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1 INTRODUCTION 

1.1 PROJECT DETAIL 

 Project name: Luleå test dredging 
 Location: Luleå, Sweden 
 Project numbers: S6091 (Boskalis Sweden) / MIAS 752-10138 (Boskalis) 
 Project manager: Sami Soikkeli 
 Site manager: Jarmo Siimos 
 Main contractor: Boskalis Sweden AB 
 Project organisation: See Quality Plan (LS – 2) 

1.2 SCOPE OF WORK 

Boskalis Sweden(“Boskalis”) has been awarded a trial dredging campaign at the approach channel 

entering Lulea Port. In total, seven test pits along the fairway are dredged. The material is dredged by 

means of the Backhoe Dredger “Nordic Giant”. The dredged material is placed into a Split Hopper Barges 

and subsequently disposed in a designated disposal area with the existing fairway. 

 

The purpose of the executed test dredging is to investigate dredgeability and composition of the in situ 

soil and presence of boulders in moraine.  

 

Besides the dredging and disposal works, Boskalis performed hydrographic surveys and environment 

monitoring.  

 
The works are performed between 29

 
June and 4 July 2015. 

 

 
Figure 1: Project location 
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1.3 PURPOSE 

The purpose of the report is to present the environmental monitoring data collected during the dredging 
campaign. The following results are presented: 

 Total Suspended Sediment water sample results for calibration purposes between the level of 
suspended substances and turbidity; 

 Turbidity survey taken at 100m from the dredger and at the disposal site. 
 
Further reference is made to Boskalis’ Environmental Monitoring Plan (15053-01-R-02-01-FGOO) which 
presents the following information: 

 Requirements; 
 Methods; 
 Instrumentation; 
 Location; and 
 Data processing and reporting. 
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2 TSS AND TURBIDITY CORRELATION 

Turbidity readings are only valid for measuring suspended sediment concentrations when they are 
properly calibrated against suspended sediment concentration values obtained from water samples with 
suspended matter from the monitoring site.  
 
The calibration is based on membrane filtration which involves taking a number of water samples, 
passing the water through a pre-weighed filter which is re-weighed after drying. The difference in weight 
corresponds to the dry weight of the suspended particles in the water sample. The sample analysis is 
carried out according the SS-EN 872 - Water quality - Determination of suspended solids.  
 
The calibration is site specific and is therefore carried out in the project area. Turbidity measurements and 
water samples are collected simultaneously in the same spot to ensure a proper relation between the two. 
This is done by tying the end of the hose to the turbidity sensor. Turbidity readings are logged at the 
same time that a water sample is taken (Figure 2). 
 

 
Figure 2: Equipment setup during water sampling 

 
In total 50 1.0 Litre samples are taken. Reference is made to Appendix 1 which presents the water 
sample log sheet. 
 
All the samples are tested on Total Suspended Sediments according the SS-EN 872 - Water quality - 
Determination of suspended solids by accredited laboratory ALS. The samples are taken on the same 
day as the samples are taken. The test reports are presented in Appendix 2. 
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On the basis of the analysed samples and the turbidity readings in NTU, a correlation between the two is 
established and conversion factors are defined. The results are presented in Figure 3. Raw test results 
were inspected for major anomalies, spikes and erroneous/unrealistic results. In total 7 test results were 
removed from the final data set.   
 
Based on the TSS analyses, a Turbidity-TSS correlation of 1 [NTU] to 2.06 [mg/l] is determined, with a R

2
 

= 0.82.  
 
 

 
 
Figure 3: Correlation graph between turbidity (NTU) and concentration of suspended sediments obtained 
from a Total Suspended Solids (TSS) analysis based on membrane filtration. 
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3 CURRENT MEASUREMENTS 

To ensure that turbidity measurements are taken in the densest parts of the turbidity plume, an Acoustic 
Doppler Current Profiler (ADCP) was used to determine real time current speed and direction. During the 
monitoring campaign, it was observed that the current speed was so low that accurate backscatter 
measurements could not be taken. Subsequently, current directions could not be determined. Typically 
current speeds were below 5 cm/s.  
 
As such, dredge plume directions were observed through visual observations.  
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4 TSS MONITORING RESULTS 

4.1 METHOD 

Turbidity is measured with an optical back scatter sensor probe, type YSI 600 or similar and combines 
turbidity and CTD (Conductivity, Temperature and Depth) sensors (see Appendix A). This probe 
measures turbidity in NTU as an optical backscatter sensor records the intensity of light which is reflected 
by particles in the water. To prevent bio fouling, the sensor is equipped with a self-cleaning wiping device. 
It is noted that the salinity is derived from conductivity measurements. 
 
The turbidity measurements are taken manually from the survey vessel according the following 
procedure: 

 The vessel will sail to the monitoring location; 
 The monitoring location and depth will logged; 
 The turbidity sensor will be lowered in the water; 
 Once the readings are stable, the sensor will be slowly lowered in order to obtain a vertical profile 

measurement; 
 Turbidity will be logged for at least 1 minute; and  
 The logged data is checked and stored accordingly. 

