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The paper describes the extensive field evaluations of the ‘Settled Bed Detector’ on different mine 
sites over a 12-month period. Applications range from cemented backfill, a well-graded magnetite 

product, coarse phosphate tailings and a fine cyclone overflow stream gravitating down a partially-

filled pipe. Even though it was evident that stationary beds occurred repeatedly whenever process 

conditions became unfavourable, this did not pose an immediate risk towards blockages. In most 

cases, the beds were rapidly depleted as soon as either the flow rate was increased, or when the slurry 

relative density was changed. In other instances, stationary beds remained in the pipeline during 

extended shut-down periods, which posed a serious risk for cemented backfill operations. Where 

typical flow rate fluctuations regularly produce and soon thereafter remove small beds, it is 

undesirable to raise an alarm each time a bed develops. In order to only trigger meaningful alarms, 

additional sensors had to be placed strategically on the side of the pipeline to detect the actual bed 

height. This configuration proved to be so successful, that the next generation of the instrument is in 

the process of being developed with multiple sensors along the pipe circumference to accurately 

determine the horizontal interface level between the stationary bed and the flow above it. With a few 

instruments along the entire pipe route, this new configuration also enables the tracking of moving 

dune formations, or the deliberate operation of a pipeline with a controlled stationary bed to reduce 

abrasive wear at the pipe invert. 
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1. INTRODUCTION 

The novelty of the concept lies in the sensed heat removal due to forced convection 

from strategically-created hot spots on the inner pipewall surface, Ilgner (2014). This 

technique is more robust than ultrasonics, Bontha (2010), or sonar array, O’Keefe (2009). 

The Settled Bed Detector provides two user-definable analogue outputs as 4-20 mA signals 

to enable integration with the mine’s process logic controller (PLC) for pump feedback 
control. The first output indicates particle sedimentation independent of slurry properties, 

as shown for different types of solids and slurry densities by Goosen (2011).  
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The second output provides an indication of volumetric ‘flow’ or ‘no flow’ conditions, 
which has proven to be useful in applications without flow meter to provide complimentary 

data to assist in process interpretation.  

The actual particle size distributions (PSD) of the products being pumped during the 

periods when sedimentation was measured during the field trials remain unknown. When 

the system pressure or the system flow rate remained largely unchanged during short-lived 

sedimentation events, it is thus inferred that the PSD changed temporarily.  

The paper presents events, where variations of pressure, flow rate or slurry density 

coincided with detected sedimentation in industrial pipelines with different operating 

patterns, which assisted in the understanding of the underlying system dynamics. 

The following sections describe the four field applications with brief descriptions of 

the set up before the data are presented with the insights gained from each site. 

2. FIELD TRAILS 

2.1. NB350 CYCLONE OVERFLOW PIPE (LAUNDER) 

The instrument was installed on a trial basis onto a pipe of a gravity-fed hydrocyclone 

overflow stream to see if it can detect sedimentation at the pipe invert, even when the pipe 

was only partially-filled.  

The layout of this cyclone application with its typical water pre-flush sequence, start-

up with slurry and a shut-down sequence was published by Ilgner (2016). It was 

demonstrated that small stationary beds could develop whenever cyclone pressures were 

too low to sustain sufficient (channel) flow in the partially-filled pipe. Data interpretation 

was difficult, as a ‘no flow’ condition, i.e. air in the pipe could warm up the hot spot in a 
similar way as a stationary bed would do. Yet, the dissimilar rate of rise of the temperature 

difference was used to distinguish between an empty pipe and a settled bed. 

Continuous monitoring since then has revealed a unique event, where a 5-hour long 

stationary bed developed suddenly while the cyclone feed pressure remained essentially 

constant between 35 to 45 kPa, see Figure 1 (a). The temperature differential during flow 

without a bed was set at about 35 to 40 % of full scale, which increased to 85 to 90 % in 

the presence of a stationary bed. The more detailed pattern for the same event is enlarged 

in Figure 1 (b) indicates that the regular reductions of the bed height coincided with 

pressure increases. This increased the overflow stream which in turn removed the upper 

layer of the stationary bed, which then reduced the temperature differential. 

 

   
 

Fig.1 Five-hour sedimentation event (a) and partial bed removal due to pressures peaks (b) 
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The instrument was able to detect extended periods of sedimentation, as well as the 

reduction of the relative bed height when the flow rate of the overflow increased due to 

higher cyclone feed pressures. However, it was not possible to determine the actual height 

of the settled bed. Based on previous observations in a NB 150 pipeline with viewing 

sections, it was estimated that the sensing depth of a head mounted at the pipe invert is 

limited to about 20 mm. This sensing depth depends on the actual pipewall thickness, as a 

thicker pipe wall increases the conductive heat losses. Thus the knowledge of a bed alone 

was not sufficient to justify a warning of a blockage to occur or even to intervene with the 

process to remove this minor bed. 

