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Abstract: Rock grouting is performed to decrease the hydraulic conductivity around 

underground structures, such as tunnels and caverns. Cement grouts are often used and 

pumped into joint and fractures of the rock formation.  

Piston type pumps are mostly used for high pressure rock grouting. A pulsation effect 

is inevitable when using this type of pump due to the movement of the piston. The 

effect of this pulsation on rock grouting is yet to be known but believed to be benefi-

cial for the penetration of the grout. Current flow meters used in the field are not accu-

rate enough to determine the fluctuation of the flow rate when it is less than 1 l/min. In 

addition, currently available flow meters measure the average of the flow over a cer-

tain period of time, hence the true fluctuation of the flow rate due to the pulsation of 

the piston remains unknown. 

In this paper, a new methodology, the so called ‘Ultrasound Velocity Profiling – 

Pressure Difference’ (UVP+PD) method has been introduced to show the pulsation 

effect when using a piston type pump. The feasibility of this method was successfully 

investigated for the direct in-line determination of the rheological properties of micro 

cement based grouts under field conditions (Rahman & Håkansson, 2011). Subse-

quently, it was also found that this method can be very efficient to measure the fluctu-

ation of the flow rate for different types of pumps. 

From a grouting point of view the UVP+PD method can be used to synchronize the 

pressure and flow of a piston type pump by measuring the pulsation effect. Conse-

quently it can be used as a tool for the efficiency and quality control of different types 

of pumps. 

 

Theme: Geohydrology and Grouting. 

 

Keywords: cement grouts, pump characterization, grouting, ultrasound velocity  

profiling, UVP+PD  
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1 INTRODUCTION 

The principle of rock grouting remains the same for last few decades and for large 

tunneling projects a mobile grouting plant is often used. It consists of an agitator, mix-

er and grouting pump. The pump is used to take the grout from the agitator to the 

boreholes through a line of hoses. Grouting pumps can be divided into two groups 

based on the assemblation of the valve in the pump (Houlsby, 1990). The valve results 

in pulsation of the flow. Helical rotor pump is a progressive cavity type pump which 

does not have any valve, instead it uses the rotor in a positive screwing motion togeth-

er with its driving shaft. Hence resulting in a fairly stable pressure and thus flow. A 

piston type of pump has pistons reciprocating in close fitting cylinders, consisting four 

ball valves. Hence resulting in a cyclic pressure of different degrees with each stroke 

of the pistons. Thus creates a pulsed flow (Faulkner, 2005). The effects and influences 

of the grouting pump on grout materials and penetration have not been investigated to 

the best of the author’s knowledge. The effect of steady pressure and cyclic pressure is 

discussed by (Houlsby, 1990) and according to him, cement settlement and thixotropic 

stiffening in low pressure phase restrain the penetration. 

For high pressure rock grouting a piston type of pump is the widely used option 

and pulsation is unavoidable with this type of pump. The flow meters available today 

are not accurate enough to measure the pulsation of the flow when it is less than 1 

l/min. This is important at the later stage of grouting when the flow is very low. 

(Vetter & Notzon, 1994) performed an experimental study using two different sizes of 

U-tube type Coriolis flow meter and showed results for meter errors for particular 

pulsation frequencies. They tested for pulsations form both piston pump and gear 

pump. They concluded that when the pulsation frequency is equal to the natural fre-

quency of the meter tube, large errors will occur. However, the opportunity of using 

flow meters consisting measuring tubes with higher frequencies are limited since it 

will reduce the signal generated via Coriolis Effect. An analytical study was per-

formed by (Cheesewright & Clark, 1998) to investigate the frequencies except the 

natural frequency of the meter tube during pulsation flow, which will lead to an error 

while determining the phase difference from two detector signals. An experimental 

study similar to (Vetter & Notzon, 1994) was performed by (Cheesewright, Clark, & 

Bisset, 1999) and concluded that erroneous results can occur due to the pulsation of 

the flow at the natural frequency and also at some particular different frequencies. The 

excitation due to pulsation originates some additional components of motion in the 

meter tube and the meter hardware/software is incapable of correctly interpreting the 

sensor signals.   

