediment carbon poals
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turing the entire cigy pening process

15 recommended 10 obaEn more preciss
Estimates of GHG emissions from the clay
npening process Thiswould encal repeaed
samgling of carbon concenranons and
CONCEMITELOn DUl density 3Tvarying depins
of the E2dimMant bads Dver nme

The carbon composition and qualty

&re alsa unknown The carbon qualiy i

8 MEASUrE of the quantity of [zbile and
recaicitramt fractions This IS mportant as
MiCIOOani=ms Can readily decompose
lehile formew hile recalcirant carhon may
Indefinaly PErsistin Sedimants Hnowleogs
Cf Carhon quanTy provades Mfarmarion on the
TimE required and potental w reduce arganic
manear in dredged sedimantz. in addition,
COTher companents of the sediment, such as
cigy and salt, may hawve an impact

Once sats arewashed out of the clay and
W QYESTEr Dy gEN PENETTETION [vig plan
TOORE, DioTUration or afver soil 1= miked

WITI S3nd), ThE DEQradanan of the organic
manenalwill be enhancen However, this could
Increase mathane emissions,which wouk
Increaze the ghobel wanming potential of the
pases ansing from this ripening process. The
SECNMENT In the Two plot projects descrited
hare is both estuanne, sak-water ssdiment
from the same region, which cowld differ

In s2veral more Speciic pEramETErs such

BE OrQanic M3mer quelty. FOF OUher CIEes,
SECNMENT Proparties [Such as organic matter
qualty, salinity and clgy CoMient) might be
offferent and it s recommented 1o taka this
Into BCCount

litha oojective of & project Invoving
hydraulic engineenng I= mminimise GHE
EMISSIONS O & en S2qUSSTEr Caron, then
bullding wih nature based solutions can be
Eppiad, such &= usingthe soft s2dimenis for
S3IT Marsh CIEaTion whens vEgeTain cousd

uptake CO, and S1OME orgenic carbon in
sedimenta Salt marshes ot only Sequester
cartian but also reducewave hesghts

'WhEn dyHES BIE COmbnedwith vegetated
foreshoves, shey can be lower and still provide
safary [Temmerman e1al, 2013) Lower dykes
FEQUIE 1853 CIg ENd TUE MoV e fewsr
EMIESonS from ciay fpening

Inthis pilior sTudy, we only focused on
processas dunng the first Stege of the
ripening of the SECMMENT and & Tranamon
from dredged se0emEnT 10 ciay matenal
Microblal degradaon of organic casion

will FESLIIL N IDSE O THIE ONganic Caron 23
CO, anwar CH,, Dur gL Stuny arsay
SUggEstan SOME PErametars that afect the
sediment-retated GHE Bmissions during
ripening of soft sedimenis the cancentraton
of organic carbon inthe sediment, the

quality of that carbon and the sainity that
affectswhether emissions will belimited

10 G, Or NoL The Sow Wanspor in and

UL Of TNE ESCIMENT probatly Stso affects
degracation conditions, rasuling in ow
availaniliy of meygen and siow bragkdown

of organic marter and slow emission of
gresnhDuse gases

These and omer factors might diffarwith
differam dredging Methods endways of
deposmon during ripening. However, there
are marty proCcess S1Ens Detore and efer ma
MPENING fEnod IN The projecTwhare GHE
@mission 8sTimares are still zcking tharefore
Mare Fesearch on this 1opic i needed The
entire life cycle analysiz, mcluding the carbon
lo=ses and sadimeant-relsed GHE emissions
fram pre-dradging up to the moman tha

cley hes bean implemanted in the dykes
andthe further fate of carban, should

e quantified Finally, (e use of relavans
reference scananos inthe life cyce analyes
15 BESENTIEL 2. OF NETUFEl BCOSYSTEMS ar
ANEMATVES Of Ta SEQIMENt USe

Conclusiona

Our s1udy aimad 1o s8ess GHE emessians
from ripening soft Sediment 10 dyke ciay and 1o
Identidy kay processes involved. Given the smal
=ampis siFe, Ehor sampling time and indirect
ME3ZUres of carbon loEs, our results must be
considered 3& a first Exploration. The estimensd
CO, emiS=oNs sUgPest that Carbon emissions
fIOMTNE Cl3y NPEning procass are potentisly
SINIFICANT 3Nd ThEl THESE BMESSIONS can ba
affected by the &pe of Sediment and npening
conditions Emissions from ciay fpening
ranged bawwean D012 wonne CO,afonne of
clay for our shor-temm fiekd expenmeant up
005 wnne CO,4E/ 1onne of ciay i the desired
clay qualiTywith an organic marter conuent of
SEwould be reeched Alternatively, if & similar
amount of ¢lay would have been collecied from
anroad, GHG BmESsIons from wanspom sone
may equal these BmESsionNs.

