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Chapter I 

INTRODUCTION 

Aquifer storage recovery ASR is relatively a new water resource management 

technology, which has been put to wide range of uses (Pyne, 1995) including for 

improving groundwater quality for irrigation (Rattray, K. 1999; Herezeg et al., 2000; 

Vanderzalm et al., 2002). The ASR well is a dual purpose well sequentially used for both 

excess water injection in aquifer and for recovery of water during shortage. This technique 

is being increasingly utilized for reducing saline brackish aquifers for irrigation (Gerges et 

al., 2002 a & b; Malik et al., 2002a) and to prevent surface ponding in standing crops 

(Malik et aI., 2000) and for maintaining the desired water levels in fresh water aquifers 

(Pyne, 1995; Gale et al., 2002; Pavelic et al., 2002a) at relatively small cost. The economic 

development of ASR for improving native water quality is dependent upon recovery 

behaviour of the injected water after a given residence time. It is best described by the term 

recovery efficiency RE and the nature of the geo-physicochemical reactions taking place in 

aquifer. The RE is the volume of recovered water of useable quality relative to volume 

injected (Pyne, 1995). The RE is governed by movement and mixing of injected water in 

aquifer. The, hydrogeological and operational factors, which affects the movement and 

mixing of injected water in aquifers ultimately control the RE (Pyne 1995; Vanderzalm et 

aI., 2002). Aquifer factors include the transmissivity, porosity, thickness, heterogeneity, 

dispersivity, native groundwater quality and regional hydraulic gradient. Operational 

factors include quality of injected water, critical target water quality, storage time, buffer 

storage volume and ratio of recovery to injection rate. 
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However, success of ASR operations in such areas depends on availability of good 

quality water for injection and ability to recover useful quantities of good quality water. In 

India, the excess surplus rain, canal and river water available during summer wet period 

(July-Aug-Sept) may be injected to improve the quality of native brackish aquifer for 

irrigating subsequently for increasing crop productivity in winter dry periods (Oct-April) 

of scarcity. The brackish (EC > 2dS m- I
) groundwater in Haryana (India) is more than 53 

% (Malik et at., 2002b) and in different parts of country, it ranged from 32-83 % (Minhas 

and Gupta, 1992). Out of the total surface water potential of Haryana (14.8 x 109 

m3/annum) about 36% goes unutilized (Aggarwal and Roest, 1996). This shows that 

Haryana alone has a large potential for utilizing the excess fresh surface water for 

improving the underground brackish water using ASR technology. 

In Haryana state of India, the problems, directly or indirectly, arising due to 

groundwater resources are over exploitations of good quality groundwater in northeastern 

zone resulting in fall of water table threatening the existence of irrigated agriculture due to 

depletion of resources. On the other hand the non-utilization of poor quality groundwater 

coupled with introduction of canal irrigation in other parts threatens the sustainability of 

irrigated agriculture with the potential problem of water logging and soil salinization. 

Improvement in the quality of water in the aquifer surrounding the ASR prompts the 

farmer to extract more groundwater for irrigation (Malik et at., 2002a) thereby 

implementing the recommended conjunctive use strategy and helping to lower down the 

water tables in brackish groundwater zones. 

Most of wells are cavity type in north India and were not found to clog when they were 

used to inject fresh water even of large, 900 mg/l, sedimentation load (Anonymous, 1993 

and Malik et at., 2002a). Cavity wells are shallow wells installed in aquifers (15 to 100 m 

deep) where an empty space is formed below the impermeable layer called a cavity; thus, 

the well is named a cavity well (Malik et at., 2000). 
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Geochemistry of ASR systems is very complex and is in the process of evolution as 

we learn from the experience at different sites. Prior knowledge of geochemical reactions 

occurring during mixing of injected water with groundwater in aquifer of varying mineral 

composition and pH conditions depending upon the climate of the area would help in 

installation, operation and sustaining the ASR system. Knowledge of precipitation of Iron, 

Manganese and Arsenic (Faust and Vecchiolli, 1974; Boochs and Barovic, 1981; Pyne, 

1995; Meigs and Beauheim, 2001) in the aquifer by injecting pH and Eh optimized water 

may be utilized to reduce the toxicity of these heavy metals in drinking water and clogging 

in ASR wells. Similarly the knowledge of dissolution of calcite minerals in aquifer of semi 

mid regions can be utilized to increase the nutritive value of the recovered water and to 

increase the aquifer hydraulic conductivity. 

Modelling water pressures heads around the ASR well would be helpful in 

quantifying the temporal and spatial rise or fall in water levels and also in assessing the 

environmental impacts (Gale et aI., 2002) on long-term basis for the planners and 

researchers. Successful planning and management of artificial recharge activity often 

requires consideration of different operational options under a given set of constraints. 

Simulation of models can integrate geological and hydrological information and helps in 

quantifying the influencing zone and to optimize the operational factors as buffer storage 

-
volume BSV and residence time t of the recharge water for the success of ASR 

technology. Farm scale water level responses are further complicated by the problem of 

surface unsaturated flows and aerial horizontal and vertical heterogeneities. To our 

knowledge, a few numerical modelling studies have been reported for cavity type ASR 

wells. A scientifically documented and evaluated (Diodato, 2000), HYDRUS-2D software 

package of (Simunek et aI., 1996) having extensive interface capabilities for simulating 

saturated and unsaturated water, solute and heat flow under bare and cropped condition, 
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well suited for field heterogeneities would be used to predict the water level responses at a 

farm operating a cavity type ASR well on short term and long term basis. 

Therefore objectives (0) of the study planned were: 

01: To quantify experimentally the effect of storage time, ST, and buffer storage volume, 

BSV on recovery efficiency and geo-physicochemical interactions in ASR well. 

02: Modeling of rise and fall of water pressure between brackish native and fresh injected 

water in ASR wells. 

03: To quantify the buffer storage volume for 100 % recovery efficiency 
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REVIEW OF LITERATURE 

Water is power in 21 st century (Pyne, 1995). Adequate storage is the key to 

sustainable water management. Effective water resource management in areas of water 

scarcity must include increased storage of water behind dams or in aquifers to save water 

in periods of water surplus for use in periods of water shortage. Storage in surface 

reservoirs is expensive and increasingly perceived as an unacceptable exchange of valued 

ecosystem. Systems to recharge aquifers through surface methods such as basins and in 

channel structures are functioning reasonably well, however their wide spread application 

is frequently limited by hydrogeologic constraints and the availability of land at reasonably 

cost. Aquifer storage and recovery ASR is a new, efficient and cost effective tool for water 

resources management and could be applicable wherever there are severe water supply 

challenges (Pyne, 1995). Use of ASR technique for irrigation and drainage process has a 

wide scope in India and need a fair trail. Pyne (1995); Kumar and Aiyagari (1997); Bower 

(1994, 1996, 1997); Malik et at., (2000, 2002b) have worked on different methods of 

artificial recharge. Mishra and Seth (1988) studied the recharge from a river of large width 

to a shallow water table aquifer. 

The literature on various aspects of groundwater recharge through ASR well is 

reviewed under following heads: 

2.1 Recovery efficiency 

2.2 Geo-physico-chemical interaction 

2.3 Modelling of groundwater recharge 
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2.1 RECOVERY EFFICIENCY 

The recovery efficiency RE is the volume of recovered water of useable quality 

relative to volume injected (Pyne, 1995). The economic development of ASR for 

improving native water quality is dependent upon recovery behaviour of the injected water 

after a given storage time. It is best described by the term recovery efficiency RE and the 

nature of the geophysical and chemical reactions taking place in aquifer. Gerges et al., 

(2002a) reported 90 % of South Australian sites having too saline groundwater to use for 

irrigation prior to ASR. Recovery efficiency (RE) is known to vary enormously between 

sites. The various factors, hydrogeological and operational, which affect the movement and 

mixing of injected water in aquifers ultimately, control the RE (Pyne, 1995; Vanderzalm et 

aI., 2002). Aquifer factors include the transmissivity, porosity, thickness, heterogeneity, 

dispersivity, native groundwater quality and regional hydraulic gradient. Further, the 

dispersivity is a function of the ratio of pumping rate at the well to the regional flux 

(Silliman, 200 I). Operational factors include quality of injected water, critical target water 

quality, storage time, buffer storage volume and ratio of recovery to injection rate. The 

results of the studies of Harpaz (1971) on limestone and sandstone aquifer in Israel showed 

that the groundwater movement and mixing at the edges of the body was much greater in 

limestone aquifer than in sandy aquifer. Increasing storage time mayor may not decrease 

the RE in brackish aquifer (Harpaz, 1971; Pavelic et al., 2002a) depending upon aquifer 

characteristic and the buffer storage volume (Pyne, 1998). Pavelic et al., (2002b) have 

indicated that there is an optimum buffer storage volume for each site for acceptable 

recovery efficiency. Pyne (1998) demonstrate the improvement in RE that is possible 

during successive injection recovery cycles due to residual injectant providing a buffer 

against mixing with ambient groundwater. Harpaz (1971), Pyne (2002) and Gerges et al., 

(2002b) have reported the decrease in RE on increasing the storage time and related it to 
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the intense natural flow carrying the injected water body away and disperse it rapidly. 

Injecting water with large volumes results in high RE (Stevens et ai, 1994; Howles et ai, 

1997; Pyne, 1998; Streetly, 1998; Malik et ai, 2002a; Gerges et ai, 2002a). Recovery 

efficiency is higher in confined aquifer than in unconfined aquifer (Dillon and Pavelic, 

1996; Gerges et al., 2002a). Movement of stored water is particularly important in ASR 

system where storage zone contain water of inferior quality. In order to quantify the 

recovery behaviour, it is necessary to estimate the fraction of ground water in the 

recovered water (Ragone and Vecchioli, 1975; Boochs and Barovic, 1981; Meigs and 

Beauheim, 2001; Pavelic et al., 2002a). Chloride has been widely used as tracer to quantify 

the mixing fraction of native groundwater with the injected water in the situation where 

fresh water is injected into more saline aquifer (Ragone and Vecchioli, 1975; Le Gal La 

Salle et al., 2002). 

2.2 GEO-PHYSICOCHEMICAL INTERACTION 

Hamlin (1987) studied hydraulic and chemical changes during water recharge by 

injection. During recharge, geo-physicochemical reactions can occur that may adversely 

affect aquifer permeability or cause changes in the quality of recovered water. 

Geochemistry of ASR systems is very complex and is in the process of evolution as we 

learn from the experience at different sites. Geochemical measurements and concepts that 

have proved particularly helpful in gaining understanding of underground processes are 

discussed here. Prior knowledge of geochemical reactions occurring during mixing of 

injected water with groundwater in aquifer of varying mineral composition and pH 

conditions depending upon the climate of the area would help in installation, operation and 

sustaining the ASR system. These chemical and physical changes are a function of 

recharge water quality, native groundwater quality, aquifer mineralogy, changes III 

temperature and pressure that occur during recharge and recovery. The most notable of the 

possible adverse geo-chemical reactions occurring in aquifer are dissolution (Martin and 



Review of Literature 8 

Dillion, 2002; Gerges et at., 2002b) or precipitation (Berner, 1978) of calcite, oxidation of 

pyrite (Faust and Vecchiolli, 1974; Pyne, 1995; Pavelic et at., 2002b), ion exchange, 

reduction of sulphate, oxidation of organic matter and reduction of nitrate (Vanderzalm et 

at., 2002; CH2MHILL, 1993). The sequential order of these processes is clogging, 

bacterial activity, ion exchange, adsorption, dissolution and precipitation. 

Clogging 

Physical clogging by total suspended solids (TSS) is perhaps the most important 

technical fatal flaw for ASR technology. Most of the work on ASR has been in preventing 

clogging of ASR wells (Pyne, 1995; Bower, 1997). In filter tubewell, some time, as little 

as 30 mg L-1 TSS, had significantly reduced the recharge rate (Pyne, 1995). Clogging of 

injection strainer wells due to sedimentation (Rahman et ai., 1969; Bichara, 1986), air 

entrapment (Harpaz, 1971; Huisman and Olsthoorn, 1982), bio-film coating (Rebhum and 

Schwarz, 1968; Schippers et ai., 1995; Pfeiffer et at., 2002) and precipitation by oxidation 

of iron and manganese (Pavelic et al., 2002b) and their declogging by back washing and 

redevelopment controlled acidulation (Gerges et at., 2002a) have widely been reported. 

Most of wells are cavity type in north India and were not found to clog when they were 

used to inject fresh water even oflarge, 900 mg/l, sedimentation load (Anonymous, 1993; 

Taneja and Khepar, 1996; Malik et at., 2002, 2002b,). Clogging has been reported to be 

major problem in most of the filter type ASR and injection wells (Rahman et at., 1969; 

Bichara, 1986; Martin and Dillon, 2002; Pfeiffer et at., 2002). 

2.2.2 Microbial activity 

Pyne (1995) observed that bacteria are present in aquifer to a depth of 500 m or 

deeper. Bacteria can cause bio fouling and bacterial slimes can also reduce permeability 

around ASR well. Sulfate reducing bacteria are only one hundred of different type of 
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bacteria that can cause biofouling. Temperature between 20 - 40°C, pH between 7.6 - 8.6, 

total phosphorus exceeding 0.1 mg L-1
, nitrate exceeding 1 mg L-1

, dissolved organic 

carbon exceeding 5 mg L-1
, total iron exceeding 1 mg L-1

, dissolved oxygen exceeding 3 

mg L-1 and a slow flow sequence strongly enhance bio fouling potential. The aquifer is 

considered to provide sustainable water treatment in addition to storage function. Miller et 

al., (2002) reported the two major contaminant and pathogen attenuation processes in the 

subsurface, adsorption and biodegradation, of which biodegradation is considered as a 

sustainable attenuation process as adsorption capacity for persistent substances will be 

used up in long terms. Principle factors affecting attenuation rates of microbiological 

process appears to be temperature, salinity and native microbiota in storage zone (Pyne, 

2002 and John and Rose, 2002). Haloacetic acid and their formation potential disappears in 

a few days due to aerobic bacterial activity (Pyne et at., 1996). Trihalomethanes attenuate 

during a few weeks of ASR storage, primarily due to anaerobic bacterial activity (Pyne et 

ai., 1996; CH2MHILL, 2000). Nicholson et ai., (2002) and Toze and Hanna, (2002) 

demonstrate that ASR in anaerobic aquifer has capability for removal of pathogens and 

some other organic compounds over the storage periods. Dillion et aI., (2002) and Gerges 

et al., (2002b) evaluate the degradation of bacterial toxins in saline aquifers. 

Ion exchange 

The ion exchange between aquifer soil and its water is governed by the 

concentration and valency of the cations. Pearson and Friedman (1970) have observed that 

clay minerals particularly kaolinite controls the concentration of alkali and alkaline earth 

element through cation exchange. The pH of the water is controlled by both the dissolution 

ofH2C03 and silica kaolinite equilibria (Faust and Vacchiolli, 1974). Calcium replacement 

on exchange complex would increase hydraulic conductivity and Na+ on exchange 
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complex reduce the aquifer hydraulic conductivity. Ca2+ replace Na+ on the clay lattice in a 

saline groundwater during injection process (Hamlin, 1987). 

Dissolution 

Dissolution of calcite by injecting low pH rainwater is important for increasing the 

calcium ion concentration. It may improve the transmissivity of the aquifer and also 

improve the quality of the water for irrigation. Pearson and Friedman (1970) reported that 

recovered water contains carbonate in aquifer free of carbonate minerals, and contains 

water whose chemistry was controlled by the CO2 precipitation in the aquifer at the site 

Magothy. The CO2 gas was evolved due to decomposition of organic matter in soil. 

Vanderzalm et al., (2002) have also reported as large as 0.7 mmol L-1 of dissolution of 

limestone (CaC03) aquifer through C02 produced by oxidation of organic matter during 

injection of 250 ML reclaimed water and residence time of one year within the aquifer at 

Bolivar, South Australia. The low pH value of injected water as compared to that of native 

groundwater water may have caused dissolution of calcite (CaC03) present in the aquifer 

material (Malik et al., 2002b) to form Ca2+ and HC03- as: 

CaC03 + H2C03 - Ca (HC03) 2 - Ca2+ + 2 HC03-

Yadav (2002) reported that the high pH of injected water increased bicarbonate and 

decrease borate in recovered water. Storage of injectant can also affect the calcium and 

bicarbonate concentration, which increase by around 0.2 and 0.8 mmol L-1 respectively at 

ASR site in Bolivar (Vanderzalm et al., 2002). The knowledge of dissolution of calcite and 

potash minerals in aquifer of semi arid regions can be utilized to increase the nutritive 

value of the recovered water (Malik et ai., 2002b) and to increase the aquifer hydraulic 

conductivity (Gerges et ai., 2002b; Martin and Dillon, 2002; Pavelic et ai., 2002a). 
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Oxidation and Reduction processes 

Oxidation and reduction processes become evident with the onset of injection phase 

and the deviations from the injectant water quality are indicative of the reactive processes. 

Ragone and Vecchiolli (1975) observed the oxidation of pyrite by dissolved O2 of the 

injected water according to the following reaction: 

FeS2 + 712 O2 + H20 = Fe2+ +2S0/ + 2Hf-

They observed that iron concentration increased from the range 0.14 to 0.30 mg L-1 to as 

much as 3 mg L-1 at 20, 100 and 200 foot distance observation well as the reclaimed water 

displaced native water. It indicated that source of iron was dissolved from iron mineral 

(Pyrite) present in the aquifer and it got dissolved while injected water carrying O2 was 

moving towards the observation well. 

Detailed study conducted by Pyne (1995) have indicated that as we go deep, the 

groundwater losses O2, sulfate reducing bacteria become viable and can reduce the sulfate 

to disulfide, which then precipitates metal, particularly iron. This is a congenial 

environment for uranium deposition. Iron and manganese precipitation is caused by 

recharging through injection process by reacting with dissolved O2 leading to the 

precipitation of iron into ferric hydroxide. They may decrease the hydraulic performance 

of the ASR well. However in a near future it is anticipated that work will commence to 

establish that effectiveness of ASR wells in removing arsenic during aquifer storage. The 

reaction mechanism is expected to involve co-precipitation of arsenic along with ferric 

hydroxide in aquifers containing low concentration of iron bearing minerals and recharged 

with water containing dissolved O2 • If successful, this approach may provide a low cost 

solution to many water utilities face with the prospects of expensive, above ground 

treatment processes for arsenic removed to meet new standards as arsenic toxicity 

problems in the state of Orissa and Bihar. 
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Pyne (1995) performed several recharge recovery test during a period of several 

months at site Chesapeake in USA when pH of the recharge water was sufficiently higher 

(7.4 to 9.4) and reported that no Mn problem were apparent in the recovered water. Mn 

concentration during recovery was less than 0.01 mg L-1
. Subsequent process changes at 

the water treatment plant reduce the pH (6.2 to 7.2) with the result that Mn concentration in 

the recovered water exceeded drinking water standards, reaching level of 0.25 to 1.28 mg 

L-1
. Remedial measure included recharging water be treated with sodium carbonate to raise 

the pH in the range of 8.0 to 8.2 or higher. The sodium carbonate helps to buffer the acidity 

remaining in the aquifer from a large volume of water recharge at low pH. 

Vanderzalm et al. (2002) showed the reduction of nitrates for mineralizing organic 

matter by denitrification of around 0.1 mmol L-1 of the injected nitrate within 4 m from the 

injection well. Up to 90 % reduction in total-N at some sites of Florida has been observed 

during ASR storage(CH2MHILL, 1993). Similarly, phosphorus reductions in the range of 

40 to 90 % have been observed at two injection well sites (St Peterburg and Gainesville in 

Florida), recharging treated wastewater in to fresh and brackish limestone aquifer 

(CH2MHILL, 1993). Cave and Tredoux (2002) reported the increase in k concentration 

over several season of artificial recharge from Atlantis and Calvinia sites in South Africa. 

Modelling of groundwater recharge 

Field and laboratory experiments will be essential to help address knowledge gaps 

on specific issues while modeling frameworks provide the predictive capability that is 

necessary to address complex problems (Dent, 2000). Models are essential for dealing with 

complex system, multiple interactions, competing demands, spatial and temporal 

variability, scenario analysis and extrapolation of experimental data and finding in both 

space and time (Dent, 2000). Modelling and scenario analysis are now well-accepted tools 
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of the trade in many fields of endeavor, business, space exploration and industrial and 

aeronautical engineering. These tools are now becoming more widely accepted in some 

environmental and agricultural situations particularly in the hydrological, milling and 

industrial sectors. Significant progress has also been made in developing and applying soil 

and crop model within agricultural industries (Keating et al., 1999; Inman-Bamber et al., 

2001; Carberry 2001; Mcowan, 2001). A scientifically documented and evaluated 

(Diodato, 2000), HYDRUS-2D software package of (Simunek et al., 1996) having 

extensive interface capabilities for simulating saturated and unsaturated water, solute and 

heat flow under bare and cropped condition, well suited for field heterogeneities predicts 

the water level responses at a farm operating a cavity type ASR well on short term and 

long term basis. 

Modelling water pressures heads around the ASR well would be helpful in 

quantifying the temporal and spatial rise or fall in water levels and also in assessing the 

environmental impacts (Gale et al., 2002) on long-term basis for the planners and 

researchers. Successful planning and management of artificial recharge activity often 

requires consideration of different operational options under a given set of constraints. 

Information about soil hydraulic properties is needed for predicting and modelling water 

movement in the saturated and unsaturated zone of the soil. Numerous field and laboratory 

methods have been develop for estimating saturated and unsaturated soil hydraulic 

properties. Kool et al., (1987) and Hopmans and Simunek (1999) gave over views of 

parameter estimation techniques and Feddes et al., (1988) discussed data needs for model 

input and validation. One popular approach has been to use relatively simple analytical 

expressions for the hydraulic properties, such as the van Ganuchten-Mualem equations 

(Van Ganuchten, 1980). Observed field andlor laboratory soil hydraulic data are often used 

to derive parameters in these expressions by employing some type of fitting procedures. 

Direct, indirect or inverse methods may be used for this purpose.Temporal and spatial 
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water pressure responses near ASR strainer wells have been modelled using analytical 

(Anonymous, 1993; Simpson et at., 2003) in saturated flow conditions in homogeneous 

areas and numerical two / three dimensional approaches (Chiang and Kinzelbach, 1998; 

Williams, 2000; Kohfahl et at., 2002; Jorgensen and Helleberg, 2002; Bogdanov et al., 

2003) under steady and transient saturated flow conditions for confined, unconfined and 

semi-confined aquifers in heterogeneous areas with fair degree of success. 

Katia (2002) used the analytical model of Forchheimmer (1898) for nonleaky aquifer 

for homogenous soil to predict the spatial influence of recharge/discharge on rise and fall 

of water pressure in laboratory as well as field studies. Meritt (1986) in first detailed 

numerical modeling of 2D horizontal flow, have shown the significant loss in RE due to 

hydrodynamic dispersion, buoyancy stratification, dissimilar injection / recovery rates and 

multiple well configurations. Streetly (1998) studied a more detailed sensitive analysis for 

a radially symmetric homogenous aquifer and showed that recovery increases with 

increasing volume of the injected water plume. Huntley and Bottcher (1997) modelled a 

heterogeneous system in which significant reduction in RE observed as compared to 

equivalent homogenous system. Wright and barker (2001) calibrate the semi analytical 

model for two parameters i.e. characteristic block time and the ratio of the matrix to 

fracture porosity successfully when the model was applied to multiple ASR cycles. 



Chapter III 

Materials and Methods 

Field studies to investigate the effect of buffer storage volume and residence time were 

carried out in a cavity type of ASR well located at soil research farm CCS HAU, Hisar. 

3.1 HYDROGEOLOGY 

The Haryana (India) soils are very deep> 200 m made from alluvial and aeolian 

deposits from rivers emanating from the Himalayas. The soils are anisotropic containing 

illite type of clay (Goyal et al., 1990). Shallow aquifers fine and coarse sand in the depth 

range of 10 m to l35 m with well yield in the range of l.5 to 30 L S-I; and deep aquifers 

in the quartzite and limestone in the depth range of l36 to 450 m with well yield in the 

range of l.5 to 150 L S-I are in unconsolidated alluvium overlain by a non continuous 

clay layer. The groundwater occurs for the most part under water table conditions 

(Duggal, 1977; Anonymous, 2000). Depth to groundwater level varies from 1 m to more 

than 60 m below ground level, during the pre monsoon period and the quality of 

groundwater varies from less than 2 dS m- I to more than 10 dS m- I
. 

3.2 ASR F ASCILITIES 

The ASR site of highly brackish native water was selected at Soil Research Farm, 

Hisar, Haryana, (Plate-I), India (28°59' to 29°49' N latitude and 75°11' to 76°18' 

longitude at an elevation of 215 m above mean sea level) where an irrigation cavity type 

well was installed with the injection facility through a submersible pump by removing the 
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check valve permanently while installing the pump. The inner pipe diameter and outer 

pipe diameters of ASR well (Figure 3.1) were 0.075 m and 0.275 m. The relevant ASR 

site characteristics are given in Table 3.1. 

Table 3.1: Relevant ASR site characteristics 

Site Characteristics Value Site Characteristics Value 

Effective porosity ofaquifer(ne) 
0.09 Native water EC 28.4 dS m -I 

Thickness of the aquifer (b) 15.0 m Injected water EC 0.27 dS m -I 

Aquifer hydraulic conductivity (k) 1.04 m h- I pH of native water 8.4 

Aquifer transmissivity (T) 15.65 m h-I pH of injected water 7.65 

Regional hydraulic gradient (i) 0.0007 Storivity 1.28 x 10-4 

Total porosity 0.37 Specific capacity 6010 m3h- 1m 

Fraction of injectant in recovered 0.938 Average depth to water table 1.2 m 
water at target time tr* (f *) 

The site lithology and schematic diagram of ASR facility is shown in Figure 3.1. 

Water from canal was gravity injected into cavity type ASR well to create buffer storage 

volume BSV employing siphon system during August 2002. Buffer storage volume is the 

large initial storage volume, which forms the buffer zone between native brackish water 

and volume injected to be recovered Vi. Buffer storage volume in j th cycle BSVj was 

estimated as: 

BSVj = V~*- Vij + BSV (i-I) (3.1) 

where j denotes the number of ASR cycle, Vij* = total volume injected in the cycle j 

-
Residence time t of 70.83, 118.35 and 113.20 days were allowed at a buffer storage 

volume BSV of 14000 m3 in 4th and 5th ASR cycles. In each cycle the volume injected to 

be recovered Vi was kept as 2000 m3
. 

-
Residence time t was estimated for each cycle as: 

t = 0.5 (ti + tr ) + ts (3.2) 
where ti = injection time, tr = recovering time, ts = storage time between ti2 and trl 

-I 
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The details of the ASR cycle test programmed adopted in the study are given in Table3.2. 

Table 3.2: The ASR cycle test programme for the cavity type of ASR well 

Cycle BSV Vi Vi* ti t tr 

number j (m3
) (m3

) (m3
) (d) (d) (d) 

1 6000 2000 6000 12 7.2 2.4 

2 10000 2000 6000 10.6 6.05 1.5 

3 14000 2000 6000 25.6 13.55 1.5 

4 14000 2000 2000 10.2 70.83 2.4 

5 14000 2000 2000 9.17 118.35 1.54 

6 14000 2000 2000 8.92 113.20 1.54 

t i = injection time, t = residence time, tr = recovery time, Vi = volume injected to be recovered. 