Modern grouting rigs are today equipped with continuous measurement of volu-

metric flow rate and pressure (Tolppanen & Syrjänen, 2003). However, the measured 

flow rate is an average over a certain period of time, hence the true fluctuation of the 

flow rate due to the cyclic pressure remains unknown. Besides, a sophisticated flow 

meter capable of measuring the fluctuation of the flow rate and pulsation accurately in 

real time is not available. 

A very promising technology for measuring the flow rate very accurately in addi-

tion to the velocity profiles, hence monitoring the pulsed flow in real time is the Dop-

pler-based Ultrasound Velocity profiling (UVP) technique. A method for in-line rhe-

ometry combining the UVP technique with Pressure Difference (PD) measurements, 

commonly known as UVP+PD, has recently been developed at SIK- The Swedish 

Institute for Food and Biotechnology. The UVP+PD method allows measurements not 

possible with common rheometers such as radial velocity profiles and yield stress 

directly in-line, see (Wiklund, 2007). The feasibility of the UVP+PD method was 

successfully investigated for determining the rheological properties of cement grouts 
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directly in-line under field conditions (Rahman & Håkansson, 2011). Subsequently it 

was found that the Ultrasound Velocity Profiling (UVP) technique alone can measure 

the flow rate very accurately in milliseconds. A major advantage, compared to availa-

ble flow meters is the velocity profile, which can be seen in real time. Furthermore, 

the fluctuations of the flow are clearly visible from the velocity profiles. However, the 

‘Pressure-Difference’ measurement is not required to determine the velocity or flow 

rate of the suspension. Since ‘UVP+PD’ was used as a complete methodology to in-

vestigate the rheological properties of cement based grouts, it is presented here as a 

tool for grout pump characterization (Rahman & Håkansson, 2011). 

In this study, the measurement of the velocity profiles and flow rate of concentrat-

ed cement grout using the UVP+PD method has been presented. The experiments 

were performed using two different type of test set up. The first experimental test set-

up consisted of a combination of an experimental “flow loop” and a conventional 

grouting rig - UNIGROUT E22H from Atlas Copco. The second experimental test set 

up consisted of a progressive cavity pump, a smaller mixing tank, LOGAC and a 

stainless steel pipe loop instead of the UNIGROUT E22H and grout hoses. The veloci-

ty profiles were captured from a true flow condition and the measured flow rate was 

subsequently compared with those obtained from the commercial flow meter used in 

the LOGAC. 

2 RELEVANCE FOR FIELD APPLICATIONS 

The execution of grouting work in the field is controlled by monitoring the pressure 

and flow in real time. When the flow decreases to a certain preset value grouting is 

stopped. The later stage of grouting is thus of prime importance. The grouting data of 

Hallandsås project is shown in Figure1. 

 

Figure 1. Grouting data of selected borehole of Hallandsås project 

In Figure 1 the fluctuating flow is occurring due to the cyclic pressure of the pis-

ton pump. The available flow meters measure the average of the flow over a certain 

period of time, hence the flow reading does not represent the short term fluctuating 

condition. Moreover, it is evident that the later stage is very important since it can be 

used for deciding when the grouting should be stopped. 

