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Preface 

 

On behalf of Bluejay Mining Plc provides Orbicon A/S general advice on the environmental 

conditions of mining for the extraction of ilmenite sands (titanium rich sediments) in the area 

around Moriusaq. In this context, Orbicon has asked TT-Hydraulics Aps to perform numerical 

modeling of the transport and spreading the fine-grained residual sediments that is expected to be 

discharged into the coastal zone during the extraction process. 

From Orbicon has the contact to TT-Hydraulics been handled by Senior Consultant Flemming Pagh 

Jensen. The present report is prepared by Thomas Ruby Bentzen and Torben Larsen, TT-

Hydraulics. 

  



Table of content 

 

1. Introduction ............................................................................................................................... 5 

2. Location .................................................................................................................................... 5 

3. Local hydrodynamic conditions ................................................................................................ 5 

4. Density of the discharged slurry ............................................................................................... 6 

5. Transport and spreading of slurry after discharged .................................................................. 6 

6. Natural sediment plumes in area ............................................................................................... 6 

7. MIKE 3 computer model .......................................................................................................... 6 

Software ....................................................................................................................................... 6 

Computational grid ...................................................................................................................... 7 

8. Modelling perquisites ................................................................................................................ 7 

Sediment properties...................................................................................................................... 7 

Locations of discharge points ...................................................................................................... 9 

Flow field in computational area ............................................................................................... 10 

9. Results ..................................................................................................................................... 10 

References ...................................................................................................................................... 11 

Tidal currents alone fines discharged at 10 m water depth (POINT1) .......................................... 12 

Tidal currents alone fines discharged at 35 m water depth (POINT5) .......................................... 14 

Tidal currents alone fines discharged at 10 m water depth (POINT2) .......................................... 16 

Tidal currents + 2 cm/s East going net-current - fines discharged at 10 m water depth (POINT 2)

 ........................................................................................................................................................ 20 

Tidal currents + 6 cm/s West going net-current - fines discharged at 10 m water depth .............. 21 

Tidal currents alone fines discharged at 35 m water depth (POINT 6) ......................................... 22 

Tidal currents alone fines discharged at 10 m water depth (POINT 3) ......................................... 26 

Tidal currents alone fines discharged at 35 m water depth (POINT 7) ......................................... 28 

Tidal currents alone fines discharged at 10 m water depth (POINT 4) ......................................... 30 

Tidal currents alone fines discharged at 35 m water depth (POINT 8) ......................................... 32 

 

 

 

 



 

List of figures 

Figure 1 Location of the project location, the abandoned village of Moriusaq ................................... 5 

Figure 2 Example of applied mesh. ..................................................................................................... 7 

Figure 3 Grain size distribution (only fractions less than 63 μm is shown) ........................................ 8 

Figure 5 The 8 locations investigated .................................................................................................. 9 

Figure 6 Deposition [mm] - tidal currents alone, fines discharged at 10 m water depth (POINT1) . 12 

Figure 7 Deposition [g/m2] - tidal currents alone, fines discharged at 10 m water depth (POINT1) 13 

Figure 8 Deposition [mm] - tidal currents alone, fines discharged at 35 m water depth (POINT5) . 14 

Figure 9 Deposition [g/m2] - tidal currents alone, fines discharged at 35 m water depth (POINT5) 15 

Figure 10 Deposition [mm] - tidal currents alone, fines discharged at 10 m water depth (POINT2) 16 

Figure 11 Deposition [mm] - tidal currents alone, fines discharged at 10 m water depth (POINT2) 17 

Figure 12 Mean SS-concentration (middle of water column) - tidal currents alone, fines discharged 

at 10 m water depth (POINT2) .......................................................................................................... 18 

Figure 13 Max SS-concentration (middle of water column) - tidal currents alone, fines discharged at 

10 m water depth (POINT2) .............................................................................................................. 19 

Figure 14 Deposition [mm] - tidal currents 2 cm/s East Net-Current, fines discharged at 10 m water 

depth (POINT2) ................................................................................................................................. 20 

Figure 15 Deposition [mm] - tidal currents + 6 cm/s West Net-Current, fines discharged at 10 m 

water depth (POINT2) ....................................................................................................................... 21 

Figure 16 Deposition [mm] - tidal currents alone, fines discharged at 35 m water depth (POINT6) 22 

Figure 17 Deposition [g/m2] - tidal currents alone, fines discharged at 35 m water depth (POINT6)

 ............................................................................................................................................................ 23 

Figure 18 Mean SS-concentration (middle of water column) - tidal currents alone, fines discharged 

at 35 m water depth (POINT6) .......................................................................................................... 24 

Figure 19 Max SS-concentration (middle of water column) - tidal currents alone, fines discharged at 