Vt = Total volume injected 

3.3 SOIL AND WATER CHARACTERIZATION 

Soil samples from different layers taken during the installation of piezometers, were 

oven dried and ground gently with the pestle-mortar. The fraction remaining above a 2 

mm sieve was identified as calcite concretions. The soil passed through the sieve was 

analyzed for different physico-chemical properties. Soil analysis was done with the 

standard methods. The relevant physico-chemical properties up to the aquifer are given in 

Table 3.3. 

Water samples of recovery water as a function of recovery time and that of injected 

and native water were analyzed for temperature, organic carbon OC, cations (Na +, K+, 

Ca2+, Mg2+, NH/, Zn2+) and anions (COl-, HC03-, cr, soi-, B03-) by standard 

methods. Percent error in ionic mass balance Em was calculated (Pyne, 1995) as-
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(3.3) 

Where ECe and ECa are cation and anion concentrations in mmole L-1• 

Table 3.3: Relevant soil physico-chemical properties of Hisar ASR site 

Depth EC pH Texture CaC03 Concretion Gypsum 

(m) (dS m-1) (%) (%) (%) 

0.0-9.6 1.20 8.2 Loam 8.0 32.1 0.014 

9.6-12.8 1.19 8.5 Loamy sand 1.1 52.1 0.015 

12.8-24.3 0.96 8.6 Clay loam 8.7 0.0 0.020 

24.3-45.0 0.76 8.9 Sand 0.4 25.5 0.015 

45.0-54.0 0.75 8.4 Silty clay loam 1.0 6.0 0.014 

54.0-69.0 0.78 8.6 Loamy sand 4.1 0.0 0.014 

3.4 NUMERICAL EXPERIMENTS 

The windows based HYDRUS-2D package solves the modified form of Richard 

equation (1) for variably saturated flow numerically as: 

8 e = _8_ [K (K ~ i.!2_ + K. )] - S 
8 t 8 X . IJ 8 X . IZ 

1 J 
(3.4) 

where e is the volumetric water content (L3 L-3
), h is the pressure head (L), S is the sink 

term (TI), Xi (i = 1,2) are the spatial coordinates (L), t is the time (T), K/ are the 

components of the anisotropy tensor K\ and K is the unsaturated hydraulic conductivity 
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Calibration was done for first cycle having BSV 6000 m3
. Validation was done for 

the next two cycles of BSV 10000 and 14000 m3 and three cycles of residence time t = 

70.8, 118.35 and 113.20 d at BSV of 14000 m3 as per field ASR cycle test programme 

(Table 2). In total 6 Hydrus 2D runs were carried out for simulating drawup and 

drawdown in 6 ASR cycles as given in Table 3.2. 

The physical flow region involved a soil profile 500 m wide and 69 m deep with an 

exocentric elliptical cavity of 1m horizontal radius and 1m vertical radius at 54 m depth 

as shown in figure 3.2. No flux boundary condition was given at soil surface, bottom and 

lateral sides of the flow regions (Figure 3.2). One piezometer and observation well served 

as the observation nodes at the position shown in figure 3.2. 

54m 

No-Flux boundary 

• Observation well 
0(10,12.4m) 

r 
______ ... 500 

No-Flux boundary 

Figure 3.2. Schematic physical layout of the ASR system implemented in Hydrus 

2D. 
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Experimentally observed recharge fluxes (-ve) and recovery fluxes (+ve) as a 

function of time served as a variable flux boundary condition for Hydrus 2D. The flux 

values are shown graphically in figure 3.3. 
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Figure 3.3: Recharge (-ve) and recovery fluxes (+ve) of (a) cycles having BSV-6000, 

10000 and 14000 m3 and (b) t = 70.8,118.35 and 113.20 d 

Parameter estimation 

Soil water retention functions were derived from pressure head and water content 

data measured on pressure plate apparatus using Van Genuchten-Mualem equations (Van 

Genuchten, 1980) as: 

S(h)- Ss-Sr 
[1 + iahin]m 

S(h) = Ss 

h<O (3.5) 

(3.6) 

(3.7) 



Materials and Methods 22 

Where 0 is the volumetric water content, h is the pressure head, ex, n, m (=I=l!n), and k 

(=0.5) are empirical parameters, Se= (0- Or)! (Os- Or) is the degree of saturation. For this 

purpose Or, is the residual water content and was set equal to air dry water content; and 

Os, the saturated water content, was set equal to the total porosity as calculated from the 

bulk density obtained in the h- 0 measuring cores assuming particle density to be 2.65g 

cm-3. 

Saturated hydraulic conductivity was estimated through inverse modelling technique 

using the experimental pressure heads h time pairs during the first ASR cycle from a 

piezometer (z = 54 m, r = 10m); and observation well (z = 12.4 m, r = 10m) by using the 

observed Or, Os, ex, n, and m as fixed parameters. Estimation of hydraulic parameter 

through inverse modeling has become an accepted technique under field condition (Van 

Dam and Malik, 2003; Ghulam Ali et al., 2004). The hydraulic parameters values are 

given in table 3.4 and figure 3.4 (a&b). 

Table 3.4: Hydraulic parameters used in numerical experiments 

Parameters Or Os a n Ks 

(m3m-3) (m3 m-3) (m- l ) (m d-1) 

Loam (M1) 0.03 0.47 0.05 2.2 1.00 

Loamy sand (M2) 0.05 0.43 0.10 2.5 5.00 

Clay loam (M3) 0.07 0.54 0.015 2.1 0.05 

Sand (M4) 0.03 0.40 0.07 2.7 1.00 

Silty clay loam (M5) 0.06 0.50 0.13 1.7 0.20 

Loamy sand (M6) 0.05 0.40 0.10 2.5 8.20 
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Figure 3.4: Soil hydraulic properties for ASR site lithology. 

Statistical test 

Statistical tests to assess simulation performance were: 

Modelling efficiency (ME) 

ME (3.8) 
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where Oi and Si represent the observed and simulated values, n represents the number of 

observed and simulated values used in the comparison, and 0 the observed average: 

n 

O=L (3.9) 
i= 1 

one is considered to be the best modelling efficiency. Negative values of modelling 

efficiency are considered as unacceptable (Ghulam ali et aI., 2004) and 

The root mean square error RMSE: 

(3.10) 

Analytical model 

Forchheimer solved the steady state equation of groundwater flow for a cavity-well 

with spherical bottom situated on top of a confined aquifer for drawdown and drawup as: 

Q 
s 

2 IT Kr 

where s = Drawdown or drawup of pressure head (m) 

Q = Recharge or discharge rate (m3 d- l
) 

K = Aquifer hydraulic conductivity (m d-') 

r = radial distance from the cavity (m) 

(3.11 ) 



Materials and Methods 25 

Paired t test was applied to compare the pressure head generated numerically and 

analytically at radial distances as: 

d 

d is the difference of mean defined as: 

S 
n1xS; + n2 xS; 
(n1+n2-2) 

(3.12) 

(3.13) 

nand S are the numbers of comparable paired points and standard deviation and their 

subscript are indicative of their respective experimental and predicted values and S is the 

standard deviation of mean and teal is calculated t value. 



Chapter IV 

RESULTS AND DISCUSSION 

Results are discussed under the following heads: 

4.1 Effect of buffer storage volume and residence time on recovery efficiency and 

dispersivity 

4.2 Geo physicochemical Interactions 

4.3 Modelling of groundwater recharge 

4.1 EFFECT OF BUFFER STORAGE VOLUME AND RESIDENCE TIME ON 

RECOVERY EFFICIENCY AND DISPERSIVITY 

4.1.1 Injected and recovery rates: 

Injection rates were less than recovery rates due to shallow groundwater level condition 

at the ASR site. Recovery rates remained fairly constant in each cycle at an average value of 

60.21 m
3 

h-
l

. The injection rates were fairly constant up to the third cycle at an average value 

of23.23 m3 h-1 (Figure 4.1). 

However, injection rates decreased slowly to 13.29 m3 h-l in 3rd and 4th cycle. The 

underlying reason could be the relative positions of ph ere tic and piezometric surfaces. 
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Figure 4.1: Injection qi and recovery rates qr in indicated cycles as a function of time 
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The data given in Table 4.1 showed that up to cycle 3 the pheretic surface layover and 

above the piezometric surface by more than 0.26 m making a case for vertically downwards 

drainage favoring the injection process. In cycle 3 & 4, the reverse was true i.e. the 

peizometric surface layover and above the pheretic surface making a case for vertically 

upward seepage disfavoring the injection process. The difference between dwp and dwo as 

given in column 5 of Table 4.1 varied with cycle number showing an interplay of different 

opposing factors like seepage from irrigation channel, injection in ASR well and irrigation 

in nearby field on one hand and canal dry period and recovery from ASR well on the other 

hand. Nevertheless, the study clearly showed that injection could be done in a cavity type 

ASR well under shallow water table condition even when depth to water table depth was 

0.54 - 2.08 m near canals and in monsoon season. Clogging also does not seem to be 
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responsible for the decrease in injection rate in 3rd and 4th cycle, as recovery rates remained 

unaffected with successive ASR cycles. 

Table 4.1: Average injection rate and depth to piezometric surfaces dwp and pheretic 

water surfaces dwo at 10m radial distance from ASR well 

ASRCycle 

1 

2 

3 

4 

Injection rate 

(m3 h-1) 

23.23 

23.23 

13.29 

13.29 

4.1.2 Recovery behaviour 

Recovery percentage I 

dwp 

(m) 

0.89 

0.70 

1.28 

1.25 

dwo (dwp-dwo) 

(m) (m) 

0.64 0.25 

0.54 0.16 

1.59 -0.31 

1.26 -0.01 

It is defined as the percentage recovered water volume Vr at any recovery time tr to the 

volume injected to be recovered Vi as: 

tr 2 

I qr ( t) dt 

[ ~ : ] I = tr 1 = ti 2 

I qi ( t ) dt 
(4.1) 

ti 1 

where til = time that injection starts, ti2= time that injection ends, tr1 = time that recovery 

starts, tr2 = time that recovery ends, qr (t)= recovery rate as a function of time, qi(t) = 

injection rate as a function of time, Vr = volume recovered between recovery time tr1 to tr2 

and Vi = volume injected between injection time til to ti2. 
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Recovery efficiency RE 

The instantaneous recovery efficiency IRE represents the recovery percentage I at target 

time tr * to meet the target instantaneous ECr (t) criteria for the recovered water. The 

integrated recovery efficiency CRE would therefore, represents the recovery percentage (I) 

at target time tr** to meet the target integrated ECrw (t) for the recovered water. It may be 

expressed mathematically as: 

trt 

f q r (t) dt 

[~J RE tr 1 
ti 2 (4.2) f q i (t) dt 
ti 1 

Where, V/ = total recovered volume at target time trt. In this study desired water quality 

(electrical conductivity, EC) of the recovered water for irrigation purpose was taken as 2 dS 

m- I . The ECr (t) and ECrw (t) are instantaneous and integrated (weighted average) electrical 

conductivity as function of time t in the instantaneous recovered water sample !:1 Vr and in 

the cumulative recovered volume of recovered water Vr and ECi, and ECn are concentrations 

of given parameters in injected and native water. The ECrw (t) can be estimated as: 

tr 2 

fEe r ( t) qr ( t) dt 

ti 2 (4.3) tr I 

f qr (t)dt 
til 

where !:1 Vr is the instantaneous recovered water volume in any given recovery time interval. 
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Instantaneous recovery efficiency is useful when the recovered water is put to direct use 

such as for drinking or irrigation. The integrated RE is useful when the recovered water may 

be stored in the storage tanks just before use and for quantifying the geo-chemical 

interactions. 

4.1.3 Effect of buffer storage volume on recovery efficiency 

The integrated electrical conductivity of recovered water ECrw as a function of recovery 

times was estimated from equation (4.3). The ECr and ECrw of the recovered water increased 

with I (Figure 4.2 a&b) signifying that there was increasing mixing as the recovered water 

was withdrawn radially away from the well (Pyne, 1995). 
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Figure 4.2: (a) Instantaneous electrical conductivity ECr and (b) integrated electrical 

conductivity ECrw of the recovered water as a function of recovery percentage I at 

indicated buffer storage volume BSV 

It further showed that ECrw increased relatively slower with I than ECr signifying high 

integrated recovery efficiency than instantaneous recovery efficiency. In these figures the 

dotted line showed that 2 dS m- I was taken as the target water quality for irrigation purposes 

(Package and Practices, 2004). 
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The recovery efficiency RE described in equation (4.2) at target EC* of 2 dS m-I as a 

function ofBSV is shown in figure 4.3. 
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Figure 4.3: Instantaneous recovery efficiency IRE and integrated recovery efficiency 

eRE as a function of buffer storage volume BSV 

It showed that both instantaneous recovery efficiency IRE and integrated recovery 

efficiency CRE increased with BSV linearly as: 

IRE = 54.708 + 3.8125 BSV, r2 = 0.9999 (4.4) 

CRE = 46.233 + 2.465 BSV, r2 = 0.9956 (4.5) 

The observed IRE and CRE at EC* of recovered water 2 dS m-Iwas 80.2 % and 108 % at 

BSV of 14000 m3 (Table 4.2). The CRE was higher than IRE at each BSV. It suggested that 

the minimum BSV required to maintain the acceptable CRE of 100 % was 14000 m3 at 

residence time of 13.5 days. Pyne (1995) has reported recovery efficiency varying form 25-

100 per cent at different sites in Florida depending upon BSV, aquifer water quality and 

aquifer hydraulic characteristics. 
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Table 4.2: Recovery efficiency and dispersivity parameters at different buffer storage 

-
volume BSV and residence time t . 

Cycle BSV t IRE CRE ex ex rd RMSE 

No. (m3
) (d) (%) (%) (m) 

1 6000 7.20 61.0 77.5 0.291 0.004 0.10 

2 10000 6.05 69.5 93.0 0.245 0.011 0.13 

3 14000 13.55 80.2 108.0 0.235 0.011 0.14 

4 14000 70.83 50.1 76.6 0.360 0.170 0.12 

IRE = instantaneous recovery efficiency, eRE = integrated recovery efficiency, Ol = longitudinal 

dispersivity, Ol rd = relative dispersivity, RMSE = root mean square error. 

The recovery efficiency at different target value for EC* (2, 4 & 6 dS m- I
) of irrigation 

water was estimated from figures 4.2. 

It showed that the RE increased linearly with the increasing target EC* of the recovered 

water as: 

IRE 55.833 + 3 EC* r2 = 0.9453 (4.6) 

CRE = 62.33 + 8.375 EC* r2 = 0.9739 (4.7) 

Malik et at., (2002a) also reported 80 % IRE at native water quality of2.65 dS m- I
. The IRE 

and CRE as a function of target water quality are presented in Figure 4.4. 
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Figure 4.4: Instantaneous recovery efficiency IRE and integrated recovery efficiency 

CRE as a function of target EC* 

It thus implies that higher RE may be achieved from a given ASR cycle for salt tolerant 

crops. The RE often improves with subsequent injection cycles and may reduce when the 

storage time is too long. 

4.1.4 Effect of residence time on recovery efficiency 

-
The recovery efficiencies at different residence time t as estimated from Figure 4.5 are 

presented in Table 4.2. 

7 
6 • 13.55 days 

• 70.83 days 
5 ....... EC" 
4 
3 
2 
1 
0 

0 10 20 30 40 5060 70 80 90 

1(%) 

7 
6 -E 5 -(IJ 4 

"C 
-3 
J 2 w 

1 
0 

10 11 
0 0 

0 

• 13.55 days 
• 70.83 days 

....... EC" 

10 20 30 40 50 60 70 80 90 10 11 

o 0 

Figure 4.5: (a) Instantaneous electrical conductivity EC r and (b) integrated electrical 

conductivity ECrw of the recovered water as a function of recovery percentage I at 

-
indicated residence time t • 
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The recovery efficiency IRE and CRE decreased with increasing residence time t of 

57.25 d (Figure 4.5) in 4th ASR cycle by 30.1 and 31.4 % respectively as compared to 3rd 

cycle (Table 4.2). It may be because of more operation time available for dispersive 

parameters. Pavelic et ai., (2002a) and Pyne, (1998) had also reported the decrease in 

recovery efficiency with increasing storage time in brackish aquifer depending upon aquifer 

characteristic and the buffer storage volume. 

4.1.5 Analytical experiment for dispersivity 

We define mixing fraction! (t) according to Pavelic et ai., (2002a) as: 

(4.8) 

f (t) = fraction of the injectant present in the recovered water at any time t, Crw (t) = 

integrated solute concentration in the recovered water at any recovery time, Cn = solute 

concentration in the native water, Cj = solute concentration in the injected water. 

where C is a conservative solute, Cj i- Cn, and further defining f* = f (tr*) 

Chloride, fluride, EC & deuterium are commonly used to determine f. However f* the 

minimum f for an acceptable quality of recovered water, is reached when any solute species 

in the recovered water exceeds its maximum permissible value for its beneficial use. The 

previous studies (Pyne; 1995 and Pavelic et ai., 2002a) have shown that two main processes 

significantly influence recovery 1) Dispersion 2) the regional movement of the injected 

water bubble. The radial extent of an idealized cylindrically shaped injected water bubble 

around the ASR well can be approximated from the volume of pore space occupied by the 

injectant: 
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=-v~ 

35 

(4.9) 

Where n e = effective porosity of the aquifer, b = thickness of the aquifer, r m = radius of the 

injected water bubble. 

The relative dispersivity (a rd), a factor of mixing of the injected water with the native water 

was described as ratio of the longitudinal dispersivity (a) to the radius of the injected water 

bubble r m (Pavelic et ai., 2002a) as: 

a 
a rd (4.10) 

fm 

Analytical solution for dispersivity 

Analytical model to predict f (t) as a function of I was used to estimate the dispersivity for 

each site. The one-dimensional radial solution of Gelhar and Collins, (1971: Eqn. 42) was 

applied to estimate a. The equation is given as: 

1 
f (t) = -erfc 

2 

a is the only fitting parameter. The root mean square error (RMSE) would be used to 

quantify the difference between observed and simulated f (t). 

(4.11 ) 
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Dispersivity parameters 

Longitudinal dispersivity a estimated as a fitting parameter in equation (4.11) at I 

===0.5 and relative dispersivity a rd as estimated from equation (4.9 & 4.1 0) are given in Table 

-
4.2 for different BSV and t . It showed a good matching of experimental with predicted f (t) 

points up to 1= 0.6 (Figure 4.6). 

1.2 (a) 
1.2 

(b) 

~ . 
0.8 • 0.8 

S 0.6 g 0.6 -.... 
0.4 • f(l) Ex pI 0.4 -

0.2 --f(I)=Simulaled 0.2 

0 0 

0 0.5 1.5 0 0.5 1.5 

I (V rlV i) I (V rlV i) 

1.2 
(c) 

1.2 

••••• 
0.8 l 0.8 

SO.6 
I 2: 0.6 
" .... .... 

0.4 0.4 

0.2 0.2 

0 _.------y- .. - 0 

0 0.5 1.5 0 0.5 1.5 

I (V rlV i) I (VrlVi) 

Figure 4.6: Fraction of injectant present in the recovered water f(t) versus recovery 

percentage I at (a) BSV-6000m3 & t -7.2d (b) BSV-I0000m3 
& t -6.5d (c) BSV-

14000m3 & t -13.5d (d) BSV-14000m3 & t -70d 

Nevertheless the RMSE values (0.11-0.12) for the whole range I up to 1 in each cycle as 

given in Table 4.2 was also satisfactory. Lower matching of experimental and predicted f (t) 

at I > 0.6, however, indicated that there was some deviation from the principle assumption 

of the model. The major limitations are that the regional hydraulic gradient and ts have been 

neglected and aquifer homogeneity is assumed. The data given in Table 3.1 also says that 
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the regional hydraulic gradient (0.0007 in the east direction away from the ASR well) was 

not negligible. Pavelic et aI., (2002a) observed that analytical model fits good in 6 and poor 

in 3 of total 9 sites in Australia and USA. The a & a rd for different BSV and t values 

(Table 4.2) were in the same order of magnitude as reported by (Pavelic et ai., 2002a). 

It may be seen in Figure 4.7 that the longitudinal dispersivity a decreased linearly with BSV. 
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Figure 4.7: Dispersivity (a) as a function of buffer storage volume BSV 

-
Relative dispersivity a rd also decreased with BSV and increased with residence time t 

(Table 4.2). It showed that a and a rd were the main factors to affect RE. The decrease in 

-
dispersivity parameters (a, a rd) with BSV and their increase with t may explain the above 

-
increasing and decreasing RE with BSV and t (Table 4.2). Pyne (1995, 2002) and Pavelic 

et ai., (2002a) also reported that dispersivity was the main process to affect RE. The study 

has the practical implication for economic development of aquifer storage and recovery 

operations where native water are of poor quality and the conjunctive use of ground water 

and canal water is prevalent for irrigation purposes. Canal, river and storm water is a vast 

and under-valued resource with potential to provide large volume of irrigation supplies if it 
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can be stored inter-seasonally in ASR in general and by improving the quality of ground 

water in particular. 

4.2 GEO-PHYSICOCHEMICAL INTERACTIONS 

4.2.1 Extent of mixing and physical and chemical reactions 

The integrated native water percentage in cumulative recovered water volume in time t, 

M (t), for any of the quality parameter, was defined in line with (Ragone and Vecchioli, 

1975; Pavelic et aI., 2002a) as: 

(4.12) 

Crw (t) is the integrated (weighted average) concentration of a given parameters as function 

of time t in the cumulative recovered volume of recovered water Yr. This concentration is 

indicative of the quality improvement in recovered water stored in the tank before use .C j , 

and Cn are concentrations of given parameters in injected and native water. 

The Crw (t) can be estimated as: 

tr 2 fer (t) qr (t) dt 

ti 2 (4.13) tr I 

f qr (t )dt 
til 

Where Cr is the instantaneous concentration of a given parameter as a function of time t in 

the instantaneous recovered water sample f:.. Vr. 

Chloride was taken as an indicator ion for quantifying the simple mixing process 

between native and injected water because chloride is supposed not to undergo any 
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precipitation, dissolution, adsorption and ion exchange in the soil water system. The 

integrated native water percentage in the cumulative recovered water (M) explained in 

previous section can also be used to quantify the physical and chemical processes. Let M for 

chloride at 100 % recovery is M*(Cr) and let the M value for any other quality parameter X 

at 100 % recovery is M*(X). Any water quality parameter that show the M*(X) value close 

to M*(Cr) value [in this study the critical limit assumed is with in ±1 0 % of M*(Cr) value] 

then the parameter is considered to have gone through the process of mixing only (no 

physical and chemical reaction). However, M*(X) value beyond the range M*(Cr) ± 0.1 * 

M*(Cr) means that some other interactions have taken place in addition to simple mixing. 

Depending on whether the M*(X) is more than 1.10 M*(Cr) or less than 0.9 M*(CI) and the 

concentration of particular parameter in native groundwater Cn (X) and injected water C j 

(X), different physical and chemical processes are identified according to Table 4.3. 

Total amount of salt / parameter (TA) present in the recovered volume of water (Vr) can be 

estimated as: 

tr2 

TA(t) = fCr(t)qr(t)dt = Vr x Crw (t) (4.14) 
trl 

Amount of salt / parameter due to mixing (MA) is estimated as: 

(4.15) 

Amount of salt / parameter produced/consumed CIA) due to geo-physical and chemical 

interaction is found from the difference of T A and MA. 



Result and Discussion 40 

Table 4.3: Possibility of different physicochemical processes between native 

groundwater and injected water (see text for the definition of different symbols). 

Mixing percentage 

4.2.2 Mixing behaviour: 

Parameter 

concentration 

Physicochemical process 

Simple mixing, no 

physicochemical reaction 

Production/release/dissolu 

tion 

Consumption/precipitation 

/dissipation 

Consumption/precipitation 

/settling 

Production/release/dissipat 

IOn 

Chloride was taken as an indicator ion for quantifying the mixing process between native 

and injected water. Integrated native water percentage of chloride M (Cr) at any recovery 

percentage I quantifies the simple mixing process as the fraction of native water mixed in 

the recovered water, as cr does not participate in geo-physicochemical interactions. Simple 

mixing as represented by chloride integrated native water percentage in the recovered water 

at 100 % recovery M*(Cr) decreased linearly with BSV (Figure 4.8) as: 

M*(Cr) = -0.0015 BSV + 23.984 r2 = 0.97 (4.16) 
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Figure 4.8: Mixing percentage M*(Cr) as a function of buffer storage volume 

It was because buffer zone restricts the direct mixing of injected water with the native 

water and this leads to successive decrease in the proportion of native water in the recovered 

-
water with increasing BSV. It increased from 4.93 to 8.75 with residence time t of 70.8 

days at BSV of 14000 m3 because more operation time available for dispersion and regional 

movement of injected water bubble. The M*(Cr) of 15.30 % at BSV of 6000 m
3 

means that 

15.30 % of native water is mixed with 84.7 % of injected water to reach at 100 % recovery. 

The integrated native water percentage in the recovered water at 100 % recovery (M*) 

for different parameter (Table 4.4) as compared to that of chloride showed that Calcium, 

Bicarbonate, Borate, Potassium and Temperature of the recharge water have been affected 

most by geo-chemical reactions between the native groundwater and injected water. 

Other parameters in the recovery water were mainly affected by simple mixing between 

native groundwater and injected water. 

The integrated native water percentage in the recovered water M was plotted as a 

function of recovery percentage I for all quality parameters for all ASR cycles of different 

BSVand t in figure 4.9. 
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Figure 4.9: Mixing M of quality parameters versus recovery percentage I at 

indicated buffer storage volume BSV and residence time t 
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It showed an increase in mixing M with recovery percentage I for all the quality 

parameters. It means that the water recovered was a mixture of injected water and native 

groundwater and the proportion of native groundwater increased with recovery percentage 

showing increasing mixing M as the recovered water is withdrawn radially away from the 

ASR well. Mixing curves of M versus I showed that M increased linearly with I from 0-

60 % for all parameters; M increased more sharply at I > 60 %. It was because the role of 

dispersion and regional movement of the injected water bubble may have increased more 

sharply with increasing I > 60 %. The dependence of M on these factors was also 

emphasized by Pavelic et at., (2002a). 

4.2.3 Physical and chemical interactions 

The natural groundwater chemistry is dominated by sodium and chloride (Figure 13). 

300 -
-+-Native 

250 -0- Injected 

200 - --.- Recovered 

::: 
0 150 -
E 
E 

100 -

50 

0 
0 EC Ca2+ Mg2+ Na+ I< cr sol HC03- 803-

Figure 4.10: Comparison of average major ion chemistry in native, injected and 

recovery water (BSV - 6000 m3
) in ASR cycle 

Native groundwater salinity is approximately 18176 mg L-1 (EC - 28.4 dS/m) and is 

therefore, unsuitable for irrigation use. Equilibrium with the limestone aquifer leads to 

significant concentrations of calcium and bicarbonate. 