2.2. GRAVITY-ASSISTED FLOW IN A CEMENTED BACKFILL SYSTEM 

A flow meter and a density meter on surface is used to monitor the backfill product 

being fed through a decline, and along various nearly-horizontal levels, connected via 

boreholes to a cut-and-fill mining operation. Three different cement recipes provide 

flexibility for cost-effective provision of support. Various reasons for the occasional 

pipeline blockages were reported. All too often with backfill systems, problems 

encountered underground are a consequence of actions or the lack thereof on surface. On 

this plant, insufficient data exist to identify single or even multiple causes for occasional 

pipeline blockages, which can severely delay scheduled blasts and thus reduce mining 

productivity. To add to the overall understanding of how the backfill system is operated, 

the Settled Bed Detector (SBD) was installed underground at the entrance to a near-

horizontal level, some 3.5 km downstream from the flow and density meter on surface. 

The SBD was configured in a way that it can also provide an indication of ‘flow’ or 
‘no flow’ conditions. In addition to the SBD, an inline pressure transducer, located 20 m 

upstream of the SBD on 22 Level, provided independent data to complement the data from 

the SBD and from the flow and density meter on surface. 

The underground line pressures in Figure 2 and 3 show the duration of a backfill 

sessions. Figure 2 shows two stationary beds during flow (a) and during ‘no flow’ (b). 
 

   
 

Fig.2 Two sedimentation events with flow (a) and a stationary bed remaining at ‘no flow’ (b)  
 

An example of a backfill session temporarily interrupted within minutes of its 

commencement resulted in a short-lived stationary bed during the ‘no flow’ period.  
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The density meter and flow meter clearly indicate the water pre-flush. With a 10 minute 

long time lag between surface and underground, both the underground pressure sensor and 

the SBD reacted to the limited water batch being released into the pipeline (a). A limited 

backfill volume only flowed for about 2 minutes, indicated by a short rise of the density 

(b). Without an effective post-flush, this material settled on 22 Level at the location of the 

SBD on route to the stope some 10 minutes later (b). An hour later, the backfill flow 

recommenced normally with the high backfill density (c) removing the stationary bed with 

ease (c). The entire sequence is shown in Figure 3 below. 

 

 
 
Fig.3 Interrupted backfill sequence resulting in stationary bed (NB: Slurry RD is multiplied by 2) 

 

The re-occurring 10-minute correlation between the instruments on surface and 

underground provided a good understanding of the dynamic system behavior in terms of 

time delay and typical sequences. It also confirmed that the SBD can indeed distinguish 

between a ‘no flow’ and a ‘flow’ condition with its standard configuration. 

2.3. NB 400 TAILINGS PIPELINE  

The two previous SBD applications were not exposed to cyclic temperature variations 

of the upper half of the pipeline by direct sunlight. However, on the tailings pipeline 

installed in the open field, a temperature gradient between the upper and the lower sensing 

head was detectable due to daily sunshine, although the sensors themselves were covered. 

These cyclic effects are shown in Figure 4 (a) for both the ‘pumping’ condition, when 
Output 2 changed only very slightly around noon; as well as for the ‘standing’ condition, 
when Output 2 dropped significantly due to a lack of cooling by the slurry flow. An 

enlarged section of the data on the left chart (a) is provided in the right chart (b), which 

shows the gradual ceasing of the flow rate over a 3-hour period, leading to a pipeline 

blockage some ten hours after the stationary bed had started to develop.  

The dashed lines in Figure 4 indicate the allocated threshold levels required to either 

trigger a warning of a stationary bed, or a ‘no flow’ condition. Basically, they convert the 

analogue signals into digital states of either ‘flow’ or ‘no flow’; and either ‘bed’ or ‘no 
bed’ conditions. 
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Fig.4 Daily fluctuations (a) and details of a pipeline blockage incident (b) 

 

Not even a significant stationary bed will lead necessarily to a pipeline blockage. Thus 

unnecessary alarms must be avoided, as described by Ilgner and Brink (2015). A period of 

variable flow rates with a predominantly stationary bed over a 2-day period is shown in 

Figure 5 (a). Whenever the flow rate exceeded 450 m3/h, the stationary bed depleted 

gradually. The bed was completely removed when the flow rate could be sustained above 

470 m3/h for at least an hour. Thus the mine arranged to have two thresholds allocated to 

the one sedimentation output signal. A timer was also provided to display the duration of 

a triggered ‘High Bed’ condition, as described in detail by Ilgner and Pienaar (2016). An 
example of a warning with duration is shown in Figure 5 (b). 