Figure 2 shows the grouting data fitted with standard Grouting Intensity Number 

(GIN) curves. The details of the GIN method can be found elsewhere, see (Lombardi 

& Deere, 1993). Since the stop criteria associates the volume of grout injected per 

meter, an accurate measurement of flow will enhance the accuracy of the stop criteria, 

and hence lead to a better quality control. 
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Figure 2. Grouting data of THPX project Laos, fitted with standard GIN curves 

3 ULTRASOUND VELOCITY PROFILING (UVP) 

Ultrasound Velocity Profiling (UVP) is a technique that was originally developed to 

measure the blood flow in medical field. This method was subsequently extended by 

(Takeda, 1985) for application in other fields of engineering. The principles of ultra-

sound Doppler velocity profiling are in detail discussed in the literature, see for exam-

ple (Takeda 1985, 1991, 1995). The working principle is based on the emission of 

pulsed ultrasound bursts and echo reception along the beam axis. The ultrasound 

transducer is placed at an angle with respect to the pipe wall and emits short bursts of 

ultrasound waves before switching to receiving mode . When the ultrasound waves hit 

a scattering particle, parts of the ultrasound energy scatters on the surface of the parti-

cle and echoes back towards the transducer. The echo reaches the transducer after a 

time delay. If the scattering particle is moving with non-zero velocity component into 

the acoustic axis of the transducer, Doppler shift of echoed frequency takes place and 

received signal frequency becomes ‘Doppler-shifted’ by the frequency. The local ve-

locity of the suspended particles inside the beam axis is analyzed from the echo sig-

nals originating from several time delays or distances from the transducer. UVP sys-

tems are often called Doppler instruments which is misleading because the Doppler 

effect is not used for velocity estimation. The relative movement or shift in position of 

the scatters between two pulse emissions are detected and not the Doppler-shifted 

frequency. In fact, the Doppler effect is an artifact of the pulsed wave system (Jensen, 

1996). 

3.1 UVP+PD Method 

A method for in-line rheometry combining the UVP technique with Pressure Differ-

ence (PD) measurements, commonly known as UVP+PD, can be used for the continu-

ous determination of various rheological parameters between two certain points. The 

concept of combining UVP with PD was proposed in the 90-ies when the UVP-DUO-

MX monitor from Met-Flow, Lausanne, Switzerland became commercially available. 

The basic principles of the UVP+PD method originates from the capillary viscometry 

concept and a force balance over a cylindrical fluid element in fully developed, steady 

state, laminar flow in a pipe. The main limitation of the capillary viscometer instru-

ment is they only provide single point data corresponding to specific shear rate, hence 

limiting their use for non-Newtonian fluids. The UVP+PD method developed at SIK -

The Swedish Institute for Food and Biotechnology allows real-time measurements of 

radial velocity profiles and hence complete flow curves and rheological properties, 

such as viscosity and yield stress directly in-line. The potential of this method for 
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measuring the rheological properties of cement grout directly in-line was proposed by 

(Håkansson & Rahman, 2009).The feasibility of this method for determining the rheo-

logical properties of cement grouts directly in-line was successfully investigated by 

(Wiklund, Rahman, & Håkansson, 2011).  It was subsequently found that the UVP 

technique itself can be a very good method for evaluating the grout pump characteris-

tics with respect to pulsation. However the pressure difference measurement is not 

required in that case. The UVP+PD technique has been successfully used on various 

industrial suspensions, such as food, paper pulp and mine tailings (e.g. Wiklund et al. 

2006, Birkhofer 2007, Wiklund 2007, Kotzé 2007, Wiklund & Stading 2008). 

4 MATERIALS 

Due to ease of preparation and use, wide availability and relative low cost, cement-

based materials are the most commonly used grouts for permeation grouting. In this 

work, a relatively fine cement has been used, Cementa IC30 with water/cement ratio 

0.6, 0.7 and 0.8 (by weight). IC30 is a sulphate resistant, chromate reduced and low 

alkali grouting cement. The largest particle size is 30 microns. A mixing time of 4 

minutes was used for all batches. Cementa SetControl II was used as an additive 

which is a high performance binding time regulator that is suitable for grouts based on 

the Cementa grouting cements. 

