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Abstract

:

Agricultural irrigation strongly affects groundwater pollution in cultivated areas. Groundwater vulnerability was evaluated using the DRASTIC method by considering agricultural activities that affect water infiltration and pollutant transport to the groundwater. Three scenarios, using different water recharge sources and calculation methods, were considered for the Tongliao area of northern China. For Scenario 1, only precipitation contributed to the net recharge estimation and ~33.77% of the area was under high pollution risk. For Scenarios 2 and 3, both precipitation and irrigation return water were considered for net recharge estimations. The fractional areas of high pollution risk regions were 40.60% and 19.22% for Scenarios 2 and 3, respectively. The modified infiltration coefficients for this study area were used in Scenario 3, and the fractional area of the high-risk region was 21.38% lower than for Scenario 2. The use of empirical infiltration coefficients in Scenario 2 overestimated the water infiltration ability in the cultivated areas, which also overestimated the fractional area of high-risk regions in this study. Accurate assessment of the impact of agricultural activities on the groundwater pollution risk is essential for cultivated areas. Emphasis should be placed on the calculation method of proper parameters for DRASTIC model construction.
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1. Introduction


In the arid and semi-arid regions of the world, surface water is often insufficient for meeting the production and domestic water demands of residents; thus, groundwater has gradually become an important source of water supply for regional development [1,2,3,4,5]. However, the lack of necessary protection measures for the development and utilization of groundwater, as well as human activity, often result in groundwater pollution, posing serious threats to the drinking water safety and sustainable socio-economic development [6,7]. Owing to the inaccessibility, complexity, and the poor self-purification capacity of groundwater systems, groundwater pollution control is often difficult and expensive. Therefore, effective pollution risk assessment is important for protecting groundwater resources.



Groundwater vulnerability assessment is fundamental for protecting groundwater resources, and it is necessary to evaluate regional groundwater vulnerability early in the risk assessment process [8]. The concept of groundwater vulnerability was first proposed by Matgat in 1968 [9]. Since then, many studies have addressed this issue. Especially after 1980, groundwater vulnerability studies have focused on two topics: 1) specific vulnerability and 2) intrinsic vulnerability [10]. Specific vulnerability refers to the sensitivity of groundwater vulnerability to the pollutants’ properties, human activities, and physical parameters. On the other hand, intrinsic vulnerability refers to the degree to which pollutants diffuse through the soil surface and reach groundwater [11].



Common methods for assessing groundwater vulnerability include the groundwater occurrence, the overlying layers, depth to groundwater rating system (GOD), the aquifer vulnerability index (AVI) rating system, the DRASTIC method and the SINTACS method [12,13,14,15,16]. As one of the methods for groundwater vulnerability assessment, the DRASTIC method has been widely used, owing to its easily obtainable parameters, simplicity, and wide range of applicability. With the rapid development of the geographic information systems (GIS), it is now possible to adjust hydrogeological parameters, further promoting the use of the DRASTIC method [17,18,19,20]. However, there are some disadvantages, such as the need to use empirical parameters, which introduce discrepancies between the evaluation results and actual data [21]. For some sites, the actual occurrence of groundwater pollution did not match the groundwater vulnerability estimated using the DRASTIC method, owing to the unreasonable recognition of pollution sources and water sources [22,23,24]. This suggests that better understanding of the assumptions made using DRASTIC method is important for efficient application.



In the classical DRASTIC approach, net recharge is considered as a result of precipitation infiltration, and the empirical value of the precipitation infiltration coefficient is often used in calculations [25,26,27], even though the net recharge has been noted as the main parameter affecting groundwater vulnerability assessment [28,29].



For areas with multiple recharge sources, such as agricultural irrigation areas, the net recharge is mainly controlled by both the precipitation infiltration and the irrigation return water. The use of chemical fertilizers has increased significantly during the recent years, but the absorption rate of crops has been relatively low [30,31]. Consequently, fertilizers, pesticides, membrane pollutants, livestock, and poultry excrements are potential groundwater pollutants in agricultural areas. During the hydrological cycle, some of these pollutants may enter the groundwater aquifer along with the infiltration water, strongly increasing the groundwater pollution risk [32,33]. Accurate evaluation of the net recharge from the vertical water infiltration in agricultural areas is essential for assessing groundwater vulnerability.



