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Abstract

:

To maintain reservoir pressure, water is injected into oil reservoirs. In carbonate rock, water quickly breaks through fractures and highly permeable formations to production wells. This study analyzes the effect of the permeability, oil viscosity, pressure drop, and distance on the water velocity from an injection well to a production well. In the Tempest MORE hydrodynamic simulator (Roxar), a three-layer model of an oil reservoir was created, and water flow from an injection well to a production well was simulated with various values of the permeability, oil viscosity, and bottom hole pressure. The water velocity in the reservoir was estimated based on the mobility factor (k/µo). The results showed that at a mobility factor of less than 2 μm2/Pa s at a distance of 100 m in the reservoirs, the time of water migration from the injection well to the production well increased sharply, and at a mobility factor of more than 2 μm2/Pa s, it became shorter. An analysis of the time of water migration in fields with high-viscosity oil was conducted. The watering time turned out to be shorter than that predicted by the simulation. The permeability of the reservoir and the viscosity of the oil had the greatest influence on the water velocity. To a lesser extent, the time of water migration was affected by the distance between the wells and the difference in the bottomhole pressures. The average migration time for water with a mobility factor of more than 2 µm2/(Pa s) was 6.3 years. Based on the regression analysis of the field data, a linear equation for the time of water migration was obtained. The resulting equation makes it possible to predict the water cuts of wells and optimize oil production.
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1. Introduction


The development of oil deposits is conducted mainly by the injection of water to maintain reservoir pressure. If oil is produced without water injection, then there will be a decrease in the reservoir pressure. The decrease in the reservoir pressure causes decreases in the permeability and oil recovery [1,2]. Managing oil production from reservoirs to maximize the future economic return of an asset is an important issue in petroleum engineering [3]. Water injection contributes to an increase in oil recovery but also leads to an increase in the well water cut. At high value of the layer-by-layer heterogeneity of the reservoir and oil viscosity, the probability of the uneven movement of water along the reservoirs and premature watering of production wells increases [4,5,6].



In the presence of clays in the geological section of the oil reservoir during water injection, a decrease in the permeability is possible due to kaolinite particles blocking the pore channels. In this case, the permeability can decrease to 64% of the initial value [7]. Owing to the incompatibility of the injected and formation water during flooding, salts can be deposited inside the pores of the reservoir rock to reduce the effective permeability, which ultimately affects the fluid flow and thus leads to a decrease in the overall productivity [8]. In addition, a decrease in permeability can occur due to the detachment, migration, and capture of small particles in small-diameter pore channels [9].



The higher the viscosity of the oil is, the stronger the dynamic heterogeneity will be as the displacement process proceeds and the greater the difference in the distribution of flow rates will be in different layers, which will lead to the formation and growth of viscous fingers. The rock wettability and pore-space structure play an important role in determining the dynamics of oil–water flow at the pore scale and affect the final water velocity during waterflooding [10].



Taking into account the properties of the field as well as individual productive zones makes it possible to increase the efficiency of waterflooding [11]. The main causes of the water flooding of wells include cone formation and movement of the water front through layers with high permeability [12,13,14]. The effect of water injection into the reservoir depends on the permeability. The effect of water injection in low-permeability reservoirs is very different from the effect in medium- and high-permeability reservoirs [15]. Therefore, when developing fields, it is important to study the patterns of waterflooding front movement in formations with low permeability [16]. An anisotropic relative permeability not only influences the breakthrough time and waterflood coverage but also has a significant impact on the overall water cut [17].



In oil fields, watering of production wells in the most permeable reservoirs is one of the main problems [18]. To prevent premature watering and increase the production of an oil reservoir, injection of polymers and cyclic flooding are conducted, although gel-forming technologies have been noted for having the highest manufacturability [19]. Therefore, forecasting of the water migration time is an urgent task.