5 EQUIPMENT AND FLOW LOOP 

The standard grouting machine UNIGROUT E22H from Atlas Copco was used to 

keep the condition same as the field. The flow was circulated through a flow loop 

consisting of a standard grouting rig UNIGROUT E22H, UVP-PD test section and 

LOGAC flow meter. LOGAC was used as a reference for the flow rate determined by 

UVP. More details of the experimental set up are discussed in the following sections. 

A schematic illustration of the experimental set-up used in this work is shown in Fig-

ure 3. 

 

 

Figure 3. Schematic illustration of the flow loop used in field like conditions 
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5.1 UNIGROUT E22H 

The UNIGROUT E22H is a complete grouting rig manufactured by Atlas Copco.  It 

was used to produce a grout with the same properties as would be the case in the field. 

The UNIGROUT E22H consists of a mixer, agitator, pump, control unit and the nec-

essary hoses. Cemix 203H is used as a high speed colloidal mixer consisting of a con-

tainer and impeller having a mixing volume of 200 liter and mixing capacity of up to 3 

m
3
/h. After mixing, the grout is pumped in to the agitator, Cemag 402H, containing 

cylindrical container with angular base, slow running and inclined mixer shaft fitted 

with two pair of blades. The volume of the agitator is 400 liter and rotation speed of 

the agitator shaft is 60-70 rpm. Pumpac, the hydraulic piston pump having a grout 

flow capacity of 0-120 l/min is included with the UNIGROUT E22H. For this present 

study, the low pressure zone, 0.2-1 MPa was used. The UNIGROUT E22H used in 

this experiment is shown in Figure 4. 

 

Figure 4. UNIGROUT E22H used for the experimental work 

5.2 LOGAC recording system 

LOGAC 4000 from Atlas Copco is a computer based recording system for storing and 

sampling data during a grouting operation. The parameters that can be logged and 

stored on a PC card are flow, pressure, volume, time and real time. The data can be 

recorded on the card at every 1st, 5th or 10th second. The CFP meter unit consists of 

an electromagnetic flow meter and a pressure meter. The flow meter operates in a 

range of 0-200 l/min with a maximum allowed pressure of 4 MPa. 

5.3 Laboratory based flow loop 

A laboratory based flow loop was designed consisting of a helical rotor progressive 

cavity type of pump to measure the flow and the rheological properties of the cement 

suspensions in a stable flow condition. The flow was circulated through a flow loop 

consisting of a storage tank, a progressive cavity single screw pump, UVP+PD test 

section, LOGAC flow meter and temperature sensors. The objective of excluding the 

UNIGROUT E22H was to obtain a steady flow using a progressive cavity pump and a 

simpler set up. The schematic illustration of the experimental set-up is shown in Fig-

ure 5. 
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Figure 5. Schematic illustration of the flow loop used for laboratory experiments 

5.4 Progressive cavity pump used for laboratory flow loop tests 

A progressive cavity pump type MAE 50-2/BB.BBNT32 Pompe-Raccorderia was 

used at the laboratory based flow loop. Progressive cavity pumps are also known as 

single screw pump. The major functional components of a progressive cavity pump 

are the rotor and the stator. The stator is made of vulcanized rubber, placed inside a 

steel pipe. The stator is a circular cross section single start screw with a very large 

pitch. The pump was designed for viscous fluid suspension materials and it was possi-

ble to obtain a very stable flow condition using the progressive cavity pump. The 

pump can be operated at a flow rate range of up to 10 l/min and withstand a pressure 

limit of maximum 1.2 MPa. 

5.5 UVP+PD test section and instrumentation 

The UVP+PD test section comprised of a custom made flow adapter cell housing two 

customized ultrasound transducers of 4 MHz frequency. The customized transducers 

feature a ‘delay line’ which is used for beam forming and minimizes the near field 

effect and enables accurate measurements of the velocity profile just from the trans-

ducer front. The ultrasound transducers were mounted in a horizontal plane opposite 

to each other with an angle of inclination of 20 deg and 200 deg respectively to reduce 

the sedimentation effect and to allow simultaneous measurements of velocity profiles 

and acoustic properties. The test section further consists of two pressure sensors to 

measure the differential pressure over a distance of 1,3m. For the laboratory based set 

up, the distance between the pressure sensors were 1,65 m. 