Tongliao area is one of the more important agricultural and pastoral bases in northern China with high demand of irrigation water, owing to the arid climate. The non-point source pollution problem in agricultural areas has aggravated here with time [34]. With the development of water-saving irrigation technology, irrigation methods are constantly evolving; for example, sprinkling irrigation and drip irrigation under films have been promoted and used in the study area. The adjustment of irrigation methods may result in change of water infiltration, which could affect the groundwater pollution risk. Therefore, it is important to evaluate the impact of agricultural irrigation activities on the groundwater pollution risk, which can help governmental agencies to develop better groundwater protection and sustained utilization approaches. To this end, we calculated groundwater vulnerability in this study using DRASTIC method by considering activities that affect water infiltration and pollutant transportation to groundwater in agricultural areas.




2. Materials and Methods


2.1. Study Area


Tongliao city is located in the eastern part of the Inner Mongolia autonomous region; most of the area is located in the vast West Liaohe plain, which is one of the more important farming and pastoral areas in northern China. The bounding longitudes are 119° 14′ and 123° 43′E, while the bounding latitudes are 42° 15′ and 45° 59′N (Figure 1). The climate is a semi-arid continental monsoon, in the temperate zone. The annual average temperature ranges from 0 ℃ to 6 ℃, and the annual rainfall has been ~350 mm during the past 60 years.



The total area of Tongliao city is 59,535 km2 and the cultivated area is ~27,029 km2, accounting for 45.4% of the total area. Agricultural irrigation activities are extensive, and water demand is very high, owing to the arid environment [35]. With the adjustment of agricultural planting structures, changes in the irrigation methods, and increasing demand on the agricultural irrigation water, the ground infiltration conditions in the agricultural irrigation area have changed significantly, significantly increasing the groundwater pollution risk.




2.2. The DRASTIC Method


The DRASTIC method is a parameter-weighted scoring method. The corresponding evaluation indexes are seven weighted hydrogeological parameters: 1) the depth to water table (D), 2) the net recharge (R), 3) the aquifer medium (A), 4) the soil medium (S), 5) the topography (T), 6) the vadose zone medium impact (I), and 7) the hydraulic conductivity (C) [11,13,22]. The vulnerability index of the groundwater environment in the DRASTIC approach is determined by the following equation:


  D I = D r D w + R r R w + A r A w + S r S w + T r T w + I r I w + C r C w  



(1)




where D, R, A, S, T, I, and C are the parameters of the DRASTIC method, and r and w are the rating and the weight assigned to each parameter, respectively. The ratings and the weights of all the parameters are listed in Table 1. The weights of the parameters were normalized based on the original weights proposed by Aller [13].



Depth to water table (D): The depth to water plays an important role in determining groundwater vulnerability; it increases the time of contact between pollutants and the surrounding medium in unsaturated zones [36], and it reduces the groundwater pollution risk by sorption, biodegradation, dispersion, and volatilization during the migration of pollutants. The depth to water data were collected for the period from 2015 to 2017, and the mean value over that period was calculated. Based on the distribution of groundwater and surface elevation, the rating map of D is shown in Table 1 and Figure 2.



Net recharge (R): The net recharge R is not an independent parameter; it is influenced by hydrometeorological and geological parameters, such as atmospheric precipitation, topographic slope, and soil permeability [37]. In agricultural areas, land surface conditions (such as crops and mulch) also affect the amount of net recharge. Water carries surface pollutants into underground aquifers in the infiltration process, which induces groundwater contamination. The net recharge R is positively correlated with the groundwater vulnerability and pollution risk [38]. Therefore, it is important to accurately calculate the value of R, especially when there are multiple supply sources. This issue was thoroughly addressed in the present study.



Aquifer medium (A): The aquifer controls the lateral migration path of contaminants. The migration of contaminants is strongly controlled by the primary and secondary porosities of the aquifer medium, which also determine the attenuation time. The larger the size of the loose rock mass particles, the more cracks and karst pipelines, which increase the aquifer permeability and decrease the attenuation rate. The characteristics of the aquifer medium were taken from the results of a previous hydrogeological survey by the China Geological Survey [39], and the ratings of A are shown in Table 1 and Figure 2.



Soil medium (S): The soil is above the unsaturated area, and its characteristics control the rainfall recharge infiltration, potential dispersion, and pollutant purification process, to name a few. It is also one of the most important factors determining the groundwater pollution area and the pollutant migration rate. For example, the presence of fine particles and organic microorganisms in the soil layer can reduce its intrinsic permeability, increase the soil catabolic activity, and delay or prevent the migration of pollutants via physicochemical processes [40,41,42]. The data for S were for 2017, and the corresponding ratings are shown in Table 1 and Figure 2.