Result and Discussion 45 

Calcite dissolution 

The integrated native water percentage value in the recovered water M* at recovery 

percentage I of 100 for Ca2+ and HC03- (Table 4.4) were much higher than that of simple 

-
mixing M* (Cn value at all BSV and residence time t . This means that if only simple 

mixing had occurred, the concentration of Ca2
+ and HC03- in recovered water would have 

been within ± 10 % ofM* (Cn. Therefore, it was a case where M* (Ca2
+ and HC03-) > 

1.10 M* (Cn and Cn (Ca2+ and HCOn > Cj (Ca2+ and HC03 -) allowing calcium bearing 

mineral calcite CaC03 to dissolve from the aquifer (Table 4.3). The low pH value of 

injected water (pH = 7.65) as compared to that of native groundwater water (pH = 8.45) 

may have caused dissolution of calcite (CaC03) present in the aquifer material (Table 3.3) 

to form Ca2
+ and HC03 - following equation (4.17) as: 

(4.17) 

It means that one mole of calcite mineral-weighing equals to 100 gm would produce one 

mole of Ca2+ and two moles HC03-. Similar results of calcite dissolution from the aquifer 

by injecting low pH water were reported by Malik et al., (2002b). On comparing HC03-

production (12166 mola) with Ca2+ production (5838 mole) from 2000 m
3 

of recovered 

water at BSV of 6000 m3 from Table 4.5, it was found that HC03- were overproduced by 

3.1 % of Ca2+ production. Such overproduction of HC03- as compared to Ca
2
+ was 22.0, 

26.9 and 12.5 % at BSV of 10000, 14000 m3 and 14000 m3 BSV with 70.8 days residence 

time. This overproduction < 30 % may be considered within acceptable limit under 

uncontrolled field conditions where contribution of some bicarbonate producing reactions 

such as dissolution from MgC03 present as impurities in the calcite mineral might have 

been got ignored as M*(Mg2+) was within ±10 % of M*(CI) (Table 4.4). Slight 

overproduction of HC03- as compared to Ca2
+ was also reported by Vanderzalm et al., 

(2002) and was attributed to high C02 production linked to organic matter oxidation. 
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calcite in equivalent amounts of Ca2+ and HC03' was verified quantitatively in all ASR 

-
cycle of different BSV and t . 

It may be further seen from Table 4.5 that calcite dissolution and interaction amount 

IA of Ca2+ and HC03- at 100 % recovery decreased with BSV because of the decreasing 

integrated native water percentage in the recovered water M* (Ca2+ and He03") with 

increasing BSV (Table 4.4). Nevertheless their production proportion to their integrated 

M* did not follow the decreasing pattern with BSV. For example: Production proportion 

for HCO)- i.e. [M*(HC03-) - M*(Ca2+)] / [M*(HC03-)] of 40.8,49.8 and 58.3 % at BSV of 

6000, 10000 and 14000 m3 did not follow the decreasing pattern with increasing BSV. 

It may be further seen from Table 4 .5 that calcite dissolution increased with residence 

time by 55 %. It may be because of more operation time available for reactions. 

Potassium release 

The integrated native water percentage in the recovered water M* at 100 % water 

recovery for K+ was also much higher than that ofM*(Cr) and concentration of potassium 

in native water was much higher than injected water (Table 4.4). It shows that potassium 

was released (Table 4 .3) from the aquifer clay minerals possibly due to freshening of 

brackish groundwater. It is likely that potassium was released from the potassium bearing 

clay minerals from its adsorbed/non-exchangeable state to the solution form due to 

increased hydraulic pressure during injection process. The dominant clay mineral of the 

region is illite (Goyal et ai., 1990). 

For potassium it may be seen from Table 4.5 that 473 mole (9 kg) of potassium at a 

BSV of 6000 m3 has been released in 2000 m3 of recovered water. Potassium release 

decreased with increasing BSV, as was a case for calcite dissolution. Potassium release 

-
increased from 98 to 421 mole with increased residence time t of 70.8 days. Malik et al., 

(2002b) also reported K release in ASR of such an area of semi-arid region. 
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-
Table 4.5: Effect of buffer storage volume BSV and residence time t on total amount 

TA, mixing amount MA and interaction amount IA of different constituent present in 

2000 m3 of recovered water in ASR cycles 

8SV = 6000 m3 & t = 7.2 d 
Parameter (mol) TA 

Calcium (mole) 9360 

Bicarbonate (mola) 13600 

Potassium (mole) 1220 

Borate (mola) 140 

Heat (KJ) 239146 

8SV = 10000 m3 & t = 6.0 d 
Calcium (mole) 

Bicarbonate (mola) 

Potassium (mole) 

Borate (mola) 

5780 

9300 

980 

140 

8SV = 14000 m3 & t = 13.5 d 
Calcium (mole) 4330 

Bicarbonate (mola) 7100 

Potassium (mole) 420 

Borate (mola) 46 

8SV = 14000 m3 & t = 70.8 d 
Calcium (mole) 6640 

Bicarbonate (mola) 10460 

Potassium (mole) 900 

Borate (mola) 100 

MA 

6983 

8699 

747 

100 

230138 

4069 

5122 

431 

55 

3064 

3888 

322 

39 

4508 

5660 

479 

62 

IA 

2377 

4901 

473 

40 

9008 

1711 

4178 

549 

85 

1266 

3212 

98 

7 

2132 

4800 

421 

38 



Result and Discussion 48 

Borate release 

The integrated native water percentage in the recovered water M* at recovery 

percentage I of 100 for B03 - was also much higher than that for chloride and concentration 

of B03- in native water was much high than in injected water. This means that if only 

simple mixing had occurred the concentration of B03 - in the recovered water would have 

been within ± 10 % ofM* (CI-). Therefore, it was a case where M* (B03-) > 1.10 M* (Cn 

and Cn (B03-) > Ci (B03-) allowing borate bearing mineral (Tourmaline) to dissolve from 

the aquifer (Table 4.3). The low injected water pH (7.65) as compared to that of native 

groundwater pH (8.45) may have caused the dissolution of tourmaline, generally present in 

the aquifer material in semi arid region to form borate (B03) following Equation (4.18). 

H3B03 -H2B03- + H+ (4.18) 

Nevertheless, sodium was not found produce (Table 4.5) because sodium might have 

been consumed in exchanging K during its release from the illite clay mineral. 

The interaction amount for borate at 100 % recovery decreased with BSV except at 

BSV of 10000 m3 where it showed a slight increase as compared to BSV of 6000 m3 

(Table 4.5). 

Heat transport 

Temperature of the native, injected and recovered water was monitored in 15t ASR 

cycle ofBSV 6000 m3 (Table 4.4). The integrated native water percentage in the recovered 

water at 100 % water recovery M* for temperature was also much higher than that of M* 

(CI} The temperature of the native water (30.5 DC) was more than that of injected water 

(27.5°C) (Table 4.4). It means that some additional heat was produced during mixing of 

injected with native water. It may be seen from Table 4.5 that 239146 KJ of heat was 

present in 2000 m3 of recovered water at 100 % recovery. Out of which 230138 KJ was 

due to simple mixing and 9008 KJ was produced from dissolution and precipitation 

reactions Viz. 
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1) Inter aquifer heat conduction with the layers below and above will take a relatively 

large effect especially if the aquifer is th in, 

2) heat of calcite dissolution and 

3) heat exchange between water and grains in the aquifer during injection and recovery 

cycles. 

4.2.4 Quantification of quality parameters for irrigation 

I) Electrical Conductivity 

Groundwater quality of the recovered water in terms of electrical conductivity EC was 

better than that of native water (Figure 4.10). Integrated mixing M increased with recovery 

percentage I (Figure 4.11) as the proportion of native groundwater in recovered water 

increased with recovery percentage 1. 

It implied that the first water has a much better quality than the water at the end of the 

season. This would be beneficial for the crops as the crops are more sensitive at the earlier 

stages of growth. 

Integrated recovery efficiency CRE is defined as the recovery percentage I at target 

time to meet the target integrated ECrw of the recovered water (2 dS/m). Recovery 

efficiency RE increased linearly from 77 to 108 % with increase in BSV from 6000 m3 to 

14000 m3 as: 

RE = 3.3275 BSV + 60.205 1'2= 0.98 (4.18) 
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Figure 4.11: Integrated mixing M of electrical conductivity ECrw versus recovery 

percentage I at indicated buffer storage volume 

50 

Increased RE with BSV was due to decreased mixing with increasing BSV. Recovery 

efficiency decreased from 108 to 74.2 % with increasing residence time t from 13 to 70 

days in 4th ASR cycle. It may be because of more operation time available for quality 

parameter to disperse. Pavelic et at., (2002a) and Pyne, (1998) had also reported the 

decrease in RE with increasing residence time in brackish aquifer depending upon aquifer 

characteristic and BSV. Seventy days of residence time is sufficient time to provide some 

supplementing irrigation to the crops from water stored economically and safely in aquifer. 

2) Energy / heat 

Temperature of the recovered water increased with recovery percentage because the 

proportion of native groundwater in the recovered water increased with I. Therefore, it 
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will have cold recovery early in the growing season and get warmer, as the recovery 

continues as mixing increases. This would be more beneficial for the crops as the crops 

are more sensitive to frost at the early stage of growth. Increased water temperature of the 

recovered water is a desirable feature during winter season and may be helpful in 

preventing frost damage to crops. In terms of energy gain, raising the temperature of 

recovered water by 1.55 °c as compared to injected water (Table 4.4) was 6.5 KIlL. 

3) Nutritional value 

Potassium of recovered water increased with recovery percentage because the 

proportion of native groundwater in the recovered water increased with I (Figure 4.9). It 

implied that first recovered water has lower potassium than water at the end of the season. 

This would be beneficial to crops as the nutritional requirement increases with stage of 

growth. The integrated concentration Crwas estimated from Equation 4.13 at target water 

quality was 0.40, 0.43 and 0.21 mmol C' at BSV of 6000, 10000, 14000 m3 and it 

increased from 0.21 to 0.31 mmol LO' with residence time tof70.8 days. This would add 9, 

10, and 5 kg potassium/irrigation of 0.06 In at BSV of 6000 10000, 14000 m3 and it 

-
increased from 5 to 7 kg with residence time t of 70.8 days. This would save 1.8, 2.0, 1.0 

$ / irrigation of 0.06 m at BSV of 6000, 10000, 14000 m3
. 

The study would, therefore, serve the interest of researchers, industrialist, managers, 

farmers and other water utilities services of semi-arid regions where presence of calcite, 

highly saline groundwater and its high potassium content; and wide temperature variation 

is a general feature. 
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4.3 MODELLING OF GROUNDWATER RECHARGE 

4.3.1 Calibration 

High regression coefficient R2 (0.96), low value of objectiv~ funct ion SSQ (1.12) and 

low mean RMSE 0.81 for piezometeric pressure head (Table 4.6) and 1.59 for observation 

well pressure head (Table 4.7) calibrated the model for 1st ASR cycle. 

Table 4.6: Calibration and validation statistical tests of draw up and draw down in 

pressure heads in piezometer during recharge and recovery 

n RMSE 
-

Cycle No. BSV t ME 

(m3
) (d) Recharge Recovery Recharge Recovery (%) 

Calibration 

1 6000 7.20 142 226 0.32 1.29 99.82 

Validation 

2 10000 6.05 79 127 0.45 1.21 99.84 

3 14000 13.55 161 209 0.67 0.89 99.91 

4 14000 70.83 77 128 0.26 0.90 99.90 

5 14000 118.35 70 120 0.32 1.00 99.88 

6 14000 113.20 72 120 0.29 1.29 99.80 

Mean 0.39 1.10 99.86 
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Table 4.7: Calibration and validation statistical tests of draw up and draw down in 

pressure heads in observation well 

n RMSE 
-

Cycle No. BSV t ME 

(m3
) (d) Recharge Recovery Recharge Recovery (%) 

Calibration 

1 6000 7.20 30 51 1.25 1.93 91.52 

Validation 

2 10000 6.05 45 64 1.16 1.56 94.58 

3 14000 13.55 75 105 0.83 0.91 97.81 

Mean 1.08 1.47 94.57 

Drawup increased with time and decreased with radial distance during recharge. 

Similarly drawdown also decreased with time and with radial distance during recovery 

(Figure 4.12). 
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Figure 4.12: Development of pressure isolines at increasing time of recharge and 

recovery in first ASR cycle as a function of time 
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~= 16 m 
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r. =1~ m 
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Figure 4.13: Development of velocity isolines at increasing time of recharge and 

recovery in 1 sf ASR cycle as a function of time 
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Velocity isolines at different times decrease with increasing radial distances (r) and 

increased with time during recharge and recovery (Figure 4.13). 

Velocity vectors intensity and directions were away from the cavity during recharge 

(Figure 4.14a) and towards the cavity during recovery (Figure 4.14b). 

z= 16m ~ (a) 

o 2 4 6 8 10m 

(b) 

'iJ--

Figure 4.14: Velocity vectors showing intensity and direction during (a) recharge and 

(b) recovery 

4.3.2 Validation 

There was good matching between experimental and simulated drawup & drawdown in 

piezometric pressure heads in 1st, 2nd and 3rd ASR cycles of increasing BSV of 6000, 

10000 and 14000 m3 (Figure 4.l5a) and in 4th
, 5th and 6th ASR cycles of increasing 

-
residence time t of 70.8, 118.4 and 113.2 days (Figure 4.l5b). 
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Figure 4.15: Simulated versus experimental drawup and drawdown of piezometric 

head at (a) 1st, 2
nd 

and 3rd ASR cycles of BSV = 6000, 10000 & 14000 m3 and (b) 4th, 

5
th 

and 6th ASR cycles of t = 70.8, 118.6 & 113.2 d 

The under prediction of piezometric pressure heads (Figure 4.16 a&b) observed during 

the initial 0.01042 d (15 min and 15 - 30 min) near the cavity centre during recovery might 

have been due to the facts: (1) that HYDRUS-2D model does not take into account the 

storage coefficient in the aquifer and / or (2) the entry points resistances of piezometers 

might have delayed their response to drawdown pressure heads under actual field 

conditions. However, simulated drawup pressure heads had a good matching at all the 

times (Figure 4.16 c&d) 
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F igure 4.16: Simulated (N2) versus experimental (C5) piezometric pressure heads of 

(a) Initial 0.0104 d (15 min) during drawdown, (b) 0.0104 - 0.02.8 d (15 - 30 min) 

during drawdown, (c) Initial 0.0104 d (5 min) during drawup and (d) 0.0104 - 0.02.8 

d (5 - 15 min) during drawup in first ASR cycle. 

The matching of experimental and simulated observation well pressure heads data 

points was 110t as satisfactory as that in piezometer during first 2 cycles ofBSV- 6000 and 

10000 m3 (Figure 4.17). The under prediction of observation well pressure head observed 

in 1st and 2nd ASR cycle was due to effect of seepage from canal and water courses flowing 

nearby experimental area. During the 3rd ASR cycle of BSV ]4000 m3 the matching of 

experimental and simulated data points was satisfactory as the experiment was conducted 

during the canal dry period. 
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Figure 4.17: Simulated versus experimental rise and fall in pressure head (m) in 

observation well at (a) BSV = 6000,10000 & 14000 m3 

High mean modelling efficiency ME (99.86% in piezometer & 94.57 % in observation 

well) and low RMSE (0.26 to 0.67 of piezometer & 0.83 to 1.25 m of observation well in 

drawup and 0.89 to1.29 of piezometer & 0.91 to1.93 m of observation well in drawdown) 

of predicted and experimental pressure head value for 2 to 6th ASR cycle validate Hydrus 

2D model for groundwater recharge in ASR well. The RMSE and ME did not vary with 

-
ASR cycle, BSV and t , further confirmed the validity of the model over long period of 

time. The higher RMSE values for observation well (Table 4.7) as compared to that of 

piezometer might have been due to seepage of water through canal and watercourses near 

the experimental area, which accounts for higher observed water pressure in observation 

well. Therefore, Hydrus 2D may safely be used for projecting and optimizing the 

-
operational factors as BSV and residence time t of the recharge water for the success of 

ASR technology. The model is quite fast and user friendly. So far, the model has been used 

for predicting water, salt and heat balance studies, moisture, salt, heat and pressure 
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distributions in soil profiles mostly in unconsolidated zone (Bristow et ai., 2002; Schmalz 

et ai., 2003; Manglik et ai., 2004). So far it's only few application to simulate groundwater 

recharge have been reported (Malik et ai., 2004). Most commonly used model for 2D and 

3D groundwater simulation are Modflow and Feflow. 

4.3.3 Radial Influencing zone 

Radial influencing zone riz is taken as that radial distance z up to which there is 5% of 

maximum drawup and drawdown during recharge and recovery of each cycle. It means 

-
that riz would vary with recharge, recovery, BSV and t of ASR cycle. It increased with 

BSV with a mean value of 122 during recharge. It may be due to buffer zone that restricts 

the direct mixing of the injected water with the native water. It is more for recharge than 

for recovery (Table 4.8) because of the more time available (Table 3.2) for spatial 

movement of the recharged water during recharge. Mean radial influencing zone of 122 m 

(Table 4.8) at experimental ASR site suggested that next tubewell should be installed 

atleast 122 m away from the existing ASR well. Differing riz values have been reported by 

Pyne (1995) in Florida, USA and Malik et ai., (2004) in Badyan, India. 
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Table 4.8: Radial influence zone riz (m) at different BSV and t for recharge and 

discharge in ASR well 

Cycle 
BSV t riz (m) 

number (m3
) (d) Recharge Recovery 

6000 7.20 111 57 

2 10000 6.05 127 46 

3 14000 13.55 129 25 

4 14000 70.83 16 16 

5· 14000 118.35 15 15 

6 14000 113.20 24 24 

4.3.4 Numerical versus anlytical solutions 

It may be seen from figure 4.18 that the Forchheimer model under predicted the 

piezometric drawup and drawdown at all radial distances. The difference of the mean was 

also significant (Table 4.9). The radial influencing zone were also not identical i.e. 111 and 

87 m from the Hydrus 2D model and Forchheimer model. 
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~ o.~ +--~:=::*==oj~Ir;=~ ....... ..,..... ..... .._--1 
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Figure 4.18: Drawdown and drawup in pressure head as a function of radial distance 

from cavity (m) as given numerically by Hydrus 2D model and analytically by 

Forchheimer 
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Table 4.9: Paired t- test for drawup and drawdown as given by Hydrus 2D and 

Forchheimer model (n=10) 

Standard Deviation 

Difference of mean 

(d) 

t cal 

Drawup 

0.42 

0.21 

2.33* 

* Significant at 5 % level 

4.3.5 Model projection 

Drawdown 

(mid) 

2.05 

0.40 

1.18 

61 

The model is used to project the effects of geo-hydrological parameters: aquifer 

anisotropy, length of sand patch on confining silty clay layer at r = 100 m and aquifer 

saturated hydraulic conductivity (Ks), in an ASR well. The optimum radial influence zone 

riz should not exceed 100 m so as to avoid interference of influencing zone with that of 

adjoining farmer's tubewell, as the average land holding in India is 2.2 acre. 

(i) Aquifer anisotropy 

Anisotropy had the largest impact on the riz (Figure 4.19 a, b & c). The riz decreased 

sharply with increase in anisotropy from 1 to 10 and decreased slowly with 10 to 15 

(Figure 4.19a). The targeted riz was reached at anisotropy of 1. 

(ii) Aquifer saturated length of sand patches in confining silty loam layer 

The riz decreased sharply with the increase in length of sand patch from 0 to 20 m and 

decreased slowly with increase in length of sand patch from 20 - 40 m in the confining 
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layer (Figure 4.19b). The targeted riz was reached up to 10m of sand patch in confining 

layer. 

(iii) Aquifer saturated hydraulic conductivity 

The riz decreased with increase in hydraulic conductivity of aquifer from 8.2 - 10.2 

mid and increased slowly from 10.2 - 11.2 mid (Figure 4.19c). The riz remained more than 

the targeted zone of 100 m at Ks of 9.2 mid. So it is always risky to install ASR well where 

the aquifer saturated hydraulic conductivities are more than 9.2 mid under the given other 

geo-hydrological parameters 
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Figure 4.19: Model projection of influencing zone as a function of (a) Aquifer 

Anisotropy (b) Length of sand patches in confining layer, L (c) Aquifer hydraulic 

conductivity, Ks 
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SUMMARY 

The aquifer storage recovery ASR site of highly brackish native water was selected at 

Soil Research Farm, Risar, Haryana, India (28°59' to 29°49' N latitude and 75°11' to 

76° 18' longitude at all elevation of 215 m above mean sea level) where an irrigation cavity 

type well was installed with the injection facility through a submersible pump by removing 

the check valve permanently whi le installing the pump under Indo-German collaborative 

project on "Artificial recharge of ground water through integrated sand filter - injection 

wel1 technique" between Chaudhary Charan Singh Haryana Agricultural University, Hisar-

125004, India and University of Hohenheim, Institute for Soil Science and Land 

Evaluation (Biogeophysics Section), 70593 Stuttgart, Germany. Soil samples :fi'om 

different layers taken during the installation of piezometers, were oven dried and ground 

gently with the pestle-mortar. The fraction remaining above a 2 mm sieve was identified as 

calcite concretions. The soil passed through the sieve was analyzed for different physico­

chemical pl'opelties. Soil analysis was done with the standard methods. Water samples of 

recovery water as a function of recovery time and that of injected and native water were 

analyzed for EC using potable conductivity meter, temperature, organic carbon OC, cations 

(Na+, KI-, Ca2+, Mi+, NH/ , Zn2~ and anions (Cot, HC03-, cr, SO/-, 803") by standard 

methods. Injection and recovery rates were measured with mechanical water meters. 

Canal water was gravity injected to create buffer storage volume BSV of 6000, 10000 

and 14000 m3 in 1, 2 and 3 ASR cycle employing pump column siphon system under 

shallow water table depth (0.54 - 2.08 m) during July-August 2002. Residence time of 
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70.8, 118.35 and 113.20 days were allowed at a BSV of 14000 m3 in 4th, 5th and 6th ASR 

cycles. In each cycle the volume injected to be recovered Vi was kept as 2000 m3
• 

Injection rates decreased from 23.23 to 13.29 m3 hoI while recovery rates remained 

constant in each cycle at average value of 60.21 m3 hoI. The instantaneous recovery 

efficiency IRE and integrated recovery efficiency CRE increased with BSV linearly as IRE 

= 54.708 + 3.8125 BSV and CRE = 46.233 + 2.465 BSV. The observed IRE and CRE at 

target EC* (2 dS mol) of recovered water was 80.2 % and 108 % at BSV of 14000 m3
. 

Recovery efficiency also increased with increasing target EC* of the recovered water 

linearly as IRE = 55.833 + 3 EC* and CRE = 62.33 +8.375 EC*. Recovery efficiency 

decreased with increasing storage time. Longitudinal dispersivity decreased with buffer 

storage volume. 

Chloride was taken as an indicator ion for quantifying the mixing process between 

native and injected water. Integrated native water percentage of chloride M (Cn at any 

recovery percentage I quantifies the simple mixing process as the fraction of native water 

mixed in the recovered water, as cr does not participate in geo-physicochemical 

interactions. Simple mixing decreased linearly with BSV [M*(CI-) = -0.0015 BSV + 

23.984; r2 = 0.97] and increased with residence time. The integrated native water 

percentage in the recovered water at 100 % recovery (M*) for different parameter as 

compared to that of chloride showed that Calcium, Bicarbonate, Borate, Potassium and 

Temperature of the recharge water have been affected most by geo-chemical reactions 

between the native groundwater and injected water. Other parameters in the recovery water 

were mainly affected by simple mixing between native groundwater and injected water. 

Calcite dissolution decreased with BSV and increased with residence time of 70.8 days. 

Groundwater quality of the recovered water was better than that of native water. Potassium 

concentration and temperature of the recovered water were more than that of injected water 
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at all BSV. Energy of 6.5 KJ was gained in one litre of the recovered water by raising the 

temperature of injected water from 27.5 to 29.05 °C. Potassium and borate released from 

Illite and Tourmaline mineral, respectively were 473 and 40 moles in 2000 m3 of recovered 

water at BSV 0[6000 m3
. 

A finite element flow model, HYDRUS-2D was used to simulate the drawup and 

drawdown in piezometric pressure heads during recharge and recovery in aquifer storage 

-
and recovery ASR cycles of varying buffer storage volume BSV and residence time t in a 

highly brackish semi-confined aquifer under shallow water table condition (2.54 m). The 

physical flow region involved a soil profile 500 m wide and 69 m deep with an exocentric 

elliptical cavity of 1 m horizontal radius and 1 m vertical radius at 54 m depth. No flux 

boundary condition was given at soi l surface, bottom and lateral sides of the flow region. 

Saturated hydraulic conductivity was estimated through inverse modelling technique using 

the experimental pressure heads h time pairs during the first ASR cycle from a piezometer 

(z = 54 m, riz = 10 m); and observation well (z = 12.4 m, riz = 10 m). 

High regression coefficient R2 (0.96), low value of objective function SSQ (1.12) and 

low mean RMSE 0.81 for piezometeric pressure head and 1.59 for observation well 

pressure bead calibrated the model for 1 st ASR cycle. High mean modelling efficiency ME 

(99.86% in piezometer & 94.57 % in observation well) and low RMSE of predicted and 

experimental pressure head value for 2 to 6th ASR cycle validated Hydrus 2D model for 

groundwater recharge in ASR well. Radial influencing zone increased with BSV with a 

mean value of 122 m during recharge. The model projected the decrease in radial 

influencing zone with decrease in - ve radial hydraulic gradient, increase in aquifer 

anisotropy and increasing length of sand patch in the confining layer. 
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CONCLUSION AND PERSPECTIVE 

Conclusion of the study under taken are presented as: 

• Injection rates were lower than recovery rates due to shallow groundwater level 

• The injection in ASR well was possible even under shallow water table condition (dwo 

< 1 m) 

• Integrated recovery efficiency was always greater than instantaneous recovery 

efficiency 

• Recovery efficiency increased with buffer storage volume linearly 

• Integrated recovery efficiency of 108 % was achieved at buffer storage volume of 

14000 m3 in residence time of 13.5 days 

• Recovery efficiency increased with increasing target EC* of the recovered water. 

• Recovery efficiency decreased with increasing storage time 

• An analytical model described the f(t) versus I value successfully up to 1=0.6. 

• Longitudinal dispersivity decreased with increasing buffer storage volume 

• The integrated native water percentage in the recovered water M increased with 

recovery percentage I for all the quality parameters for all ASR cycles 

• Simple mixing at 100 % recovery M*(Cr) was 15.30, 7.59 and 4.93 for BSV of 6000, 

10000, 14000 m3and it increased from 4.93 to 8.75% with residence time of70.8 days 
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• Dissolution of calcite in equivalent amounts of Ca2+ and HC03" was verified 

quantitatively in all ASR cycle and it decreased with BSV and it increased from 126.6 

to 213.2 with residence time of70.8 days 

• Release of Ca2+ and HC03- from dissolution of Calcite and of K+ from Illite and of 

borate from Tourmaline decreased with BSV and increased with residence time 

• Recovery efficiency at target integrated ECrw of 2 dS/m increased linearly from 77 to 

108 % with increase in BSV from 6000 to 14000 m3 and it decreased from 108 to 74.2 

-
% with residence time t of70 days 

• Energy gain in raising the temperature of recovered water was 6.5 lOlL. 