35 m water depth (POINT6) .............................................................................................................. 25 

Figure 20 Deposition [mm] - tidal currents alone, fines discharged at 10 m water depth (POINT3) 26 

Figure 21 Deposition [g/m2] - tidal currents alone, fines discharged at 10 m water depth (POINT3)

 ............................................................................................................................................................ 27 

Figure 22 Deposition [mm] - tidal currents alone, fines discharged at 35 m water depth (POINT7) 28 

Figure 23 Deposition [g/m2] - tidal currents alone, fines discharged at 35 m water depth (POINT7)

 ............................................................................................................................................................ 29 

Figure 24 Deposition [mm] - tidal currents alone, fines discharged at 10 m water depth (POINT4) 30 

Figure 25 Deposition [g/m2] - tidal currents alone, fines discharged at 10 m water depth (POINT4)

 ............................................................................................................................................................ 31 

Figure 26 Deposition [mm] - tidal currents alone, fines discharged at 35 m water depth (POINT8) 32 

Figure 27 Deposition [g/m2] - tidal currents alone, fines discharged at 35 m water depth (POINT8)

 ............................................................................................................................................................ 33 

  



1. Introduction 

Bluejay Mining Plc wants to start up an extraction of ilmenite heavy sands (titanium rich sediments) 

on around Moriusaq, North Greenland. Ilmenite sand occurs in low concentrations in the natural 

deposits of sand in the shore zone. The mined material will be trucked to a wet concentrator plant 

where over- and undersize material as well as sand consisting mainly of light minerals are removed. 

The undersize silt fraction is mixed with salt water and pumped to the coast and discharged to the 

sea at either 10 or 35 m water depth. 

The wet plant will be moveable and will move three times during the 10 years mine life (i.e. have 

four locations along the coast). 

 

Two major environmental aspects of the discharge of slurry are recognized: 

1. The discharge contains suspensions of very fine particles, which damp the passage of light. 

Primarily this could reduce growth (photosynthesis) of vegetation on sea bottom and 

secondarily the opaque water could annoy organism in the water phase. 

2. The sedimentation of the particles on the sea bottom can disturb and cover the flora and 

fauna, with a special focus on mussels. 

2. Location 

Moriusaq is a small abandoned village located on the west coast of Greenland in the northern part 

of the Baffin Bay just around 40 kilometers North West of Thule Air base (Figure 1) 

  

Figure 1 Location of the project location, the abandoned village of Moriusaq 

 

3. Local hydrodynamic conditions 

Svasek Hydraulics (2016) did a hydrodynamic modelling of the currents in the Baffin Bay system 

covering a period of 16 years. The results of the study showed that local hydraulic condition is 

dominated by tide, which near Moriusaq cause water level variations of 2 – 3 meters. Near the point 



of discharge runs an oscillating tidal current approximately parallel to the coastline with a 

maximum speed of around 0.2 m/s in both directions. Because of the deep waters in the Baffin Bay 

the net-currents are weak compared to more shallow seas (e.g. the seas around Denmark).  The net 

currents appear primarily because of variations in the atmospheric pressure. The wind has only little 

direct influence on the net current. The yearly net current is North West going with a few 

centimeters per second. 

4. Density of the discharged slurry  

In the wet separation process are the sediments suspended in water pumped in from the sea. 

Accordingly, the residual sediments appear in slurry, which consists of approximately 4.1%, which 

mean that the density of the slurry will be higher than the density of the seawater. This has 

significant influence on the behavior of the jet plume formed by the discharge. 

Also note that the slurry consists of a mixture of a wide range of particle sizes, which means that the 

hydraulic properties (e.g. the settling velocity) of the various size fractions will vary considerably. 

5. Transport and spreading of slurry after discharged 

The slurry comes out of the pipeline near the sea bottom with a density, which is higher than the 

density of the sea water because the suspension is based on the sea water. In order to improve 

spreading and dilution of the plume, the outlet is turned upwards 30 degrees with horizontal. 

Nevertheless, the plume is forced by the gravity towards the seabed and the larger particles will 

sediment within a short distance from the outlet. The smaller particles will be transported longer 

distances by the tidal current. 

Depending on the actual longshore tidal current the particles will sediments to the seabed when the 

current is low, and later when the current is stronger the finer particles will be re-suspended and 

transported further on. This picture also strongly depends on the particle size. 

6. Natural sediment plumes in area 

From aerial pictures taken in ice-free period in the summer, a number of large natural sediment 

plumes can be seen. Large amounts of fine sediments are flushed by melting water to the coastal 

area. These light sediment plumes are driven by fresh melting water, which has a lower density than 

the sea water. Accordingly, they flow on the top of the sea water and they behave totally different 

than the dense slurry plume discharged at the sea bed discussed in this report. 