Topography (T): The area topography directly affects the precipitation distribution and runoff infiltration in the study area, and indirectly affects the retention time of pollutants on the soil surface [43]. For large slopes, precipitation quickly carries pollutants away, in the form of surface runoffs; thus, pollutants are retained only for a short time. In this case, the amount of pollutants seeping into the groundwater is small, and groundwater vulnerability is relatively low [22]; otherwise, the groundwater vulnerability is relatively high. The slope characteristic of the study area (Figure 2) was obtained from the 30-m-elevation digital elevation model (DEM), and the corresponding rating is shown in Table 1.



Vadose zone medium impact (I): The vadose zone can regulate the vertical migration of pollutants. If the medium particles in the unsaturated zone are finer or the cracks are less developed, the slower the flow carries the pollutants, the higher the adsorption capacity of the vadose zone. Then, the pollutants are more likely to be involved in various reactions, such as physical adsorption, chemical reaction, and biodegradation. With all of the above, the pollutants take longer to reach the aquifer, improving the antifouling performance of groundwater [44]. The characteristics of the vadose zone medium were taken from the results of a previous hydrogeological survey study (China Geological Survey [39]), and the ratings of I are shown in Table 1 and Figure 2.



Hydraulic conductivity (C): The hydraulic conductivity is a very important aquifer parameter, which controls not only the hydraulic transport capacity of the aquifer, but also the flow path of pollutants [38]. It also controls the rate of infiltration, as well as the movement of groundwater. There is a positive feedback relationship between the hydraulic conductivity and the intensity of the groundwater pollution, with the conductivity being positively correlated to the susceptibility to pollution [45,46]. The hydraulic conductivity data (C) for the aquifer in the study area were taken from the pumping test results of a previous hydrogeological survey (China Geological Survey [39]), and the ratings are shown in Table 1 and Figure 2.





3. Results


In agricultural irrigated areas, the net recharge R, which is a major parameter determining the groundwater vulnerability, is controlled by the infiltration of precipitation and irrigation water. Two main agricultural irrigation models (flood irrigation and mulched drip irrigation) are employed in the Tongliao area.



To discuss the effect of the agricultural irrigation activity on the groundwater vulnerability in the study area, three scenarios with different water recharge sources and irrigation methods were considered. Two main agricultural irrigation models are proposed according to the field survey, in which sandy and silty soils are under flood irrigation, while clay and sandy loam soils are under film drip irrigation.



Scenario 1: The net recharge R in the study area is only associated with precipitation infiltration according to the classical DRASTIC method, and the empirical coefficient is used for computing the extent of water infiltration.



Scenario 2: The net recharge R in the irrigated regions is associated with precipitation and irrigation water, and the empirical coefficients of rainfall infiltration and irrigation infiltration in this study area are used for computing the extent of water infiltration.



Scenario 3: The net recharge R in the irrigated regions is associated with precipitation and irrigation water, and the comprehensive corrected coefficient of rainfall infiltration and irrigation water infiltration, presented by Xu (2019), is used for computing the extent of water infiltration [47].



The vulnerability classification maps of the study area, for each Scenario, were produced using the ArcGIS process, by the weighted calculation of the rate and weight of each parameter in Equation (1). As shown in the classification maps, the higher the DRASTIC index (DI) value, the higher the groundwater pollution risk [48,49].



According to the DI, the study area was divided into two pollution risk regions, with four risk levels. Among them, regions with relatively low risk were defined as level Ⅰ for DI less than 5, and as level Ⅱ for DI between 5 and 6. Regions with relatively high risk were defined as level Ⅲ for DI between 6 and 7, and as level Ⅳ for DI greater than 7.



3.1. Groundwater Vulnerability in Scenario 1


In Scenario 1, the net recharge R owing to the precipitation infiltration was estimated using the following equation:


  R = P × γ  



(2)




where R is the net recharge (mm/a), P is the average precipitation of the study area (mm/a), and γ is the empirical rainfall infiltration coefficient (values listed in Table 2). The rate of the net recharge R is shown in Figure 3a, and the vulnerability classification map was generated by the overlay analysis of the seven parametric layers with the ArcGIS process (Figure 3b).