In-line flow velocity profile measurements were made using a pulser/receiver in-

strument, UVP-DUO-MX Monitor (Met-Flow SA, Lausanne, Switzerland). The in-

strument firmware and driver software were modified to allow access to the Demodu-

lated Echo Amplitude Data (DMEA or I-/Q- Data) via an Active X library. The UVP-

Duo instrument and the other hardware devices were connected to a master PC via 

Ethernet and a DAQ card (National Instruments Sweden AB, Solna, Sweden). A high 

speed digitalizer was used for the data acquisition of the simultaneous measurements 

of velocity profiles and acoustic properties. Versatile MATLAB-based (The Math-

Works Inc., Natick,MA, USA) software with a graphical user interface (RheoFlow™), 

previously developed by SIK was used to control the hardware devices for data acqui-
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sition, signal processing, and visualization of the data. The volumetric flow rate was 

obtained from the integration of the obtained velocity profiles. 

The flow cell fitted with two 4 MHz ultrasound transducers used in this experi-

ment is shown in Figure 6. 

 

 

Figure 6. Flow cell fitted with two 4 MHz ultrasound transducers used in the experiment 

6 RESULTS AND DISCUSSION 

6.1 Velocity profiles from the field like conditions 

Velocity profiles were measured by UVP for cement grout of w/c ratio 0.8 and 0.6. 

The velocity profiles were measured for 3 minutes over a time period of 0.5-3 hours 

after mixing. All tests were performed in ambient temperature 16-20
0 
C. The flow rate 

range was 15-30 l/min. The velocities are presented as a function of the radial dis-

tance. The radial position zero indicates the center of the pipe where the velocity was 

maximum and the velocity was zero at the pipe wall, which in this case was 0.01125 

m from the pipe center.  

All the velocity profile measurements are shown up to the center of the pipe. A 

mirror image is combined with the half of the velocity profiles. Since the velocity 

profiles should be identical on both sides of the center of the pipe, it has been done in 

order to make an easier illustration of the full velocity profile inside the pipe. Meas-

urements until the half of the pipe are sufficient for determining the rheological prop-

erties and flow rate. 

Figure 7 shows the velocity profiles of cement grout for w/c ratio 0.8 and 1024 

profiles were captured over 3 minutes, 90 minutes after mixing the cement grout. 

From Figure 7 it is seen that the maximum velocity fluctuated from 0.1 m/s to 0.8 m/s. 

This was due to the cyclic pressure originated from the movement of the piston of the 

pump.  
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Figure 7. Velocity profiles for w/c ratio 0.8, sampled over 3 minutes 

Figure 8 shows the velocity profiles for w/c ratio 0.6. and 512 profiles were cap-

tured over 1 minute, 60 minutes after mixing of the cement grout. The velocity pro-

files mostly fluctuated from 1 m/s to 1.6 m/s. The signal did not penetrate up to the 

middle of the pipe. As a result the profile shape is distorted near the center of the pipe. 

The reason of having a distorted profile shape towards the far transducer side was the 

strong attenuation of the ultrasound signal due to the higher concentration of the ce-

ment suspensions. The reason for the higher velocity for w/c 0.6 is because a higher 

pressure was used in this test in order to create a more stable flow situation. Normally, 

the velocity for w/c 0.6 would be less than for w/c 0.8 had the same pressure been 

used. 

 

Figure 8. Velocity profiles for w/c ratio 0.6, sampled over 1 minute 

In all measurements the velocities were generally unstable, this was due to the du-

al-piston pump used in the UNIGROUTE22H equipment ‘Pumpac’. If the shape of the 

velocity profile was changing that means the shear rate was also changing. Negative 

velocities, which imply a backward flow were also measured. The backward flow was 

originated by a suction pressure due to the pulsation of the piston pump. From the 

velocity profiles a plug flow situation can be directly identified and the radius of the 

plug at the middle of the pipe can be determined. Practically this means that the 

UVP+PD method can be used to determine the yield stress of the grouts, directly in-

line as described in (Wiklund et al. 2006). 