• One irrigation of 0.06 m would add 9, 10, and 5 and 7 kg potassium at BSV of 6000, 

10000, 14000 m3 and would save 2 $ I irrigation of 0.06m at BSV of 2000 m3 

• Hydrus-2D simulated the drawup and drawdown of pressure head quite well during the 

whole period of time of recharge and recovery in 6 ASR cycles 

• The radial influencing zone of the ASR well increased with increasing BSV from 6000 

to 14000 m3 with mean value of 122 m 

• The radial influencing zone decreased with decrease in -ve radial hydraulic gradient, 

increase in aquifer anisotropy and increase in length of sand patch in the confining 

layer 

• Hydrus 20 can be used for groundwater studies 

Perspective I Practical implication 

The study has the practical implication for economic development of aquifer storage 

and recovery operations where native water are of poor quality and the conjunctive use of 

ground water and canal water is prevalent for irrigation purposes. Canal, river and storm 

water is a vast and under-valued resource with potential to provide large volume of 
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irrigation supplies if it can be stored inter-seasonally in ASR in general and by improving 

the quality of ground water in particular. It not only improves the productivity and total 

food production but also helps in maintaining the water table at desire depth especially in 

the brackish groundwater zones. The study would, therefore, serve the interest of 

researchers, industrialist, managers, farmers and other water utilities services of semi-arid 

regions where presence of calcite, highly saline groundwater and its high potassium 

content; and wide temperature variation is a general feature. Modelling of water pressure 

heads of ASR technology would be helpful in quantifying the temporal and spatial draw up 

and drawdown in water levels, assessing the environmental impacts on long-term basis for 

the planners and researchers and also in projecting the radial influencing zone at varying 

hydraulic properties of the aquifer. 
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Appendix-I 

The practical detail of determing different water quality parameters are given as: 

Cations 

Sodium Na+ 

Instrument used - Flamephotometer. 

Dissolve 2.543 g sodium chloride NaCI (AR grade) in distilled water and make to 1 

L to prepare 1000 ppm stock solution of Na. Then prepare 60, 40, 30, 20, 10 and 5 ppm 

standard solution from the stock solution by dilution. A curve is drawn by plotting flame 

photometer readings against Na concentration. Than the reading of water samples were 

converted into their concentration using the standard curve. Instrument must be checked 

after 10115 samples with standards for accuracy. 

Potassium K+ 

Instrument used - Flamephotometer. 

Dissolve 1.903 gm of potassium chloride (AR grade) in distilled water per litre to 

prepare a stock solution of 1000 ppm K. Than prepared 25, 15, 10, 5 and 2 ppm standard 

solution from stock solution by dilution. Standard curve is prepared by plotting flame 

photometer readings against concentration of K. Then the readings of water samples were 

converted into their concentration using the standard curve. Instrument must be checked 

after 10115 samples with standards for accuracy. 

Calcium + Magnesium (Ca+2 +Mg+2) 

Method used: Versenate method (EDTA) 

One ml of water sample was taken in china dish and diluted. One ml of ammonium 

chloride-hydroxide buffer solution was added to maintain the pH of the sample at 10. Two 

to three drops of Eriochrome black . T. indicator was added and titrated it with Nil 00 
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ethylene diamine tetra-acetic acid EDTA (Versenate solution). The end point was blue or 

bluish green color. 

Calcium Ca2+ 

Method used: Versenate (EDTA) method 

One ml of water sample was taken in china dish and add 5 ml of 16 % NaOH to 

maintain the pH of the aliquot at 12. Add 40 - 50 mg of Murexide indicator and titrate it 

with N/100 EDTA till the colour changes from orange red to reddish violet. 

Calcium is calculated as: 

Ca (meL-I) = Volume of EDTA used (ml) X N X 1000 
ml of aliquot used 

Anions 

Carbonate C03
2

-

Method used: Acidimetric titration 

Five ml water sample was taken in 100 ml conical flask. Phenolphthalein was used 

as an indicator appearance of pink color shows the presence of C03 2-. If present then titrate 

Bicarbonate HC03-

Method used: Acidimetric titration 

Five ml water sample was taken in 100 ml conical flask. Methyl red was used as an 

indicator, which gave orange color to the water samples in the presence ofHC03-. Titrate it 

with N/50 standard H2S04 until the orange color changes to rose red. Judgement of end 

point must be carefully done to achieve accuracy. 

O 
- ( L-I) Volume of H 2S04 used (ml) X N 1000 HC 3 me = ------=--____:!.--_:____:_----

ml of aliquot used 

Preparation of N/50 H2S04 - to calculate the volume VI of concentrated H2S04 (N 1 = 36) 

to make a volume one litre (V2) by the formula: 
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Where, N I = Normality of acid, VI = Volume required, N2 = Normality to be made and V 2 

= Vo lume to be made 

Chloride cr 

One to five ml of water sample was taken in 100 m] conical flask and dilute it 

accordingly. Five to six drops of potassium chromate K2Cr04 was added as indicator, 

which gives orange color to water samples in the presence of chloride. Standard silver 

nitrate AgN03 (N/50) was used for titration until the orange color change to brick red. 

CI- (meL-I) = Volume of AgN03 used(mJ) X N X 1000 
ml of aliquot used 

Sulfate 80/- (Calorimetric method) 

Prepare 1000 ppm of sulfate stock solution by dissolving 1.347 gm of (NH4)2S04 

CAR grade) in distilled water and make the volume to 1000 m!. Then prepare 2, 4, 6,8, la, 

20, 30 and 40 ppm standard solution of sol- from stock solution by dilution and read the 

absorbance on spectronic- 20 to make standard curve. To a water sample add a pinch of 

BaCh and I ml of 0.25 % gum acacia and make the volume to 25 ml and absorbance is 

noted immediately on Spectronic - 20. 

Boron H2B03- : Colorimetric (Ricbard, 1968) 

Prepare 100 ppm borate stock solution by dissolving 0.572 gm boric acid (AR 

grade) in distilled water to make 1000 ml volume of 100 ppm stock solution of boron. 

Then prepare 0.05, 0.] , 0.2,0.4, 0.8 and 1.0 ppm standard solution from the stock solution 

by dilution. The values of these standards were observed on spectronic-20 at wavelength 

420 nm and were plotted on a graph to make a standard curve. One or two ml of water 

sample was taken in 25 ml volumetric flask. Then add 4 ml of buffer solution (250 g 

ammonium acetate and 15 g EDTA and 125 ml of glacial acetic acid to make 500 ml 

solution with distilled water) and 4 ml of azomethine - H reagent (0.45 g azomethine - H 
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in 100 ml of 1 % L- ascorbic acid). The color is allowed to develop for 1 h and the volume 

is made up to mark. The absorbance is measured on Spectronic - 20 at 420 nm. 

Electrical Conductivity EC 

Instrument used - Digital electrical conductivity meter (ELI CO) and potable digital 

instrument (Eijelkelkemp). 

Dissolve 0.7456 g KCI (AR grade) in distill water to 1000 ml volume to make 0.02 

M KCl standard solution. This will give 1.413 dS m-I of electrical conductivity. Cell 

constant was calculated as: 

C 11 C 
Theoretical value 

e onstant=-----­
Observed value 

Temperature correction was automatically made for 25°C in the meter. 

pH 

Instrument used -Digitalll meter (ELI CO) and potable digital instrument (Eijelkelkemp). 

Principle: A glass surface in contact with hydrogen ions of the solution under test, acquires 

an electrical potential, which depends on the concentration of H+ ions. A measure of the 

electrical potential is, therefore, gives the W concentration or pH of the solution. 

Standard solution used were: Buffer solutions of pH 4, 7.2 and 9 were made from 

the standard buffer tablets available for the purpose by dissolving in 100 ml of distilled 

water. 

Organic carbon (Walkley and Black method, 1934) 

Ten ml of water sample was taken in 500 ml conical flask and add 10 ml potassium 

dichromate, 20 ml of concentrated H2S04, 200 ml distilled water and 0.5 g sodium 

fluoride. Add 1 ml of diphenylamine indicator and titrate it with N/2 ferrous ammonium 

sulfate. The end point was green. Similar readings were taken for blank. 

Calcium carbonate CaC03 (Pud's method) 
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Calcium carbonate CaC03 can be determined by titrating the suspension with 0.5 N 

H2S04 in presence of indicators. Place 109 of soil in beakers and add 100 ml of distill water. 

Add 0.2 - 0.5 g of calcium sulphate CaS04 to make the appearance of the color very distinct 

and bring it to boiling and then add 0.1 N of AICh.6l-hO solution. The content was shaked 

for few minutes. Then add 10 drops each of bromothymol blue and bromocresol green 

indicators. Green color shows the presence of CaC03 while golden yellow color is the 

indicative of its absence. 

Calcium sulfate CaS04 (precipitation with acetone) 

Add to 20 ml of aliquot 20 ml of acetone and mix. Allow it to stand for few 

minutes until precipitates flocculates. Centrifuge it for 3 min at 1000 rpm, decant off the 

supernatant liquid and drain it on filter paper for 5 min. Rinse of the tube with 10 ml of 

acetone and again centrifuge it for 3 min. Decant off the supernatant liquid and invert the 

tube and drain on filter paper. Add exactly 40ml of distill water to the tube and shake it till 

precipitates dissolves. Measure the EC of the solution and determine the concentration of 

gypsum CaS04 by reference to the following graph 

CaS04 concentration (me L-1
) 

1.0 

2.0 

5.0 

10.0 

20.0 

30.5 

0.121 

0.226 

0.500 

0.900 

1.584 

2.205 

Milliequivalent of CaS04 in aliquot = (me L-1 of CaS04 from conductivity meter reading) 

X (ml of water used to dissolve precipitates) /100 



:> 
w ..... N N N N M M ..... CI) <0 co en N 

0 0 0 0 0 0 0 N N M M 

:i:E 0 0 0 0 0 0 0 0 0 0 0 
~ 0 ~ 0 ~ 0 0 ~ 0 0 0 0 

~ c:) 0 c:) 0 c:) 0 0 c:) c:) c:) c:) 

"0 
Cl) 

II) II) II) II) II) II) II) II) II) II) 0 .... 
~ CI) 0> 0> 0> CI) 0> 0> 0> CI) CI) II) 

~ 0> 0> 0> 0> CI) 0> 0> 0> CI) CI) 0> :::l ~ 0> 0> CI) ~ CI) CI) CI) 0> ~ CI) CI) - E 0 c:) c:) 0 c:) 0 0 c:) 0 c:) c:) - <n -.... 
.... 0 0 0 0 0 0 0 CI) CI) 0> CI) C. 0 
)( ~ ~ ~ ~ ~ ~ ~ CI) 0> CI) CI) ..... c:) c:) c:) w ..... ..... ..... ..... 0 

! II) II) CO CI) 0 ..... M "<t II) CO CI) 
en CO CO CO CO CI) 0> CI) 0> CI) ~ CI) 

0 ,...: ,...: ,...: ,..._ ,...: ,...: ,...: ,...: ,..._ ,..._ ,...: 
:r:: 

I/) c. 
Q) 

U 
>. .. II) II) ..... ..... ..... II) <0 <0 0 ..... ..... 
(.) 

0 co co CO CI) CI) 0> 0> 0> 0> 0 ~ 0 
~ ,...: r--: ,..._ ,...: ,...: ,..._ ,..._ r--: cci co cci 
(/) 
<{ .... c: 
~ "<t "<t N M 0> ..... II) co ..... ..... 0> 

~ .... ,..._ ,..._ co co co M <0 M CI) N co 
<"! N N <"! N M M "<t "<t <0 <0 

-0 ! 0 c:) c:) 0 c:) c:) 0 c:) c:) c:) c:) 
,!; 0 - 0 

.~ L- W -2 E "C III t: s: en "<t "<t CI) II) II) ,..._ II) II) ..... co II) 
Q) ";' 

";' 

~ 
.. ,..._ ,..._ 

N co 0 ..... <0 co II) CI) co -0 E 0 U) N <"! N M "<t ~ II) <0 ,..._ 
Q) E c:) 0 

c:) c:) c:) c:) 0 c:) c:) c:) c:) 
L- en « Q) en "0 > "0 
0 "<t 

&I) 
(.) <.0 
Q) cO N 

<0 <0 L-
N ci II) ..... N M "<t <0 co N 

..... 
Q) ~ &I) 0 co <q ~ N co ~ I': 0> "<t ~ ..c: II II ~ c:) M ..,: N N ..... .... c: 0 ..... N <0 0> ..... N M .... 0 u 0 

g w w 
... 

0 0 0 0 0 0 0 0 0 0 -0 > 0 0 0 c: ::r co 0 0 0 0 0 0 0 0 0 0 
III - "<t 0 N N N N "<t "<t co co CI) 0> Q) <0 <0 <0 <0 N N "<t "<t co co :r: "C ..... ..... ..... ..... M M <0 <0 ...... ..... a. M 

<..) E ..... .., 
UJ 0 E ~ 0 0 0 0 0 0 >. 0 0 0 0 0 0 0 0 0 0 0 0 0 .... (.) <.0 ... d 0 0 0 0 0 'S: >. 0 co co "<t N N N 
U (.) II 0 > (') 

0 N "<t co co N 0> "<t 0> co ,..._ 
N ..... <0 N co "<t ,..._ 

N 0> II) "<t M 
::J et:: > II M "<t co CI) ..... ..... N "<t <0 "0 (/) en c: « III ;> 
0 
() 

ro - 0 0 0 0 0 0 0 0 0 0 0 
(.) ... -:c 0 0 0 0 0 0 0 0 0 0 0 
'C 0" N co co co co co co co co co 0 0 
ti :::! "<t "<t "<t "<t "<t "<t "<t "<t "<t M M 
Q) <0 co co co co co co co co <0 <0 

iIi 

= « Q) 
N l() 0 II) 0 0 0 0 0 0 0 

E :c- o 
Q) ..... ~ N l() I': ~ ~ 0 0 0 ~ 0 ::c i= - 0 c:) c:) 0 ..... ..... N M ..,: ,..._ ..... 
III 
I-



.... 
Q) 

:> ~ 
"'C IX) 0) N 0) IX) C') 0 0 IX) IX) Q) "<t "<t (0 N 0 0 0 T"'" 0 0) (5 U 0 0 0 T"'" N C') "<t LO I'- 0) Q) 0 0 ~ 0 0 ~ 0 0 0 0 e :~ 0 ci 0 ci ci 0 0 ci ci 0 I 

UJ 
(f) "'C 

C 
~ ro 
0:: Q) 0 0 LO 0 LO 0 0 LO LO 0 L: > "<t N N IX) LO 0) 0 LO "<t IX) 
Q) 

:;:::; 0) IX) LO 0 IX) "<t N IX) (0 N - ro 0) 0) ~ 0) IX) 
~ IX) I'- (0 LO ro C ci ci ci ci ci ci ci 3: '+-0 0 0 0 

"'C 
~ Q) .... '> Q) 

> n IX) IX) I'- (0 (0 LO "<t C') 0) LO 0 0) 0) 0) 0) 0) 
~ 0) 0) IX) IX) U :::J 

ci ci ci ci ci ci Q) "'C 0 0 0 0 .... c 
Q) 0 

:5 u 
"iii c u 

'E 
'C 0 T"'" T"'" N C') "<t LO LO IX) 0 U 0 0 ~ 0 0 ~ 0 0 0 T"'" ro Q) cO cO IX) IX) cO IX) IX) cO cO cO U ill Q) 

:~ 
Q) (3 
..c W -LO C') LO 0 LO T"'" C') LO LO IX) '+- ~ 0 0 ~ T"'" "! N N "! "! 0 

cO cO cO cO cO cO c c IX) IX) IX) IX) 
0 0 
U W 
ro Q)-
.... E '+-

"<t LO "<t N 0) LO LO LO C') LO :::J - a LO T"'" I'- IX) 0) 0) 0 T"'" 0 LO ~ I'- 0) ~ "! <'? cq 0 C') "'I: "'I: > ci .... Q) 0 N N C') "<t 
Qi OJ 
OJ ~ ro 0 - Ui LO 
C LO N LO LO N LO Q) .... 0) I'- I'- I'- 0) N (0 LO N 

(0 u & ~ 0) LO 0 .... 0) cq ~ cq 0 
cO 0) N -.:i Q) ci -.:i IX) a. :::J T"'" N T"'" .0 T"'" e:-

Q) > > 
0 U) 

0 "<t IX) N 0 0 0 "<t IX) N "<t (0 u III LO I'-: "<t C') C') C') ~ I'- 0 I'- "<t Q) 

-0 .... ci 0) I'- cri 0) 0) 0) N LO 0) cO cO Q) "<t "<t LO (0 (0 (0 (0 I'- I'- I'- IX) 0) .... 
s Q) 

> 
0 

Q) u 0 0 0 0 0 0 E Q) 0 0 0 0 .... 0 0 0 0 0 0 0 0 0 0 :;:::; Q) 
IX) IX) IX) IX) "<t "<t N N N N (0 0 0 IX) IX) IX) 

"<t "<t 10 .0 I'- I'- I'- I'- I'- "<t "<t "<t 0) 0) 0 T"'" T"'" LO (0 (0 (0 
T"'" "'C -Q) 

"'C .... 
Q) Q) 

> u 0 0 0 0 0 0 0 0 0 0 0 Q) 0 0 u 0 0 0 0 0 0 0 0 0 0 0 0 Q) :~ 0 IX) (0 "<t 0 0 0 IX) (0 "<t IX) N .... 
0 N LO IX) (0 (0 (0 0 LO 0 "<t 0) 

Q) Q) 
T"'" IX) LO N IX) IX) IX) LO T"'" IX) I'- (0 

E E IX) 0) T"'" C') C') C') C') "<t LO LO I'- 0) 
:::J T"'" T"'" T"'" T"'" T"'" :::J 

a a 
> > 

I >-0 0 0 0 0 0 0 0 
... 0 0 > 0 0 0 0 0 0 0 0 0 0 ....: (0 (0 (0 (0 (0 0 0 IX) IX) IX) IX) IX) Qi 0 I'- I'- I'- I'- I'- "<t "<t "<t "<t "<t - .... .... LO LO LO LO LO (0 (0 (0 (0 (0 ~ Q) 

e:- Q) .... 
Q) ro 
> :::J 0 0 0 0 0 T"'" 0 0 0 0 0 0 0 C' 0 0 ~ 0 0 LO ~ ~ 0 0 0 0 U III cv) cri cv) I 

cv) -.:i r....: ci ~ c 0) N C') T"'" N 
T"'" N N N LO LO LO LO LO (0 I ro ... Q) 

C' ~ 



:> LO LO LO "<t "<t "<t "<t ('I) ('I) ('I) ('I) ('I) ('I) W 0 0 0 0 0 0 0 0 0 0 0 0 0 en I I I I I I I I I I I I I N ill ill ill ill ill ill ill ill ill ill ill ill ill ~ - <0 t-- 0) LO t-- 0 0 LO t-- <0 LO t-- LO 0:: 0 0 LO ~ "<:I: C"! "<t C"! ~ C"! """: Lri Lri LO ..- ..- ('I) cci ..- M -.:i LO <0 

"C 
Q) 

00 00 LO LO LO LO LO LO LO 0 LO LO LO +' 
..!!! 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) t-- t-- "<t .... 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) ::s .... 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) E ci ci ci ci ci ci ci ci ci ci ci 0 0 

E i:i) 
.... 

+' 0) 0) 0) 0 0) 00 t-- "<t N 00 LO N 0 c.. 0 0) 0) 0) 0 0) 0) 0) 0) 0) 00 00 00 00 >< .... 0) 0) 0) ~ 0) 0) 0) 0) 0) 0) 0) ~ ~ W ci ci ci ..- ci ci ci ci ci ci ci 0 0 

~ 0 N ('I) ('I) "<t "<t <0 t-- t-- 00 0 N ('I) en 00 00 00 00 00 00 00 00 00 00 0) ~ ~ u r-..: r-..: r-..: r-..: r-..: r-..: r-..: r-..: r-..: r-..: t-- t-- t--

J: 
c.. 

... 0 N ('I) LO LO LO 0 0 LO ..- LO <0 0) 

U 00 00 00 00 00 00 00 0) 0) 00 0) 0) 0) 0) 

r-..: t-- r-..: r-..: r-..: r-..: r-..: r-..: r-..: r-..: r-..: t-- t--

~ 
N 0 LO N 00 ('I) t-- N 0) N N ('I) t--"; "; t-- 00 00 t-- C"! N LO ('I) t-- ..- 00 LO N E ,... 
N N N N ('I) ('I) "<:I: "<:I: C!:! C!:! "-: 00 E u ci ci ci ci 0 0 0 0 0 0 0 0 0 en en 

"C "C U "; It) 
~ CD w E 00 N 

N N N "<t LO <0 00 LO ('I) N c::i en ..- <0 0) 0) 

~ 
... t-- t-- t-- t-- 0 "<t "<t LO "<t t-- "<t 0) LO II II U CD N N C"! C"! ('I) 

ci ci LO <0 
ci 

00 """: t: ci ci 0 0 0 ci ci ci 0 ..-u 0-
w W 

LO 0 0) 00 t-- <0 "<t ..- 00 0) 0 0 ..-0 "-: ~ 0 t-- ..- LO ('I) ~ ('I) "-: ~ ~ 
~ 

0 0 ..- N N -.:i Lri 00 ..- 0) t-- <0 "<t It) ..- N ('I) "<t 0 !!... 0 
0 0 

N 0 0 
0 0 

Q) 0 0 0 0 <0 <0 CD N N "<t "<t N N N N U 0 0 ... ('I) LO "<t "<t "<t 0) 0) 00 00 LO LO LO LO >. .... 0 > 0) 0) 00 00 00 CD CD ('I) ('I) ..- ..- ..- ..-
C.) II 0 ~ "<t 

('I) ('I) ('I) ('I) t-- t-- LO LO CD CD CD <0 N a; ..- ..- ..- N N LO LO CD CD <0 CD 0:: > ..-en en II "C 

« III ':> 

0 CD N 00 0 N CD 0 N "<t CD 00 
t-- LO "<t 0) "<t 0) "<t ... ~ 0 LO 0) "<t 00 00 00 N <0 t-- 0) 0 N > M ('I) 0) t-- CD "<t ..- 0 <0 ..- t-- ('I) 0 CD 0) ('I) t-- ..- LO ('I) ..- CD N 00 LO N 00 ..- N "<t LO 00 ..- ..- N ('I) LO t-- 00 

- 0 0 "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t ~ 

0 0 00 00 00 00 00 00 00 00 00 00 00 ... :c e- N 00 00 ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) 

::::!. LO LO LO LO LO LO LO LO LO LO LO LO LO LO LO LO LO LO LO LO LO LO LO LO LO LO 

Q) 
N LO 0 LO 0 0 0 0 0 0 0 0 0 

E g 0 0 0 .... 0 N LO t-- ~ ~ 0 0 0 0 
j:: ci ci ci ci ..- ..- N M -.:i r-..: 0 ('I) CD ..- ..-



I.{) 0 I.{) 0 N N I.{) 
0 ..-- C'! C'! N C'! CO cO cO CO CO cO CO 

CO 'V CO 0"> CO CD ..--
N 0 (") ..-- CD 'V 0"> C! ~ ~ ~ 0 I.{) 

c:i ..-- N N 

0"> l"- I.{) I.{) CD ..-- (") 
CD CO CD 0 I.{) 'V CD "<I; "<I; ~ C'! N ": 0"> ..-- ..-- ..-- (") -i CD ~ 

N 0 CO CD 'V (") ..--
CD CO 0"> (") I.{) ": N c:i cO ~ I.{) C') ..--
I.{) CD CD I"- CO 0"> 0 ..--

N 0 0 0 0 0 0 I.{) N N N N N N ..-- CD CD CD CD CD CD CD (") (") (") (") (") (") 
CD CD CD CD CD CD CD ..--

0 0 0 0 0 0 0 0 N 'V CD CO 0 N 'V 0 CD N CO I.{) ..--
N CD 0"> (") CD 0 'V I.{) ..-- I"- 'V 0 I"- (") 
0 N (") I.{) I"- CO 0 ..-- ..-- ..-- N 

'V 0 0 0 0 0 0 CO 'V 'V 'V 'V 'V 'V (") I.{) I.{) I.{) I.{) I.{) I.{) 
I.{) 'V 'V 'V 'V 'V 'V I.{) I.{) I.{) I.{) I.{) I.{) I.{) 

0 0 0 0 0 0 0 0 0 0 C! C! 0 0 
0) N Lri CO ..-- -i ~ ..-- N N N (") (") (") 



>< 
w Ll') t- t- t- oo 00 0) 0 0 0 0 0 0 en N 

0 0 0 0 0 0 0 ..- N M "<t Ll') CD 
0 0 0 0 0 0 0 0 0 0 0 0 0 :i: ..... 0 0 0 0 0 0 0 0 0 0 0 0 0 

ct: c:) c:) 0 c:) c:) 0 c:) 0 c:) 0 c:) 0 c:) 

"C 
CI) - 0 0 0 0 0 0 0 0) 0) 0) 0) ...... CD ..!!! ..... 0 0 0 0 0 0 0 0) 0) 0) 0) 0) 0) 
::s ..... ~ ~ ~ ~ ~ ~ ~ 0) ~ 0) 0) 0) 0) 

E .,.... c:) 0 c:) 0 c:) c:) 

E Ci5 - - 0 0 0 0 0 00 t- Ll') M 00 Ll') M ..-
C. 0 0 0 0 0 0 0) 0) 0) 0) 00 00 00 00 >< ..... ~ ~ ~ ~ ~ 0) 0) 0) ~ 0) 0) 0) 0) 
W .,.... 0 c:) c:) 0 c:) c:) c:) c:) 

~ 0 0 M M M CD t- ..- M CD t- O) 0 
0) 00 00 00 00 00 00 00 0) 0) 0) 0) 0) 0 

0 r-..: r-..: r-..: r-..: r-..: r-..: r-..: r-..: r-..: r-..: r-..: r-..: oci 

::I: 
c. 

... 0 0 Ll') M Ll') ..- 0 0) 0) 0) N "<t Ll') 

0 co 00 00 00 00 00 0) 0) 0) 0) 0) 0 0 0 
r-..: r-..: t- r-..: r-..: r-..: r-..: r-..: t- r-..: oci 00 oci 

'7 ~ 
0) 0) M "<t CD .,.... "<t .,.... CD 0 0) CD N '7 E l"- N N "! M M "": "<t CD <.q t- OO 

E 0 c:) c:) c:) c:) 0 c:) c:) 0 c:) c:) 0 c:) c:) 
en en 

"C -"C 0 E 
"<t 

Il) 
W -CD en cO N 

~ N c::i ... 0) 0) t- t- O ..- Ll') M "<t 0) 00 0) 0 
II 0 CD N "! M "": "": Ll') <.q t- OO 0) """: II c:) c:) c:) c:) c:) c:) c:) c: 0 0 0 0 0 .,.... 
0 0-w w 

- Ll') 0 0 0) 00 CD Ll') N 
0) t- Ll') M .,.... 

