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E x p e r i m e n t a l  S e d i m e n t o l o g y  a n d  S e a f l o o r  

R o b o t  L a b o r a t o r y  
 

Understanding global change and its societal impacts also requires advancing and applying process 

oriented research in sedimentology in an interdisciplinary approach. Mud is the dominant sediment 

surface cover in the ocean and is very complex as a substance. It comprises many small inorganic particles 

that freely bind with organic matter to form aggregates. The working group uses lab- and field studies to 

explore small-scale, basic processes of erosion, deposition and transport or organo-mineral particles, 

applies remote sensing to investigate larger scale patterns of sediment distribution, and models to predict 

the fate of particles in the ocean. Focus is primarily on the ocean carbon cycle and on fluxes of particulate 

matter within the lowermost water column close to the seabed, with special emphasis on aggregation 

processes. Our approach is twofold, with lab experiments and tele-operated or fully autonomous seafloor 

robots. Both approaches mainly rely on the use of sensors. 

The Experimental Sedimentology and Seafloor Robot Laboratory at Kristineberg Center is a stand-alone, 

150 m2 building equipped to facilitate physical experiments to study particle dynamics in marine 

environments. The lab is located next to the Gullmarsfjord with access to filtered surface and deep water. 

Research vessels of up to 60 m length can use the pier of the field station.  The Swedish offshore site  

Bratten is just 30 nm away and is used as one major study site for two EU funded projects “Redress” on 

marine restoration (27 partners) and “Digi4Eco” on digital twin technology (18 partners). 

 

Calibration of turbidity sensors with 
opacity data from time lapse cameras for 
use during ROV/AUV operations

Calibration of sediment trays is difficult 

80
 cm
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Kristineberg

https://www.gu.se/en/kristineberg
https://www.researchgate.net/publication/337407922_Marine_nature_conservation_and_conflicts_with_fisheries


Seawater flume 

One large state-of-the-art seawater flume allows us to study processes at continental margins and the 

deep sea. The racetrack flume is 20 m long, 0.7 m wide, and 0.3 m deep. The test section can hold 

sediments from a large boxcorer (0.25 m2, 40 cm deep). The flume is capable of recirculating water and 

sediments, and equipped with instruments to make high-resolution measurements of evolving bed 

topography, hydrodynamics, and particle fluxes. The propulsion system generates flow velocities of 0 – 

30 cm/s  using a caterpillar track which only little influences particle size. During the winter period, 

temperatures in the room can be kept around 2-5 °C. 

 

 
20 m seawater flume with caterpillar propulsion. The flume has a test section of 70 x 70 cm. Sensors are guided using 
a Isel stepmotor control system. 
 

 
View of the test section with sediments covered with manganese nodules. 



 

Coolroom with water column simulator 

One 20 m2 coolroom within the main building of Kristineberg Center is used to simulate processes in both 

the water column and the bottom boundary layer under controlled temperature conditions of 4 °C.  A 

1000 l water column simulator allows to study sediment plumes and sedimentation under calibrated 

turbulent conditions (shelf sea / deep sea) and can be modified to quantify processes at the sediment 

water interface. 

 
One coolroom of the facility is used to study particle transport under deep sea temperature conditions The 
transportation of deep-sea sediments to Kristineberg Center can be accomplished by a coolchain, allowing for 
subsequent analysis of particle properties and aggregation behavior. Particle size and settling velocity is determined 
by a LISST particle sizer, a particle camera, settling tube, roller tanks and a 1000 l water column simulator. One 
Aqualog turbidity meter can analyze a wide range of particle concentrations from 10 mg to 50 g / l. The sink in the 
room is securely sealed to avoid any inadvertent release of Pacific water into the Gullmarsfjord. 
 

 
Roller tank, settling tube, particle camera and LISST laser sizer 



 

 

 
Particle plumes (e.g from dredging, drilling or mining) of up to 20 g/l are exposed to turbulent conditions within the 
water column simulator and sensors can be inserted regularly. 
 

The roller tanks, settling tube, particle cameras as well as a set of sensors for particle characterization 

(turbidity, backscatter, fluorescence, size, settling velocity, critical shear stress of sediments, aggregation 

under low and highly turbulent conditions) are applied. Benthic chambers (30, 20, 10  cm diameter) can 

be used to study resuspension behavior and porewater flow under different hydrodynamical condition. 

Two pressure laboratories (0.1 – 25 MPa) enable to study the effect of hydrostatic pressure on organic 

matter fluxes, as well as aggregation. 

 

 
Benthic chambers  are used to determine particle transport characteristics and porewater flow. 
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Fig.	S3	 	Test	vials	 for	 fig.	15.	Aggregated	plume	particles	were	 inserted	to	determine	the	height	of	 the	resulting	mud	
layer		

	
	

	
	
Fig.	S4.	Development	of	the	fluid	mud	layer.	T0	under	10	g/l,	T1	during	the	export	phase	of	newly	formed	aggregates	
which	form	a	unconsolidated	mud	layer,	T24:	1	day	after	plume	release	and	22	h	after	the	export	phase	ended,	when	
the	mud	layer	is	consolidated	and	remaining	fine	particles	<	100	µm	will	create	a	new	sediment	surface.	
	