The results from this study offer zn approach g
compare GHE emissions from soft sediments
10 alematives and give Infarmatian an control
PErEMELErs by wilch GH G Bmisskons from soft
=sadIMEnts Can be minimised. FWstly, working
WILh E3liN2 SEONTENT 1|5 1555 IKEY That Dnganc
METIEr I8 CanWeren o CO, NStead of Inta e
more potent greenhouss §as CH. thanwaonking
with freshwater seciment Sacondly, gas
exchange between sedimant and stmasphare
can e Imited, minimising GHE emessions
directly, and indirectly by maintaining anaembc
conditiona Howevsr, for frasiwater sediments
anaenobic Conoiions May STmulae emissions
0f 1N MUCH SToNGer GHEG CHa. MINIMEN] gas
EECHENJEWOrHS 3J3INET the &M 10rE0UcEThE
Organis Caman content In the sadimant 1o 5%
Therafore, S1Udiss ars parformedwith rpenad
10 sEewhather s3ine claywith a higher than
desired O contant (~5% OM] = afecting
dyhe busding srength

'We recommend that sediment-Teiated
BTESEIONS 3rE A0rESEa0 IN e oy e ENEy Els
[LCA) Of Ny Oraulic ENDWEsnng projects, 3o that
different options can be proparly comparad
and well-infrmed decisions can be mede.

To achievethis, GH G emissions from and
Carbon SeqUesTration In sediments nead o be
Integratad o Exisng 1o0ls, SUCh 35 The Ones
used by the Dutch government ‘DutoCaic’
orthe 'CO, perfmance ladder. Meamw hile,
hydraulic engineenng grajects that imvolve soft
E2dimEntE Enould MEaEUTE &nd Nepon Carbon
EI0CHE and fes of GHEE 0 oulid up the
TEqUIrEd KNOWIBIDE DESE.
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D Review of ecosystem and sediment-related GHG
emission from Hydraulic engineering activities

A review of ecosystem and sediment-related GHG emission from Hydraulic
engineering activities.

The 2021 IPCC report has clearly indicated that current global warming is unprecedented in
scale and speed and is induced by humanity, causing rapid changes in the atmosphere,
oceans, cryosphere and biosphere. In order to limit further changes in future climate, we need
to reduce our impact on our climate immediately. Within the Paris Agreement (2015)
governments agreed to keep global warming at max 1.5 degrees Celsius warming. In order to
do so, all net CO2 emissions need to be limited, to at least net zero CO2 emissions. The
European Union set out to reduce CO: emissions by 55% in 2030 and to be carbon neutral by
2050. The Dutch government aims to reduce CO2 emissions by 50% in 2030 and net zero in
2050. Many sectors have adopted these goals. This memo reviews current knowledge on
ecosystem- and sediment-related GHG emissions from hydraulic engineering (HE) activities.

Within the water sector, climate change is considered an urgent topic. Project owners (such as
governments or private developers), have the ambition to be climate neutral by 2050Current
investments within the Hydraulic Engineering (HE) sector focus mostly on: using sustainable
energy sources, increasing carbon efficiency, creating sustainable solutions, carbon
offset/credits. In practice, this means most investments are focused on the activity that takes
up the largest part of the HE carbon footprint: fleet-related GHG emissions.

In the Netherlands most tenders within the HE sector already include assessment based on
the amount of carbon reduction or sustainability that can be achieved, using tools and
certification via the “CO2 prestatie ladder” and “DuBoCalc”. Internationally the Greenhouse Gas
Protocol is used.

BOX 1 - Scopes in CO, emissions

The Greenhouse gas Protocol is the most widely internationally used standard for
accounting and reporting GHG emissions. It offers an accounting tool for GHG emissions
on project- and company level and categorizes GHG emissions into 3 scopes:

Scope 1 — direct emissions from owned or controlled sources (buildings, fleet,
production activities, etc).

Scope 2 — indirect emission from electricity or heat that are purchased and consumed

by the reporting company

Scope 3 — all other indirect emissions that occur in a company’s value chain. (i.e.
business travel, purchased goods, disposal of products, investments)

A company takes at least responsibility for the emissions in scope 1 and 2. A GHG
emission reduction target for scope 3 emissions is only required when a company’s
scope 3 emissions are 40% or more of the total of scope 1,2and 3 emissions.