~ Il) 0 "-: "": 0 "-: Ll') M ~ "! "<t CD 00 
0 N ..t oci 0) r-..: Lri cvj 
0 0 0 .,.... N Ll') .,.... N M "<t 0 

M 0 0 
0 0 

~ 0 0 
0 "<t 0 ... 0 0 CD CD N N "<t "<t 0 0 0 0 
>. ..... 0 > N N N N 

0 d: 0 Ll') Il) "<t "<t 0) 0) 00 00 CD CD CD CD 0 II 
N Qi "<t M 0) 0) 00 00 CD CD M M M M M M ct: > 0) M M M M t- t- Ll') Ll') 

CD CD CD CD en en II "C .,.... .,.... N N Ll') Ll') .,.... ..- .,.... 
« OJ '> 

0 0 CD N "<t CD 0 "<t "<t "<t "<t "<t 
t- CD "<t CD 00 0 N ... d: 0 Ll') 0 "<t 0) 00 0) M t- M 0) CD N > M M 0) 0) t- Ll') N 0 CD ..- Ll') 00 N CD 0) M t- ..- Ll') M ..- CD N 00 "<t .,.... t-.,.... N "<t Ll') 00 ..- N M Ll') t- OO 

0 0 0 "<t "<t "<t "<t "<t "<t 0 0 0 0 ... J:: 0 0 0 00 00 00 00 00 00 "<t "<t "<t "<t 
0- N 00 00 00 M M M M M M Ll') Ll') Ll') Ll') 

...J Ll') Ll') Ll') Ll') Ll') Ll') Ll') Ll') Ll') "<t "<t "<t "<t - Ll') Ll') Ll') Ll') Ll') Ll') Ll') Ll') Ll') Ll') Ll') Ll') Ll') 

CI) N Ll') 0 Ll') 0 0 0 0 0 0 0 0 0 

E ;S 0 0 0 ..... 0 N Ll') t- ~ ~ 0 0 0 0 cD i= 0 c:) c:) c:) .,.... N cvj ..t r-..: 0 M .,.... .,.... .,.... 



>< 
0 
t-
O 
q 
0 

CD eo 
~ 
0 

co 
t-
0> 
6 

..... 
q 
eo 

I() 

q 
eo 

0> 
co 
o 

I() 

N 

0> 
~ 
..--
I() 

0 
N 
CD 
('0 
CD 

"<t 
"<t 
eo 
0> 
('0 

0 

0 
v 
I() 
v 
I() 

0 
0 
cri ..-

0 
t-
0 
0 
6 

N 
CD 
0> 
0 

CD 
t-
0> 
0 

N 
0 
co 

co 
o 
cO 

CD 
0> 
o 

0> 
C":! 

t-

6 
CD 

0 
N 
CD 
('0 

CD 

"<t 
CD 
"<t 
('0 
0 
N 

0 
V 
I() 
V 
I() 

0 
0 
N 
N 

0 
I() ..... 
0 
0 

t-..-
0> 
0 

('0 
t-
0> 
6 

('0 
0 
co 

co 
~ 

I() 
('0 

cO 
CD 

0 
N 
CD 
('0 

CD 

"<t 
co 
0 
t-
CD 
('0 

0 
"<t 
I() 
"<t 
I() 

0 
0 
I() 
N 

0 
N 
('0 

0 
6 

('0 

"<t co 
6 

0 
t-
0> 
0 

I() 
0 
cO 

co ..-
cO 

CD 
I'-: 

V 
I() 

CD 
t-

0 
N 
CD 
('0 
CD 

V 
0 
t-o 
('0 
I() 

0 
"<t 
I() 
"<t 
I() 

0 
0 
cO 
N 

0 
0 
CD 
0 
6 

co 
('0 
t-
6 

I() 

CD 
0> 
6 

CD 
0 
cO 

co 

cO 

CD 
N 

0 
I'-: 
N 

N 
t-
.¢ 
co 

0 
N 
CD 
('0 
CD ..-

"<t 
N 
('0 
V 
0> 
CD ..-

0 
"<t 
I() 

"<t 
I() 

0 
q 
..... 
('0 

..... 
t-
0> 
0 
0 

t-..... 
CD 
6 

co 
I() 
0> 
6 

t-
0 
cO 

o 
N 
co 

0 
I() 

cri 

0 
O> 
N 
0> 

0 
N 
CD 
('0 

CD ..-

"<t 
V 
0> 
t-
I() 
co ..-

0 
"<t 
I() 

"<t 
I() 

0 
0 
.¢ 
('0 

0 
t-
('0 
..-
6 

t-..-
I() 

6 

co 
"<t 
~ 
0 

O> 
0 
cO 

0 
t-
"<t 

co q 
..-
0 

0 
N 
CD 
('0 

CD 

"<t 
CD 
I() 
..-
N 
0 
N 

0 
V 
I() 

"<t 
I() 

0 
0 
t-
('0 



en 
"C 
"<t 
cO 
N 
II 

c 
() 
W 

"C 
o 
l"-
II 

.l!l 
~ 

o 
o 
o 
o 
o 
o 
"<t .... 
II 

> en 
!Xl 

en 
"C 
II) 
1.0 
N 
d 
II 

cS 
W 

o 
o 
o 
o 
o 
o 
N 
II 

'> 

::t: 
c.. 

() 
W 

.... 
> 
(I) 

"C 

.... 
> 

.... 
C" 

(I) 

E 
i= 

-~ 

::J -

::J -
~:.c 

....I -

.... 
() 

.... 
() 

o .... 

1.0 

N 

.... 

o 
o 
o 
e) 

o 
o 
o 

"<t 
CO 
0> 
0> 
e) 

N 
CO 
I"-

I{) 
..-
("') 

e) 

I{) 
o 
e) 

o 
("') 
0> 

o 
("') 
0> 

o 
o 
CO 
I{) 
I{) 

N o 
e) 

"<t o 
o 
o 

o 
o 
o 
..-

(0 
0> 
I"-
0> 
e) 

o 
CO 
CO 
e) 

o 
I{) 
0> 
("') 
..-

o 
I{) 
0> 
("') 
..-

o 
o 
CO 
I{) 
I{) 

I{) 
N 
e) 

I"­
o 
o 
e) 

o 
o 
o 

("') 
I"-
0> 
o 

o ..-
~ ..-

o 
I{) 
0> 
("') 

o 
o 
0> 
l"­
N 

o 
o 
CO 
I{) 
I{) 

o 
I{) 

o 

0> 
o 
o 
e) 

o 
o 
o 

(0 
0> 
I"-

..-
o 
~ 

o 
(0 
o 

"<t 
CO 
("') 
I{) 
I{) 

I{) 
l"­
e) 

o ..-
o 
o 

o 
o 
o 

I"­
("') 
I"-
0> 
o 

N o 
o::i 

o .,.... 
o 

o 
"<t 
o 

("') 
CO 
N 

(0 
"<t 
CO 
("') 

N 
0> 
I{) 
I{) 
I{) 

"<t 
CO 
("') 
I{) 
I{) 

o 
o 

N ..-
o 
o 

o 
o 
o 

o 
o 
CO 

I{) 
o 
CO 

("') .,.... 
o 

o 
N 
o 

"<t 
00 
("') 
I{) 
I{) 

o 
I{) 

("') .,.... 
o 
e) 

o 
o 
o 

N o 
o::i 

0> 
o 
o::i 

N .,.... 
o 

o .,.... 
~ 

o 
(0 

Lri 

(0 
I"-
0> 
o .,.... .,.... 

"<t 
CO 
("') 
I{) 
I{) 

"<t ..-
o 
o 

0> 
0> 
0> 
e) 

I"­
o 
00 

I{) 

o::i 

.,.... 

..-
o 

o ..-
o 

(0 
("') 

00 

v 
CO 
("') 
I{) 
I{) 

o 
(0 
("') 
(0 
(0 

v 
CO 
("') 
I{) 
I{) 

o 
o 
("') 

I{) 
..-
o 
e) 

0> 
0> 
0> 
e) 

0> 
o 
o::i 

(0 ..-
o::i 

..­..­
o 

o ..-
~ 

v 
00 
("') 
I{) 
I{) 

v 
CO 
("') 
I{) 
I{) 

o 
o 
-.i 

(0 ..­
o 
e) 

0> 
0> 
0> 
o 

co ..-
I"-
~ 
o 

(0 

~ 
00 

I{) 

~ 
CO 

I{) 
(0 

~ .,.... 

..­
("') 

a) 
..-

o 
N 
(0 
("') 
(0 .,.... 

v 
(0 
("') 
I{) 
CO 
("') 

o 
v 
I{) 
v 
I{) 

o 
o 
r--.: 

I"-.,.... 
o 
o 

co 
0> 
~ 
o 

I{) 

C'! 
CO 

I{) 
o 
~ ..-

o 
o 
C'! ..-

o 
I{) 

r--.: 
N 

o 
N 
(0 
("') 
(0 .,.... 

o 
v 
I{) 
v 
I{) 

o 
~ 
o 

co ..-
~ 
o 

N 
CO 
(0 
0> 
o 

o 
N 
o::i 

(0 
(0 

~ ..-

o 
N 
(0 
("') 
(0 

v 
o 
(0 
N ..-
I"-

o v 
I{) 
v 
I{) 

o 
~ 
("') 
..-

0> .,.... 
o 
o 

co 
N 
o::i 

co 
I{) 

C'! ..-

o 
(0 

~ ..-

V 
N 
N 
(0 
I"­
CO 

o 
v 
I{) 
v 
I{) 

o 
o 
(0 .,.... 



= x 
0> 0 CO 0 '<t C") ..- ()() N ..- N N 0 C") '<t CO ()() N 
0 0 0 0 0 0 0 0 ..-
ci ci ci ci ci ci 0 ci ci 

..- N l() 0 C") ()() 0> ()() C") 
CD N CD 0 '<t ..- N N N 
0> 0> ()() 0 ()() ()() I"- CD l() 

ci ci ci ci ci ci ci ci ci 

0> I'- ()() 0 I'- I'- N C") '<t 
0> N N 0 0> CD ()() ()() I'-
l() l() '<t 0 C") C") N ..- 0 
0> 0> 0> 0 0> 0> 0> 0> 0> 
ci ci ci 0 ci ci 0 ci ci 

N '<t '<t 0 l() l() CO ()() 0> 
N N C"! a N N N N N 
a::i a::i ()() ci a::i a::i a::i a::i a::i 

l() ..- ..- N l() l() ()() 
'<t ..-

N C") C") C") C") C") C") '<t 
a::i a::i ()() a::i a::i a::i ()() a::i a::i 

0 ..- 0> a ()() ..- 0 0> l() 
0 0 I'- 0 CD l() 0> CO I'-
"<:t: ~ ~ a ~ a N l!:! ()() 

..- ..- ci ..- N N N N 

a 0 0 0 0 0 0 0 0 
CO ()() C") CO 0> N l() CD CO ..- ~ ~ I'-: ..- N '<t C") N 
N N C") N ...t ...t ...t l() cO 

'<t N 0 0 a C") l() '<t N 0 
0 C"! '<t '<t "<:t: '""-: ()() q N '<t 
N 0 a::i a::i ()() ..- C") N ci a::i 
l() CD CO CD CD I'- I'- ()() 0> 0> 

0 0 0 0 0 0 0 0 0 
N N N N '<t '<t N N N 
CO CD CD 0 CD l() l() CO CD CD 
C") C") C") C") 

'<t '<t 
C") C") C") 

CO CO CD CO l() l() CD CO CD ..- ..- ..- ..- ..-

'<t '<t '<t '<t '<t '<t '<t '<t '<t '<t 
'<t CD ()() ()() ()() N CO ()() 0 N 
()() '<t 0 a 0 CO ..- I'- '<t 0 
0> C") I'- I'- I'- ..- CO 0> C") I'-
C") 0 CO CO CO N I'- C") 0 CD 
0 N C") C") C") '<t '<t CO ()() 0> ..- ..- ..- ..- ..- ..- ..-

0 0 0 0 0 0 0 a 0 
'<t '<t '<t '<t '<t '<t '<t '<t '<t 
l() l() l() a l() l() l() l() l() l() 
'<t '<t '<t '<t '<t '<t '<t '<t '<t 
l() l() l() l() l() l() l() l() l() 

a a a l() 0 a a a 0 a 
a 0 a l() a 0 0 0 0 a 

'<t 

'" cO r-.: cO oi N '" I a C") 

N N 
l() l() l() l() CO CO CD 
N '<t '<t '<t '<t '<t '<t 



"0 
N 
...: 
II 

I ...... 
06 

ME 
o 
o 
o 
CD 

II 

> en m 

o z 

o 
III 

M o 
(.) 
:I: 

'+' 
ctI 
(.) 

... 
(.) 

... 
(.) 

... 
(.) 

... 
(.) 

... 
(.) 

... 
(.) 

-(ifi:. ...... 

M .... 

N .... 
.... ..... 

o .... 

.,.... 
o 
ci 

'r 
o 
o 

N 
('I) 

c:i 

N 
('I) 

c:i 

co 
ci 

co 
c:i 

co 
ci 

co 
c:i 

I{) 

ci 

I{) 

c:i 

I{) 
o 
ci 

co 
o 
c:i , 

I{) .,.... 
c:i 

..... 
o 
c:i 

.,.... 
o 
c:i 

N 
('I) 

c:i 

N 
(V) 

ci 

co 
c:i 

co 
c:i 

co 
c:i 

I{) 

c:i 

I{) 

c:i 

.,.... 
CO 
ci 

o 
c:i 

I 

o 
~ 
o 

N 
('I) 

c:i 

N 
(V) 

o 

0) 

c:i 

co 
c:i 

co 
ci 

I{) 

o 

I{) 

c:i 

o 

o 
I 

('I) 

I{) 
I 

I{) 

ci 

ill 

c:i 

..-
o 
c:i 

o 
o 
c:i 

N 
(V) 

o 

N 
(V) 

o 

0) 

ci 

co 
c:i 

0) 

c:i 

I{) 

o 

I{) 

c:i 

co 
o 
o 

I 

N 
ci 

('I) 
(V) 

c:i 

(j) 

ci 

I{) 

o 

co 
o 
c:i 

I 

N 
N 
c:i 

...... 
o 
c:i 

.,... 
o 
c:i 

N 
(V) 

ci 

o 
~ 
o 

N 
c:i 

ill 
c:i 

('-. 
o 
c:i , 

N 
N 
c:i 

.-
o 
c:i 

(V) 
('f) 

o 

ill 
(V) 

c:i 

N 
ci 

ill o 
o , 

I{) 

cD 
I 

o 
N 
ci 

N 
"! 
o 

.,.... 
o 
ci 

..-
o 
o 

I{) 
('I) 

c:i 

0) 
(V) 

c:i 

"! 
N 

"! 
o 

"! 
o 

co 
c:i 

ill o 
o , 

o 
(V) , 

N 
"! 
o 

..-
o 
o 

(j) 
I{) 

ci 

I{) 

N 

N 
ci 

N 
c:i 

I{) 
o 
c:i 

I 

..-
N 
c:i 

N 
N 
c:i 

.,... 
o 
c:i 

N o 
ci 

ill 
I{) 

c:i 

N 
c:i 

('I) 

c:i 

I{) 
o 
c:i , 

..... 
"! 
o 

N 
N 
ci 

N o 
c:i 

"! 
o 

('f) 

c:i 

o 
N 

ill 
o 
c:i 

I 

(j) 

o 

N 
"! 
o 

('I) 

"! 
o 

('f) 
o 
c:i 

I{) 
o 
ci 

(V) 

I{) 

I{) 

N 

o 
I{) 

o 

"'" 



.... 
N 

o 
N 

00 .... 

CD .... 

M .... 

N .... 
.... .... 
o .... 

00 

CD 

.... 

I'­
o 
o 

I 

C'f) 

..t 
I 

C'f) 
o 
e:) 

CD 
o 
e:) 

I'­
e:) 

00 
..t 

C'f) 

o 

..­..-

0) 
'<;f" 

00 
o 
e:) 

I 

C'f) 

..t 
I 

'<;f" 
o 
o 

0) 

o 
o 

to 
e:) 

to 
to 

C'f) 

o 

ll) 

o 

C'f) 

ll) 

N 
N 

I'­
o 
o 

I 

ll) 
I 

o 
0) 

I 

o 
C'f) 

e:) 

ll) 
o 
o 

0) 

o 
o 

0) 

e:) 

e:) 

N 
N 
N 

C'f) 

o 

ll) 

e:) 

0) 

Lri 

N 
"": 
CD 
CD 

C'f) 
o 
o 

I 

0) 

o ..­
I 

o 
"": 
o 

ll) 
o 
e:) 

to 
o 
o 

C'f) 

N 

C":! 
..­..-

CD 
e:) 

o 
C'f) 

0) 

CD 

..-
o 
e:) 

I 

0) 

o 
C'f) 

I 

0) 

cO 
I 

ll) 
N 
o 

N 
ll) 

o 

ll) 
o 
e:) 

ll) 
o 
e:) 

CD 
0) 
I'-

0) 

(") 

o 
to 

CD 
e:) 

..­
o 
o 

I 

ll) 

ll) 
C'f) 

I 

0) 

o 
I 

CD 
~ 
o 

o 
ll) 

o 

ll) 
o 
e:) 

0) 

o 
o 

o 
ll) 

to 
cO 

'<;f" 
e:) 

""": 
..­
..-

0) 

o 
ll) 

..-
o 
o 

I 

C'f) 

to 
C'f) 

I 

I'­
N 
e:) 

ll) 
ll) 

e:) 

ll) 
o 
e:) 

0) 

o 
e:) 

o 
Lri 

C'f) 

o 
N 

N 
0) 
to 

to 
CD 

I'"; 
CD 
N 

to 
N 

CD 
N 
ll) 

N 
o 
0) 

I'-

..-
o 
o 

I 

N 
~ 

I 

o 
C'f) 

o 

ll) 
ll) 

o 

CD o 
e:) 

e:) 

('I') 

ll) 

to 
e:) 
C'f) 

~ 
CD ..-

CD 
Lri 
o 
Lri ..-
0) 

0) 

o 
CD 
N 

ll) 

e:) 

ll) 

cO ..-

..-
o 
o 

I 

""": 
..-
CD 

I 

I'"; 
CD 

I 

('I') 
('I') 

e:) 

o 
CD 
e:) 

I'­
o 
e:) 

I'-..-
e:) 

('I') 

N 

ll) 

to 

0) 

e:) 
'<;f" 

~ 
('I') 
('I') 
..-
to 
CD 

o 
cO ..-

CD 
e:) 

CD 
'<;f" 

cO 
0) 

ll) 
o 
o 
o 

N 
('I') 

e:) 

to 
o 

to 
o 

CD 
o 
e:) 

ll) 

e:) 

o 
o 
('I') 

o 

0) 
..-
~ 

..-
CD 
N 

o 
..t 
N 

o 
to 
to 

o 
0) 
C'f) 

..-
N 

0) 
ll) 
..-

I: 
(.) 

Q) 

E 
:;:; 
Q) 
OJ 
~ 
a 
1i) 

ai 
E 
::J 
(5 
> 
Q) 
OJ 
~ 
a 

1i) 

& 
::J 
..c 

> 
C/) 
CD 

:>. 
ID 
> 
U 
Q) 
c.. 
(/) 

~ 

j 
~ 

:;:; 
III 
c: 
"0 
c: 
III 

j 
"0 

~ 
Q) 

:~ 
c: 

2 
iii 
(/) 

'0 
c: 
a 

~ _. 
c: 
~ 
c: 
a 
(.) 

a 

~ 
c: a 

:;:; 
c.. 
L-

a 
(/) 
"0 
III 

E 
::J 
'0 
a 
(/) 

cr. 
~ 
c:­
a 

:;:; 

~ c 
Q) 
(.) 
c: a 
(.) 

E 
::J 
"0 
a 
(/) 

iii 
::J 
"0 
·iii 
~ 

(.) 
C/) 
0::: 

c: 
III 
Q) 

E 
L-g 
Q) 

~ 
UJ 

"0 
~ 
Q) 
> 
8 
~ 
Q) 
..c 
.8 
"0 
Q) 

1:5 
Q) 

·c 
Q) 

E 
::J 

~ 



'C 
an 
o 
«:i 

I~ 
~ 

ME 
o 
o 
o 
o ..... 
II 

> 
tJ) 
III 

ME 
o 
o 
o 
N 
II 

"> 

ex: « 
tJ) 

M 

o 
z 

rS 
III 

N.,. 
o 
tJ) 

rS o 
J: 

N 
+ 
Cl 
:!: 

N 
+ 

"' o 

+ 

"' Z 

-~ 

... 
o 

... 
o 

... 
o 

... 
o 

... 
o 

... 
o 

... 
o 

... 
o 

N 
N 

..... 
N 

o 
N 

en ..... 

CIO ..... 

.... ..... 

an ..... 

C') ..... 

N ..... 

..... ..... 

o ..... 

en 

CIO 

N 

..... 

00 
'it 
ci 

o 
00 
o 

I 

LO ..-
ci 

LO ..-
ci 

..­
o 
ci 

...... 
o 
ci 

C\I 
C') 

ci 

C\I 
C') 

o 

00 
ci 

00 
o 

ci 

ci 

LO 
ci 

LO 
ci 

LO 
o 
ci 

CD 
ci 

I 

o 
00 
o 

I 

00 
00 
c--; 

I 

LO ..-
ci 

LO 

ci 

..-
o 
ci 

...... 
o 
ci 

C\I 
C') 

ci 

C\I 
C') 

o 

00 
ci 

00 
o 

ci 

ci 

LO 
ci 

en 
~ 
o 

CD 
ci 

I 

o 
00 
o 

I 

CD 
C') 

LO 
I 

LO 

ci 

LO ..-
ci 

..-
o 
o 

..-
o 
o 

CD 
C') 

ci 

00 
ci 

00 
ci 

..-
ci 

..-
ci 

LO 
ci 

LO 
ci 

00 
C') 

C') 
00 
~ 
o 

I 

o 
o 
..­

I 

LO 

ci 

LO ..-
ci 

..-
o 
ci 

..-
o 
ci 

CD 
C') 

ci 

00 
o 

en 
o 

ci 

ci 

LO 
ci 

00 
o 
C\I 

00 
00 
CD 
o 

I 

o 
00 
ci 

I 

..-
en 
r-...: 

I 

LO 

ci 

LO 

ci 

..-
o 
ci 

o 
o 
o 

CD 
C') 

ci 

en 
ci 

en 
ci 

..-
ci 

..-
ci 

LO 
LO 
o 

I 

o 
"! ..­

I 

C') 
00 
C') 

C\I 

LO 

ci 

LO ...... 
ci 

...... 
o 
o 

C\I 
o 
o 

CD 
C') 

ci 

en 
ci 

..-
ci 

ci 

I'-­
ci 

en 
o 

C') 
...... 
LO 
ci 

I 

o 
LO 
..­

I 

'it 
00 
00 
ai 
LO 

ci 

LO ..-
ci 

..-
o 
ci 

o 
o 
ci 

CD 
C') 

ci 

en 
C') 

o 

..-
ci 

..-
ci 

00 
ci 

CD en 
LO 
o 

I 

o 
I'-; 
...... 

I 

C\I 
00 
00 
cD 
I'--

ci 

C\I 
C\I 
ci 

..-
o 
ci 

...... 
o 
ci 

00 
C') 

ci 

o 
C\I 

ci 

..-
C') 

00 

en 
'it 
LO 
o 

I 

o 
C') 

C\I 
I 

C') 
I'-­
C') 

C\I 

en 

ci 

'it 
C\I 
o 

..-
o 
ci 

...... 
o 
o 

..-
LO 
ci 

ci 

00 
o 

en 
en 
I'-; 
o 

I 

o 
~ 
C\I 

I 

C\I 
00 en 
C\I 

LO 
LO 
o 

C\I 
ci 

00 
~ 
en ...... 

I'-­
I'-­
CD 
o 

I 

C\I 
C\I 
ci 

'it 
C\I 
ci 

..-
o 
o 

C\I 
o 
ci 

00 
~ 
o 

en 
'it 
ci 

o 
Lri 

C\I 
o 

C') 

o 

C') 

C\I 

en 
CD 
r-...: 
C\I 

C') 
CD 
CD 
o 

I 

'it 
C\I 
o 

..-
C') 

ci 

C\I 
o 
ci 

LO 
o 
ci 

00 
'it 
ci 

C\I 
cD 

LO 
C\I 

C') 

o 

o 
o 
cD 
C') 



~ 
('I) co LO IX) IX) '<"" 

N LO IX) (j) ('.. IX) '<"" a co 
N 

('.. 
'? 

IX) (j) C"'! (j) ('.. a 
a a a '<"" c::i a I 

I I I I I I 

a a a a a a a a 
..... N (j) a ('.. IX) 

IX) IX) ('I) 

N -.i -.i ui ui ui a r...: LO 
I I I I I '<"" '<"" N 

I I I 

('I) IX) LO '<"" '<"" ('.. LO N 
0 a '¢ '<"" IX) ('.. (j) co 
N a N cv) ui N N N 

'<"" I 0) I ui I I 

co IX) a N '¢ LO ('.. IX) 

en N C"'! "? "? ('I) ('I) ('I) ('I) 

..... c::i a a a a a a a 

('I) a '<"" LO a ...... LO '<"" 

IX) 
('I) ""': '¢ '¢ LO LO LO LO 

..... c::i a c::i c::i c::i a a a 

('.. 
('I) ('I) '¢ LO LO co co ('.. 
a a a a a a a a ..... c::i a a a a a a a 

CD 
LO co IX) (j) N a 
a a a a ..... c::i c::i c::i a c::i c::i c::i c::i 

It) LO LO '<"" IX) N ('.. It) 
""': LO co co IX) (j) """-: ..... c::i c::i c::i c::i c::i c::i '<"" 

'<t 
'<"" IX) '<"" (j) ('I) ('.. LO N 
cq ('.. ~ """-: a ('I) (j) N ..... -.i a a '<"" N N N 

M (j) ('.. cq I'-; a IX) cq (j) 

..... -.i ui co ('.. a N co a ..... '<"" ...... N 

N LO ""': cq C"'! IX) ""': ""': 
..... r...: c::i N LO (j) IX) co (j) 

'<"" '<"" '<"" N ('I) LO co 

..... a C"'! LO a '¢ a co 

..... N N N N cv) cv) -.i -.i 

0 '¢ cq cq a a LO a ~ ..... N N N ui r...: r...: c::i N 

en 
IX) ('I) ""': cq N ('I) 

N cv) ('I) ('I) ('I) -.i ui <ri 

IX) LO LO IX) '¢ LO N ('.. 

co 
('I) -.i -.i -.i ui 0) -.i c::i ...... N 

""'" 
C"'! ""': LO a LO a IX) IX) 

N N N cv) ('I) '¢ '¢ LO 

IX) a a ""': IX) cq cq 
CD 

N cv) cv) r...: ('.. IX) 
('I) co ...... 

It) 
N ('I) ('I) ('I) ('I) '¢ '¢ LO 
c::i a a c::i c::i c::i c::i c::i 

'¢ 
('I) "? ""': '¢ LO ~ """-: """-: 
a a a c::i c::i ..... ..... 

N (j) LO co LO (j) LO N 
M 

('I) ('I) -.i ui r...: 0) N LO ...... 

a a LO ""': I'-; '<"" cq 
N ui ex:) ex:) ('I) ('I) N 0) LO 

N ('I) ('I) '¢ 

'<"" '<"" a IX) co '¢ N a 
('I) co IX) (j) '<"" ('I) LO I'-; ..... -.i N a IX) r...: ui cv) ...... 

a '¢ LO co co ('.. IX) (j) 
'<"" 



"C 
It) 

M .... M 

E 
o 
o 
o 
N 
II 

-> 

0::: 
<C en 

o 
z 

o 
III 

o 

"'..,. 
o en 

.., 
o 
u 
:c 

'" + 
Cl 
~ 

+ 
III 
Z 

-::: 
(1) 

g 

.. 
U 

.. 
U 

.. 
U 

.. 
U 

.. 
U 

.. 
U 

.. 
U 

.. 
U 

.. 
U 

.... 
N 

o 
N 

en .... 

co .... 

M .... 