The change in the water cut in wells is often studied based on the production of recoverable oil reserves of various viscosities [20,21,22]. The known parameter dependencies allow the prediction of the water cut at various stages of reservoir development [23,24]. Oil recovery factors depend on the reservoir permeability, dynamic viscosity of the reservoir oil, production levels, and compensation of fluid production by water injection [25]. However, the dependence of the water cut on the oil recovery is applicable for the field as a whole, but it poorly predicts the time at which water will completely fill the oil reservoir. The stimulation of oil production using software allows for the comprehensive assessment of the dynamics of oil and water production by wells and provides forecasts for the near future. Reservoir models are built based on various types of information, including laboratory data on fluids, the results of processing the geophysical characteristics, and well tests. If the reservoir area is poorly covered by wells, then the model will not be accurate. In this case, to predict the production indicators, it is possible to use the equations obtained by processing information from analogous fields.



Along with geological factors [26], the water cut is affected by the development system and well operation modes [27,28,29,30]. With an increase in the water cut, the current oil production often decreases, and the deposition of salts in wells and gathering systems increases [31,32].



In this work, modeling in a hydrodynamic simulator of a section of an oil reservoir with injection and production wells was conducted to estimate the time of water migration between wells. The issue of rapid water movement is especially relevant for oil fields with high viscosities and permeabilities. The model predicted permeabilities of up to 500 × 10−3 µm2 and oil viscosities of up to 100 MPa·s. The dependencies of the water migration time on the reservoir permeability, bottom hole pressure, and oil viscosity were obtained.



Information was collected on fields where a reservoir pressure maintenance system was being created. The actual water migration time from the injection well to the production well was determined. A comparison was made between the actual values of the irrigation time and the model data. Real time is less.



Because the creation of a reservoir model that takes into account all possible natural factors is quite laborious and requires a large amount of information, the use of statistical regression models allows the time of water migration between wells to be quickly predicted with less labor and activity planning in a timely manner.




2. Simulation of Water Movement in Reservoir


Simulations of the movement of water in the reservoir will help to highlight the most significant factors that affect the time it takes for water to move from an injection well to a production well [33]. To assess the estimated water migration time, a model of a reservoir area with production and injection wells was created in the Tempest MORE hydrodynamic simulator (Roxar). In the simulator, the flow of oil (o), water (w), and gas (g) in a porous medium obey Darcy’s law and the equations of continuity of the flow of a weakly compressible multiphase fluid and a Newtonian flow.



The continuity equations for water, oil, and gas include the formation permeability k. The permeability changes its value with changes in the reservoir pressure. The following calculation algorithm is proposed:




	-

	
the pressure in the reservoir and the saturation of the reservoir with oil, water, and gas are determined by solving the material balance equation;




	-

	
the effective pressure is calculated;




	-

	
the fluid flow between cells is determined.









The model consisted of three layers with a thicknesses of 1.5 m. The perforation intervals—the entire thickness of the layers. The distance between the wells was 500 m. The layers were homogeneous. The cell thickness in the model was 1.5 m, and the depth and width were both 25 m. The production and injection of water in the wells were controlled through the values of the bottomhole pressure (Table 1). The calculated initial data is shown in Table 1, Table 2, Table 3 and Table 4.



During the simulation, the value of one of the parameters was changed step by step, and the remaining parameters were not changed. The time of water movement from the injection well to the production was measured. The speed and time of water movement at specified distances were estimated. Figure 1 shows an image of the computational hydrodynamic model.



For the effective application of water cut reduction technology, it is necessary to predict the time of water movement through reservoir sections with different permeabilities. When modeling, calculations were performed for the movement of water from an injection well to a production well, depending on the properties of the reservoir oil, reservoir permeability, and bottomhole pressure. The position of the water front in the reservoir was noted by changing the water saturation of the model cells.



The dependence of the velocity of the displacement front on the permeability of the interlayer and the dynamic viscosity of the oil from the simulations is shown in Figure 2. The values in Figure 2 were obtained by determining the time of movement of water from an injection well over a distance of 400 m at various values of the reservoir permeability and oil viscosity. The average speed of the injected water at a permeability of 450 × 10−3 µm2 and a viscosity of 30 mPa·s was 57 m/year.