More info: www.ghgprotocol.org & http://www.sciencebasedtargets.org

Ecosystem and sediment related emissions

It is clear that fleet-related GHG emissions (scope 1 and 2,Box 1) are biggest emission factors
within the HE sector. Yet, there are components within HE projects that fall outside scope 1
and 2, which are currently not considered in the footprint and have the potential to be a large
source of GHG emissions: the disturbance of the natural system through HE activities and
ultimately GHG emissions from the sediment that is handled.
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The activities within HE projects such as dredging have impact on GHG fluxes from the natural
system, but it is unclear to what extent.

. At this moment it is not known how dredging affects emissions from the affected extraction
location, the deposition location, or the extracted material, let alone which dredging
methodologies or deposition options are more effincient in terms of ecosystem and sediment-
related emissions.

Greenhouse gas emissions from ecosystem and sediment

Next to sand, silt and clay particles, dredged sediment contains also organic matter, nutrients
(like nitrogen and phosphorus) and potentially contaminants. Sediment holding organic matter
has the potential to produce and release the greenhouse gases carbon dioxide (COz) and
methane (CHas) under certain conditions. It is well known that dredged sediment has gas
production potential, as gas production is a risk when depositing soft sediment in landfills
(Gebert et al. 2019; Gebert et al. 2006; Van Kessel & Van Kesteren 2002). In the past within
Deltares and its predecessors much focus has been on modelling the risk of swell due to gas
production, providing risk-management measures to prevent basins filled with soft-sediment
from overflowing (Gebert et al. 2006; Van Kessel & Van Kesteren 2002). While this literature
relates to almost two decades back, this remains the current state-of-the-art. To date much
remains unknown regarding the type, magnitude and rate of greenhouse gas production and
release from deposited soft-sediment, let alone how this relates to sediment properties and
which measures can help reducing these emissions.

Greenhouse gas production potential

What we do know is that the quantity of organic carbon within a sediment will give an idea of
the potential for GHG production, as it gives an indication of the maximum emission that is
possible. Whether that emission will eventually materialize is subject to more debate.

Silt rather than sand is an important determinant for the GHG production potential, as much
as the amount of nutrients, specifically nitrogen (ammonium, nitrate) (Gebert et al. 2019).
Within shallow lakes and river sediments, nitrogen and phosphorus are good proxies for GHG
production, as was shown in the BlueCAN project (Schep et al. 2020).

The quality of organic carbon, or the degradable share of organic carbon, is also relevant.
Typically, older sediments contain organic carbon that is more degraded than young, freshly
deposited sediment. Sediment depth correlates to sediment age, with deeper layers being
older, and also there this relationship between age of organic carbon and degradability is found
(Wijdeveld, 1999; Zander et al., 2020).

Furthermore, some conditions are known to limit production of certain GHGs. Sediments with
a high salt (and especially sulfate) content like in marine environments, limit CHs production.
Therefore, many freshwater sediments tend to have higher expected emissions of the strong
GHG CHas. High oxygen availability prevents formation of CHs, but allows for oxidation of
organic carbon to CO2, causing high CO: fluxes. Last but not least, high iron (hydr)oxide
availability is able to bind CO:2 as bicarbonate and thereby lower the CO2 emission (Wijdeveld,
1999).

Beside the geochemical characteristics of the sediment and its environment, project specific
design and operations may have a large role on influencing how much of the potential emission
is released. Selecting the optimum construction method, for example capping or underwater
placement instead of upland disposal, can be important to limit GHG emission, or potentially
improve sequestration.

To determine the GHG production potential, degradation tests can be performed in the lab or
can be estimated using models. Lab measurements involve incubation of sediment samples
under aerobic and anaerobic conditions. To estimate the amount of GHG released for marine
and freshwater sediments, several models have been made using sediment age, quantity of
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organic carbon present and degradability constants as important determinants for the GHG
production potential (Gebert et al.,, 2006; Grasset et al., 2021; Lovelock et al., 2017
Middelburg, 1989; Wijdeveld, 1999). Previous work of Deltares has used the formula
formulated by Middelburg (1989), as defined below.

k=a.t7?
Where:
a = constant
b = constant

t= age of organic matter in profile (defined as tini+ t)
tin = age of organic matter at sedimentation.