 
Measurements are taken at 100 m downstream from the Backhoe Dredger during dredging and . Where 
possible, background measurements will be taken up stream from the dredger to provide information on 
the natural turbidity levels. Figure below provides an indicative location. 
 

 
Figure 4: Example of the current / back scatter logs 

 
Dredging of the pits will be done in layers of 2 m until the required depth is reached. During each layer 
Boskalis are take 2 turbidity measurements (vertical profile). It is noted that no dredging operations were 
undertaken in Pit 1 and Pit 4. As such, no measurements were taken at these sites. The locations are 
presented in Figure 5. 
 
In addition, measurements are taken at the disposal site during disposal operations. 
 
For more information on the methodology and equipment used, reference is made to Boskalis’ 
Environmental Monitoring Plan (15053-1-R-01-01-FGOO). 
 
Appendix 3 shows the field log sheets. 
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Figure 5: Measurement locations 

4.2 RESULTS 

The below sections present the turbidity monitoring results. The data is presented in TSS concentration 

with use of the conversion factor presented in Chapter 2. For each result some observations and findings 

are presented.  

The results are presented in TSS profiles (horizontal axis) relative to the water depth (vertical axis). 

Usually the turbidity sensor was lowered and brought again, resulting in two consecutive profiles. In some 

cases erroneous readings (spikes and negative turbidity readings) were removed from the dataset. 

Specific comments on the dataset are presented in each subsection below.  
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4.2.1 Pit 2 

 
Layer 1 

 

Layer 2 

 
Figure 6: TSS monitoring results of Pit 2, layer 1-2. 

 
Table 1: Summary of the monitoring results Upstream Pit 2  

Upstream 

 Layer 1 Layer 2 Overall 

Average 1.7 16.2 10.3 

Median 1.4 18.1 8.0 

Minimum 0.8 3.7 0.8 

Maximum 2.9 24.1 24.1 

Stdev 0.7 5.9 8.5 

 
Table 2: Summary of the monitoring results Downstream Pit 2  

Downstream 

 Layer 1 Layer 2 Overall 

Average 10.6 68.3 37.7 

Median 8.9 63.4 23.9 

Minimum 0.8 7.4 0.8 

Maximum 27.8 136.6 136.6 

Stdev 7.4 42.5 39.0 

 
Observations 

 During the measurements it was cloudy, very low currents and no waves. 
 During the excavation of both layers higher TSS concentrations were measured downstream of the 
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dredger compared to upstream. 
 Relatively high variations in TSS concentrations downstream throughout the water column. This is 

most likely due to the high turbulence in the water in the port area where Pit 2 is located  
 

4.2.2 Pit 3 

 
Layer 1 

 

Layer 2 

 

Layer 3 

 
Figure 3: TSS monitoring results of Pit 3, layer 1-3. 
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Table 3: Summary of the monitoring results Upstream Pit 3 

Upstream 

 Layer 1 Layer 2 Layer 3 Overall 

Average 1.8 1.9 3.4 2.5 

Median 1.8 0.8 3.1 1.8 

Minimum 0.8 0.8 1.4 0.8 

Maximum 2.9 23.5 7.0 23.5 

Stdev 0.5 4.0 1.6 2.1 
 
Table 4: Summary of the monitoring results Downstream Pit 3 

Downstream 

 Layer 1 Layer 2 Layer 3 Overall 

Average 3.7 0.9 16.3 8.3 

Median 2.3 0.8 16.9 2.6 

Minimum 1.8 0.6 8.2 0.6 

Maximum 23.1 2.7 24.5 24.5 

Stdev 4.4 0.4 6.7 8.6 
 
Observations: 

 During the measurements it was cloudy, very low currents and no waves 
 Plume direction determined through visual observation 
 Small variation between upstream and downstream TSS concentrations 
 Slight increase in TSS concentration at the seabed, possibly due to settlement of plume within the 

excavated pit 
 The north side of the excavation Put 3 very shallow areas were observed which made it difficult to 

obtain downstream measurements. Although the plume was clear going over the shallow shoal, 
some measurements (especially layer 3) could not be taken properly due to safety reasons.  

4.2.3 Pit 5 

Layer 1 

 

Layer 2 

 

Figure 3: TSS monitoring results of Pit 5, layer 1-2. 
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Table 5: Summary of the monitoring results Upstream Pit 5 

Upstream 

 Layer 1 Layer 2 Overall 

Average 0.2 5.0 2.2 

Median 0.2 0.4 0.2 

Minimum 0.0 0.2 0.0 

Maximum 0.4 49.6 49.6 

Stdev 0.1 11.9 8.0 
 
Table 6:: Summary of the monitoring results Downstream Pit 5 

Downstream 

 Layer 1 Layer 2 Overall 

Average 6.0 2.9 4.6 

Median 6.0 2.9 4.3 

Minimum 0.0 0.2 0.0 

Maximum 10.5 8.2 10.5 

Stdev 2.4 1.9 2.7 

 
Observations 

 During the measurements it was partially sunny, very low currents and no waves 
 Plume direction determined through visual observation 
 Small variation between upstream and downstream TSS concentrations 
 Slight increase in TSS concentration at the seabed, possibly due to settlement of plume within the 

excavated pit 
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  

4.2.4 Pit 6 

Layer 1 

 