The average velocities of the movement of the water–oil front with the increase in the permeability increased significantly, while the travel time decreased. The speed of water movement increased as the mobility coefficient increased (Figure 3). The duration of the movement of the displacement front at a certain distance was influenced by the mobility factor (the ratio of the permeability and dynamic viscosity of the reservoir oil) (Figure 4).



The results of the model calculations showed that when water approached a production well, its velocity increased significantly because the filtration area decreased. The mobility factor (k/µo) had the greatest influence on the movement of water. At a distance of 100 m in the layers with a mobility factor of less than 2 μm2/Pa s, the timing of the advance of the displacement front from the injection well to the production well increased sharply. For mobility factors greater than 2 μm2/Pa·s, the time was less than 8–9 years.




3. Water Cut in Fields


Research of the dynamics of the water migration time of the Tournaisian reservoirs of the Nozhovskaya group of fields was conducted (Figure 5). The fields are characterized by a high oil viscosity. The oil reservoirs contained up to 14 oil-saturated permeable layers with a thicknesses from 0.2 to 14.6 m and core permeabilities from 0.00036 to 0.774 µm2. Intensive watering of production wells was observed, which was associated with a high dynamic viscosity of the reservoir oil as well as the presence of bottom water, oil–water zones, and heterogeneity of the reservoir in terms of the filtration properties. During the development of oil reserves from such reservoirs, an uneven movement of the displacement front occurred, and the likelihood of advanced watering of the production wells increased. The geological parameters of the deposits are shown in Table 5.



The well was considered to be watered when the water cut was above 80%. The results of the analysis of the field information made it possible to assess the regularity of the water migration time based on the permeability, the distance between the production and injection wells, the bottomhole pressure, and the oil viscosity. Information on the predicted water cut allowed for prompt planning of measures to regulate the oil displacement front by aligning the injectivity and production profiles in the injection and production wells.



A database on the history of the oil and water production by the wells was created (Table 6). The water migration time was determined according to the history of the production wells. The data were compared in terms of the geological parameters of the reservoir and the distances between the wells. The permeability in the well drainage zone was obtained from the results of well tests.



The results in the table make it possible to find patterns in the water migration time variations with the permeability, the distance between the production and injection wells, the pressure at the bottom of the wells, and the viscosity of the reservoir oil. Information about the predicted water migration time allows the planning of measures to block the reservoirs.



The water migration time was significantly reduced with an increase in the permeability (Figure 6) and mobility factor (Figure 7). If the permeability was greater than 0.25 μm2, the average period of watering did not exceed 6 years. When comparing Figure 6b,c, it can be noted that with an increase in the difference in the bottomhole pressures between the injection and production wells, the water migration time decreased.



The dependence of the water migration time on the mobility factor was plotted. The data dependencies for real wells were similar in trend to the theoretical dependencies built using the hydrodynamic model (Figure 8). However, according to the model, the water migration time from the injection well to the production well turned out to be longer. This was because in the model, the pore space was homogeneous, while in the real oil reservoir, the distribution had a complex structure and communication of voids occurred. This conclusion is consistent with previous results [34], where using an example of sandstone, large differences in the oil production were revealed depending on small changes in the structure of the pore spaces of the rock. It can be concluded that having an accurate understanding of the pore structure in waterflooding is necessary to develop strategies aimed at maximizing the oil recovery.



The average water migration time with a mobility factor of more than 2 μm2/(Pa·s) was 6.3 years (with a distance between the production and injection wells of 400 m). These results may indicate a longer period for the watering of production wells when predicting using geological and hydrodynamic models.



For the mathematical processing of the data in Table 6, the classical multiple linear regression model was used. It was assumed that the relationship between the parameters could be described by a linear relationship of the form:


Y = β1x1 + β2x2 +…+ βixi + u,



(1)




where Y is the dependent variable, u is a random component of the model, xi represents the independent variables, and βi represents the regression coefficient.



