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ABSTRACT: Pumping a simulated sediment slurry at a low water content has been investigated 
at the GIW Hydraulic Testing Laboratory in a 3 inch (0.075 m) diameter loop with a centrifugal 
pump with an auger-like inducer. The results and earlier reported data from the Laboratory 
indicate that viscous sediments characterized by yield stresses in the range of about 2 to 4 psf 
(100 to 200 Pa) can be pumped effectively with centrifugal pumps. With yield stresses of up to 4 
psf (200 Pa), the pressure requirement to overcome pipe friction for pipeline diameters of 4 and 
16 inch (0.1 and 0.4 m), may be 0.35 and 0.09 psi per ft ( 8 and 2 kPa per m) of pipeline, 
respectively. Several pumps in series are therefore required also for moderate transportation 
distances. The results indicate that centrifugal pumps can be a cost-effective alternative for 
handling and transportation of sediments at a low water content. 
 
INTRODUCTION 

Environmental concerns mean that contaminated sediments in rivers, lakes and marine 
areas sometimes need to be removed and transported for treatment or on-land containment. 
When removing contaminated sediments it is normally important to limit the amount of water 
used in the handling and transportation.  Therefore, traditional dredging methods directly 
coupled to pumping may not always be usable. Clam shell bucket dredging seems often to be the 
most effective method to get a sediment-water mixture (slurry) with a low water content, which 
also is suitable for pumping. Dependent on local conditions, pumps and feeding equipment may 
be located on a barge, or pontoon in the area, or onshore where the dredged material is unloaded 
for further pumping or containment.    

 
Centrifugal pumps are used for pipeline transport of dredged masses of silt, sands and 

gravel, sometimes at water contents as low as 30%,expressed as the mass of water over the mass 
of water plus the mass of dry solids, Addie and Hammer (1993),Whitlock et al.(2004). 
Contaminated sediments often also contain small clay-sized particles which means that the water 
content need to be higher to be pumped in a pipeline. The pumping characteristics are related to 
the viscous properties and flow behavior of the sediment, which is strongly related to the content 
of water.  

 
Centrifugal pumps can be characterised as being cost-effective for large flow rates and 

low to moderate transportation distances or working pressures. Positive displacement pumps are 
generally cost-effective for small flow rates and high pressures. Limiting the amount of water 
means smaller flow rates and higher working pressures because of higher frictional resistance. 
There is often an intermediate area where both types of pumps are technically feasible. 



 
The objective here is to present and discuss experimental results from the GIW Hydraulic 

Testing Laboratory of pumping a simulated sediment slurry at a low water content with 
centrifugal pumps. The aim is also to discuss the technical-economical feasibility of using 
centrifugal pumps as an alternative to other type of  pumps in applications with working 
pressures of 725psi(5 MPa) 

 
 

CHARACTERISATION AND EXPERIMENTAL RESULTS 
In order to characterize the flow behaviour of solid-water mixture the volumetric 

concentration of dry solids is normally used. With the water content defined above and 
calculated to 30%, the corresponding solids concentration by volume and mass is 47 and 70%, 
respectively, based on a solids S.G. of 2.65. The corresponding slurry S.G., 1.78,may be a large 
in situ value for sediments. The sediment in situ S.G. is often lower, 1.40 to 1.60, due to a higher 
water content and a lower solids S.G., 2.40-2.50, related to the content of organic material and 
clay. The slurry S.G. denoted, S, will be used here to represent the solids and water content of 
the investigated slurries.  
 

Low water content fine particle sediment slurries behave in a highly non-Newtonian way 
and exhibit often a yield stress, meaning that they behave as a solid until sufficient force is 
applied. The yield stress is defined as the minimum stress required causing the solid-liquid 
mixture to flow. The viscous properties and flow behaviour of sediments can be characterized in 
bench-scale tests or in larger scale pumping experiments in pipeline loops.   
 
  The experimental work was carried out at the Hydraulic Testing Laboratory, GIW 
Industries Inc., U.S.A. Here, slurry pipeline hydraulics and pump performances can be 
investigated in loops with pipe diameters of up to 20 inch (0.5 m) and pipeline lengths of up to 
655 ft (200 m). The experiments in this case were carried out in a pipeline-loop system with pipe 
diameter of 3 inch (0.075 m). 
 
  Sediment containing clay and organic material, silt and fine sand was here simulated by a 
phosphate clay slurry with a slurry S.G. of 1.11 to which a fine sand with an average size of 135 
microns was successively added to increase the consistency. The viscous or rheological 
properties and the pumping characteristics of the slurries were determined from differential 
pipeline pressure drop and flow rate measurements. 
 

  The pump was a GIW LCC-type (3-vane, all-metal) centrifugal pump with an open 
shrouded impeller (diameter 12 inch (0.3 m)) with a simple auger-like inducer, see Figure 1. 
 