As shown in Figure 3, the area of risk level Ⅰ, which accounts for 15.51% of the total area, is mainly in the northern part of the study area, with a small net recharge. Moreover, the soil medium is mainly clay, with small particles in the unsaturated zone and poor permeability of the aquifer.



The area of risk level Ⅱ accounts for 50.72% of the total area and has a wide distribution range. Most of the area for risk level Ⅱ is basically the same as the area for R with rating 4. It can be seen that risk level Ⅱ is strongly affected by the net recharge R.



The area of risk level Ⅲ accounts for 28.94% of the total area, and mostly covers the northwestern and central parts of the study area. In this area, the aquifer, the unsaturated zone, and the soil have better infiltration conditions. Thus, the rainfall infiltration extent is high, resulting in a relatively high groundwater vulnerability. The area of risk level Ⅳ only accounts for 4.83% of the total area, and mostly covers the northwestern part of the study area.




3.2. Groundwater Vulnerability in Scenario 2


Under the influence of the return water of the agricultural irrigation, the net recharge R was calculated using the following equation:


  R = P × γ + I × β  



(3)




where R is the net recharge (mm/a), P is the average precipitation (mm/a), and I is the irrigation water amount (mm/a). According to the Industries Water Requirement Quota and Standards of Inner Mongolia, the irrigation water amount under flood irrigation is 320 mm/a, and the irrigation water amount under film drip irrigation is 232 mm/a. The parameter γ is the empirical rainfall infiltration coefficient, while β is the empirical irrigation infiltration coefficient; the values of these parameters are listed in Table 2.



As shown in Figure 4a, considering the agricultural irrigation, the net recharge R clearly increases, with some areas receiving above 150 mm.



As a result, the breakdown of risk levels in the vulnerability classification map varies to some extent. Overall, the proportion of the relatively low-risk areas (levels I and II) decreases, while that of the relatively high-risk areas (levels III and IV) increases significantly. Among these, the areas associated with risk levels I and II account for 11.54% and 47.86% of the total area, respectively. The areas associated with risk levels III and IV account for 33.51% and 7.09% of the total area, respectively. Compared with Figure 3b, the breakdown of the risk levels mainly changes because the DI values increase or decrease in the irrigated areas of the different regions. For the irrigated areas, the return flow of the water increases the risk of regional groundwater pollution.




3.3. Groundwater Vulnerability in Scenario 3


The groundwater recharge rates for the different irrigation methods in the study area were discussed using a modified chloride mass balance method, and comprehensive corrected coefficients of rainfall infiltration and irrigation water infiltration were proposed previously [47]. These coefficients are listed in Table 2. The net recharge R was calculated using the following equation:


  R =   P + I   × α  



(4)




where α is the comprehensive corrected coefficient of rainfall infiltration and irrigation water infiltration.



As shown in Figure 5, the relatively low-risk region is relatively large, accounting for ~80% of the total area. The areas associated with risk levels I and II account for 34.59% and 46.19% of the total area, respectively. The areas associated with risk levels III and IV account for 16.70% and 2.52% of the total area, respectively.





4. Discussion


4.1. Influence of the Agricultural Irrigation Activity on the Groundwater Pollution Risk


It is clear that the extent of subsurface water infiltration is a major factor affecting the groundwater pollution risk, as shown in this study. From the analysis of the fractional areas of the different pollution risk regions (listed in Table 3), it follows that the area of the relatively high-risk region increases in Scenario 2, compared with Scenario 1, just by accounting for the irrigation water, which dramatically increased the extent of water infiltration.



In fact, the net recharge for Scenario 1 was calculated assuming the natural state of the underlying surface, without anthropogenic contributions such as the ones from agricultural activity, grazing, and urbanization. This is a commonly used method for estimating the net recharge, which has been used in the classical DRASTIC approach in many studies [11,27,50,51]. For Scenario 2, the irrigation return water was simply added, and the computation was performed using empirical infiltration coefficients based on the soil medium, which also has been commonly used for groundwater recharge calculations in most of the existing studies and practical applications in China. The fractional areas of relatively high pollution risk regions will inevitably increase; in this study, the fractional areas for level Ⅲ and level Ⅳ increased by 4.57% and 2.26%, respectively. This can lead to imply that agricultural irrigation activities increase the groundwater pollution risk, owing to the increased water infiltration amount in the cultivated areas. However, the actual net recharge owing to the infiltrated precipitation and irrigation water is affected by the underlying surface condition of the cultivated area in question; the amount of the infiltrated water is usually affected by the soil medium, crop type, mulch covering, and other factors. In this study, the water interception and absorption of crop was almost the same for the different cultivated areas, owing to the wide planting of maize in the study area. The net recharge in this cultivated area was discussed in light of the different soil media and irrigation methods [52], and the proposed comprehensive corrected coefficients were used for estimating the groundwater vulnerability in Scenario 3. The fractional area associated with relatively high-risk regions in Scenario 3 decreased by 14.55% and 21.38%, compared with Scenario 1 and Scenario 2, respectively. From the perspective of groundwater intrinsic vulnerability, the risk of groundwater pollution had decreased, owing to the agricultural activity, which reduced the amount of water infiltrating from the land surface.



