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Abstract

In comparison with the sea shipping, systematic pollution of the sea by oil seems insignificant
under oil-and-gas field engineering. Measurements of the viscosity of reservoir waters by remote
capillary in the temperature interval of (298.15 to 598.15) *K and the pressure of (0.1 to 40)
MPa are reported. The relative uncertainty in the viscosity does not exceed + 1.8 %. An equation
describing viscosity of the studied reservoir waters and the dependence with the mineralization,
pressure and temperatures is givern.
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I. Introduction

In comparison with the sea shipping, systematic pollution of the sea by oil seems insignificant
under oil-and-gas field engineering. But within drilling and oil extraction in Azerbaijan it’s
possible the hit if high-toxic drilling fluid and chemical reagents of the reservoir and insipid
refinery waters.

Rigid norms of sea disposal of the waters of production and as well as inconsistency among
the norms and corresponding methods of cleaning and neutralization of the sea disposal require

The decision of this important problem on the sea fields, where together with oil reservoir
waters are extracted, is necessity of desalination of the water by thermal method [2].

Designing effective methods of desalination of the sea water, salty and salty waters, demands
awareness of thermal properties of the solution n of the water salt systems under increase
characteristics of condition.

Experimental studying of thermal properties in the reservoir waters and its desalination will
represent possibility by usage of the thermal method of drilling of the oil and water and increasing
of recoverable oil.

Viscosity concerns to the main thermal properties of the liquids and gases.

II. Experimental

Samples for researches of reservoir waters have been taken from the Quintile- sea field. The
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Chemical composition of the reservoir waters and the number of the well are given in Table 1.

Experiments have been held on the installation based on the method of remote capillary in
the relative variant of changes [3].

The theoretical grounds of this method is the equation for laminar stream of Gagen-Puazey:

_ (p, — pz)r4
"= 8ul

where I radius of capillary and U volume of gases flowing thragh capillary and P, — P, change

1

of pressure at the end of capillary and / length of capillary.

According to the equation (1), the accuracy of calculation of the coefficient of the viscosity
depends on the accuracy of determination of geometric measure of the capillary, the significance
of change of pressure at the end of the capillary, the volume of gases and liquid, flowing through
the capillary at the unit of time.

This method was realized in different variants of authors [4-9] for research of both gases and
liquid in large spheres of state parameters, where both the basic advantages and disadvantages of
the method were noted.

The scherue of the experimental installation of measuring of viscosity is presented in the
Fig.1. The main element of the installation is capillary 5 from stainless steel with diameters 0.22
mm and length 195 mm, which in joint to the lengthening 6. With the help of this lengthening the
stream analysing the liquid is directed to the cold zone. The lengthening joint to the flange 7,
combined with mobile cylinder 9, which in its turn, communicates with still cylinder 11 with the
help of the joint tube 10.

Fig. 1: The scheme of experimental installation for determination of viscosity of the substance during large interval of
temperature and pressure: 1- resistance thermometer; 2- electric heaters; 3- copper block; 4- autoclave; 5- capillary; 6-
lengthening; 7- flange; 8- peep-holes; 9 and 11 - cylinder; 10- tube; 12- valves; 13- mercury manometer; 14- pressure
gauge; 15- thermocouple.

The widen caintainess are envisaged for the preliminary stabilization of regime of the liquid
stream through the capillary. The still cylinder 11 is combined with the autoclave 4. The entrance
and exit sections of the measuring capillary have small conic expansion. The number Re does not
exceed 400 in all experiences. During the motion of the mobile cylinder 9 to the upward the
mercury flows from this cylinder to the still cylinder 11, with this playing the role of the liquid
piston of measuring instrument’s pump with the help of which the liquid flow through the
capillary is realized.
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The cylinders 9 and 11 having the same volume are supplied with both peep-holes 8 from
orgglass with interal diameters 1 mm and taken a risk for them cutting off the volume of the
cylinders. Details of the installation contacting with the analysing liquid are made from stainless
steel.

Massive copper block 3 from red copper on the surface of which two electric heaters 2
winded along all length are pressed on the autoclave 4. There is a heat —insulation layer from
asbestos, basaltic cotton and glass material on upward of the heater.

Filling the installation the analysing liquid is made thourgh valve 12. The cylinders were
filled with the weighed quality thourghly puled from the wixed mercury. All experiences were
held with constant mercury.

Temperature was measured with a platinum resistance thermometer with an accyracy of 0.01
OK. The temperature of the magnetic suspension was measured with mercury-in-glass
thermometers with a precision of 0.1 °K.

Pressures were generated and measured with a dead weight gauge at pressures greater than
0.1 Mpa while a differential manometer was used for atmosphere pressure. In accordance with the
recommendations of [10], the experimental uncertainties are for temperature +3 mK, pressure
greater than 0.1 + 5102 Mpa and + 5-10+* Mpa for atmospheric pressure, and + 3-10+* kg-m- for
density.

The time of flow of the liquid through the capillary was measured with the help of the stop-
watch SW-50 with the value of division 0.1 s, and arithmetical mean from several changes was
used in calculations.

Uncertains gained values of dynamic viscosity on condition of the mistakes concerning the
pressure, mineralization and temperature does not exceed + 1,8 %.

There are examples, gained value of the viscosity of the reservoir waters have been given in
the Tables 2,3,4.

II1. Results

For convenience of practical usage of the data’s concerning the viscosity should access the
equation of the viscosity [11-15].