The relationship between the dependent variable T and independent variables k, µ, L, Pinj, and Pbot were determined via regression, where the least squares method was used in the regression analysis. The following equation was obtained to estimate the water migration time (years) at a distance L from the injection well:


T = 38.40 − 8.26·log(k/µ·103) + 0.001·L − 0.11·(Pinj − Pbot), R = 0.88,



(2)




where L is the distance from the injection to the production well (m), k is the permeability (μm2), µ is the dynamic viscosity of the reservoir oil (Pa·s), Pbot is the bottomhole pressure in the production well (MPa), and Pinj is the bottomhole pressure in the injection well (MPa). For Equation (2), the following limits for the initial parameters should be used:


L: 300 … 500 m, k/µo: 0.1 … 15 µm2/(Pa·s), Pinj − Pbot: 4 … 17 MPa.











A comparison of the predicted (according to Equation (2)) and actual values is shown in Figure 9. Good convergence of the predicted and actual values of the water migration time confirmed the possibility of forecasting using Equation (2).



When considering a water migration time of up to 10 years, the predicted and actual values of the water migration time agreed closely. When comparing data from wells that watered after more than 10 years, the discrepancy between the actual and predicted values increased. Wells that flooded 10 years after the start of waterflooding were operating in low permeability formations, so a high accuracy of the water migration time prediction was not required. Equation (2) makes it possible to predict the water migration time within the limits described above. The issue of the water migration time for interlayers with high permeabilities (greater than 0.2 µm2) is especially important. In most of the explored fields, rapid flooding of the wells was observed. As shown by the analysis of the results to identify sources of watering, along with the high viscosity of the reservoir oil, the reasons for the more intensive watering were the advanced penetration of water through the more permeable part (separated layers) of the layered heterogeneous reservoir (56.3%). The fields were developed with low efficiency due to their complex geological and physical structures, i.e., the separation of productive layers into a large number of thin interlayers with a high viscosity of the reservoir oil. Under these conditions, the development of the oil reserves occurred by displacing the oil through the most permeable interlayers with water.



The timely application of polymer or gel compositions makes it possible to increase the oil recovery in oil fields by at least 6% [35,36]. The main goal in conducting such work in wells is to reduce the filtration parameters in the washed part of the formation to reduce the water cut of the product. Under field conditions, various compositions are used to form insulating screens in flooded interlayers, which can significantly reduce the permeability of rock. It is planned to use the proposed equation to identify wells with short watering periods for modeling measures using polymer or gel compositions.




4. Conclusions


A study of the movement of water from an injection well to a production well was carried out using a three-layer reservoir model. It was revealed that the factors with the greatest influences on the time of water movement between wells was the permeability of the rock and the viscosity of the oil. When the ratio of the permeability to the viscosity was more than 2 μm2/(Pa·s), the velocity of the water in the reservoir increased. It is necessary to monitor the course of water migration in reservoirs with high coefficients of mobility in order to plan water shut-off measures in wells.



A database of the time of water movement from injection wells to production wells of the Tournaisian reservoirs of the Nozhovskaya group of fields was established. Through well tests, the permeabilities in the well drainage zone were obtained. Based on regression analysis of the time of water movement, the reservoir parameters, and the pressures at the bottomholes, Equation (1) was obtained. The average water migration time with a mobility factor of more than 2 μm2/(Pa·s) was 6.3 years (with a distance between the production and injection wells of 400 m). Using Equation (1) allows rapid prediction of the time of water movement for wells with high permeabilities in drainage zones and block watered formations.
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Figure 1. Hydrodynamic model of the site. 
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Figure 2. Dependence of the water movement speed on the permeability and dynamic viscosity of oil (distance of 400 m, Pinj − Pbot = 8 MPa). 
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Figure 3. Dependence of the water movement speed on the mobility factor (distance of 400 m, Pinj − Pbot = 8 MPa). 