N .... 
.... .... 
o .... 

en 

co 

.... 

co 
"": 
o 

"! ..­
I 

1.0 

c) 

1.0 ..-
c) 

..-
a 
a 

..-
a 
a 

co 
v 
c) 

CD 
co 

a 
N 
c) 

a 
"! 
a 

a 
a 
c) 

a 
a 
c) 

a 
(") 

c) 

a 
(") 

c) 

00 
a 

00 
a 

..-
c) 

..-
c) 

1.0 
c) 

1.0 
c) 

1.0 
N 
c) 

00 
"": 
a 

v 
"! 
0> 

I 

a 
N 
a 

a 
N 
a 

..-
a 
a 

N a 
a 

CD 
(") 

a 

00 
c) 

00 
c) 

..-
c) 

1.0 
c) 

1.0 
a 

a 
1.0 
c) 

00 
"": 
a 

..-
1.0 
cD 

I 

a 
N 
a 

a 
"! 
a 

..-
a 
c) 

a 
a 
a 

CD 
(") 

c) 

00 
c) 

0> 
c) 

..-
c) 

1.0 
c) 

1.0 
a 

1.0 
I"­
c) 

a 
N 
c) 

N 
N 
c) 

..-
a 
c) 

a 
a 
c) 

1.0 
(") 

a 

a 
"": 
a 

0> 
c) 

..-
c) 

1.0 
c) 

1.0 
a 

a 
a 

N 
~ 
CD 

I 

a 
"! 
a 

a 
"! 
a 

(") 
a 
a 

00 
(") 

a 

a 
N 

..-
c) 

I'-: 
a 

I"-
1.0 
a 

a 
N 

I 

00 
m 

I 

..-
N 
a 

N 
"! 
a 

..-
a 
c) 

a 
a 
a 

0> 
(") 

c) 

CD 
N 

CD 
c) 

00 
a 

a 
a 
N 

I"-
00 
c) 

N 
I 

CD a 
00 

I 

a 
N 
c) 

a 
N 
c) 

..-
a 
c) 

..-
a 
c) 

CD 
V 
c) 

N 
CD 
a 

a 
(") 

a 
N 

..-
c) 

..-
c) 

00 
a 

a 
a 
cv) 

..­
a 
m 

I 

a 
"! 
a 

a 
"! 
a 

..-
a 
c) 

..­
a 
c) 

a 
1.0 
c) 

N 
CD 
a 

a 
a 
..t 

..-
"! 
a 

(") 

"! 
a 

N 
a 
a 

1.0 
1.0 
a 

a 
N 

a 
cv) 

I 

00 
N 

..t 

a 
(") 

c) 

..-
a 
a 

N 
a 
c) 

0> 
1.0 
c) 

I"­
CD 
c) 

a 
N 

I"­
m 

m 
a 
c) 

..-
c) 

N 
N 

a 
a 
c) 
..-

V 
1.0 
N 

00 
00 
I'-: 
0> 

1.0 
N 
a 

a 
(") 

c) 

N a 
a 

N 
a 
c) 

(") 
CD 
c) 

00 
I"-
a 

00 
cD 

a 
N 

CD 
N 

..-
c) 

..-
c) 

a 
a 
(") 
..-



>< 0 C1> r-- '<"" r-- I.() r-- r--
>< N I.() r-- 0 I.() ..;t 00 r-- ~ 

N 
(") (") ..;t ..;t &.ri <ri cO '<"" 

.... ..;t ~ ~ I'-; N C1> CD ~ 
N -.i I.() I.() I.() cD &.ri ,...: '<"" , , , , , , , '<"" , 

(") ..;t '<"" 00 
~ 

CD 00 
0 (") r--

-.i 
(") CD ~ 00 

N cri 
(") N (") I.() CD 
C1> 

, -.i , '<"" N , , 

en 00 0 '<"" '<"" '<"" (") I.() CD 
~ (") (") (") (") (") (") (") .... 
0 0 0 0 0 0 0 0 

CO 
0 0 I.() 0 I.() 0 N N 
~ ~ (") (") (") I.() I.() I.() .... 
0 0 0 0 0 0 0 0 

..... N N N N N N N N 
0 0 0 0 0 0 0 0 .... 
0 0 0 0 0 0 0 0 

CD 
'<"" N ..;t (") N ..;t (") (") 
0 0 0 0 0 0 0 0 ..... 0 0 0 0 0 0 0 0 

.." 
0 CD ....... N N (") r--
r-- r-- 00 C1> ~ ~ ~ ~ ..... 0 0 0 0 ....... ..- ..- ..-

'o:t 
0 r-- (") ..- ex:> ..- C1> I.() 

~ ~ ~ I'-; ~ ~ ..;t C1> ..... N N '<"" '<"" '<"" '<"" '<"" 

M N 0 00 CD ..;t ex:> ~ '<"" 

..... &.ri cD cD ,...: cO C1> ..- -.i ..- ..-

N (") ex:> ~ ..;t N ex:> N 0 
..... ex:> C1> N C') &.ri N 0 N 

'<"" '<"" '<"" N (") ..;t 

..... ~ ~ 0 ....... N r-- ~ I.() ..... N N N N N (") (") 

0 ~ ~ ~ ~ 'o:t 0 0 0 ..... N N N N C') ,...: cO cO 

en I'-; 0 ~ I.() I'-; C1> '<"" I.() 

N (") (") C') (") (") -.i -.i 

CO 
C1> ..... r-- (") ..- (") 00 r--
cr) -.i -.i &.ri cD &.ri cD cO 

..... ..;t I.() ~ ~ I'-; ~ r-- N 
N N N N N (") C') -.i 

r-- r-- C1> 0 I.() CD ex:> CD 
CD 

N N N (") cr) ,...: ex:> 0 
'<"" 

.." 
'<"" '<"" '<"" '<"" '<"" ..... ~ ~ 0 0 0 0 0 0 0 0 

'o:t 
....... ..- ....... N N (") I.() r--
0 0 0 0 0 0 0 0 

~ 0 I.() '<"" ex:> 0 I.() CD 
M 

(") 

""" 
-.i &.ri I.() r-- cO 0 ..-

""" 
(") C1> N 0 ..;t I.() 0 

N cD ,...: ,...: cri N ,...: -.i &.ri ..... ..... N (") 

0 0 0 0 0 0 0 0 
0 0 0 0 0 ~ 0 0 ..... <ri cri N &.ri cO -.i ,...: '<"" 
'<"" ..... N N N (") (") (") 



M 

E 
o 
o 
o 
'<t .... 
II 

> en 
II] 

0::: « en 

(.) 
en 
0::: 

o z 

o 
II] 

N..,. 
o en 

M o 
(.) 
J: 

'" + 
Cl 

::2!: 

'" + 
n:I 

(.) 

+ 
n:I 
Z 

... 
(.) 

... 
(.) 

... 
(.) 

-::::: 
Q) 

.§. 
... 
(.) 

... 
(.) 

... 
(.) 

... 
(.) 

... 
(.) 

... 
(.) 

-~ 

N 
N 

.... 
N 

o 
N 

en .... 

CIO .... 

'<t .... 

C'? .... 

N .... 
.... .... 
o .... 

CIO 

.... 

00 
00 
C\I 

~ ..­
I 

10 

ci 

10 ..-
ci 

('I) 

g 
ci 
('I) 
o 
o 
o 
C\I 
('I) 

o 

C\I 
('I) 

ci 

o 
o 

o 
00 
ci 

00 
o 

o 
"": ..-

'<t o 
ci 
'<t o 
ci 

00 
('I) 

00 
('I) 

10 
o 
ci 

<.0 
('I) 

('I) 

C\I 
C\I 
ci 

('I) 
o 
o 
ci 
('I) 
o 
o 
o 
00 cq 
o 

00 
<.0 
ci 

o 
cq 

o 
00 
..-

o 
<.0 
..-

00 
o 
ci 
00 
o 
ci 

o 
r--
ci 

o 
('I) 

('I) 

'V 
N 

I 

10 
C\I 
ci 

('I) 
o 
o 
ci 
('I) 
o 
o 
o 

00 
I'-: 
o 

00 
00 
ci 

o 
00 

o 
C\I 

10 ..-
N 

o 
0') 

..-

('I) 
..-
ci 
00 ..-
ci 

o 
Lri 

..-
N 

I 

o 
Lri 

I 

('I) 

"! 
o 

('I) 

C\I 
ci 

'V o 
o 
ci 
10 
o 
o 
o 

00 
I'-: 
o 

o 
C\I 

o 
o 
C\I 

'V ..-
ci 
<.0 ..-
ci 

o 
Lri 

0') 
o 
N 

C\I 
('I) 

I 

('I) 

"! 
o 

('I) 

C\I 
ci 

10 
o 
o 
ci 
00 
o 
o 
o 
00 
I'-: 
o 

o 
0') 

..-
o 
C\I 

10 

N 

o 
o 
C\I 

'V 

o 
<.0 

ci 

o 
Lri 

00 
r--
N 

('I) 

C") 
I 

C\I 
o ..-

('I) 

"! 
o 

('I) 
C\I 
ci 

r-­
o 
o 
ci 
C\I ..-
o 
o 
00 
r--
o 

o 
00 
ci 

r--
00 

10 

ci 
10 ..-
ci 

~ 
10 

o 
C") 

I 

('I) 
C\I 
o 

('I) 
C\I 
ci 

0') 
o 
o 
ci 
('I) 
..-
o 
o 

r--
I'-: 
o 

r--
00 

o 
('I) 

o 

N 

10 

ci 
<.0 

ci 

o 
Lri 

C\I 
C") 

I 

10 
0') 

('I) 
C\I 
ci 

C\I 
"! 
o 

o ..-
o 
ci 
('I) 
..-
o 
ci 
<.0 
I'-: 
o 

10 
00 

10 ..-
o 
<.0 ..-
ci 

o 
Lri 

C\I 
('I) 

cx::i 

('I) 

('I) 
I 

10 
00 

('I) 
C\I 
ci 

C\I 
"! 
o 

..-
o 
o 
'V ..­
o 
ci 
0') 
r-­
ci 

0') 
00 
o 

10 ..-
ci 
<.0 ..-
ci 
('I) 

Lri 

0') 
o 

r-­
o 

<.0 
"! 
o 

o 
('I) 

o 

C\I ..-
o 
o 
'V ..-
o 
ci 
<.0 
00 
ci 

'V 
0') 

o 

o 
('I) 

o 
('I) 

C\I 

<.0 ..-
ci 
r--..-
ci 

00 
Lri 

..-
1 

10 
00 
C\I 
o 

10 
('I) 

o 

..-
o 
o 
r-­o 
o 
ci 
00 
00 
ci 

'V 
0') 

o 

o 
cx::i 

o 
C\I 

'V 
0') 

N 

00 ..-
ci 
C\I 
C\I 
ci 

cq 
00 

..-
C") 

I 

('I) 
I 

('I) 

ci 

10 
('I) 

o 

0') 
o 
o 
o 
C\I o 
o 
ci 

0') 

ci 

r--
0') 

o 

"! ..-

0') 
..-
ci 
'V 
C\I 
ci 

C\I 
ci ..-



N 
N 

..... 
N 

o 
N 

en ..... 

co ..... 

..... ..... 

to ..... 

II) ..... 

M ..... 

.... .... 
o .... 

co 

N 

.... 

0> 
(") , 

0> 
N 

..-
(") 

o 

l{) 
(") 

c:) 

o ..-
o 
o 
(0 
..-
o 
o 
0> 
0> 
o 

o 
'¢ 

o 
0) 

l{) 

~ 
N 

..-
<"l 
o 
..... 
N 
c:) 

00 
ex) 

(") 

(0 , 

N 
(") 

c:) 

(0 
(") 

c:) 

0> o 
o 
o 
l{) 
o 
o 
o 

..-
c:) 
..-

N 
(0 
..-
..-
o 
(") 

o 
cO 

(") 

N 
o 
l{) 

~ 
o 
0> 
o .... 

0> 
0> .... 
l{) 

co 
o 
..­..-

(0 

ex) , 

o 
'¢ 
c:) 

(") 
..-
o 
c:) 

..... 
(") 

o 
c:) 

(") 
N 

o 
cO 

(0 
N 
c:) 

N 
~ 
o 
l{) 

c<:i ..-

l{) 

~ 
o 

00 
~ 
o 

.... 
N o 
c:) 

o 
00 
o 
c:) 

l{) 
(") 

N 
ex) 

0> 
N 
c:) 

'¢ 
l{) 

o 
(") 

...t ..-

l{) 

~ 
o 

": 
o ..-, 

l{) 
(") 

o 

00 
'¢ 
c:) 

N 
o 
o 

o ..-
c:) 

l{) 

0> 

N 
N 
...t 

00 

o 
(") 

o 
o 
(0 

c:) 

0> 
'¢ 

0> 
c:) 
(") 

00 
o 

(") 

o .... , 

00 
0) 

o 
l{) 

c:) 

(") 

o 
c:) 

..­..-
c:) 

..-
(") 

o 
l{) 
(0 

c:) 

(0 

l{) .... 

<"l ..­..-, 

l{) 

0> 

00 
(") 

o 

l{) 
l{) 

c:) 

(") 
o 
c:) 

00 
o 
c:) 

(") 
l{) 

o 
0) 

l{) 
0> 
...t 
.... 
c:) .... 

0> 
0> 
..-
00 

l{) 

cO ..­, 

co 
o 

o 
~ 
o 

o 
(0 

c:) 

'¢ 
o 
c:) 

.... ..-
c:) 

o 
'¢ 
c:) 

0> 
00 
o 
<"l 
0> .... 

..... .... 
c:) 
0> 

00 
,...: .... , 

o 
<q 
o 

l{) 
o 
c:) 

00 
00 

0> 
0> 
(") 

o 
(") 

cO 

l{) 

(") 

l{) 

~ 
o 
o 
o 

0> 
c:) 
'¢ 

l{) 

~ 
00 
0> 



x c >< 0 
I() C1) 3: VI "'C 
..... 

iX: ... 
C1) ... 0 
III 0 

3: 0 'O:t 
Q) 3: ..... 
> iii "'C 
~ C 

III 
:::J (J c 
E ..c 0 

M 
a 

E ... C1) 3: a 
.~ VI "'C 

..... c:i :::J iX: (J .,_ C1) 

a Cl ... 0 
C III on a a ..c 0 N ~ 
U (J 3: ..... 

C1) "'C c 0:: :::J .,_ 
co c 

0 a (/) C1) 3: ..... a co VI "'C 
..... a a iX: ::: 

"'C 

.!!!. on 
N 

E 
(j) 

Q3 0 0 
~ ::: 3: ..... ..c - "r" "'C C 00 a N ~ ...... c 

~ ..... 0 a 
C1) 3: en a Q) 

I~ VI c:i (/) 

iX: 
"'C 

_Q 
cIS a 

c (/) M 
Q) E on 

"'C U 0 "r" 

C >- 0 3: 00 ...... 
co (J 0 "'C c:i 

C 0 0.. to ::: Q) 
II "'C .... 

~ .... ~ > c 
0 a Q) 

"'C en C1) 3: ...... a ID III VI "'C a 
.~ E c iX: a 8 -;-'0 N 
!: .!!! a U 0 
(1) 0.. a >- 0 (j) 
Q. N U to ~ c 1f 3: Q. ... 
<t: Q) Q) I!! "'C 

(J (/) 

~ .c u:: 
§_ - C 

:::J C1) Q. a a LO LO LO ...... "r" LO a N N N a co ...... LO (/) 
Cl C1) 3: I() a "! N "! "! N (") ~ 'V 'V ~ ~ 'V (") (") (") "'C 

+-' ... VI c:i c:i c:i c:i c:i c:i c:i c:i c:i C III iX: 
"'C a a a a a a a c Q) ..c :::J E a (J .... ·c C1) 

Cl Q) 0:: 
E 0.. Q. a a LO LO LO (") (j) LO a co co co a N (") LO X 3: 'O:t ~ ~ ~ ~ ~ ~ "! "! "! ~ ~ ~ "! "! "! "! a Q) .... .,_ "'C "r" "r" "r" "r" "r" "r" "r" "r" 

.,_ 
Q) 0 

:0 t 
2 co 

Ul .... 
1 

a a (j) (j) co co co ...... ...... to to to LO LO 'V 'V Q) Q) "> M a 'V ...... ~ ~ ~ (") "': LO (j) (") ...... LO (j) m £; c:i a a "r" "r" N N C") C") C") -.i -.i Lri Lri LO ::: E .,_ a a .... 
.c 

.,_ -a. Q) ..c a to to to to to to to to to to to to to to to 
E - N a "" ...... "': "" "" "" "': "" "" "" "" "" "" "" "" Q) C' M 

C") C") C") C") C") C") C") C") C") C") ~ §. (") (") (") (") (") 0 a N N N N N N N N N N N N N N N 

~ 
<C C1) a N (") LO "" co a N (") LO "" co a N (") LO E -~ ..c ..... a a a ~ a a "r" "r" "! N N "! _Q j:: - c:i c:i c:i a c:i a c:i c:i c:i c:i c:i c:i a c:i c:i a III 
I-



I() ..... 

v ..... 

C'? ..... 

('II ..... 

..... ..... 

0 ..... 

00 

I() 

v 

C'? 

('II 

..... 

I!) 

C'? 
0 

I!) 

C"! 

V 
«) 

(!) 

(!) 
I'-
«) 

N 

I'-
C"! 
0 

«) v v v 
C'? «) «) «) 

0 ci ci ci 

I'- (!) (!) (!) 

C"! C"! C"! C"! 

«) «) N N 
I'- I!) 0> 
(!) r-.: r-.: r-.: 

(!) (!) (!) (!) 
I'- ~ I'- I'-
«) «) c0 «) 
N N N N 

00 0 N «) 
N «) «) «) 

ci ci 0 ci 

V N N «) «) «) 
«) «) «) «) C'? C'? ci ci ci ci 0 0 

(!) 00 00 I'- I'- I'-
C"! C"! C"! C"! C"! C"! ..- ..- ..- ..-

0 N ..- 0 0 «) «) I'- I!) ~ 
00 cx:i oi oi 0> 0 

(!) (!) (!) (!) (!) (!) 
I'- I'- I'- I'- ~ ~ 
«) c0 «) «) «) «) 
N N N N N N 

I!) I'- 00 0 N «) 
«) «) «) v ~ ~ ci ci ci ci 0 0 

I!) 
0 
0 

I!) 

C'? ..-

0 
0 
0 

0> 
'"": ..-

N 
0 
ci 

0> 
(!) 

ci 

I!) 
0 
ci 

v 
C! 

«) «) «) «) «) «) 0> 0> I!) 0 0 
C'? «) «) «) «) C'? «) «) «) V V 
0 0 0 0 0 0 0 0 ci ci ci 

I'- I'- I'- I'- I'- I'- ..- ..- I!) 0 0 
C"! C"! C"! C"! C"! C"! C"! C"! C"! C"! C"! ..-

0> 0> 00 00 N (!) V N 00 V 0 
~ C! ~ oq oq ~ ~ I!) C"! 0 (!) 

r-.: 0 ..- ..- ..- I'- «) I!) I'- ..- I!) 
«) ..- ..- N «) V I'- 0> N 

(!) (!) (!) (!) (!) (!) (!) (!) (!) (!) N 
~ ~ ~ ~ ~ ~ ~ I'- I'- I'- «) 
«) «) «) «) «) «) «) c0 c0 c0 N N N N N N N N N N N N 

I!) I'- 00 0 I!) 0 0 0 0 0 0 
0 ~ ~ ~ ~ ~ C! ~ 0 0 0 
ci 0 0 0 0 0 N «) ...t 



2: 
~ It) .... 

'<t .... 

(') 
0 0 0 N I{) 

'r N N N .... 6 6 6 6 6 

N 
0 0 0 00 I{) 

.... ~ ~ "! """: """: ..... 'r ...... .-

0 00 r-.. 0 I{) .... .- .- N (V') (V') .... 6 6 0 0 6 

0 
m 'r N m '<t 
~ ~ m 00 00 .... 6 6 6 .- ..... 

I{) N r-.. r-.. r-.. 
0 'r ..... .- .-
6 6 6 6 6 I!! 

.c 
(I) 

(!) m ;1; '<t '<t 
(') .... 

00 (!) I{) I{) I{) I 

0 0 0 0 6 0 
(') .... 
E 

0 I{) (V') I{) I{) e 
.- N (V') (V') (V') .... 
6 6 0 6 6 "C 

Q) 

t:: 
S 

m '<t (!) '<t '<t 
I/) 

m 00 r-.. r-.. r-.. Qi 
6 6 0 6 6 ~ 

Q) 
.c 
::s 

I{) '<t 0 0 0 '<t <D 0 0 0 I{) 0 0 0 0 0 0 0 I{) l- I{) I{) 

It) (V') (V') I{) I{) I{) I{) I{) ~ <D <D I{) <D ~ <D <D <D (!) <D I{) I{) '<t 

0 0 0 6 6 6 6 0 6 6 6 6 0 6 6 6 6 6 6 6 6 

I{) <D 0 0 0 <D '<t 0 0 0 I{) 0 0 0 0 0 0 0 I{) I{) I{) 

'<t "! "! """: """: """: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ """: 
'r 'r .- .- ..... .- .- 'r ..- ...... 'r ...... 'r .- 'r 

<D N 00 '<t 0 <D N 00 '<t 0 <D N 00 '<t 0 <D N 00 '<t 0 <D 

I'-: "! 00 "<1: 
m I{) 0 (!) N r-.. (V') 00 '<t 0 I{) """: <D N 00 ~ 

(') 6 N I{) r-.. 0 N u) ex) 6 <"i u) ex) 6 <"i cO ex) 'r <"i cO 00 .-
00 N <D 0 I{) m (V') r-.. N <D 0 '<t m (V') r-.. .- <D 0 '<t 00 (V') 

(V') I{) <D 00 m 0 N (V') I{) <D 00 m 0 N (V') I{) <D 00 m 0 N 
'r ..... .- .- 'r N N N N N N N (V') (V') 

N N N N N <D <D <D <D <D <D <D <D <D <D <D <D <D <D <D <D 

N ~ (V') (V') (V') (V') r-.. I'-: I'-: I'-: r-.. I'-: r-.. I'-: r-.. r-.. r-.. r-.. r-.. I'-: I'-: r-.. 
N N N N N C") (V') (V') (V') C") (V') <"i (V') (V') C") <"i C") <"i (V') (V') C") 
N N N N N N N N N N N N N N N N N N N N N 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
.... cO N 00 '<t 6 cO N 00 '<t cO N ex) '<t 6 cO N 00 ..¢ 6 <D 

0 
'r N N (V') '<t '<t I{) I{) <D r-.. r-.. 00 00 m 0 0 ..- 'r N (V') (V') 

.- 'r .- .- 'r ...... 



~ Lt) .... 

~ .... 

M 
00 N a a 
N ("') ("') ("') .... c) a c) a 

N 
N 00 a a 

.... "": ~ "": "": ...... ...... 

I.() a a 00 .... ("') "<I: ("') N .... c) a c) a 

0 
"¢ (j) (j) ...... 
00 I"- GO (j) .... a c) c) c) 

a ("') "¢ GO 

en N N a a 
c) c) c) a 

I 

I!! 
~ 

...... GO GO ...... (j) 

co I.() "¢ en <D I"-
a c) .... c) c) . 

an 
...... .... 

(j) I.() E GO a 
...... ("') "¢ 0 N 

c) ... c) c) a -:t:: 
0 
(I) 

a "¢ Cl ...... (j) ... 
(D I"- ~ cu GO (j) 

a a ~ c) a 
(.) 
(I) 

0:::: 
<D I.() I.() a a a GO "¢ "¢ "¢ "¢ a I.() I.() I.() I.() a a N N I.() 

Lt) I.() <D ~ <D <D ~ I.() ...... "¢ "<I: "<I: I.() I.() <D <D <D ~ ~ 
c) c) a c) a a c) c) c) c) c) c) a a c) c) c) c) c) a a 

"¢ I.() I.() a a a N <D <D <D <D a I.() I.() I.() I.() a a GO GO I.() 

~ ~ ~ (j) ~ ~ ~ ~ "<I: "<I: "<I: "<I: "! "": "": ~ ~ ~ ~ (j) (j) (j) 

a a ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... c) c) c) 

N GO "¢ a <D N a a a a a a (j) (j) GO GO <D "¢ N a GO 
(j) "<I: a ~ ...... I'-: a a a a ~ "¢ ...... ...... I.() (j) ~ (j) (j) ~ GO 

M ("') <D (j) ...... -.i <D 00 00 00 00 GO 00 00 m m m ...... ("') t.ri ...... m 
...... ...... I.() a ~ GO I.() I.() I.() I.() I.() I.() I.() I.() I.() I.() <D <D <D <D <D 
("') I.() <D 00 (j) a ..-- ...... ...... ...... ...... .,... ...... ...... ...... ...... ...... .,... .,... ...... ...... 
("') ("') ("') ("') ("') "¢ "¢ "¢ "¢ "¢ "¢ "¢ "¢ "¢ "¢ "¢ "¢ ~ "¢ "¢ "¢ 

<D <D <D <D <D <D <D a a a a <D <D <D <D <D <D <D <D <D <D 

N 
I"- ...... I"- ...... ...... ...... I'-: a a a a ...... ...... ...... ...... ...... ...... ...... I'-: ...... ...... 
M M ("') M M M ("') c) c) M ("') ("') M M M M ("') M M 
N N N N N N N a a ('\J ('\J N ('\J ('\J ('\J ('\J N ('\J N 

a a a a a a a a a a a ('\J ("') I.() ...... GO ...... I.() ("') ('\J a 
a a a a a a a a a a a a a a a a ..-- N ("') "¢ I.() 

.... N 00 -.i c) c.ci N t.ri 00 -.i c) GO 00 00 00 00 00 00 00 00 00 00 
"¢ "¢ I.() <D <D ...... ...... I"- GO (j) (j) (j) (j) (j) (j) (j) (j) (j) (j) (j) (j) 

..-- ..-- ..-- T"" ..-- ...... T"" T"" .,... ..-- .,... ...... ...... ...... ...... ...... 



~ I() ..... 
>< 

"<t ..... 

M 
..- (") <0 I'- I'-
(") (") (") (") (") ..... c:) c:) 0 c:) 0 

('II 
en I'- "<t (") (") 

..... C! C! C! C! C! ..-

0 "<t N L() "<t ..... (") (") ~ ~ ~ ..... 
0 0 0 0 0 

0 
en L() I'- "<t L() 
CO CO I'- I'- I'-; ..... c:) c:) c:) 0 0 

N I'- L() I'- 0 
0') 0 ..- "! N (") 

c:) c:) 0 ~ 
c:) c:) 

J:: 
..... 

en "<t <0 
('II 

"<t ..-('II 
CO <0 L() ~ to ~ "<t 

0 c:) 0 ..... 0 c:) 
('II 

E 
CO 0 

0 
<0 N ..- ... ..- (") ~ .... (") (") 

c:) 0 0 "C 0 c:) 
Q) 

1:: 
III ... 