This equation describing the coefficient of the viscosity in dependence with the
mineralization, pressure and temperature, which describe as:

Mo =1537+ (1+0.0115-C*** )17, oter )

where Twater - waters viscosity and C- mineralization of the reservoir water.
New given equation for viscosity, which keeps an interval of the temperatures (298.15 to
598.15) °K. Equations (2) describe the experimental results of tables 2 to 4 within less then 0.8 %.

IV. Conclusions

The experimental data’s concerning the viscosity of the reservoir waters in the range
diapason of the condition parameters have been given in this work.

Real research of the reservoir waters takes the temperature interval (298.15 to 598.15) °K and
by the pressure of (0.1 to 40) MPa.

The viscosity of the reservoir waters has been measured by determined method of remote
capillary.

Defect of the measures of the viscosity is + 1,8 %.

Given equation, describing experimental data’s by the viscosity with exact accuracy.
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Table 1: Chemical compound reservoir waters

Noofthe PH Bome Hardness NatKg. Cag. Mgg. Clg. SOsg. COs HCOsg. NTg. HBs«Org. Total S S: A
Oil well

176 6.5 201 27.02 6.2 03 012 73 28 0 1.2 0.1 0.08 181 821 0 1636 154
81 6 2.43 52 8.4 06 027 114 25 0 0.7 1 0.9 2577 6958 0 27.69 2.26
158 7 3.82 22 12.1 024 012 18 0021 O 0.2 077 1.1 3255 6414 0 34.08 0.8

Table 2: Experimental values of dynamic viscosities of pore waters consist of C=18.11 g/l

T/K

p/MPa | 298.15  323.15 34815 37315 398.15 42315 44815 47315 49815 523.15 548.15 573.15 598.15

n-10"(Pa-s)

0.1 9128.04 5667.61 3910.42

5 9128.65 5680.20 3921.38 2954.33 2350.29 1941.62 1646.09 1426.72 1257.61 1119.90

10 9129.79 5693.17 3934.17 2966.85 2363.78 1954.55 1660.13 1439.24 1268.28 1148.46 1023.58 934.23

15 9130.80 5698.77 3947.22 2979.18 2373.47 1967.01 1673.20 145299 128292 114846 1040.30 952.12 846.72
20 9131.75 5721.10 3960.27 2991.50 2388.15 1979.46 1686.14 1466.73 129755 1164.09 1057.02 970.01 871.91
25 913257 572756 396734 2999.23 2396.51 1988.24 1695.78 1477.02 1308.49 1175.70 1069.29 98297 890.17
30 9133.38 5734.01 397444 300695 2404.87 199745 170542 1487.30 131943 118730 1081.56 99593 910.03
35 9133.44 5745.10 3986.57 3018.43 2416.43 2009.71 1717.60 1501.48 1331.37 1198.91 1093.71 1009.41 927.18
40 9135.57 575736 399738 3030.71 242850 2012.56 1729.09 1513.66 1343.79 1210.83 1105.83 1023.30 943.71
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Table 3: Experimental values of dynamic viscosities of pore waters consist of C=25.77 g/l

T/K
p/MPa 29815 32315 34815 373.15 398.15 42315 448.15 47315 49815 523.15 54815 573.15 598.15
n-10"(Pa-s)
0.1 921945 573541 3963.57
5 9219.46 5748.77 397460 2999.19 2388.72 197556 1679.47 145523 128129 1144.61
10 921947 576159 3987.66 3011.22 2401.98 198829 169055 1467.15 1294.32 115750 1047.32 957.42
15 921948 576724 4000.89 302372 241436 200096 1703.79 1481.65 130926 1173.75 106443 975.75 870.35
20 921949 5789.85 4014.11 3036.24 242674 2013.63 1717.03 149518 1324.19 118945 1081.53 994.08 895.98
25 922552 5796.38 4021.29 3044.08 243524 202279 172685 1505.67 133535 1201.30 1094.09 1007.60 914.80
30 923153 580291 402847 3051.92 244373 2031.94 1736.67 1516.15 134651 1213.15 1106.65 1020.65 931.75
35 923154 5816.06 4040.03 3063.61 245642 204357 174848 1528.07 135840 1244.68 111852 1032.46 946.56
40 923155 582841 405231 307550 2468.34 205692 176053 1540.66 1370.09 1257.31 1130.74 1044.86 961.36
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Table 4: Experimental values of dynamic viscosities of pore waters consist of C =32.55 g/l

T/K
p/MPa | 298.15 32315 34815 373.15 398.15 42315 448.15 47315 49815 523.15 54815 573.15 598.15
n-10"(Pa-s)
0.1  9309.55 5821.98 4011.51
5 9309.57 5824.58 402549 3055.61 243541 2017.45 1716.32
10 9309.58 5827.18 403852 3053.21 2438.01 2020.05 1719.12 149333 1318.69 118055 1069.44 978.96
15 930959 584147 4051.92 306590 2450.58 202520 173259 1507.60 133391 1196.84 108691 997.70 892.32
20  9309.60 5855.76 406531 3078.58 2463.15 204579 1746.06 1521.86 1349.13 1213.13 110437 101644 918.34
25 931071 586236 407259 308654 2471.77 2055.09 1756.04 1532.53 1360.50 122551 1117.20 1030.01 934.21
30 932141 586896 4079.86 3094.48 2480.39 2064.39 1766.02 154320 1371.87 1237.87 1130.02 1043.61 954.71
35  9321.36 5875.62 409053 310671 2492.14 207641 1778.09 155571 1383.04 124816 115816 1055.40 969.50
40 932221 5887.30 410247 311856 2504.43 2079.58 1790.14 1567.30 139533 126047 1170.82 1069.06 985.56
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