	
	
	



 

 

The small pressure lab is used to simulate vertical fluxes of organic carbon to a pressure of 25 MPa (2500 m water 
depth). Sensors can be inserted into the pressure chamber and samples can be transferred without depressurization  

This variety in geometric and operational characteristics provide an exceptional opportunity to conduct 

experiments at different scales and complexities. This experimental capacity is combined with our long 

year expertise in particle dynamics.   

 
The seawater flume in KrisVneberg Center is also used to reproduce in-situ observaVons from remote deep sea areas 
(here from the Clarion Clipperton Zone) to understand ripple formaVon aXer gravity currents passed through an area 
covered by manganese nodules 
 
 

miningimpact.geomar.de

Reproduction of sediment ripples from gravity currents using the 20 m seawater flume 

CCZ Belgian sector                    Seawater flume Kristineberg
                     0.04 N m2 

Hypothesis:
Gravity currents result in improved areas for recolonization

https://www.isa.org.jm/maps/clarion-clipperton-fracture-zone/


 
LeX: manganese nodules (ca 15 kg/m2) and    right: blankeVng of sediments with newly formed aggregates 

 

Large Boxcorer subsamples from the Pacific (4500 m depth) with manganese nodules are transferred to the 
laboratory and inserted into the test secVon of the flume 

 

Field observations 

The mesocosm facilities are complemented by two seafloor robots which were developed by the working 

group between 2004 and 2020. They are tele-operated and can be either controlled with a surface buoy 

from a distance of up to 2 km with a laptop. The connection is either established via surface buoy or from 

a junction box located at the sediment surface. This setup also allows to control the robot via internet 

from any place in the world. The robots are either used on shelf seas and continental slopes in Sweden or 

like the Wally-Crawler as part of a cabled observatory like Ocean Networks Canada at 900 m water depth. 

The robots can be equipped with the same sensors which are used for the laboratory experiments 
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Fig.	S5.	Plume	aggregates	during	deposition	(0.6	mm:	compaction	area	;	6	-	>	40	mm:	agglomeration)	in	the	flume	
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Fig.	12.	Plume	concentration	(aggregation)	during	the	first	15	minutes	after	release	in	three	scenarios	
Sc.3:		1	g/L,	Sc.4:		0.5	g/L,	Sc.5:	0.25	g/L		to	simulate	conditions	in	a	1	m	water	column.	
	
	

	
Fig.	13.	Side	view	of	test	section	of	the	flume	showing	the	blanketing	layer	next	to	the	window	for	better	visualization.	
Note	that	a	3-4	mm	have	to	be	added	to	compensate	for	the	silicone	sealing	next	of	the	window.		A-D	is	5,	20,	60,	1440	
minutes	after	release	of	the	plume.	For	different	concentrations	of	each	scenario	see	Fig.	12.	
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profile). The comparison between the original and blanketed sample was obtained using a 3D 
point cloud processing software CloudCompare (www.danielgm.net/cc). 
 
Flow field measurements (200 Hz) were directly triggered by the Isel arm once it reached its 
measuring position. A grid resolution set to 6 mm in the XY direction and 7 mm in the Z 
direction was chosen for the ADV (signal to noise ratio) and overall profiling time (3 hours per 
layer profiled). In total, 5 layers above the nodule field were analysed. Overall, the 3D flow 
field mesh grid was created from approximately 13,500 measuring points. All datasets were 
transferred to Paraview software (www.paraview.org, A. James et al, 2005) which allow the 
visualization of combined topography and flow field measurements.  
 
 
E. Blanketing effect generated by a settling sediment plume 
 
The blanketing effect generated by a settling sediment plume was investigated in the 
racetrack flume of OceanLab. 3000 L of seawater (34.5 PSU) was used for every experimental 
run. The test section and its water layers above were first isolated from the remaining flume-
water before a highly concentrated plume (6.3 g/L) was transferred by gravitation from the 
water column simulator into this test section (Figure 6). Overall blanketing was measured 
over time until the plume has completely settled. This concentration simulated the settling of 
an aggregated sediment plume of 1 g/L from a water column height of ≈ 1 m. Note that this 
would also represent sedimentation of 0.20 g/L plume from a ≈ 5 m water column.  
 
After complete settling of the plume, the current velocity was then increased from 4 cm s-1 (≈ 
0.1 G, typically found in the BBL at the CCFZ under normal condition) to 12 cm.s-1 (transition 
of an eddy) in steps of 1 cm s-1 every 5 min. The currents velocity was finally increased to 20 
cm.s-1. At every step, particle sizes (LISST-100x) and turbidity were determined.  
 

 
 

Figure 6. Isolated flume test section for sediment plume transfer. 
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				 				A	 	 	 	 		 	 	 	 B	
Fig.3.	Settling	column	(A),	and	particle	camera	(B)	in	the	coolroom	

	
	

Step	5:		Blanketing	effect	generated	by	a	settling	sediment	plume	
The	thickness	of	a	blanketing	layer	was	investigated	using	the	large	seawater	flume	(Fig.1C).		
	