..- en CO 
1/1 

(") I'-en I'- ~ Q) I'- I'-
c:) 0 0 :: c:) c:) 

Q) 
.0 
:l 

0 0 N L() L() t- L() N N 0 en I'- <0 <0 L() "<t (") (") N N N .,.... 
I() I'-; I'-; I'- I'-; I'- I'- I'-; I'-; I'-; ~ ~ ~ ~ ~ <0 <0 <0 ~ ~ ~ ~ 

0 0 0 0 0 c:) 0 0 0 0 0 0 0 0 c:) c:) c:) 0 0 0 0 

0 0 CO L() L() L() CO CO 0 ..- (") "<t "<t L() <0 I'- I'- CO CO CO en 
"<t en en CO CO CO CO CO CO en en en en en en en en en en en en en 

c:) c:) c:) c:) c:) 0 c:) c:) c:) c:) c:) c:) c:) c:) 0 0 0 c:) c:) c:) c:) 

N CD N CO "<t 0 0 en en CO CO CO I'- I'- <0 <0 <0 L() L() "<t "<t 
CO I'-; L() C! <0 "! ~ en (") I'- .,.... L() en (") I'- .,.... L() en (") I'-; 

M L!') ..- L!') CO c:) (") (") (") ...t ...t L!') L!') L!') cO <0 ~ I'- I'- CO CO a) 
I'- CO 0 "<t en (") (") (") (") (") (") (") (") (") (") (") (") (") (") (") (") 
..- .,.... N (") "<t <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 
"<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t 

<0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 
('II 

I'- I'- I'- I'- I'- I'- I'- I'- I'- I'- I'- I'- I'- I'- I'- I'-; I'- I'- I'- I'- I'-
(") (") (") (") (") C") C") C") (") C") (") (") (") (") (") (") C") (") C") C") C") 
N N N N N N N N N ('II ('II ('II N ('II ('II ('II ('II ('II ('II ('II ('II 

L() 0 0 0 0 0 N (") L() I'- CO 0 ('II (") L() I'- CO 0 ('II (") L() 
I'- 0 0 0 0 0 0 0 0 0 0 .,.... .,.... .,.... ('II "! "! "! ..... CO a) c:) cO ('II CO CO CO CO CO CO 0:) 0:) 0:) 0:) 0:) 0:) 0:) CO CO CO 
en en 0 0 .,.... .,.... .,.... .,.... .,.... .,.... .,.... ..- .,.... .,.... .,.... .,.... ..- .,.... .,.... .,.... .,.... 
..- .,.... ('II ('II ('II ('II ('II ('II ('II ('II ('II ('II ('II ('II ('II ('II N ('II ('II ('II ('II 



~ Lt) .... 
>< 

'<t ..... 

M t-- t-- (j) 
M M M ..... 
0 0 0 

('II M M ..... 
..... ~ ~ ~ ..-

M LO '<t ..... "<I: M '<t ..... 
0 0 0 

0 CO 'it LO 
t-- 00 t--..... 
0 0 0 

N t--
~ 

'<t .c: 
N ..... N 
0 0 0 

0 '<t 
~ ('II 

.c: 
..... r--

(j) 'it ('II '<t t--
00 '<t LO ('II ('II '<t 

I 0 0 E 0 0 
0 '<t ... ('II .... 

E II: 
0 t-- 0 0 '<t 
M "! ... "<I: .... 
0 0 Qj III 0 

~ t:: 
C1I CU ... .c III 

(j) N ::::I 
LO ... Qj CD t-- 00 

~ ~ 
0 0 ~ 0 

Cij C1I 
.c ::::I ::::I C" I-..- 0 0 (j) 00 00 00 00 CO LO 'it M ..- "C LO 0 N LO 0 0 (j) 

Lt) CO to ~ LO LO LO LO LO LO LO LO LO LO 0 CO t-- t-- t-- t-- I'-: CO 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

(!) 

(j) 0 0 ..- N N N N '<t LO CO t-- (j) LO 0 00 LO 0 0 ..-
'<t (j) ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ (j) (j) 00 00 (j) ~ (j) 

0 ..... ..- ..... ..- ..... ..... 0 0 0 0 0 0 0 

M N N ..- 0 (j) 00 00 N CO '<t N 00 'it 0 CO N N ..- ..-
(j) t-- ~ M 00 CO 0 ~ (j) 00 I'-: 'it N 00 M (j) M I'-: 

M o:i 0 ..- N c<) c<) ...t LO ..- cO cci 0 ...t cci 0 c<) LO cO CO r....: 
M 'it 'it 'it 'it 'it 'it 'it LO LO CO 00 0 N t-- ..... LO LO LO LO 
CO CO CO CO CO CO CO CO CO CO CO CO t-- t-- 00 0 ..- ..- ..- ..-
'it 'it 'it 'it 'it 'it 'it 'it 'it '<t 'it 'it 'it 'it 'it LO LO LO LO LO 

CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO 
('II 

t-- I'-: t-- I'-: t-- I'-: t-- t-- I'-: I'-: t-- t-- I'-: I'-: t-- t-- t-- I'-: I'-: t--
M M c<) M M M c<) M M M c<) M M M c<) M c<) M M c<) 
N N N N N N N N N N N N N N N N N N N N 

00 N LO 00 N LO 00 0 LO 0 0 0 0 0 0 0 0 N M LO 
N M ~ M "<I: 'it "<I: LO t-- 0 LO 0 ~ ~ 0 0 0 0 ~ 0 ..... 00 cci 00 cci 00 cci 00 cci cci o:i (j) 0 ..... N 00 ...t 0 0 0 0 ..- ..- ..- ..- ..- ..- ..- ..- ..- ..- ..- N N N N M 'it 'it 'it 'it 
N N N N N N N N N N N N N N N N N N N N 



I/) ..... 

M ..... 

N ..... 

..... ..... 

o ..... 

co 

M 

co CO 
CO CO 
o 0 

C'\I -.:t 
(J) (J) 

o 0 

o 0 
L{) (J) 

r--.: r--.: 
L{) L{) 
..-- ..--
L{) L{) 

000 
CO «:? CO 
000 

000 
000 

..--

co CO -.:t 
CO CO CO 
(J) ..-- (y) 
L{) CO CO ..-- ..-- ..--
L{) L{) L{) 

co 
L{) 

o 

C'\I 
o 

C'\I 
CO 
L{) 
CO ..--
L{) 

f'-. CO f'-. L{) (Y) C'\I 
o 0 C'\I (Y) "": 

..... 0 0 0 0 0 0 
-.:t -.:t -.:t -.:t -.:t -.:t 
C'\I C'\I C'\I C'\I C'\I C'\I 

f'-. 
L{) 

o 

o 
"": 
o 

o 
o 

o 
-.:t 
o 

co 
L{) 

o 

C'\I 
I'-: 
o 

C'\I C'\I 
L{) L{) 

o 0 

(J) (J) 
(Y) (Y) 

o 0 

..-- ..--
o 0 

o (J) (J) 
"": (Y) (Y) 
000 

o ..-- ..--
000 

(J) 

"! 
o 

..-­..--

co CD L{) -.:t 0 f'-. 
(Y) (Y) (Y) (Y) (Y) (Y) 

o 000 0 0 

..-- (Y) -.:t L{) (J) C'\I 
co co co co co co 
o 0 0 0 0 0 

L{) C'\I co L{) (Y) C'\I 
000 

o 0 0 0 0 0 

(J) (J) CD CD 
(Y). (Y) (Y) (Y) 
o 0 0 0 

o CD CD f'-. 
"": "": "": -.:t 
o 0 0 0 

CD (J) (Y) CD co (J) L{) -.:t CD f'-. 
L{) L{) CD CD CD L{) L{) L{) "": "<t 
o 0 0 0 0 0 0 000 

C'\I f'-. 
C'\I ..--

000 

f'-. C'\I co co (J) (J) 

000 

C'\I 
L{) 

o 
o co 
L{) "": o 0 

co 
o 
o 

..--
o 

CD o 
o 

(Y) 
o 
..--

L{) 
C'\I 

o 

o 
CO 
o 

co 
CD 
o 

CD 
C"':! 
o 

(J) 

«:? 
o 

o 
-.:t 
o 

co 
L{) 

o 

o 
f'-. 
o 

o ..--
L{) "": o 0 

CD CD 
f'-. f'-. 
o 0 

f'-. CO 
o 0 

co CO 
o 0 

co 
o C'\I 

(J) 
..--
(J) 

o 
(J) 

o 
~ 
f'-. 
CO ..--
L{) 

o L{) 
L{) f'-. 
o 0 
"<t "<t 
C'\I C'\I 

..--

co "<t 
L{) "": 
..-- (Y) 
(J) 0 
..-- C'\I 
L{) L{) 

o 
C'\I 

r--.: 
C'\I 
C'\I 
L{) 

o 

"<t o 

o 

00000 0 0 0 0 0 
o L{) 0 0 0 0 0 0 0 ~ 
..-- ..-- C'\I ~ ~ L{) 0 r--.: C'\I co 
-.:t "<t "<t "<t "<t -.:t "<t "<t L{) L{) 
C'\I C'\I C'\I C'\I C'\I C'\I C'\I C'\I C'\I C'\I 

o 

CD 

CD 
C'\I 
f'-. 
L{) 

C'\I co 
f'-. "! 
co ..-­
CD .,.... 
co 0 
L{) CD 

o 0 o 
o o 0 

~ 0 
CD f'-. 
C'\I C'\I 

o 
f'-. 
C'\I 



c 0 0 ..-
;: 0 0 x IV "0 0 e:) 

~ LL. 

0 
0 

CD LO 0 ~ ~ ;: ..- ..-
"0 

C 0 0 ..-;: 0 0 
(ij "0 e:) e:) 

<I> LL. 
C'l ... 
(0 0 .r::. '" LO V 
(.) 0 (j) (j) 

.!!? ;: e:) e:) 
"0 "0 

C'l 
C .;: C 0 0 ..... 
::::I ;: 0 0 

"0 (0 "0 0 0 
C'l LL. 
C 
.~ ... 
0 N LO V r;:: 0 LO LO 

(ij 
;: 0 0 "0 

C 
(0 

(.) 
C N 0 0 

= ;: 0 0 
(0 "0 e:) e:) 
LL. I 

Q) '" V CD 0 
;: ~ V 

0 0 e:) 
>- "0 

(.) .... 
1/1 

.E ... 
0 0 N u:: ;: 0 0 

Q) (ij "0 e:) 0 
C'l LL. ... 
(0 

.r::. 0 (.) 
0 (j) I'--1/1 LO LO 

i:5 ;: e:) 0 "0 

C Co 0 0 LO CD 0 LO N V I'-- 00 LO 00 0 0 CD 0 0 V 0 LO 0 
;: 0 00 "! ~ ~ I'-- N ~ LO ~ 00 (j) N N C") V LO CD CD I'--

IV "0 e:) e:) ..... ..... N N C") C") C") C") C") C") .f .f .f "i .f .f .f "i .f 
LL. I I I I I I I I I I I I I I I I I I 

Co 0 0 LO CD 0 LO N V I'-- 00 LO 00 0 0 CD 0 0 '<t 0 LO 0 
;: ~ ~ N (j) V I'-- N ~ LO CD 00 (j) ..... "! "! C") V LO CD CD I'--
"0 ..- N N C") C") .f v v .f v .f ..0 LO LO ..0 ..0 LO ..0 ..0 LO 

0 00 CD V N 0 00 CD V N 0 00 CD '<t N 0 00 CD V N 0 ... 00 ~ (j) 0 ..- N N C") V LO ~ ::::. ~ ~ ..- "! C") ~ ~ LO ~ l"- e:) .f ..0 <ri r-...: ex:) a) e:) 
0 N C") V LO CD I'-- 00 a) ..- N ..... ..- ..- ..- ..- ..- ..- ..- ..- ..- N N 

:c- O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ... - 0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
0- M .f .f .f .f .f .f .f .f .f .f .f §. e:) V V V V V V V V V 

CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD 

<I> 0 N C") LO I'-- 00 0 N C") LO I'-- 00 0 N C") LO I'-- 00 0 N C") 
0 0 0 ~ ~ 0 ..- ..- ..- ..- ..- ..- N N N N N N C") C") C") 

E e:) 0 e:) 0 0 e:) e:) e:) e:) e:) e:) e:) e:) e:) e:) e:) e:) e:) e:) e:) e:) 
i= 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C") C") C") C") C") C") C") C") C") C") C") C") C") C") C") C") ("') ("') C") ("') C") 



'<t ..... 

M ..... 

N ..... 

..... ..... 

o ..... 

en 

00 
c.q 
N 
N 

o 
00 
-.t 
<0 

LO 
C') 

o 
o 
C') 

N 
00 
..¢ 

I 

N 
00 
LC) 

o 
00 
-.t 
<0 

" C') 

o 
o 
C') 

o 
O'l 

"i 

o 
O'l 
LC) 

-.t 
00 
..¢ 
N 

o 
00 
-.t 
<0 

00 
C') 

o 
o 
C') 

N 00 
O'l O'l 

"i "i 

N 00 
O'l (» 

LC) LO 

N 0 
O'l 0 
LO r--: 
N N 

o 0 
00 00 
..¢ ..¢ 
<0 <0 

o N 
-.t -.t 
6 6 
o 0 
C') C') 

N o 
LO 

I 

N o 
cri 

00 
o 
00 
N 

o 
00 
..¢ 
<0 

C') 
-.t 
6 
o 
C') 

00 
o 
LC) 

I 

00 
o 
cri 

<0 

O'l 
N 

o 
00 
-.t 
<0 

LO 
"": 
o 
o 
C') 

o 

LO 
I 

o ..... 
cri 

-.t 
N 
o 
C') 

o 
00 
-.t 
<0 

LO 
I 

N 
C') 

..... 
C') 

o 
00 
..¢ 
<0 

00 
-.t 
6 
o 
C') 

..... 
o 
6 

..... 
o 
o 

..... 
o 
6 

..... 
o 
6 

..... 
o 
6 

..... 
o 
6 

o 
o 
6 

o 
o 
6 

LO LO LO LO LO LO <0 <0 
o 0 0 0 0 0 0 0 

..... 
o 
o 

-.t 
O'l 
o 

..... 
o 
6 

N 
o 
o 

I 

............... 
o 0 0 
066 

-.t -.t -.t 
O'l O'l O'l 
666 

O'l (» O'l 
o 0 0 
066 

I I I 

-.t -.t -.t 
<0 c.q <0 
600 

N .......... 
o 0 0 
666 

I I I 

..... ..... 0 
o 0 0 
060 

-.t -.t LO 
(» O'l (» 

066 

(» (» 0 
o 0 ..... 
006 

I I I 

-.t -.t LO 
<0 <0 <0 
666 

N N -.t 
o 0 0 
006 

I I I 

..... 
o 
6 

I 

<0 
O'l 
o 

o ..... 
o 

I 

LO 
<0 
o 

-.t o 
o 

I 

<0 <0 LO LO <0 <0 00 00 
"": -.t 
o 6 

-.t "": "": 
6 0 0 

C') N ..... 
000 
960 

-.t -.t -.t 
666 

.......... 0 
o 0 0 
o 0 0 

.......... 
o 0 
o 6 

I I 

N " 00 00 00 O'l 0 0 
<0 LO LO LO LO LO <0 <0 
6 6 6 6 0 0 6 6 

00 

LO 
I 

00 

cri 

o 
"": 
N 
C') 

o 
00 
..¢ 
<0 

o 
LO 
6 
o 
C') 

-.t 
LO 
LC) 

I 

o 
c.q 
00 
-.t 

o 
00 
..¢ 
<0 

LO 

" 6 
o 
C') 

o 

" LC) 
I 

o 

" cri 

o 
00 
..¢ 
<0 

o 
00 
..¢ 
<0 

o 
o 
..... 
o 
C') 

<0 
O'l 
LO 

I 

<0 
O'l 
cri 

o 
00 
..¢ 
<0 

o 
LO 
..... 
o 
C') 

LO 
o 
cri 

I 

o c.q 
(» 
N ..... 

o 
00 

;t 

o 
o 
N o 
C') 

O'l 
o 
cri 

I 

(» 
o 
r--: 

o 
-.t 
..¢ 
(» ..... 

o 
00 
..¢ 
<0 

o 
o 
cri 
o 
C') 

<0 

o 
N 
a) 
LO 
N 

o 
00 
..¢ 
<0 

o 
o 
..¢ 
o 
C') 

<0 
C') 

<0 
I 

o 
N 
cci 
-.t 
-.t 

o 
o 
cri 
<0 

o 
o 
r--: 
o 
C') 

<0 
C') 

<0 
I 

o 
o 
C') 
<0 

o 
o 
6 ..... 
C') 

..... 
o 
o 

I 

..... 
o 
o 

I 

N o 
o 

I 

-.t o 
6 

I 

" " 00 0 o 00,""": 

..... 
o 
6 

I 

<0 
(» 

6 

-.t ..... 
6 

I 

O'l 
<0 
6 

LO 

6 
I 

..... 
o 
6 

I 

N o 
o 

I 

" (» 

o 

o 
I 

(» 
<0 
o 

00 ..... 
6 

I 

N 
o 
o 

I 

" O'l 
6 

<0 

o 
I 

C') 

C"! 
o 

I 

C') 
o 
o 

I 

00 
O'l 
6 

C') 
N 
o 

I 

00 

" 6 

o 
C') 

o 
I 

N " -.t 
<0 <0 " 666 

o N (» 

066 
I I I 

00 O'l ..... 00 

<0 <0 " " 6 6 6 0 

" C') 

cri 
I 

o 
o 
o ..... 
00 

o 
o 
C') ..... 
C') 

LO 
C') 

cri 
I 

o 
00 
N 
00 
O'l 

o 
o 
cri ..... 
C') 

-.t 
C') 

cri 
I 

o 
<0 
LC) 
LO ..... 

o 
<0 
r--: 
LO 

o 
o 
a) ..... 
C') 

o 
C') 

<0 
I 

o 
-.t 
cci 
N 
C') 

o 
<0 
r--: 
LO 

o 
o 
N 
N 
C') 



~ 
t.() N 

t.() 0 0 ..... 6 0 >< I I 

..: ..- co 

.... """: ~ 

..: ..-
M 0 0 .... 0 0 

I I 

N 
0) (!) 
0) 0) .... 
0 6 

"<:t t.() .... "! ..- 0 6 
I I 

0 
0) 0 
I'- I'-.... 6 6 

N N 
en «) "! 

0 0 
I I 

(!) (!) 

co I'- <C! 
6 0 

N N 
..... N "! 

6 0 
I I 

0) ..-
CD I': co 

0 0 

N 0 0 0 0 t.() «) t.() I'- 0 0 0 I'- t.() N 0) «) 0) «) ..... N (!) 

II) 
«) ~ "': <C! co 0) N "<:t 1.0 (!) <C! I'- 00 co 0) 0) 0 0 ..- ..-
(!) N M «) «) «) «) ~ ~ ~ ~ ~ t.() ~ ..¢ ..¢ ~ ~ 1.0 It) It) It) 

I I I I I I I I I I I I I I 

N 0 0 0 0 1.0 «) t.() I'- 0 0 0 I'- t.() N 0) «) 0) «) ..... N (!) 

..: «) "': ..- "': <C! co 0) ..- "! ~ 1.0 <C! <C! I': 00 co 0) 0) 0 0 ..- .... 
"...: «) ..¢ "<:t "<:t ..¢ ..¢ It) 1.0 1.0 1.0 1.0 (!) t.() It) It) It) It) cD cD cD cD 

0 0 co (!) "<:t N 0 00 (!) "<:t N 0 co (!) "<:t N 0 00 (!) "<:t N 0 
0 0 0 ..- "! «) ~ "<:t 1.0 (!) I'- 00 co 0) 0 """: "! "! «) "': 1.0 (!) 

M cD (!) I'- 00 0) 6 .... N M .q: It) cD "...: 00 0 .... N «) .q: 1.0 cD "...: 
00 00 00 00 00 0) 0) 0) 0) 0) 0) 0) 0) 0) 0 0 0 0 0 0 0 0 
«) «) «) «) «) «) «) «) «) «) «) «) «) «) "<:t "<:t "<:t ..: "<:t "<:t "<:t "<:t ..- ..- ..- ..- ..- ..- .... .... .... ..- ..- .... .... .... .... ..- ..-

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

N 
(!) 0 00 00 00 00 co 00 00 00 00 00 00 00 00 00 00 00 00 ~ 00 00 
"...: .q: "<:t "<:t "<:t "<:t "<:t .q: .q: .q: ..¢ .q: "<:t .q: "<:t "<:t .q: .q: "<:t ..¢ ..¢ 
1.0 0 (!) (!) (!) (!) (!) (!) (!) (!) (!) (!) (!) (!) (!) (!) (!) (!) (!) (!) (!) (!) 

0 0 N «) 1.0 I'- co 0 N «) t.() I'- 00 0 N «) 1.0 I'- co 0 N «) 
0 ~ ~ ~ ~ ~ ~ """: """: """: """: """: """: "! "! "! "! "! "! <'? <'? <'? .... M ..- ..- ..- ..- ..- ..- ..- ..- .... .... .... .... .... ..- ..- ..- .... ..- ..- ..- .... 
N t.() 1.0 1.0 1.0 t.() 1.0 1.0 t.() t.() 1.0 1.0 t.() t.() 1.0 1.0 1.0 t.() 1.0 1.0 1.0 1.0 
«) «) «) «) «) «) «) «) «) «) «) «) «) «) «) «) «) «) «) «) «) «) 



>< 
N N (") '<t 10 

10 0 0 0 0 0 
>< ~ 0 0 0 0 0 
>< I I I I I 

'<t 
00 00 (J) 0 ..... 

~ ~ ~ ~ """: """: ..... ..... ..... 

..- ..- N (") 10 
(") 0 0 0 0 0 ..- 0 0 0 0 0 

I I I I I 

N 
CD CD I'- 00 0 
(J) (J) (J) (J) ~ ~ 
0 0 0 0 

CD 00 ..... '<t I'-.... ..... ..- N N N 
~ 0 0 0 0 0 

I I I I I 

0 
..- (") CD (J) N 
I'- I'-: I'- I'- 00 

~ 0 0 0 0 0 

10 I'- (J) N CD 
C"! N N (") (") 

0 0 0 0 0 
I I I I I 

(J) ..- (") CD 0 
00 CD I'- I'- I'- 00 

0 0 0 0 0 

'<t CD 00 '<t ..-..- N (") 

0 0 0 0 0 
I I I I I 

CD 00 '<t N ..-
00 00 (J) ~ """: 
0 0 0 ..... ..-

0 N CD ..... V (J) 0 ..- (") 10 (") I'- I'- ..- 10 10 10 CD CD 

10 N N N (") (") (") ~ v V '<t I'- ~ 0 ..- N N (") (") (") 

.0 .0 .0 10 10 10 10 .0 .0 .0 .0 10 cD cD cD cD cD cD cD 
I I I I I I I I I I I I I I I I I I I 

0 N CD ..- V (J) 0 ..... (") 10 (") I'- I'- ..... 10 10 10 CD CD 
'<t N N C"! (") (") (") v v v V I'- (J) 0 ..... N N (") (") (") 

cD cD CD CD CD cD cD cD cD cD cD cD r...: r...: r...: r...: r...: r...: I'-

00 CD V N 0 00 CD V N 0 0 0 0 0 0 0 0 0 0 
CD I'-: 00 ~ 0 0 ..... N (") ~ CD 00 0 N CC! 0 00 C"! CC! 

(") 0:) (J) 0 ..- C") ..,,: .0 cD I'- 00 ~ 0 r...: C") 10 00 N I'- ..... 
0 0 ..... ..- ..... ..... ..- ..... ..... ..... (") 10 CD 00 ..- v ..... 0 0 
v v v v v v v v v v v v v V 10 10 CD 00 0 ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..- ..... ..... ..- ..... ..... N 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

N 
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 CD 

V V ~ ~ ..,,: v ..,,: ..,,: ..,,: v ~ ~ ~ ..,,: ..,,: ..,,: v ..,,: r...: 
CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD 10 

10 I'- 00 0 N (") 10 I'- 00 0 10 0 10 0 0 0 0 0 0 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I'-: ~ C"! 10 0 10 10 10 10 .... ..... ..- ..... ..... ..... ..... ..... ..- ..... ..... ..... N N N (") C") ..,,: r...: 0 
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 CD 
(") (") (") (") (") (") (") (") (") (") (") (") (") (") (") (") (") (") (") 



= c 
>< 0 

10 
0 

Q) ~ 0 
>< (I) "C 

.... 
0 >< ... ii: Q) -III 0 

~ 0 
N 

"iij 0 '<t "'"-: 
~ .... 

C 
III "C 
(.) 

.c c 
Cl 0 

(") 
0 

::::l Q) ~ ~ 
0 (I) "C 

.... 
0 ... ii: .c -Q) 0 

Cl '" I'-... 0 N ~ III ~ .... 
.c "C (.) 
Q) 

c::: c 
0 0 

Q) ~ .... 0 
(I) "C 

.... c) 
ii: 

.c '" N 00 
C'! 0 0 I'-
10 ~ .... 

0 
'<t "C .... 

I II C - 0 0 
~ Q) ~ en ~ 

M (I) "C 0 
E ii: 

0 
0 

'" 0 0 '<t 
0 

~ 00 CD .... c) 
II "C 

> 
(/) c 
III 0 0 

Q) 
~ "- ~ 

Q) 
(I) 

0 ii: "C 
(.) 

>-
(.) 