Figure 3. Dependence of the water movement speed on the mobility factor (distance of 400 m, Pinj − Pbot = 8 MPa).



[image: Energies 15 07797 g003]







[image: Energies 15 07797 g004 550] 





Figure 4. Dependence of the water migration time on the mobility factor and distances of 100, 300, and 400 m from the production well (Pinj − Pbot = 8 MPa). 
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Figure 5. Research area (using Google Maps). 
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Figure 6. Dependence of the water migration time on the permeability: (a) all wells, (b) Pinj − Pbot < 10 MPa, and (c) Pinj − Pbot > 10 MPa. 
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Figure 7. Dependence of the water migration time on the mobility factor. 
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Figure 8. Dependence of the water migration time on the mobility factor (distances of 300, 400, and 500 m). 
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Figure 9. Comparison of predicted and actual values of the water migration time. 
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Table 1. Initial data for modeling.






Table 1. Initial data for modeling.





	Parameter
	Unit
	Value





	Pinj − Pbot
	MPa
	8…11



	Water viscosity (μw)
	mPa·s
	1…57



	Oil viscosity (μo)
	mPa·s
	10…100



	Permeability (k)
	10−3 μm2
	50…500



	Distance from production well
	m
	50…500



	Temperature
	Degree Celsius
	30



	Density of degassed oil
	kg/m3
	914



	Density of water
	kg/m3
	1168



	Compressibility factor
	1/Pa
	0.00002826
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Table 2. PVT for oil (variant 1).






Table 2. PVT for oil (variant 1).













	Saturation Pressure
	Oil Volume Factor
	Oil Viscosity
	Gas Content
	Compressibility of Undersaturated Oil
	Normalized Viscosity Gradient





	1.0
	1.000
	67.12
	0.0000
	
	



	20.0
	1.011
	47.24
	0.0038
	
	



	50.0
	1.015
	37.74
	0.0065
	
	



	86.0
	1.018
	30.20
	0.0089
	0.00006379
	0.0050744
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Table 3. PVT for gas (variant 1).






Table 3. PVT for gas (variant 1).





	Pressure
	Gas Volume Ratio
	Gas Viscosity





	13.0
	84.5
	0.9771



	23.0
	46.9
	0.9587



	33.0
	32.1
	0.9411



	43.0
	24.2
	0.9245



	53.0
	19.3
	0.9093



	63.0
	15.9
	0.8955



	73.0
	13.7
	0.8833



	83.0
	11.8
	0.8729



	93.0
	10.5
	0.8644



	103.0
	9.4
	0.8580



	113.0
	8.5
	0.8536



	123.0
	7.8
	0.8512



	133.0
	7.2
	0.8507



	143.0
	6.7
	0.8521



	153.0
	6.2
	0.8552



	163.0
	5.9
	0.8598
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Table 4. Relative phase permeabilities in the oil–water system (variant 1).






Table 4. Relative phase permeabilities in the oil–water system (variant 1).





	Water Saturation
	Relative Phase Permeability of Water in Presence of Oil
	Relative Phase Permeability of Oil in Presence of Water
	Capillary Pressure between Oil and Water Phase





	0.16028
	0.00000
	1.00000
	1.48492



	0.21698
	0.01000
	0.78007
	0.57087



	0.32812
	0.02000
	0.42133
	0.20669



	0.35175
	0.02500
	0.34021
	0.18703



	0.41624
	0.03000
	0.16910
	0.12825



	0.51253
	0.04000
	0.03596
	0.07994



	0.59600
	0.04636
	0.00000
	0.06129



	0.69963
	0.06000
	0.00000
	0.04408



	0.73300
	0.07000
	0.00000
	0.03950



	0.80954
	0.10000
	0.00000
	0.03070



	0.95005
	0.50000
	0.00000
	0.01848



	1.00000
	1.00000
	0.00000
	0.00984
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Table 5. Geological parameters of the Tournaisian carbonate reservoirs (Nozhovskaya group of fields).