Greenhouse gas emission from soft sediment land fills

The GHGs produced within soft sediment will at some point escape the sediment and reach
the atmosphere. In the past, researchers at Deltares have studied how gas can escape soft
sediment (Van Kessel & Van Kesteren, 2002) and when the critical threshold for GHG to
escape from the sediment is reached . Gas produced will create bubbles, that can only escape
the soft sediment when these bubbles have enough volume to migrate to the surface and by
doing so create channels and cracks. How much gas needs to be produced for these cracks
to form depends on the soft sediment characteristics. Deposited soft sediment may hold 25 up
to 37% of gas prior to it escaping to the atmosphere. Within Deltares models have been built
within Delcon based on formula by Middelburg et al. (1989) for organic matter decomposition
in sediment. This has been applied in various projects amongst which Stryker bay, ljsselmeer,
Ketelmeer and de Slufter (WL - Delft Hydraulics 2002, Wijdeveld, 1999, 2002).

Sustainable use of dredged sediment

Over the past years sustainable use of sediment gained ground, considering dredged sediment
a valuable resource. By using dredged sediment to aid in the development of ecosystems that
have a high potential to capture and store carbon, the sediment can even become a carbon
sink. The creation of natural islands "Marker Wadden” in the Dutch lake Markermeer were able
to start capturing carbon within 1 year in locations with reed present (carbon sequestration of
5to 12 g CO. m2 day ; (Temmink et al., 2022)).Also a mangrove forest restoration project in
Indonesia (Semarang, Northern Java) led to an initial increase in carbon captured in the
sediment (Veld, 2018). The Kleirijperij (mud ripener) is another example of sustainable use of
dredged sediment, and showed limited GHG emissions. Overall very little organic matter was
lost over the course of 3 years of maturation, indicating quite some organic carbon remains
stored. Sustainable use of dredged sediment and finding best practices to keep carbon locked
in the sediment, will help the HE sector to become carbon neutral by 2050. Furthermore, it
offers economic potential for the carbon market, where the storage of carbon may be sold as
carbon credits.

How to deal with ecosystem and sediment-related emissions in the future?

Ecosystem based carbon footprinting in in marine engineering projects has been published
(Dekker et al., 2014; Fiselier et al., 2015). Currently a prototype tool is developed that assesses
the circularity of inland dredging activities including effects on ecosystem emissions (Besseling
et al., 2021). This is created with the objective of helping the Dutch Water Authorities to dredge
sediments more circularly. Other tools exist to assess the sustainability of civil construction
projects, such as “DuBoCalc” and “CO2 prestatie ladder”, both developed by Rijkswaterstaat.
These tools are beginning to incorporate ecosystem and sediment-related GHG emissions, to
some degree and with differences between tools.

Efforts are made to get a grasp of ecosystem and sediment-related emission associated to
HE activities. The “Programmatische Aanpak Grote Wateren” (PAGW) is a program within
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the Netherlands that aims to improve ecological quality of large water bodies within the
Netherlands via restoration of estuarine dynamics and restoring shallow land-water
transitions. The first exploration phase of the pilot study (proeftuin) for cost-effective and
sustainable engineering of these shallow land-water transitions gave an important insight:
next to GHG emissions from equipment used to dredge, the sediment itself and disturbance
thereof may cause high GHG emissions (Raadgever et al. 2020). Based on the dominant
mechanisms that are associated with GHG emissions from soft sediment, the study also
identifies several measures (eg the time of year that dredging takes place) that are likely to
impact the size of this emission source.

Concluding remarks
To achieve the climate goals of the EU and Dutch government quick action is required. The
Hydraulic Engineering sector is participating by monitoring yearly carbon footprints that are
published publicly and shifting to green energy resources. At the moment, a lot remains
unknown about the impact of disturbance (i.e. dredging) of the sediment layer on the GHG flux
balance. Nor do we know how to treat dredged soft sediment, so that GHG emissions are kept
low or to maximize capture. Researchers need to identify

e How much GHG soft sediment can emit,

e Sediment types and locations (salt / fresh waters) with most potential for release

e How we can limit these GHG emissions and maximize capture

e How disturbance affects these emissions.

Future research into practical aspects linking GHG production potential to HE methods can
include

e Execute testing in field and lab on various sediment types during different parts of the
dredging process and in various meteorological conditions

e Plot results over time with regards to release and fixation (vegetation growth)

e Compare the results with other GHG emission sources during the project (context
and significance)

e Compare results with other operational aspects in projects, like transport of clay
towards site if Beneficial Use of dredged sediment will not be possible.

These insights will offer practical guidance towards a net-zero HE sector that includes
ecosystem related emissions.
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WL - Delft Hydraulics (2002) DATA GAP REPORT 112702 (Stryker bay) report.
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