In addition to the visible surface plumes, it must be assumed that significant amounts of coarser 

sediments are supplied to the coastal zone with the runoff during the summer period. 

 

7. MIKE 3 computer model  

Software 

For the modelling, the MIKE 3 software (developed by DHI, 2017a and 2017b) is used. This can 

model 3-dimensional unsteady flow situations with free surface and density differences. MIKE 3 

also includes a facility for correct modelling of jets and plumes in the nearness of outlets from 



pipelines. The model version applied in this study also take in the necessary equations for transport, 

sedimentation, erosion and deposition of sediments.  

Computational grid 

Horizontally the computational grid is a flexible grid of triangles where the grid size varies 

according to the local need for geometric resolution of the flow field. Vertically so-called zeta-

coordinates are applied, which means that the water column in all grid cells is divided up into the 

same number of layers. In this study, 15 layers are used.  A section of the calculation grid is shown 

in Figure 2.  

 

 

Figure 2 Example of applied mesh. 

 

 

8. Modelling perquisites 

Sediment properties  

The subsequently modelling of the transport of discharges material only relates to the fines (less 

than 63 μm) that are discharged to bay. Larger grain material is left at on land. The grain size 

distribution for the fines can be seen on Figure 3 and  

Table 1, with the smallest fraction being dominating the composition (74 %). For each of the four 

fractions a representative particle diameter has been stated and the corresponding settling velocity 

have been calculated (also indicated at  

Table 1) 



 

Figure 3 Grain size distribution (only fractions less than 63 μm is shown)  

 

Table 1 shows the settling velocities applied in the modelling 

 Table 1. Distribution of settling velocity of fines 

Particle fraction Percent (after weight) Settling velocity 

63 – 53 um 13 1.7 

53 – 45 um 7 1.2 

45 – 38 um 7 0.9 

Less than 38 um 74 0.3 

 

Table 2 summarizes the applied properties of the discharge both in terms of discharged amount and 

physical properties of the outlet. 

Table 2. Discharge properties 

Outlet specifications 

Amount of fines 760 ton/day 

Discharges 18200 m3/day (0.21m3/s) 

Concentration of fines 41.75 kg/m3 

Concentration of fractions used in the model Fraction 1 (58 μm): 5.2 kg/m3  

Fraction 2 (49 μm): 2.9 kg/m3  

Fraction 3 (42 μm): 2.9 kg/m3  

Fraction 4 (25 μm): 30.8 kg/m3  

Outlet pipe diameter (ext)  315 mm 

Outlet velocity 3.1 m/s 



Outlet horizontal direction 200 degrees relative to north 

Outlet vertical direction  30 degrees upwards (at 10 meters depth) 

20 degrees upwards (at 35 meters depth) 

Outlet depth  10m / 35 m 

 

Locations of discharge points  

Over the 10 years mine life the slurry consisting of silt material and salt water will be discharge at 

four locations along the coastline at either 10 or 35 m water depth (c. 2½ years at each location).. 

The 8 potential discharge points are shown on Figure 5 with the coordinates in Table 3. 

 

Figure 4 The 8 locations investigated 

 

Table 3. UTM Coordinates for investigated discharge points 
 

X  (UTM19) Y (UTM19) 

Point 1  476955 8519311 

Point 2 480000 8518273 

Point 3 481800 8517300 

Point 4 483300 8516600 

Point 5 476521 8518386 

Point 6 480000 8517750 

Point 7 481814 8516777 

Point 8 483300 8515830 

 



Flow field in computational area 

First, it must be stated that long-term, 3-dimensional modeling of flow and sediment transport is not 

possible due to long calculation times. For this reason, a simplified approach for the modelling has 

been chosen. Results from the long-term modelling of flow and water level carried out by Svasek 

Hydraulics (2016) has been analyzed with specific focus on the condition near the coastline at the 

discharge points at Moriusaq. This analysis showed very clearly that the most critical periods in 

respect to biological effects of sedimentation and accumulation of sediments in the area would be 

the relative long periods where the tidal currents dominate and the net currents only have negligible 

influence. In the ice-free summer time several subperiods, (of one or few weeks duration) exist 

where no net current is present. 

Accordingly, the modelling covers scenarios of short duration (6 days):  

 

1. Scenario where only tidal currents are present. Done for all 8 potential discharge points 

2. Scenario with tidal currents and 0.02 cm/s East going net current (only done for point 2) 

3. Scenario with tidal currents and 0.06 cm/s West going net current (only done for point 2) 

 

9. Results 

All modelling results are presented graphically as maps after the reference list. 

This report does not deal with the environmental impacts of concentrations of suspended solids nor 

the rate of deposition of fines at the seabed, hence only quantities are presented.  

