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S3 File. Effect of the rheological properties of the 1

BaSO4 on the wall shear stress 2

Here, we evaluate the influence of the rheological properties of the BaSO4 suspension on 3

the wall shear stress induced on the biofilm during the injection of the contrast agent. 4

In order to do so, we consider a pore of diameter D of 2.5 mm representative of the 5

average pore size in the tubular reactor used in this study. We set the volumetric flow 6

rate, so that the Reynolds number obtained in this system is of 2.5 as for the tubular 7

reactor. We assume steady laminar flow and use cylindrical coordinates (R, θ, z). In 8

that case, the wall shear stress τ0 is a function of the pressure gradient dp/dz and of the 9

pore’s diameter D [1]: 10

τ0 =
1

4

∣∣∣∣dpdz
∣∣∣∣D (1)

In this system, for the flow of the growth medium, the velocity profile is a parabolic 11

function of the radius [1]: 12

v(r) =
1

16ηH2O

∣∣∣∣dpdz
∣∣∣∣ (D2 − r2) (2)

where R is the radius of the cylinder and we assume the growth medium to have the 13

same dynamic viscosity than water. The volumetric flow rate is obtained by 14

integration [1]: 15

Q =
π

128

∣∣∣∣dpdz
∣∣∣∣ D4

ηH2O
(3)

[2] showed that the BaSO4 suspension exhibit a shear-thinning. We model the rheology 16

of the suspension as a power law fluid with:: 17

ηBaSO4
(γ̇) = Kγ̇n−1 (4)
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where the dynamic viscosity η is a function of the shear rate γ̇. We use the data of [2] to 18

approximate the flow consistency index K = 0.048 and the power law index n = 0.6592. 19

The velocity profile in pore is obtained combining the equation of motion in 20

cylindrical coordinates and the definition of the dynamic viscosity made in Eq.4 (for 21

details, see [1]),: 22

v(r) =
nD

2(1 + n)

(∣∣∣∣dpdz
∣∣∣∣ D4K

)1/n
[

1 −
(

2r

D

)1/n+1
]

(5)

For the BaSO4 suspension, the flow rate is obtained after integration yielding: 23

Q =
πD3

8

n

1 + 3n

(∣∣∣∣dpdz
∣∣∣∣ D4K

)1/n

(6)

In the experiments, the volumetric flow rate used for the injection of the BaSO4 was 24

10 times smaller than during the biofilm culturing. For the pore considered here, the 25

resulting pressure gradient is 2.7 times larger for the BaSO4 suspension than for the 26

growth medium. As the wall shear stress scales linearly with the pressure gradient (see 27

Eq.1), the increase in pressure gradient results in an increase in shear stress by nearly a 28

factor of 3 in the presence of BaSO4. The corresponding streamwise velocity profiles are 29

shown in Fig.1. The gradients exhibited by the BaSO4 velocity profiles are substantially 30

smaller than for the growth medium (H2O). It has to be considered that for the shear 31

rates observed, the dynamic viscosity obtained using the power law fluid model is 32

around 80 times higher than for water, explaining the high wall shear stresses obtained 33

despite of the small velocity gradients. This increase of wall shear stress could explain 34

the detachment observed. 35

Fig 1. Velocity profile obtained for a flow in a representative pore for the growth
solution and for the BaSO4 suspension.

Moreover, it has to be noted that pore-scale velocities in porous media have an 36

extremely wide distribution [3] and can deviate substantially from the mean velocity 37

and consequently, the ratio of mean shear stress values exerted on the biofilm by the 38

BaSO4 or the growth medium can be much higher than the factor of 3 obtained here. In 39
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such a case, the rheological properties of the BaSO4 should not be neglected as they 40

could substantially contribute to the biofilm detachment. 41

Biofilm detachment upon injection of the BaSO4 42

suspension 43

Fig. 2 shows an image of the biofilm tubular reactor before the BaSO4 injection A) and 44

during the injection B) and C). The biofilm shows a reddish color typical of biofilms 45

with high iron oxides content. B) and C) show the heterogeneous distribution of the 46

BaS4 concentration along the column shortly after starting the injection, as some pores 47

are saturated and others not, due to mixing and dispersion. During the injection, we 48

visually observed biofilm detachment and patches moving through the column. The 49

black arrow in Fig. 2 shows a biofilm patch that at early times was free of BaSO4 but 50

at later times it was not, which suggests sloughing or BaSO4 penetration into the 51

biofilm between the acquisition of the images B) and C). 52

Fig 2. A) Biofilm tubular reactor used in this study. B) and C) images of the biofilm
during the injection. The arrow is showing a biofilm patch beeing detached.
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