6.2 Velocity profiles from the laboratory conditions 

For the laboratory based set up, the pump operated at a flow rate range of 5-7 l/minute. 

Velocity profiles were captured for both w/c ratio 0.7 and 0.8. The velocity profile 

measurements are shown up to the center of the pipe. A mirror image is combined 

with the half of the velocity profiles. In the laboratory tests a new type of delay line 
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transducers were tested that produced a narrower and more focused beam. Figure 9 

shows the obtained velocity profile for w/c ratio 0.7 and 50 profiles were captured 

over a sampling period of 30 seconds, 46 minutes after the mixing. Figure 10 shows 

the velocity profile, measured from the wall to the pipe centre, for w/c ratio 0.8 and 50 

profiles were captured over a sampling period of 30 seconds, 21 minutes after mixing. 

 

Figure 9. Velocity profiles for w/c ratio 0.7, sampled over 30 seconds 

 

Figure 10. Velocity profiles for w/c ratio 0.8, sampled over 30 seconds 

From Figures 9 and10 it is clear that the measured profiles were distorted near the 

center of the pipe, which was due to the lack of energy in the emitted ultrasound sig-

nal. The laboratory tests thus suggest that for concentrated grouts it is important to 

optimize the next generation of transducers with respect to maximum energy due to 

the strong attenuation of the ultrasonic signal. 

For laboratory based set-up, while using a progressive cavity pump, the flow was 

very stable and there is no noticeable fluctuation of the flow, comparing to the piston 

pump.  

Consistent repetitions of the velocity profiles were observed at a flow rate more 

than 15 l/min, using the UNIGROUT E22H equipment. A higher pressure was ap-

plied, thus higher flow rate was observed. The progressive cavity pump produced con-

sistent and very stable velocity profiles for any range up to 10 l/min.  

It was possible to capture the velocity profiles continuously while circulating the grout 

inside the flow loop. Since there was no intention to compare the hydration effect, 

adjacent time intervals were not taken into account. 

The UVP+PD determine the volumetric flow rate by integrating the measured ve-

locity profile. Figure 11 shows the comparison between the volumetric flow rate de-

rived by the UVP and obtained from the LOGAC. During the experiments at field like 

conditions, flow rate measurements were stored at LOGAC at every 10
th
 seconds. For 

the laboratory based experiments, it was 1 second. As can be seen, both of the meth-

ods yield results over the same order of magnitude. While performing the experiments 

using a progressive cavity pump at the laboratory based conditions, the measured flow 
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rate was constant over a sampling period of 30 seconds. Anyway, the measured flow 

rate by Logac also indicated fluctuations of very low order of magnitude. However, it 

should be noted that the time stamps were different for the piston pump and the pro-

gressive cavity pump. It is evident that the UVP data accumulation rate is much larger 

than the LOGAC. Therefore UVP is more sensitive and gives a precise result of the 

distribution of the flow rate. 

 

 

Figure 11. Comparison of the flow rate determined by the UVP and measured by the LOGAC 

Figure 11 resembles that during field grouting operations, the true flow rate re-

mains unknown; however the average value remains in a fixed order of magnitude. 

During the later stage of grouting, the pressure is very high and the flow is very low, 

i.e. nearly 1 l/min and the commercial coriolis flow meters are not capable of measur-

ing such a low flow rate. Since the stop criteria for the grouting operation depends on 

the flow of grouts in to the rock fractures, a more accurate measurement of the flow 

rate will lead to a more accurate determination of the stop criteria of grouting opera-

tion, at least, from a quality control aspect. In addition, by piston pump, a negative 

velocity, i.e. a backward flow due to the suction force, while the piston was moving 

backward, was visible as shown in Figure 7. It is not possible to measure such nega-

tive velocity by using a commercial coriolis flow meter since the principle of coriolis 

flow meter is based on the determination of the phase difference of signals originating 

due to the oscillation of the sensors (Vetter & Notzon, 1994).  