For all 8 discharge points investigated deposition maps are presented both in terms of sediment 

depth and mass per square meters for tidal current alone. For discharge point 2 also the two 

situations with net-current are provided.  

For point 2 (at 10 meters depth) and 6 (at 35 meters depth) the mean (temporal) and maximum 

concentrations of suspended fines solids in the middle of the water column are also presented. 

Results for other discharge points and/or other depths can be delivered on request. However based 

on similar current conditions at the discharge points - the level of concentration will be in the same 

range for the remaining 6 points. The background concentration of suspended solids is not taken 

into consideration.       

In general, the modeling shows that the maximum deposition of fines will be in range of a few 

millimeters to around 1 cm over six days. Differences between the 4 discharge points at 10 meters 

depth are insignificant, due to more or less similar (?) hydrodynamical conditions along the 

shoreline. Applying at small net current to the model does not change the result significantly.  

Discharge at 35 m provides more spreading of the sediment and less sediment deposited at lower 

water depth.  
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Tidal currents alone fines discharged at 10 m water depth (POINT1) 

 

 

Figure 5 Deposition [mm] - tidal currents alone, fines discharged at 10 m water depth (POINT1) 

  



 

Figure 6 Deposition [g/m2] - tidal currents alone, fines discharged at 10 m water depth (POINT1) 

  



Tidal currents alone fines discharged at 35 m water depth (POINT5) 

 

 

Figure 7 Deposition [mm] - tidal currents alone, fines discharged at 35 m water depth (POINT5) 

 



 

 

Figure 8 Deposition [g/m2] - tidal currents alone, fines discharged at 35 m water depth (POINT5) 

 

 



Tidal currents alone fines discharged at 10 m water depth (POINT2) 

 

Figure 9 Deposition [mm] - tidal currents alone, fines discharged at 10 m water depth (POINT2) 

 



 

Figure 10 Deposition [mm] - tidal currents alone, fines discharged at 10 m water depth (POINT2) 

  



 

Figure 11 Mean SS-concentration (middle of water column) - tidal currents alone, fines discharged at 10 m water depth (POINT2) 

  



 

Figure 12 Max SS-concentration (middle of water column) - tidal currents alone, fines discharged at 10 m water depth (POINT2) 

  



Tidal currents + 2 cm/s East going net-current - fines discharged at 10 m water depth (POINT 2) 
 

 

Figure 13 Deposition [mm] - tidal currents 2 cm/s East Net-Current, fines discharged at 10 m water depth (POINT2) 

  



Tidal currents + 6 cm/s West going net-current - fines discharged at 10 m water depth 

 

 

Figure 14 Deposition [mm] - tidal currents + 6 cm/s West Net-Current, fines discharged at 10 m water depth (POINT2) 

  



Tidal currents alone fines discharged at 35 m water depth (POINT 6) 

 

 

Figure 15 Deposition [mm] - tidal currents alone, fines discharged at 35 m water depth (POINT6) 

 



 

Figure 16 Deposition [g/m2] - tidal currents alone, fines discharged at 35 m water depth (POINT6) 

 

 

 



 

Figure 17 Mean SS-concentration (middle of water column) - tidal currents alone, fines discharged at 35 m water depth (POINT6) 



 

Figure 18 Max SS-concentration (middle of water column) - tidal currents alone, fines discharged at 35 m water depth (POINT6) 

 

  



Tidal currents alone fines discharged at 10 m water depth (POINT 3) 

 

 
Figure 19 Deposition [mm] - tidal currents alone, fines discharged at 10 m water depth (POINT3) 

  



 

Figure 20 Deposition [g/m2] - tidal currents alone, fines discharged at 10 m water depth (POINT3) 

  



Tidal currents alone fines discharged at 35 m water depth (POINT 7) 
 

 

 

Figure 21 Deposition [mm] - tidal currents alone, fines discharged at 35 m water depth (POINT7) 

 

 



 

Figure 22 Deposition [g/m2] - tidal currents alone, fines discharged at 35 m water depth (POINT7) 

 

  



Tidal currents alone fines discharged at 10 m water depth (POINT 4) 

 

 

Figure 23 Deposition [mm] - tidal currents alone, fines discharged at 10 m water depth (POINT4) 

 



 

Figure 24 Deposition [g/m2] - tidal currents alone, fines discharged at 10 m water depth (POINT4) 

 

  



Tidal currents alone fines discharged at 35 m water depth (POINT 8) 

 

 

Figure 25 Deposition [mm] - tidal currents alone, fines discharged at 35 m water depth (POINT8) 

 

 

 



 

Figure 26 Deposition [g/m2] - tidal currents alone, fines discharged at 35 m water depth (POINT8) 

 

 