	
Fig.4.	Test	section,	with	286	Type	1	nodules	from	the	NORI	exploration	site	(≈	16	kg	ww)	
	
The	blanketing	layer	thickness	and	3D	structures	formed	under	5	different	scenarios	are	analyzed:	
	

1. under	10	g/L	plume	concentrations	at	1G	in	the	water	column	(near	field)	

https://nautiluslive.org/video/2021/08/25/connecting-wally-benthic-crawler


including benthic chambers. A manipulator on one crawler (Seaterra, Germany) allows to actively interact 

with the environment and place specific sensors (e.g. Raman spectroscopy). 

               

The Rossia crawler series (Seaterra)  for deployments near Kristineberg or at the Bratten site using a surface buoy 
with WLAN connection 

Deployment of Wally the Crawler during a research cruise of ONC to Barkley Canyon. One crawler will be deployed 
in Barkley Canon again in 2024, one Wally (above) crawler has retired after 10 years of regular 12-18 months 
deployments at 900 m water depth and will work in the Gullmarsfjord for the next years. 

https://nautiluslive.org/video/2021/08/25/connecting-wally-benthic-crawler
https://www.oceannetworks.ca/


 

 

The mobile  parVcle camera for deep sea deployments can be inserted into a water roseae/CTD.  

 

 

What we offer 

Experimental invescgacons  

• State-of-the-art measuring equipment  

• Parccle-water interaccons  

• Flow visualizacon (e.g. ADV)  

• Bespoke instrumentacon development for challenging problems.  

 

Numerical simulacons in collaboracon with partners 

• Development of fit-for-purpose numerical models.  

• Computaconal Fluid Dynamics (CFD)  

• Digital twins of laboratory and field metocean condicons (EU Digi4Ocean project).  

• Coastal evolucon and modelling 

• Ecosystem modelling 
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Figure2. (a) CTD-Rosette in the hangar of RV SONNE. (b) The PPS installed in the lower section of the 

CTD-Rosette next to the CTD. 
 

2.1.3.4 Image analysis 
 

We used the MATLAB (R2016a) software package ‘Image Processing toolbox’ as 

described by Iversen et al. (2010) and the architecture code of Markussen (2016) to 
remove the image background and extract the size of the particles in each image. Only 
downcast profiles were used for image analysis, to avoid any water disturbance from the 
CTD-Rosette. Background illumination was corrected using a rolling set of three pictures 
to accurately estimate the illumination inconsistency through the entire profile. The 
median value of each pixel was assumed to be the background intensity and was 
subtracted from that set of pictures. Thresholding value was manually determined on 
randomly chosen pictures and applied for the entire set of profiles. The area of each 
particle was converted to equivalent spherical diameter (ESD) and equivalent spherical 
volume (ESV). Zooplankton were manually removed from the images and excluded from 
the measurements. All particles from one image were binned into 20 predetermined size 
classes (Supplementary Table S1). 

In order to illustrate the change of particle size with depth, the number of particles 
per size bin was converted into their frequency as a percentage. This conversion was 
made due to the broad range of particle abundance s and sizes captured by the camera 
system (Nowald et al. 2006). This approach allowed a better display of changes in 
abundance and size with depth compared to using absolute particle numbers. 



 

Field data analysis  

• Analysis and interpretacon of in-situ measurements   

• Coastal processes and modelling using robots and satellite measurements 

• Robocc inspeccon of seafloor features below diver depth, even under high currents  

 

Analyccal developments  

• Parccle characterisccs (d50 (4 – 4000 µm), ws, ucri ) 

• Aggregacon behavior  

• Analyccal descripcon of plume dispersal  

• Image analyses of near bohom processes and objects 

 

Current research themes 

• Deep sea mining 

• Deep sea and shallow water ecosystem restoracon 

• Digital twin 

• Carbon fluxes in canyons 

• Large scale carbon sequestracon 

• Sensor development for ROS2 operacons 
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Current projects 

In early 2024 the two EU projects REDRESS (26 partners) and Digi4Eco (18 partners) kicked off and 

Kristineberg Center with its sedimentology lab and the robots will be used as hub for research vessels 

and experimental sites on topics of deep sea restoration and Digital Twin.  One of the study sites 

which extend from Iceland to the Easter Mediterranean is the Bratten site, only 30 nautical miles 

away from the lab. One other ongoing project with DHI tackles the impact of sediment plumes 

generated by deep sea mining in the central Pacific´s Clarion Clipperton Zone. 

 

 
Swedish study site Bratten MPA, where canyons, seeps, pockmarks and rocky outcrops can be studied 

 
Study sites covered by both the Redress and Digi4Eco projects 

https://www.dhigroup.com/
https://www.havochvatten.se/en/policy-and-regulation/commercial-fishing/fishing-regulations-in-marine-protected-areas.html
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