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Description Parameter
Radiation CuKa 1.5406
Generator 40 kV 0.7 mA
Angular Range 5°-65° 20
Time/Step 1s

Step Size 0.02° 26
Divergence Slit 0.5mm
Anti-Scatter Slit 0.5°

Slit Type Fixed
Rotation Speed 120 rpm
Measurement Temperature | 25 °C

! X-ray Diffraction
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1 | 1106 37 | 023 | 80 2.04 1 6.36 1
2 | 540 37 | 023 | 80 2.04 2 5.23 1
3 | 280 37 | 023 | 80 2.04 4 433 1
4 | 200 37 | 023 | 80 2.04 6 2.90 1
5 | 666 37 | 023 | 1 2.04 4 | 1612 1
6 | 626 37 | 023 | 34 2.04 4 6.01 1
7 | 515 37 | 023 | 52 2.04 4 5.23 1
8 | 419 37 | 023 | 80 2.04 4 453 1
9 | 675 37 | 023 | 80 2.04 2 5.36 1
10 | 864 37 | 023 | 80 2.04 2 551 1
11 | 10095 | 37 | 023 | 80 2.04 2 5.61 1
12 | 1440 37 | 023 | 80 2.04 2 5.83 1
13 | 6217 | 275 | 029 | 1 3.9 2 | 4151 1
14 | 576 | 275 | 020 | 1 3.9 3 | 3847 1
15 | 42578 | 275 | 029 | 1 3.9 5 | 3416 1
16 | 5526 4 034 | 50 1.03 2 | 1432 1
17 | 4104 4 034 | 50 103 3 | 1295 1
18 | 34984 | 4 034 | 50 103 5 | 11.68 1
19 720 11 0.22 140 2.57 2 14.04 1
20 | 399 11 | 022 | 140 257 3 | 1229 1
21 340 11 0.22 140 2.57 5 11.09 1
22 | 53256 | 105 | 03 | 85 157 4 8.50 1
23 | 50435 | 105 | 03 | 85 157 4 8.45 1
24 417.5 10.5 0.3 85 1.57 4 8.27 1
25 | 17335 | 135 | 031 | 85 0.01 4 3.61 0
26 | 35825 | 135 | 031 | 40 0.91 4 4.82 1
27 | 4881 | 43 | 024 | 40 107 4 | 1382 1
28 | 3944 | 43 | 024 | 40 107 4 | 1350 1
29 | 388 | 135 | 031 | 85 0.91 4 3.95 0
30 | 2095 | 43 | 024 | 80 107 4 | 1080 1
31 | 706 24 | 029 | 40 165 1 7.92 1
32 | 434 24 | 020 | 40 165 2 6.68 1
33 | 290 24 | 020 | 40 165 4 5.69 1
34 | 198 24 | 020 | 40 165 8 4.86 1
35 | 837 24 | 029 | 1 165 1 | 2248 1
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36 647 24 0.29 1 1.65 2 19.46 1
37 363 24 0.29 1 1.65 4 16.26 1
38 229 24 0.29 1 1.65 8 13.76 1
39 685 18.2 0.22 1 1.2 2 17.88 1
40 357 18.2 0.22 1 1.2 4 14.82 1
41 261 18.2 0.22 1 1.2 6 13.38 1
42 234 18.2 0.22 1 1.2 8 12.60 1
43 205 18.2 0.22 1 1.2 10 11.96 1
44 350 12 0.1 80 1.15 2 6.55 1
45 297 12 0.1 80 1.15 4 5.73 1
46 231 12 0.1 80 1.15 6 5.20 1
47 503 12 0.1 40 1.15 4 7.36 1
48 588 12 0.1 1 1.15 4 20.87 1
49 609 6.4 0.28 1 0.31 3 8.86 1
50 538 6.4 0.28 1 0.31 2 9.35 1
51 497 6.4 0.28 1 0.31 1 10.40 1
52 735 6.4 0.28 34 0.31 1 4.08 1
53 960 6.4 0.28 40 0.31 1 4.02 1
54 1155 6.4 0.28 52 0.31 1 4.81 1
55 1476 6.4 0.28 80 0.31 1 5.47 1
56 210 6.4 0.28 1 0.31 5 7.23 1
57 156 6.4 0.28 52 0.31 5 6.33 1
58 422 6.4 0.28 1 0.31 5 7.81 1
59 348 6.4 0.28 52 0.31 5 4.55 1
60 497 37 0.23 1 2.04 4 15.60 1
61 304 37 0.23 1 2.04 4 14.77 1
62 154 37 0.23 1 2.04 4 13.70 1
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P.=2Xoy+or A-0)