 

           
 

Fig.5 Dependency of stationary beds on flow rate (a) and bed warnings on mine PLC (b) 

2.4. NB 250 MAGNETITE PIPELINE  

Granular magnetite material is reclaimed by a dozer from a dry stockpile into a sump 

for wet-processing. The inconsistent feed preparation and very limited pump control 

instrumentation create unpredictable flow and density fluctuations of the transfer pump 

system. Yet, the mine endeavors to maximize the slurry relative density, as the magnetite 

needs to be dried in evaporation ponds prior to shipment. A SBD was installed to quantify 

the incidences and extents of stationary beds to assist with the implementation of a well-

controlled high-density pumping operation to save water as well as to improve turn-

around-times at the evaporation ponds. 
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Additional data to improve the understanding of the system behavior are provided by 

a CiDRA flow meter and a nuclear densitometer installed some 30 m upstream of the SBD 

in close proximity to the pump station.  

Some interesting correlations between slurry relative density and stationary bed 

conditions were identified. Small temporary increases of the slurry relative density (RD) 

to an RD of about 1.5 created short-lived stationary beds while the flow rate was relatively 

stable, as shown in Figure 6 (a). However, further increases to an RD of 1.8 resulted in 

higher shear rates which consequently removed the stationary beds with ease (b). Similar 

effects of reduced deposition velocities were detected with fly ash slurries up to a paste 

consistency, as presented by Goosen (2011). NB: In the charts below, the density value 

was multiplied with 100 to fit onto the same axis as the SBD Output signal. 

 

     
 

Fig.6 Bed development during RD increases (a) and bed removal during high RD (b) 

 

The magnetite product pipeline was operated similarly to the tailings disposal pipeline 

described above: A stationary bed existed in excess of 2 days, see Figure 7 (a) which 

eventually resulted in a pipeline blockage. Figure 7 (b) shows that even after the inclined 

densitometer saturated at RD 3.25, the centrifugal pumps could still maintain a gradually 

decreasing flow rate above the settled bed for about 1.5 hours. Then, the flow drastically 

reduced within the last 10 minutes from 200 m3/h to zero. 

 

   
 

Fig.7 Operations leading up to the pipeline blockage (a) and details of the blockage (b) 
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3. MULTI-SENSOR BED HEIGHT DETECTION  

The actual heights of the settled beds during the two pipeline blockage incidents 

described above remain unknown due to the limited sensing depth of the sensors located 

at the pipe inverts. For optimized pipeline flow control, the exact height of a settled bed 

needs to be known. To test the performance of sensors allocated on the side of a pipe, a 

spool piece with a 128 mm diameter was equipped with four sensors at distinct levels of 2 

%, 10 %, 30 % and 50 % of the pipe diameter. The flow rate in the recirculating loop was 

controlled by a variable speed drive to detect the exact flow conditions when the rising bed 

was passing the sensors located on the side of the spool piece. As expected, the rising bed 

was sensed as soon as it reached each of the sensors. The subsequent removal sequence of 

the stationary bed due to flow rate increases is also evident from Figure 8.  

 

     
 
Fig.8 Responses of multiple sensors to changes of the flow rate (a) and sensor location (b) 

4. ENHANCEMENTS TO VISUALISE BED HEIGHT 

In order to sense the bed heights, it is envisaged to locate 10 sensors around the pipe 

circumference and to repeat such set up ten times at strategic locations along the pipeline. 

The 100 online data points will be processed to distinguish between empty pipe, normal 

flow, stationary beds, or sliding bed conditions. The output will be visualized as shown in 

Figure 9, which will include the option to play back historical data to enable post-analysis 

of pipeline blockages. Such sensor network could also be used to purposefully operate a 

pipeline with a stationary bed to prevent excessive wear at the pipe invert. 

 

 
 

Fig.9 Proposed visualisation of 100 distributed sensors to ‘view’ the conditions inside the pipeline 
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5. CONCLUSIONS 

The Settled Bed Detector (SBD) was evaluated on four different mine sites under real-

world influences and site-specific pump schedules. The two SBD outputs were correlated 

with other dynamic system parameters like flow rate, slurry relative density and line 

pressure. In this way, the identified detection of sedimentation and its removal could be 

verified by associating it with the governing system behavior.  

The robust signal-to-noise ratio provides sufficient dynamic range to set thresholds in 

such a way, that daily temperature variations do not trigger unnecessary alerts. Short-lived 

beds should be ignored, as they are often removed as soon as the bed-responsible process 

parameters return to normal.  

The rise of the SBD output signal relating to sedimentation maybe misleading, as a 

high output value may relate to three different conditions inside of the pipeline: Firstly: an 

empty pipe, secondly: a medium-height sedimentation incident which is lasting a very long 

time, and thirdly: a very high bed level even if it only exists over a short period of time. 

This ambiguity can be alleviated by integrating the SBD outputs with other available 

process parameters, like pressure or flow rate to avoid raising unnecessary warnings or 

alarms. 

The current configuration of the SBD is unable to sense the height of a settled bed from 

a single sensor located directly at the invert of the pipe, thus additional sensors are required 

along the circumference of the pipeline. The initial configuration on each installation, as 

well as the ability to self-distinguish between an empty pipe and a settled bed, will be 

embedded into the next generation of SBDs. 
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