The assessment results of the groundwater intrinsic vulnerability in terms of the amount of the infiltration water in the cultivated area reflect the influence of the different methods and parameters used in this study. While agricultural activities may reduce the amount of vertical water infiltration relative to the natural state, the use of pesticides and fertilizers increases the chance of groundwater contamination. During the infiltration process, precipitation and irrigation waters carry pollutants, which accumulate in the aquifer with time [53,54]; thus, the transmissibility and enrichment of pollutants increase the actual pollution risk. Agricultural activities inevitably increase the risk of groundwater contamination. Accurate assessment of the groundwater pollution risk is an effective prerequisite for the sustainable protection and utilization of groundwater.




4.2. Uncertainty Analysis


Above, the assessment of groundwater intrinsic vulnerability was conducted assuming constant parameters; yet, in reality the values of the parameters might fluctuate and vary with test points. Sensitivity analysis that focuses on large-effect-size parameters can yield better understanding of the underlying system and thus can help to reduce uncertainty [55,56]. In the field of hydrology, many hydrologic phenomena are stochastic (e.g., those that are associated with spatial variability and uncertainty of hydrogeological parameters), and thus suffer from subjective and objective uncertainties [57,58]. In this study, the selection of borehole sampling points and test points, as well as the averaging and interpolation approximation during data analysis, cause parameter uncertainty, which manifests as “noisy” and uncertain results. This uncertainty should be considered in practical applications. The following equation captures the relative error in the calculation results caused by the study parameters’ uncertainty


  δ =      y  (  x 0  + Δ x )   −  y  (  x 0  )        y  (  x 0  )     × 100 %  



(5)




where δ is the relative error of y caused by the uncertainty of x, y is the dependent variable (here, the fractional areas associated with different pollution risk levels), and x is the independent variable (here, the ratings of the different parameters).



The area ratio of the highest pollution risk level region in Scenario 3 was taken as an example for the uncertainty analysis in the study. To discuss parameter uncertainty, the measuring errors (Δx) were artificially assumed as 5%, 10%, 20%, 30%, 40%, and 50% and the relative errors are shown in Table 4.



For the measuring error of 5%, the relative errors caused by parameters A and I exceed 40%, whereas the other parameters had no impact. For the measuring error of 10%, the relative errors caused by parameters R, S, and I increased sharply, and the relative error caused by parameter I reached 128.97%. The relative errors in general increased sharply when the measurement error reached 20%, except the relative errors caused by T and C. It is obvious that the relative errors increased sharply because, for each parameter, the rating was based on the actual range of the parameter, which means the relative error changed only when the actual value of the parameter reached its partition threshold. The relative parameter errors for the calculated results were parameter-dependent; this suggests that more attention should be paid to the accurate determination of the values of fast-response parameters.





5. Conclusions


In the present study, the groundwater pollution risk in the Tongliao area in northern China was evaluated in terms of the groundwater vulnerability based on the DRASTIC method. It was found that between ~19.22% and ~40.60% of the total area is subject to a relatively high risk of pollution. The impact of the agricultural irrigation activity was considered when assessing the groundwater pollution risk. It was noted that an accurate calculation of the water infiltration amount in the cultivated areas is essential for an accurate groundwater pollution risk assessment. The use of empirical infiltration coefficients resulted in the overestimation of the water infiltration ability in the cultivated areas, which also overestimated the fractional area associated with high-risk level regions in this study, relative to the natural state of the underlying surface. Agricultural activities may reduce the intrinsic groundwater vulnerability by decreasing the water infiltration amount in the cultivated areas versus the regions in the natural state, while the groundwater pollution risk may increase owing to the use of pesticides and fertilizers. The use of pesticides and fertilizers is difficult to avoid in large-scale agricultural production. Accurate assessment of the groundwater pollution risk and of the impact of agricultural activities could assist governmental policy-makers in planning water-protection projects or establishing management programs for water resources.
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Figure 1. Sketch map of the study area; (A)—Location of the Inner Mongolia autonomous region in northern China; (B)—Location of the study area in the eastern part of the Inner Mongolia autonomous region; (C)—The main cities and land use status in the study area. 
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Figure 2. Rating maps for parameters D, A, S, T, I, C. 
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Figure 3. Rate of the net recharge R (a) and the vulnerability classification map (b) for Scenario 1. 
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Figure 4. Rate of the net recharge R (a) and the vulnerability classification map (b) for Scenario 2. 
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Figure 5. Rate of the net recharge R (a) and the vulnerability classification map (b) in Scenario 3. 
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Table 1. Ratings, weights, and ranges or classes, for the DRASTIC method parameters [13].
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Parameter