_fezor () +-0)
On
or = P.— 20y (\V-0)
owdig 9 e Jow jl oolaiwl b alisie (o yiolyly yolie duwlxo VY0 Jguor

e | T e | O L0 -

b3l j:::;‘) (Jewly K0) ‘?:l’; f;f (J::l:&) s | (ml/min) i;;f:;;
1 32.34 10 15.1 35.1 1.72 1 12.34
2 33.69 10 15.1 35.1 1.86 2 13.69
3 37.43 10 15.1 35.1 2.23 4 17.43
4 41.26 10 15.1 35.1 2.62 6 21.26
5 44.13 10 15.1 35.1 2.90 4 24.13
6 48.7 10 15.1 35.1 3.36 4 28.70
7 51.2 10 15.1 35.1 3.61 4 31.20
8 53.8 10 15.1 35.1 3.87 4 33.80
9 4551 5 15.1 25.1 6.08 2 35.51
10 47.07 10 15.1 35.1 3.20 2 27.07
11 51.23 15 15.1 45.1 2.41 2 21.23
12 54.88 20 15.1 55.1 1.99 2 14.88
13 23.01 5 175 275 1.10 2 13.01
14 35.08 5 175 275 3.52 3 25.08
15 40.69 5 175 275 4.64 5 30.69
16 13.01 5 3.7 13.7 1.86 2 3.01
17 24.7 5 3.7 13.7 4.20 3 14.70
18 47.45 5 3.7 13.7 8.75 5 37.45
19 33.52 5 6.5 16.5 5.40 2 23.52
20 38.06 5 6.5 16.5 6.31 3 28.06
21 46.61 5 6.5 16.5 8.02 5 36.61
22 40.55 5 4.2 14.2 7.27 4 30.55
23 23.03 5 4.2 14.2 3.77 4 13.03
24 16.47 5 4.2 14.2 2.45 4 6.47
25 6.6 5 2.4 12.4 0.84 4 3.40
26 22.06 5 2.4 12.4 3.93 4 12.06
27 29.8 10 3.2 23.2 2.66 4 9.80
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28 51.54 15 3.2 33.2 3.22 4 21.54
29 17.61 5 2.4 12.4 3.04 4 7.61
30 21.88 5 3.2 13.2 3.74 4 11.88
31 21.62 10 13.1 33.1 0.85 1 1.62
32 28.28 10 13.1 33.1 1.52 2 8.28
33 37.74 10 13.1 33.1 2.46 4 17.74
34 53.95 10 13.1 33.1 4.09 8 33.95
35 17.7 10 13.1 33.1 0.46 1 2.30
36 22.73 10 13.1 33.1 0.96 2 2.73
37 31.61 10 13.1 33.1 1.85 4 11.61
38 42.52 10 13.1 33.1 2.94 8 22.52
39 35.4 20 11.7 51.7 1.19 2 4.60
40 39.2 20 11.7 51.7 1.38 4 0.80
41 45.06 20 11.7 51.7 1.67 6 5.06
42 48.8 20 11.7 51.7 1.86 8 8.80
43 50.35 20 11.7 51.7 1.93 10 10.35
44 23.09 10 11.3 31.3 1.18 2 3.09
45 36.97 10 11.3 31.3 2.57 4 16.97
46 49.23 10 11.3 31.3 3.79 6 29.23
47 29.75 10 11.3 31.3 1.85 4 9.75
48 6.24 10 11.3 31.3 0.51 4 13.76
49 13.98 4 3.7 11.7 2.57 3 5.98
50 9.51 4 3.7 11.7 1.45 2 1.51
51 5.88 4 3.7 11.7 0.55 1 2.12
52 75 4 3.7 11.7 0.95 1 0.50
53 10.44 4 3.7 11.7 1.69 1 2.44
54 13.23 4 3.7 11.7 2.38 1 5.23
55 16.89 4 3.7 11.7 3.30 1 8.89
56 25 1 3.7 5.7 1.20 5 0.50
57 9.85 3 3.7 9.7 2.05 5 3.85
58 11.18 5 3.7 13.7 1.50 5 1.18
59 18.2 7 3.7 17.7 2.07 5 4.20
60 20.91 7 15.1 28.1 0.97 4 7.91
61 17.32 7 15.1 24.1 1.03 4 8.32
62 14.01 7 15.1 19.1 1.27 4 10.01
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Abstract

The process of artificially increasing porosity in low porosity formations
increases the flow of fluid and increases the extraction of hydrocarbon
resources. Hydraulic fracturing is known as a process of initiation and
expansion of fractures due to fluid injection into a part of the well drilled in
the formation. Many parameters affect the hydraulic fracturing test, such as
the amount of stress applied, the rate of fluid injection, the viscosity, fluid
pressure, and the tensile strength of the rocks. The purpose of this study
was to investigate the effects of parameters such as viscosity, injection rate
and fluid pressure on the hydraulic fracturing test. In this regard, the effect
of the mentioned parameters on the samples of reservoir rock, cement,
Sample of outcrops (limestone, tuff, sandstone and granite samples) was
investigated. After lithological studies and determination of petrophysical
parameters and rock mechanics of these samples, many hydraulic fracture
tests were performed on the samples. In these experiments, the specimens
were subjected to different axial and lateral stress conditions and then by
injecting various fluids (water, oil, bentonite, guar gum, and xanthan gum)
into the borehole drilled in the center of the specimen, at different injection
rates, the hydraulic fracture pressure was obtained. The results show that
with increasing viscosity and fluid injection rate, fracture pressure and
injected fluid pressure also increase. As the viscosity decreases and fluid
injection rates increase, the number of fractures increases. In the hydraulic
fracture test, the tensile strength of the specimens was calculated and
compared with the tensile strength obtained by the Brazilian method.
Injection rate and fluid viscosity are the main factors in increasing the
tensile strength of specimens in the hydraulic fracturing method. As the
confining stress increases, the fracture strain-to-lateral stress ratio
decreases. The results are also in good agreement with the lithological,
petrophysical and rock mechanics studies of the samples.

Keywords: hydraulic fracturing, fluid injection rate, viscosity, and fluid

pressure, guar gum, fracture pressure
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