Table 5. Geological parameters of the Tournaisian carbonate reservoirs (Nozhovskaya group of fields).





	Index
	Range of Values





	Oil-saturated thickness, m
	4.2–7.5



	Porosity, %
	13–19



	Permeability, μm2
	0.032–0.628



	Sand content, unit fraction
	0.24–0.60



	Dismemberment, unit units
	3.6–8.3



	Initial reservoir temperature, C
	28–33



	Oil viscosity in reservoir conditions, mPa·s
	48.8–87.1



	Density of oil in reservoir conditions, kg/m3
	914–922
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Table 6. Water migration time from the injection well to the production well.






Table 6. Water migration time from the injection well to the production well.





	№
	Well Number
	Permeability, μm2
	Distance from Injection to Production Well, m
	Dynamic Viscosity of Reservoir Oil, mPa·s
	Pinj − Pbot, MPa
	Water Migration Time, Year





	1.
	44
	0.025
	250
	87.08
	13.1
	18.3



	2.
	747
	0.0724
	450
	87.08
	17.6
	19



	3.
	750
	0.0252
	450
	87.08
	7.6
	22.9



	4.
	766
	0.1862
	350
	87.08
	9.2
	14.3



	5.
	771
	0.2323
	350
	87.08
	11
	15.5



	6.
	772
	0.2303
	350
	87.08
	9
	6



	7.
	774
	0.7586
	350
	87.08
	10
	2.6



	8.
	788
	0.1723
	300
	87.08
	9.9
	8.2



	9.
	793
	0.9671
	200
	87.08
	11.8
	2.6



	10.
	926
	0.088
	350
	87.08
	13.4
	13



	11.
	942
	0.1559
	300
	87.08
	12.5
	16.3



	12.
	308
	0.15
	500
	87.1
	15.5
	13



	13.
	685
	0.0165
	500
	87.1
	11
	25.2



	14.
	687
	0.0041
	300
	87.1
	8.8
	20.9



	15.
	688
	0.005
	300
	87.1
	9
	21



	16.
	694
	0.0014
	450
	87.1
	8.2
	34.9



	17.
	706
	0.004
	300
	87.1
	11.1
	30



	18.
	701
	0.375
	250
	87.08
	13
	2.5



	19.
	711
	0.825
	300
	87.08
	15.7
	1



	20.
	712
	0.022
	250
	87.08
	15.9
	18.6



	21.
	714
	0.1345
	250
	87.08
	5.8
	9.3



	22.
	715
	0.03
	400
	87.08
	16.7
	11.9



	23.
	716
	0.673
	350
	87.08
	12.9
	2.3



	24.
	719
	0.005
	250
	87.08
	16.9
	19.7



	25.
	722
	0.313
	500
	87.08
	12
	4.7



	26.
	832
	0.0329
	250
	48.8
	15
	14.5



	27.
	833
	0.007
	300
	48.8
	16.5
	16.6



	28.
	887
	0.0001
	250
	48.8
	7
	39.2



	29.
	948
	0.02
	200
	48.8
	13.3
	19.3



	30.
	982
	0.0124
	300
	48.8
	8.6
	21.7



	31.
	985
	0.2057
	350
	48.8
	12
	5.9



	32.
	1009
	0.0405
	250
	48.8
	15.2
	11.2



	33.
	574
	0.0876
	350
	48.8
	11.5
	10.7



	34.
	853
	0.31
	350
	48.8
	11.8
	5.4



	35.
	857
	0.23
	350
	48.8
	15.4
	5.4



	36.
	861
	0.193
	400
	48.8
	11
	4.5



