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Proppant is material used during hydraulic fracturing process to prevent fractures
created in the shale rock from closing up after the taking place of the process. The produ-
cing formation is fractured using hydraulic pressure and then proppant is pumped into
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the well with fracturing fluid to hold the fissures opened so that the natural gas or crude
oil can flow up the well. The materials used for proppant were generally sand grains and
ceramic materials. Usually Sand was used when the net fracture closure stress is below
6000 psi, and ceramics when the net fracture closure stress is more than 6000 psi. The prop-
pant size, shape, and mechanical strength keeps open the newly created fractures, and there-
fore the flow of oil and gas out of the well is possible.

The properties of proppant transport and its performance in hydraulic fracturing fluid
depend mainly on: fluid specific gravity, fluid viscosity, proppant size, and proppant speci-
fic gravity.

If the fluid is not sufficiently viscous, the proppant will not be effectively transported
throughout the fracture. If the slurry is too viscous, the fluid will not flow properly.

Typical proppant mesh sizes are presented in Table 1.
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This table represents the common used size range of proppant mesh in hydraulic
fracturing process; proppant size has a significant impact on the rock permeability. Typi-
cally, a larger proppant size will lead to the achievement of high permeability even applying
a low stress closure. Even though that this large size of proppant is the key factor of
a acquiring high conductivity, it requires enough large fracture width to be transported
during the process.

,& #� ����#��!	 
�	 !"�	 �"�
�
��� �	 � � #�!���

To measure change of rheological parameters of slick water (μ < 10 cP) was used
the rotational viscometer Chan. Slick water usually is described by the Bingham model
represented by the linear shear stress/shear strain. Relationship Bingham model is described
by equation (1):

τ = YP + PV (γ) (1)

where:
PV F plastic viscosity,
YP F yield point,

γ F Shear rate,
τ F shear stress.

Proppant size [mesh] 

16–30  

20–40 

30–50  

40–70  

70–140  
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For chosen slick water Bingham rheological model is characterized by:

F ��
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PV F plastic viscosity, in poise [P],
YP F yield point, in pascal [Pa],
R F Pearson coefficient which measure the correlation between the shear rate and

the shear stress, the linear dependence.

Slick 
water SW 

SW1 SW2 SW3 SW4 SW5 SW6 SW7 SW8 SW9 SW10 SW11 SW12 SW13 SW14 SW15 

Proppant 
concen-
tration 
[g/L] 

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 

Bingham model: τ = YP + PV (γ) 
Slick water 

R2 YP  PV 

SW1 0.9878 1.1818 0.0070 

SW2 0.9839 1.1973 0.0069 

SW3 0.9861 1.3031 0.0072 

SW4 0.9861 1.3031 0.0072 

SW5 0.9861 1.2752 0.0071 

SW6 0.9861 1.2752 0.0071 

SW7 0.9913 1.2319 0.0071 

SW8 0.9852 1.2940 0.0068 
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Bingham model 

τ = YP + PV (γ) Slick water 

R2 YP  PV 

SW9 0.9950 0.5046 0.0054 

SW10 0.9866 0.4982 0.0063 

SW11 0.9925 0.5124 0.0063 

SW12 0.9873 0.4995 0.0067 

SW13 0.9606 0.3370 0.0084 

SW14 0.9534 0.3020 0.0088 

SW15 0.9385 0.4571 0.0090 
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Table 4 describes the different rheological parameters of slick water with proppant
concentration range from 450��E@ to 750��E@, obtained by calculation with Bingham model.

Graphs in Figures 9–15 describe the correlation between shear rate and shear stress.
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A polonominal equation best describe this shear stress/shear rate relationship. So the
viscosity can be calculated with the new model:

τ�=�H1�L��'γ
�
L��6γ

6
:6;
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2
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New model 

τ = YP + F1 (γ) + F2 (γ2) Slick water 
R2 

YP  F1 F2 

SW9 0.9958 0.5346 0.0049 0.0000005 

SW10 0.9943 0.6024 0.0045 0.0000020 

SW11 0.9971 0.5930 0.0049 0.0000010 

SW12 0.9954 0.6138 0.0048 0.0000020 

SW13 0.9977 0.6465 0.0031 0.0000060 

SW14 0.9975 0.6572 0.0027 0.0000060 

SW15 0.9924 0.8616 0.0020 0.0000007 
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Coefficient of Pearson R2  
Slick water 

Bingham τ = YP + PV (γ) New model   τ = YP + PV1(γ) + PV2 (γ2) 

SW9 0.9950 0.9958 

SW10 0.9866 0.9943 

SW11 0.9925 0.9971 

SW12 0.9873 0.9954 

SW13 0.9606 0.9977 

SW14 0.9534 0.9975 

SW15 0.9385 0.9924 
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