 



 
 

FIGURE 1. Open shrouded 3-vane impeller (diameter =12 inch( 0.3 m)) centrifugal 
pump with a simple auger-like inducer. 

 
The viscous properties of the clay-sand mixtures were determined from the pipeline 

experiments, following the procedures described in, for example Wilson et al. (1997). Calculated 
shear stress versus the viscous scaling parameter 8V/D (V= velocity, D=diameter of pipe) are 
shown for a clay only slurry and a clay-sand mixture with S= 1.60,  Figure 2. 
 

Sand was then added at 8V/D=400 up to a S-value of 1.67-corresponding to a shear stress 
value of about 360 Pa. The slope of the curve for S=1.60 is about 0.2 in Figure 2. So-called 
rheograms were then constructed for S-values of 1.60 and 1.67, see Wilson et al. (1997). It was 
assumed that the slope for S=1.67 remained the same (0.2) as for 1.60. The rheograms with the 
results represented by a Bingham model are shown in Figure 3. 
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FIGURE 2. Shear stress versus the viscous scaling parameter 



 
 

FIGURE 3. Rheogram with estimated yield stresses, τy.S is  slurry S.G. 
 

The head and efficiency of centrifugal pumps are generally lowered by the solids in the 
slurry. The relative reduction of the water head and efficiency for a constant flow rate and rotary 
speed may be defined by the ratios and factors shown in Figure 4. 

 

 
Head ratio: HR = H/H0                                        Efficiency ratio: ER = η/η0 

            Head reduction factor: RH = 1 – HR       Efficiency reduction factor: Rη = 1-ER 
 

FIGURE 4.  Sketch defining the reduction in head and efficiency of a centrifugal pump. 
 

Figure 5 shows how the pump head and efficiency were lowered by the highly viscous 
clay-sand mixture. When the pump was operating in the best efficiency region (240-320 gpm 
(0.015–0.020 m3/s)), the reductions in head was about 10 % and about 15 % for efficiency. 
However, the performance became very sensitive to small variations in the S-value for lower 
flow rates. It can be seen in Figure 5 that the pump can produce stable head for S from 1.62 to 



1.65 corresponding to yield stress values larger than about 4 psf (200 Pa). However, it cannot 
maintain the head at a S of 1.67, when an unstable head curve is created, i.e. this is here an upper 
value for  reliable operation. 

 
 

`  
FIGURE 5. The effect of slurry on the pump head and efficiency at different S-values. 

 
DISCUSSION AND CONCLUSIONS 

An example is now given based on scaling of the experimental pipeline and pump results 
with the same type and size of pump used here. The pumping of 154 tons/h (140 tonnes/h) of dry 
solids for S= 1.6 is considered in a 6 inch(0.15 m) diameter pipeline with a length of 2460 ft (750 
m). The corresponding flow rate is 640 gpm(145 m3/h) giving a pipeline velocity of  7.5 ft/s (2.3 
m/s). Six to seven pumps in series are required to overcome the pipeline friction corresponding 
to about 725 psi (5 MPa), Figure 6.     



  

  
   

FIGURE 6.  Pumping of 154 tons/h (140 tonnes/h) of a clay-fine sand slurry simulating 
sediment with six centrifugal pumps in series a distance of  2460 ft (750 m) in a 6 inch (0.15 

m) diameter pipeline. Total working pressure about 725 psi (4 MPa). 
 

Handling and transportation of contaminated sediment show similarities to low water 
usage in systems for residual products handling after beneficiation processes in the minerals 
industry, where the slurry is thickened to low water contents, so called thickened tailings or 
pastes. The transportation of highly thickened slurry is then normally carried out with positive 
displacement type of pumps in high-pressure or long-distance applications. So far, centrifugal 
pumps are used for thickener underflow circulation and feeding to positive displacement pumps 
in high-pressure applications or to pump underflow slurry short distances. The operating 
conditions in the example in Figure 6 with a relatively long distance are in an intermediate area 
where both centrifugal and positive displacement pumps are technically feasible. The need for 
effective operational control of a system for the type of slurry flow considered here may be 
greater with centrifugal pumps, however, using positive displacement pumps instead of 
centrifugal pumps implies costs that are ten times greater (Cowper,1999). 

 
The results obtained here and earlier data (Sellgren et al.1999a,b) indicate that viscous 

sediments characterized by yield stresses in the range of about 2 to 4 psf (100 to 200 Pa) can be 
pumped effectively with centrifugal pumps. The reductions in head and efficiency were here 10 
and 15%, respectively. With yield stresses of up to 4 psf (200 Pa), the pressure requirement to 
overcome pipe friction for pipeline diameters of 4 and 16 inch (0.1 and 0.4 m) may be 0.35 and 
0.09 psi per ft ( 8 and 2 kPa per m) of pipeline, respectively. Several pumps in series are 
therefore required also for moderate transportation distances. The results indicate that centrifugal 
pumps can be a cost-effective alternative for handling and transportation of sediments at a low 
water content. 
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