	
Rating

	
Weight

	
Range/Class






	
Depth to water table (D)

	
10

	
0.22

	
0–2 m




	
8

	
2–5 m




	
7

	
5–10 m




	
5

	
10–15 m




	
3

	
15 m +




	
Net recharge (R)

	
1

	
0.17

	
0–20 mm/a




	
2

	
20–50 mm/a




	
4

	
50–100 mm/a




	
6

	
100–150 mm/a




	
8

	
150–200 mm/a




	
Aquifer medium (A)

	
9

	
0.13

	
Tuff sandstone




	
7

	
Medium sandstone




	
5

	
Massive shale




	
3

	
Quaternary loessial sandy loam




	
2

	
Tertiary mudstone




	
Soil medium (S)

	
7

	
0.09

	
Sandy soil




	
5

	
Silty soil




	
4

	
Sandy loam




	
2

	
Clay




	
Topography (T)

	
8

	
0.04

	
0–1 %




	
5

	
1–6%




	
2

	
≥6%




	
Vadose zone medium impact (I)

	
9

	
0.22

	
Sand gravel




	
7

	
Medium-coarse sand




	
6

	
Medium-fine sand




	
5

	
Fine sand




	
4

	
Silt




	
3

	
Sandy loam




	
2

	
Mild clay




	
Hydraulic conductivity (C)

	
10

	
0.13

	
50.12 m/d +




	
8

	
37.58–50.12 m/d




	
6

	
25.06–37.58 m/d




	
4

	
18.80–25.06 m/d




	
3

	
12.52–18.80 m/d




	
2

	
5.01–12.52 m/d
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Table 2. Infiltration coefficients for different soil media.
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	Soil Medium
	Rainfall Infiltration Coefficient γ
	Irrigation Infiltration Coefficient β
	Total Infiltration Coefficient α (%)





	Clay
	0.11
	0.20
	2.50



	Sandy loam
	0.18
	0.28
	7.80



	Silty soil
	0.25
	0.30
	5.30



	Sandy soil
	0.30
	0.32
	20.30
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Table 3. Breakdown of pollution risk by regions, for different scenarios.
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Pollution Risk Region

	
Risk Level

	
Scenario 1

	
Scenario 2

	
Scenario 3






	
Relatively low-risk region

	
Level Ⅰ (DI < 5)

	
15.51%

	
11.54%

	
34.59%




	
Level Ⅱ (5 ≤ DI < 6)

	
50.72%

	
47.86%

	
46.19%




	
Relatively high-risk region

	
Level Ⅲ (6 ≤ DI < 7)

	
28.94%

	
33.51%

	
16.70%




	
Level Ⅳ (DI ≥ 7)

	
4.83%

	
7.09%

	
2.52%
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Table 4. Relative errors associated with the parameters of the DRASTIC method.
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	Measuring Error
	D
	R
	A
	S
	T
	I
	C





	5%
	0%
	0%
	42.06%
	0%
	0%
	43.65%
	0%



	10%
	0%
	42.06%
	43.65%
	42.06%
	0%
	128.97%
	0%



	20%
	43.65%
	42.46%
	43.65%
	42.46%
	0%
	128.97%
	0%



	30%
	43.65%
	68.25%
	43.65%
	127.78%
	0%
	128.97%
	42.46%



	40%
	51.19%
	129.76%
	43.65%
	128.97%
	3.17%
	128.97%
	42.46%



	50%
	81.75%
	163.10%
	43.65%
	129.76%
	5.16%
	128.97%
	77.38%
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