Layer 2 

 

Layer 3 

 

Layer 4 

 

Figure 7: TSS monitoring results of Pit 6, layer 1-4. 
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Table 7: Summary of the monitoring results Upstream Pit 6 

Upstream 

 Layer 1 Layer 2 Layer 3 Layer  4 Overall 

Average 0.4 1.0 0.7 0.3 0.6 

Median 0.2 1.0 0.4 0.2 0.4 

Minimum 0.2 0.8 0.2 0.0 0.0 

Maximum 0.8 1.2 7.0 0.6 7.0 

Stdev 0.2 0.1 1.1 0.1 0.7 
 
Table 8: Summary of the monitoring results Downstream Pit 6 

Downstream 

 Layer 1 Layer 2 Layer 3 Layer  4 Overall 

Average 6.9 7.0 39.8 16.8 18.7 

Median 7.1 7.6 19.2 16.6 10.9 

Minimum 1.9 1.2 15.5 3.5 1.2 

Maximum 12.6 14.2 110.2 33.2 110.2 

Stdev 3.3 3.6 32.1 10.3 22.0 
 

Observations 
 During the measurements it was partially sunny, very low currents and no waves 
 Plume direction determined through visual observation 
 Relatively large variation between upstream and downstream TSS concentrations 
 Low background concentrations, < 7 mg/l 
 Highest values were recorded during the dredging operations of Pit 6. Consistent readings of +100 

mg/l are observed 
 Slight increase in TSS concentration at the seabed, possibly due to settlement of plume within the 

excavated pit 

4.2.5 Pit 7 

Layer 1 

 

Layer 2 

 

Figure 3: TSS monitoring results of Pit 2, layer 1-2 
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Table 9: Summary of the monitoring results Upstream Pit 7 

Upstream 

 Layer 1 Layer 2 Overall 

Average 1.8 0.4 1.1 

Median 1.8 0.4 1.0 

Minimum 0.8 0.2 0.2 

Maximum 2.9 0.8 2.9 

Stdev 0.5 0.2 0.8 
 
Table 10: Summary of the monitoring results Downstream Pit 7 

Downstream 

 Layer 1 Layer 2 Overall 

Average 17.3 6.2 11.8 

Median 17.7 2.1 10.9 

Minimum 1.6 0.4 0.4 

Maximum 31.5 26.0 31.5 

Stdev 7.9 7.8 9.6 
 
Observations 

 During the measurements it was cloudy, light wind and wind waves 
 Plume direction determined through visual observation. Direction driven by wind direction. 
 Relatively large variation between upstream and downstream TSS concentrations 
 Low background concentrations, < 6 mg/l 
 Slight increase in TSS concentration at the seabed, possibly due to settlement of plume within the 

excavated pit 

4.2.6 Disposal site 

Disposal 1 

 
 

Disposal 2 
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Observations: 

 Measurements were taken on 2
nd

 July when material from pit 3 was disposed 
 TSS background conditions were relatively low, with concentrations below 10 mg/l. 
 During the first disposal operation, measurements were taken but no plume could be detected. This 

was within 10s of meters from the disposal operation. 
 During the second operation, relatively high TSS concentrations were detection near the seabed 

bottom only. When the sensor was brought up a decrease in TSS concentration was observed.  
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5 SUMMARY OF FINDINGS 

The following main findings are presented: 
 

 Low current speed which makes ADCP measurements inaccurate 
 Shallow areas and port obstacles seem to result in more turbulent plume development 
 Natural background conditions are low, typically < 10 mg/l during good weather conditions (no 

measurements were taken during bad weather conditions) 
 Often high TSS concentrations were detected in the lower region of the water column which could 

suggest the plume settles slowly within the excavated pit 
 Large variation in TSS concentrations at 100 m downstream from the dredging operations. 

Concentrations of +100 mg/l were observed.  
 TSS plume during disposal operations is very difficult to detect. This suggests that the disposed 

material act like a density current with little stripping of fines sediment causing increased TSS.  
 Visual observations shows that the dredge plume settles quickly outside the 100 m zone.  
 The two presented disposal measurements are considered representative for typical TSS 

concentration resulting from disposal operations. Dredged material consisted of big lumps with little 
water so when disposed it results in very little stripping of fines: the materials behaves as a density 
current straight downwards to the seabed. Due to the low currents very little spreading of 
suspended sediments was observed.  

 
 

 
Figure 8: High TSS concentrations (+100 mg/l) were often observed in the vicinity of the excavation 
observations.  
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Figure 9: No visual indication of plume development around the disposal operations 
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Appendix 1: TSS water sample log sheet 
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Appendix 2: TSS laboratory analysis results 
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Appendix 3: Turbidity survey log sheet 
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