	37.
	863
	0.311
	350
	48.8
	12.8
	2.9



	38.
	867
	0.059
	300
	48.8
	14,1
	14.2



	39.
	869
	0.41
	350
	48.8
	14.2
	2.4



	40.
	877
	0.21
	350
	48.8
	9.3
	3.6



	41.
	949
	0.1125
	350
	48.8
	8.6
	9.4



	42.
	951
	0.28
	500
	48.8
	13.7
	6.1



	43.
	953
	0.059
	350
	48.8
	13.8
	14.2



	44.
	954
	0.26
	400
	48.8
	13.1
	4.6



	45.
	955
	0.21
	350
	48.8
	5.5
	6.3



	46.
	957
	0.1803
	350
	48.8
	14.3
	7.7



	47.
	974
	0.2288
	500
	48.8
	16.6
	7.4



	48.
	977
	0.193
	450
	48.8
	11.3
	5



	49.
	997
	0.332
	550
	48.8
	16
	5.2



	50.
	998
	0.113
	250
	48.8
	14
	6.1



	51.
	1056
	0.28
	300
	48.8
	17.3
	3.9



	52.
	1058
	0.0153
	250
	48.8
	17.6
	14.2



	53.
	1068
	0.0202
	250
	48.8
	16.6
	14



	54.
	1204
	0.0466
	250
	48.8
	13.7
	11.1



	55.
	1219
	0.0441
	250
	48.8
	15.2
	14.2



	56.
	1225
	0.015
	400
	48.8
	16.5
	14.2



	57.
	1226
	0.546
	400
	48.8
	16.6
	2.1



	58.
	1228
	0.21
	400
	48.8
	13
	2.8



	59.
	1228
	0.7574
	400
	48.8
	12.8
	1.2



	60.
	1234
	0.18
	500
	48.8
	13.1
	4



	61.
	1295
	0.4067
	350
	48.8
	12.2
	4.8



	62.
	1304
	1.16
	250
	48.8
	10.7
	1.3



	63.
	391
	0.138
	300
	87.1
	14.2
	14.8



	64.
	392
	0.0108
	500
	87.1
	8
	12.3



	65.
	401
	0.45
	400
	87.1
	11.3
	2.5



	66.
	411
	0.0517
	300
	87.1
	4.2
	11.8



	67.
	414
	0.03
	250
	87.1
	7.2
	19.7



	68.
	415
	0.0033
	350
	87.1
	3.5
	20.5



	69.
	417
	0.0092
	350
	87.1
	8
	24



	70.
	418
	0.2038
	450
	87.1
	12
	3.8



	71.
	422
	0.0783
	400
	87.1
	8.4
	13.5



	72.
	435
	0.018
	350
	87.1
	11.2
	19.3



	73.
	437
	0.0689
	300
	87.1
	14.4
	16.9



	74.
	440
	0.001
	450
	87.1
	10.3
	22.5



	75.
	444
	0.0471
	450
	87.1
	15.3
	13.3



	76.
	445
	0.002
	400
	87.1
	7.4
	22.2



	77.
	446
	0.0134
	300
	87.1
	11.2
	23.6



	78.
	452
	0.498
	250
	87.1
	18.4
	3.7



	79.
	453
	0.0044
	400
	87.1
	11.4
	26.6



	80.
	456
	0.16
	350
	87.1
	9.4
	13.9



	81.
	457
	0.0057
	400
	87.1
	6.6
	21.4



	82.
	472
	0.2908
	250
	87.1
	14.3
	4.8



	83.
	489
	0.4481
	300
	87.1
	14
	2



	84.
	493
	0.001
	750
	87.1
	8.4
	29.5



	85.
	1004
	0.071
	350
	87.1
	11
	11.2



	86.
	1013
	0.0804
	400
	87.1
	12.9
	11.6



	87.
	1014
	0,02
	750
	87.1
	10.8
	10.7



	88.
	1018
	0.2296
	350
	87.1
	8.2
	7



	89.
	1021
	0.0071
	300
	87.1
	17.3
	15.1



	90.
	1027
	0.0107
	300
	87.1
	17.6
	12.8



	91.
	1028
	0.0003
	350
	87.1
	8
	21.9
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