Additionally, it should be noted that the fluctuation of the flow rate has an indirect 

effect on the rheological properties of the grouts. The shear rate is determined from 

the velocity of the flow, hence resembling the flow rate. A high flow rate will lead to a 

high shear rate range and vice versa. It has been showed before that the rheological 

properties, i.e. yield stress and viscosity depends on the shear rate range while using 

different mathematical models, i.e. Bingham, Herschel-Bulkley etc (Håkansson, 

1993). A high shear rate range will lead to a higher yield stress and lower viscosity 

due to a milder gradient of the mathematically fitted flow curve and vice versa.  

In Figure 12, the obtained flow curves (shear stress vs. shear rate) are shown for 

field like experiments, using UNIGROUT E22H and laboratory based conditions 

while using the progressive cavity pump. The flow curves are obtained by using the 

non-model approach (gradient method) and then fitted according to Bingham model. It 

can be seen that, the yield stress and the viscosity, which is the gradient of the fitted 

straight line is dependent on the shear rate range. While using a piston type of pump, 

the shear rate range changes due to the pulsation of the flow. Moreover, a negative 

velocity, i.e. backward flow might occur during grouting operation, which will result 

in a change in the true shear rate of the flow. In Figure 12, the flow curves are shown 

for different water cement ratios. The field like experiments using UNIGROUT E22H 
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was performed using water cement ratio 0.8, on the other hand the laboratory based 

experiment using progressive cavity pump was performed using water cement ratio 

0.7. Indeed, the water cement ratio, hydration of cement grout etc. are the prime fac-

tors for the rheological properties of the grout, nevertheless, the change of the shear  

 

Figure 12. Flow curve obtained using UNIGROUT E22H and progressive cavity pump 

rate range will yield a different result while data analysis. Thus to determine the true 

rheological properties, a stable flow rate, hence pressure is necessary. 

7 CONCLUSION AND RECOMMENDATIONS 

From this study, it can be concluded that the UVP technique is very promising and 

superior in terms of measuring the velocity profiles and hence the volumetric flow rate 

compared to the commercially available flow meters. This study is based on the micro 

cement grouts (w/c ratio 0.6, 0.7 and 0.8), which are widely used in practice. In addi-

tion, this method can be used to monitor the pulsation of the flow and optimize the 

grout pump type to achieve an optimum flow rate for grouting under field condition. 

Since the effect of the pulsation on grouting is not known but believed to be beneficial 

so more studies have to carried on to set an optimum limit. An optimum level of the 

pulsation has to be determined which will be ideal for grouting. Despite the pulsation 

and variable shear rate range of the flow, the piston type of pump is ideal for high 

pressure rock grouting.  

Ultrasonic velocity profiling combined with pressure difference (UVP+PD) rheo-

metric method is capable of determining the rheological properties directly in-line. In 

addition, and as shown in this study, the velocity, hence the volumetric flow rate can 

be measured very accurately. The UVP+PD rheometric method can be an efficient 

tool to determine, optimize and synchronize of the pump pulsation according to the 

flow rate, hence grout pump characteristics.  

The further developments of the UVP+PD rheometric method concernes the char-

acterization of the ultrasound transducers. Since, a complete velocity profile over the 

pipe diameter is desirable, the development should lead to an optimally designed ul-

trasound transducer, capable of emitting high ultrasound energy which can capture the 

full velocity profile over the pipe diameter for cement based suspensions. Also, a non-

invasive flow cell will lead to a simpler installation of the ultrasound transducer and 

make it more convenient for industrial application. 
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