0 

"C 0 '<t 
C 

~ 
(0 I'-: 

0 0 
(.) "C 
Q) 

~ c 
Q) c.. 0 I.() (J) N 0 I.() (J) ..-- (") (") I.() I.() I.() CD CD CD CD CD CD 
Cl Q) ~ 10 0 "! -.:t: I.() I.() I.() cq cq cq CD CD CD CD CD CD cq CD cq ... (I) c) c) c) c) c) c) c) c) III "C 0 0 0 0 0 0 0 0 0 0 0 
.c ii: 
(.) 
Q) 

c::: c.. I.() 0 CD (") I.() 0 CD '<t N N 0 0 0 (J) (J) (J) (J) (J) (J) 

~ '<t LC! -.:t: "! "'"-: ~ ~ (J) (J) (J) (J) (J) (J) (J) 00 00 00 00 00 00 

"C ..-- c) c) c) c) c) 0 0 0 0 0 0 c) c) 

~~ 
0 0 (J) (J) 00 00 00 I'- I'- CD CD CD I.() I.() '<t '<t '<t (") (") 

(") 0 -.:t: I'- "'"-: LC! ~ (") I'- ..-- I.() (J) (") I'-: I.() (J) (") I'-: 
0 0 0 ..-- N N C":i C":i C":i -.i '<t Lri I.() I.() CD CD r-..: 

- CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD .c 0 .... - N 0 I'- I'-: I'-: I'- I'- I'- I'-: I'-: I'-: I'-: I'-: I'-: I'-: I'-: I'-: I'-: I'-: I'-: t:r M C":i .s (") (") (") (") (") (") (") (") (") (") (") (") (") (") (") (") (") 
0 N N N N N N N N N N N N N N N N N N 

Q) 
0 N (") I.() I'- 00 0 N (") I.() I'- 00 0 N (") I.() I'- 00 0 - I.() I.() I.() I.() I.() I.() cq cq cq CD CD CD I'- I'- I'- I'- I'- I'- 00 

E ::S .... r-..: I'- I'- I'- I'- I'- I'- I'- I'- r-..: r-..: r-..: r-..: r-..: r-..: r-..: r-..: r-..: r-..: 
i= I'- I'- I'- I'- I'- I'- I'- I'- I'- I'- I'- I'- I'- I'- I'- I'- I'- I'- I'-

(") (") (") (") (") (") (") (") (") (") (") (") (") (") (") (") (") (") (") 



2: 
II) 

0 0 0 0 0 0 0 
>< 0 0 0 0 0 0 0 

>< ...- c:) c:) c:i c:) c:) c:) c:) 
>< 

~ 
N N N N N N N 

...- "-: "-: "-: "-: "-: "-: "-: ...- ...- ...- ...- ..-

0 ..- ..- ..- 0 0 ('I) 
M 0 0 0 0 0 0 0 ..... c:) c:i c:) 0 c:) c:) c:) 

I I I 

N 
...... CO CO CO ...... ...... 'V 

..... ~ ~ ~ ~ ~ ~ ~ ..- ..- ..-

..- 0 0 0 ('I) 'V 'V ...- 0 0 0 0 0 0 0 ..... c:) c:i c:) c:i c:) c:) c:) 

0 
...... CO CO CO If) 'V 'V ...... ...... ...... ...... ...... ...... I'-: ..... c:i c:i c:) c:i c:) c:) 0 

..- If) 0 N N ('I) 'V 
0 0 ..-
c:) 0 0 c:) c:) c:) c:i 

('I) 0> 'V N N ..- 0 
CO <D If) If) If) ~ If) If) 

c:i c:i c:) c:i 0 c:) 0 

N N 'V <D ...... 0> 
0 0 0 0 0 0 
0 0 0 0 c:) c:i 

N N N 0 CO ...... If) 

CD ...... ...... I'-: ...... <D <D <C! 
c:) c:i 0 c:) c:i c:) 0 

<D <D <D <D <D ...... ...... ...... ...... ...... ...... ...... CO CO CO CO <D <D <D <D <D <D 
II) <C! <C! <D <D <D <D <D <D <D <D <D <D <C! <C! <C! <C! <C! <D <D <D <D <D 

0 0 0 0 c:i c:i c:i c:) c:i c:) c:) c:) 0 0 0 0 0 c:) c:) c:i c:) c:) 

0> 0> 0> 0> 0> CO CO CO CO CO CO CO ...... ...... ...... ...... 0> 0> 0> 0> 0> 0> 
'V CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO 

c:i c:) 0 0 0 0 0 0 0 0 c:) c:) c:i c:) c:i c:) c:) c:) 0 0 c:) 0 

0 0> 0> CO CO N <D ~ N CO 'V 0 <D N CO 
N N N ..- ..- 0 0 ('I) <D ~ "<I: ~ CO ...... If) "'! 0 <D ..- ...... N 

M If) 0> ('I) ...... ..- If) 0> 
c:) r-..: c<'i Lri r-..: Lri r-..: c:) N Lri 

...... ...... CO cO cri cri cri 0 ..- ..- ..- ..- ('I) CO N <D ..- ..- ..- ..- ..- ..- N ('I) 'V ...... 0> N ('I) If) <D 

<D <D <D <D <D <D <D <D <D <D <D <D <D <D <D <D <D <D <D <D <D <D 

N I'-: I'-: I'-: ...... ...... ...... ...... ...... ...... ...... I'-: I'-: I'-: I'-: ...... ...... ...... ...... ...... I'-: ...... ...... 
('I) ('I) ('I) c<'i c<'i c<'i c<'i c<'i c<'i c<'i ('I) ('I) ('I) ('I) c<'i c<'i c<'i c<'i c<'i ('I) c<'i c<'i 
N N N N N N N N N N N N N N N N N N N N N N 

N ('I) If) ...... CO 0 N ('I) If) ...... CO 0 If) 0 0 0 0 0 0 0 0 0 
CO CO CO CO CO 0> 0> 0> 0> 0> 0> 0 "'! If) 0 If) If) ~ If) If) If) If) 

...- ...... r-..: r-..: r-..: r-..: r-..: r-..: r-..: r-..: ...... r-..: cO CO cO cri cri c:i ..- r-..: c<'i cri Lri 
...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... CO CO CO 0> 0> 0 
('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) 'V 



M ..... 

N ..... 

..... ..... 

o ..... 

CD 

N 
o 
c:i 

(V) 
o 
c:i 

'<t o 

LO 
o 
c:i 

'<t ..... 
c:i 

o 
LO 
c:i 

c:i 

(V) 
CD 
c:i 

CD 
~ 
o 

0) 
o 

("­
o 
o 

o 
o 

LO 
~ 
o 

(V) 

c:i 

..... 
LO 
o 

o 

c:i 

CD 
~ 
o 

'<t o 
c:i 

co 
o 

(V) 
o 
o 

'<t 
o 

CD 
o 
c:i 

N 
("-

o 

("­

c:i 

o 

c:i 

'<t 
CD 
c:i 

o 
I'-: 
o 

'<t o 
c:i 

co 
o 

(V) 
o 
c:i 

'<t o 

("­
o 
c:i 

..... 
("-

c:i 

("­

c:i 

o 

c:i 

o 
("-

c:i 

0) 0) LO LO 
'<t CO CO CO CO 

N 

..... 

o 0 c:i c:i 

CD 
I'-: 
(V) 
N 

o 
LO 

o 
~ 
o 
LO 
0) 

CD 
I'-: 
(V) 
N 

CD 
0) 

N 
0) 
o 

CD 
I'-: 
(V) 
N 

o 
LO 
C") 
N 
'<t 

N 
LO 
LO 
(V) 
N 

CD 
("-

(V) 
N 

o 
LO 
0) 
N 
'<t 

'<t 
o 
c:i 

co 
o 

(V) 
o 
o 

'<t o 

("­
o 
c:i 

..... 
("-

o 

co ..... 
c:i 

CD 
~ 
o 

c:i 

(V) 
CD 
c:i 

..... 
I'-: 
o 

co 
o 
CO 
("­
(V) 

o 
LO 
Lri 
(V) 
'<t 

LO 
o 
c:i 

("­
o 

'<t o 
c:i 

(V) 
o 

0) 
o 
c:i 

0) 

CD 
c:i 

0) 

c:i 

LO 
~ 
o 

N ..... 
c:i 

N 
~ 
o 

..... 
("-

c:i 

'<t 
CD 
o 
N 
LO ..... 

CD 
("-

(V) 
N 

o 
LO 

LO 
o 
o 

("­
o 

'<t o 
o 

(V) 
o 

o 
"! 
o 

N 

c:i 

N 
~ 
o 

N 
I'-: 
o 

o 
"! 
(V) 
CD 
CD 

CD 
I'-: 
(V) 
N 

LO 
o 
c:i 

LO 
o 
c:i 

N 
o 

0) 
o 
c:i 

0) 

CD 
o 

o 
N 
c:i 

o ..... 
c:i 

LO 
o 
c:i 

("­
o 

LO 
o 
c:i 

N o 

c:i 

("­
CD 
c:i 

..... 
N 
c:i 

(V) 

c:i 

N N 
CO CO 
c:i c:i 

CD 
("-

(V) 
N 

o 
LO 
(V) 
LO 
'<t 

N 
(V) 

CO 
'<t 
0) ..... 

CD 
("-

(V) 
N 

o 
LO 
0) 
LO 
'<t 

co 
o 
c:i 

'<t o 

0) 
o 
o 

co 
0) 

c:i 

LO ..... 
c:i 

(V) 
CD 
c:i 

(V) 
N 
c:i 

..... 
'<t 
c:i 

o 
N 
o 

'<t 
LO 
c:i 

co 
o 
c:i 

'<t o 

0) 

o 
c:i 

co 
0) 

o 

CD 

c:i 

N 
CD 
c:i 

'<t 
N 
c:i 

o 
"": 
o 

..... 
N 
c:i 

(V) 
LO 
c:i 

CD 
I'-: 
o 

co 
o 
o 

'<t o 

o ..... 
c:i 

("-
0) 

c:i 

CD 

c:i 

N 
~ 
o 

'<t 
N 
c:i 

o 
'<t 
c:i 

o 
N 
o 

'<t 
LO 
o 

CD 
("-

c:i 

CD 
~ 
o 

CD 

c:i 

N 
~ 
o 

o 
"": 
o 

o 
"! 
o 

CD 
I'-: 
o 

c:i 

..... 
o 

c:i 

CD 
0) 

c:i 

("­

c:i 

'<t 
N 
c:i 

o 
"": 
o 

o 
N 
c:i 

'<t 
LO 
o 

CD 
("-

c:i 

c:i 

..... 
o 

..... ..... 
c:i 

CD 
0) 

c:i 

("-..... 
c:i 

..... 
CD 
c:i 

'<t 
N 
o 

o 
'<t 
c:i 

o 
N 
c:i 

'<t 
LO 
c:i 

CD 
I'-: 
o 

III 

f:l 
III 

.r::: 
I.) 

~ 
'0 
'C 
C 
III 

VI 
III 
E 
;; 
M 
o ->< o ... 
c. 
C. 
III 

.s 
VI 
III 
I.) 
::::I 
'C 
~ 

~ 
Ij: 

0) 

o 
c:i 

(V) 
o 

0) 
o 
c:i 

co 
0) 

c:i 

'<t 

c:i 

o 
N 
c:i 

("-..... 
c:i 

("­
LO 
c:i 

co 
I'-: 
o 

N 

c:i 

o 
o 

'<t 
0) 

o 

co 
""": 
o 

N 
~ 
o 

N 
""": 
o 

N 
~ 
o 

LO 

c:i 

CD 
I'-: 
o 

'<t 

c:i 

co 
0) 

c:i 

LO 

c:i 

N 
0) 

o 

("­

c:i 

..... 
CD 
c:i 

o ..... 
c:i 

'<t 
LO 
o 

'<t ..... 
c:i 

o 
~ 
o 

co 
("-

c:i 

co 
0) 

c:i 

LO 

c:i 

N 
0) 

c:i 

LO 

c:i 

o 

c:i 

'<t 
LO 
c:i 

(V) 

c:i 

..... 
CD 
c:i 

CD 
I'-: 
o 

LO 

c:i 

("-
0) 

c:i 

LO ..... 
c:i 

N 
0) 

c:i 

'<t 

c:i 

'<t 
CD 
c:i 

0) 
o 
c:i 

LO 
LO 
o 

N ..... 
c:i 

N 
~ 
o 

CD 
("-

c:i 

III 
..... 0) 0) 0) 0) 0) CO)o) 0) 0) 0) 
CO ("- I'-: I'-: I'-: ("- III ("- I'-: ("- ("- I'-: 
o c:i 0 0 0 c:i U c:i 0 c:i c:i 0 

co 
CO 
o 
0) 
o 
N 

o 
LO 
Lri 
CD 
'<t 

CD 
I'-: 
(V) 
N 

o 
LO 

o 
o 
CD 
("­
(V) 
N 

CD 
("-

(V) 
N 

CD 
~ 
CO ..... 
LO 
N 

CD 
I'-: 
(V) 
N 

o 
LO 
(V) 
CO 
'<t 

N 
""": ..... 
CD 
CD 
N 

CD 
("-

(V) 
N 

o 
LO 
0) 
CO 
'<t 

co 
CD 
C") 
o 
CO 
N 

o 
LO 
LO 
0) 

'<t 

'<t 
N 
cD 
'<t 
0) 
N 

o 
LO 
..... 
o 
LO 

o 
CO 
CO 
CO 
o 
(V) 

CD 
I'-: 
(V) 
N 

o 
~ 
("­
o 
LO 

CD 
(V) 

..... 
(V) 
N 
(V) 

o 
LO 
C") ..... 
LO 

o 
LO 
0) ..... 
LO 

CD 
("-

(V) 
N 

o 
LO 
Lri 
N 
LO 



II) .... 

M .... 

N .... 

.... .... 

o .... 

00 

00 
0') 

c::) 

L() 

c::) 

N 
0') 

c::) 

L() 
(0 

a 

I"­
a 
c::) 

I"­
L() 

c::) 

a 
c::) 

"¢ 
(0 

c::) 

(0 
I"­
a 

0') 

I"­
a 

"¢ 
a 
0') 
L() 
(0 
M 

(0 
I"­
M 
N 

a 
L() 

...-
M 
L() 

M 
0') 

a 

N 

c::) 

(0 

~ 
a 

L() 
a 
a 

a 
'"": 
a 

(0 

t-: 
a 

0') 

t-: 
a 

a 
~ ..-
a 
00 
M 

(0 

t-: 
M 
N 

a 
L() 

I"­
M 
L() 

00 
0') 

c::) 

N 

c::) 

(0 

~ 
a 

L() 
a 
c::) 

0') 
L() 

c::) 

a ..-
c::) 

"¢ 
(0 

a 

(0 
I"­
c::) 

0') 

I"­
c::) 

(0 
..-

(0 
I"­
M 
N 

a 
L() 

M 
"¢ 
L() 

0') 
0') 

c::) 

a ..-
c::) 

00 
(0 

c::) 

"¢ 
a 
a 

a 
(0 

c::) 

I"­
a 
c::) 

N 
00 
c::) 

N 
I"-
(0 
00 
a 
"¢ 

(0 
I"­
eri 
N 

a 
L() 

0') 
"¢ 
L() 

N 

c::) 

a 
a 

N 

c::) 

L() 
0') 

c::) 

0') 

a 
c::) 

0') 
(0 

c::) 

M 
a 
a 

..-
~ 
a 

I"­
a 
c::) 

a 
I"­
c::) 

L() 
00 
c::) 

00 
N 
e) 
N 
N 
"¢ 

(0 
I"­
eri 
N 

a 
L() 

L() 
L() 
L() 

N ..-
c::) 

a 
a 

N 

c::) 

L() 
0') 

c::) 

0') 
a 
c::) 

0') 
(0 

c::) 

M 
a 
c::) 

..-
~ 
a 

L() 
a 
c::) 

0') 
(0 

a 

a 
I"­
c::) 

L() 
00 
c::) 

(0 

t-: 
M 
N 

a 
L() 

..-
(0 
L() 

..­..-
c::) 

..-
a 

(0 
0') 

c::) 

00 
a 
c::) 

a 
I"­
c::) 

M 
a 
c::) 

L() 
a 
c::) 

0') 
(0 

c::) 

a 
I"-
a 

L() 
00 
c::) 

(0 
I"­
M 
N 

a 
L() 

r....: 
(0 
L() 

a ..-
c::) 

N 
a 

a 
c::) 

I"-
0') 

c::) 

I"­
a 
c::) 

..-
I"­
c::) 

N a 
c::) 

N 
~ 
a 

"¢ 
a 
c::) 

a 
I"­
c::) 

a 
I"-
a 

L() 
00 
c::) 

(0 
0') 

to 
L() 
(0 
"¢ 

(0 
I"­
eri 
N 

a 
L() 

eri 
I"­
L() 

a 
c::) 

N 
a 

a 
c::) 

I"-
0') 

c::) 

00 
a 
c::) 

a 
I"­
c::) 

N a 
c::) 

N 
~ 
a 

"¢ 
a 
c::) 

a 
I"­
c::) 

0') 
(0 

c::) 

(0 
00 
c::) 

N 
L() 

e) 
0') 

I"­
"¢ 

(0 

t-: 
M 
N 

a 
L() 

e) 
I"­
L() 

a 
c::) 

N 
a 

a 
c::) 

I"-
0') 

a 

00 
C! 
a 

a 
t-: 
a 

..-
C! 
a 

M 
a 
a 

..-
t-: 
a 

00 
00 
a 

00 
a 
N 
"¢ 
0') 
"¢ 

(0 

t-: 
M 
N 

a 
L() 

L() 
00 
L() 

a 
c::) 

N 
a 

a 
c::) 

I"-
0') 

c::) 

I"­
a 
c::) 

..-
I"­
c::) 

a 
a 
c::) 

"¢ 
(0 

c::) 

N a 
a 

N 
I"­
c::) 

I"­
(0 

a 

00 
co 
c::) 

(0 
I"­
M 
N 

a 
L() 

..-
0') 
L() 

a 
c::) 

N a 

0') 
a 
c::) 

00 
0') 

c::) 

(0 
a 
c::) 

N 
I"­
c::) 

..-
a 
a 

I 

L() 
(0 

c::) 

..-
a 
a 

I"­
(0 

c::) 

co 
co 
c::) 

a 
N 
r....: 
N 
N 
L() 

(0 
I"­
eri 
N 

a 
L() 

r....: 
0') 
L() 

a 
c::) 

N 
a 

0') 
a 
c::) 

co 
0') 

c::) 

(0 
a 
c::) 

N 
I"­
c::) 

N a 
c::) 

I 

(0 
(0 

c::) 

a 
a 
a 

L() 
(0 

c::) 

a 
0') 

c::) 

(0 
l"­
e) 
(0 
M 
L() 

(0 
I"­
eri 
N 

a 
L() 

eri 
a 
(0 

0') 
a 
c::) 

M 
a 

00 
a 
c::) 

0') 
0') 

c::) 

L() 
a 
c::) 

M 
a 
c::) 

I 

I"­
(0 

c::) 

..-
a 
a 

I 

L() 

t-: 
a 

"¢ 
(0 

c::) 

..-
0') 

c::) 

N 
M 
N ..-
L() 
L() 

a 
L() 

e) 
a 
(0 

0') 
a 
c::) 

M 
a 

00 
a 
c::) 

0') 
0') 

c::) 

"¢ 
a 
c::) 

"¢ 
a 
c::) 

I 

00 
(0 

c::) 

a 
a 
c::) 

"¢ 
(0 

c::) 

..-
0') 

c::) 

00 
00 
..t 
L() 
(0 
L() 

(0 
I"­
M 
N 

a 
L() 

a.ri ..-
(0 

0') 
a 
c::) 

M 
a 

00 
a 
c::) 

0') 
0') 

c::) 

"¢ 
a 
c::) 

"¢ 
a 
c::) 

I 

00 
(0 

c::) 

..-
a 
a 

I 

L() 
I"­
a 

"¢ 
(0 

c::) 

..-
0') 

c::) 

(0 

t-: 
M 
N 

a 
L() 

..-
N 
(0 

00 
a 
c::) 

I"­
a 
c::) 

a 
a 

M 
a 
c::) 

L() 
I"­
c::) 

"¢ 
a 
c::) 

I 

00 
(0 

c::) 

N a 
a 

I 

(0 
I"­
c::) 

"¢ 
(0 

c::) 

..-
0') 

a 

a 
a 
c::) 
"¢ 
0') 
L() 

(0 
I"­
M 
N 

a 
L() 

l"­
N 
(0 

I"­
a 
a 

L() 
a 

(0 

C! 
a 

N 
C! 
a 

(0 

t-: 
a 

"¢ 

C! 
a 

I 

00 
~ 
a 

M 
C! 
a 

I 

(0 

Ii:! 
N 
00 
a 
(0 

(0 

t-: 
M 
N 



~ 
c 0 0 

~ 
It) 0 

(ij "'C 
..... c) 

>< u. 

0 
0 t--0 '<:t ~ 
~ ..... ..... 
"'C 

C 0 0 
~ 

('I') 0 
III "'C 

..... c) 
u. 

0 
." N 0 N ~ ~ ..... 

"'C 
..... 

.= 0 0 
~ ..... 0 

(ij "'C 
..... c) 

U. 

." 
N t--0 0 t--
~ ..... c) 

"'C 

C 0 0 
~ en 0 

III "'C c) 
U. 

." 
(j) 0 

~ CO ~ 
"'C 0 

~ c:: 0 

0 0 
0 

~ t-- 0 
(ij c) 

(.) U. "'C 

"'C 
c:: 
0 0 
0 0 CO 
CII <D t--

(/) ~ c) 
Ci) "'C 

El 
III c:: M lO CO 00 0 00 00 t-- '<:t to 00 M M M CO to lO .c:: 0- 0 ..-
0 ~ It) 0 l() (j) ~ to ~ N ~ t-- (j) 0 N M '<t lO lO to t--
III (ij "'C 0 c) 0 ..- N N N M M M M ...t -t "<t ,= ...t ...t ...t ...t 
i5 u. I I I I I I I I I I I I I I I I 

0- t-- 0 N lO lO t-- lO l() "<t ..... M lO 0 0 0 00 lO M N 

~ '<:t "! ~ "! 00 "<t 00 N l() CO 0 N M l() ~ t-- t-- 00 (j) 0 

"'C ..... ..... N N M M ...t ...t ...t lri lri lri lO lO lO lri lri lri to 

0 (j) 00 t-- to l() '<t M N ..- 0 (j) CO t-- to lO "<t M N .. (j) ~ 0 ..... N M "<t l() to 
M 0 ~ "! M '<t lO to t-- CO :::.. c) ..- N (") ...t lri <D r--: <Xi cri 0 ..... M ...t lri to r--: <Xi cri ..... ..... ..... ..... ..- ..... ..... 

:2 0 N N N N N N N N N N N N N N N N N N .. - N 0 
l() lO lO lO lO l() l() lO lO lO lO lO lO l() lO l() lO lO 

t::r 
.., 

lri lri lri lri lri lri lri lri lri lri lri g 0 lO lO l() lO lO l() lO 
to to to to to to to to to to to to to to to to to to 

CII 
0 N M lO t-- 00 0 N (") l() t-- 00 0 N (") l() t-- 00 0 
lO lO lO lO lO lO to ~ to ~ to ~ r--: r--: r--: t-- r--: t-- CO 

E ..... N N N N N N N N N N N N N N N N N N N 

i= l() lO l() lO lO lO lO lO lO l() lO lO lO lO lO lO lO l() lO 
to to to to to to to to to to to to to to to to to to to 



'<:t ..... 

M ..... 

N ..... 

..... ..... 

o ..... 

00 

M 

..... 

C") 
00 
..t 

I 

o 

<ri 

.,--
I"­
c:i 
N 

N 
I.{) 

u) 
CO 

N 
CO 
N 
I.{) 

CO 

o 
0> 

1 

o 
co 
.,--
N 

N 
I.{) 

I.{) 

co 

C") 
co 
N 
I.{) 
co 

I.{) 
0> 

1 

N 
"! 
co 

0> 
co 
N 
N 

N 
I.{) 

I.{) 
co 

I.{) 
co 
N 
I.{) 
co 

o 
o 
I.{) 

I 

l"­
N 
CO 

co 
0> 
cr) 
N 

N 
I.{) 

I.{) 
CO 

I"­
CO 
N 
I.{) 
CO 

co 
o 
I.{) 

I 

I"­
o 
u) 
N 

N 
I.{) 

I.{) 
CO 

co 
CO 
N 
I.{) 

CO 

o 
u) 

I 

co 

<ri 
N 

N 
I.{) 

u) 
CO 

o 
0> 

N 
I.{) 

CO 

C") 

u) 
I 

o 
"": 
CO 

I.{) 
N 
r--: 
N 

N 
I.{) 

I.{) 

CO 

N 
0> 
N 
I.{) 
CO 

I.{) 

I.{) 
I 

N 
"": 
CO 

'<:t 
C") 

CO 
N 

N 
I.{) 

I.{) 

CO 

C") 
0> 

N 
I.{) 
CO 

co 
""": 
I.{) 

I 

I.{) 

"": 
CO 

C") 

"": 
0> 
N 

N 
~ 
I.{) 
CO 

I.{) 
0> 

N 
I.{) 
CO 

N 
"! 
I.{) 

I 

N 
I.{) 

c:i 
C") 

N 
I.{) 

u) 
CO 

I"-
0> 

N 
I.{) 
CO 

co 
N 
u) 

I 

C") 
I.{) 

CO 

.,.... 
CO 
.,.... 
C") 

N 
I.{) 

I.{) 

CO 

co 
0> 
N 
I.{) 

CO 

o 0 
o 0 
c:i c:i 

o 
o 
c:i 

o 
o 
o 

..-
o 
o 

I 

.,-­
o 
o 

I 

..-
o 
o 

I 

I.{) 
o 
o 

I 

co 
o 
o 

I 

I"-I"-I"-I"-COCOCO NC") 
0000000,,"":,,"":,,"": 

.,.....,.... ..-

o 0 0 0 
o 0 0 0 
c:i c:i c:i c:i 

N N N N 
o 0 0 0 

o 0 0 0 
o 0 0 0 
c:i c:i c:i c:i 

I"- I"- I"- I"-
~ ~ I"- I"-
o 0 c:i c:i 

..-
o 
c:i 

I 

C") 
o 

..-
o 
c:i 

I 

co 
I"-
c:i 

..-
o 
c:i 

I 

C") 
o 

..-
o 
c:i 

I 

CO 
I"-
c:i 

I.{) I.{) CO CO CO I"-
o 0 0 0 0 0 
c:i 0 0 c:i c:i c:i 

I I I I I I 

o 
o 
o 

co 
I"-
c:i 

co 
N 
u) 

I 

I.{) 
I.{) 

CO 

o 
~ 
N 
C") 

N 
I.{) 

I.{) 

CO 

o 
o 
C") 
I.{) 
CO 

..-
o 
o 

I 

0> 
I"-
c:i 

co 
"": 
I.{) 

I 

I.{) 
I"­
CO 

o .,.... 
c:i 
CO 

I.{) 
N 
cr) 
I.{) 
CO 

I.{) 
I"­
c:i 

.,.... 
o 
o 

I 

0> 
I"-
o 

l"­
I.{) 

I.{) 
I 

'<:t 
CO 
<ri 

CO 
l"-
N 
CO 

o .,.... 
c:i 
CO 

o 
I.{) 

C") 
I.{) 
CO 

I.{) 

~ 
o 

.,.... 
o 
c:i 

I 

0> 
I"-
o 

I"­
CO 
u) 

I 

..-
CO 
N 
0> 

o .,.... 
o 
CO 

o 
o 
'<:t 
I.{) 
CO 

I.{) 

~ 
o 

N 
o 
c:i 

I 

o 
CO 
c:i 

C") 
o 
<ri 

I 

o 
C") 

r--: 

CO 
CO 
N 
N 

o .,.... 
o 
CO 

o 
I.{) 

..t 
I.{) 

CO 

CO 
~ 
o 

C") 
o 
c:i 

I 

.,.... 
CO 
c:i 

I.{) 
..-
<ri 

I 

N 
'<:t 
r--: 

CO 
0> 

N 
CO 

o .,.... 
c:i 
CO 

o 
I.{) 

I.{) 
I.{) 
CO 

..-
o 
o 

I 

C") 
o 

C") 
o 
o 

I 

I.{) 
o 

""" o 
o 

I 

CO 
o 

I.{) 
o 
o 

I 

..- ..- ..-

N 
o 
o 

I 

0> 
I"-
c:i 

CO 
o 

I.{) 
o 
9 

N 
~ 
o 

o 0 
I I 

l"­
I"-
c:i 

;g 
o 

I 

N 
CO 
o 

""" I.{) 

I"-

CO 
~ 
C") 

""" N 

o 
""": 
o 
CO 

o 
~ 
CO 
I.{) 

CO 

o 
~ 
o 

0> 
~ 
o 

I 

I"­
CO 
o 

l"-
t":! 
CO 

I 

N 
"! 
I"­
o 
'<:t 

'<:t 
I.{) 

""" I.{) 

o 
~ 
0> 
I.{) 
CO 

I"­
o 
9 

CO 
o 
o 

I 

I.{) 
CO 
o 

N '<:t 

o 0 
I I 

o 
I 

0> 
CO 
o 

CO 
t":! 
CO 

I 

CO 
t":! ..-
l"­
I.{) 

o 
~ 
N 
CO 
CO 

C") 
CO 
c:i 

N ..-
c:i 

I 

o 
0> 
c:i 

0> 
C") 

<ri 
I 

""" I.{) 

I.{) 
C") 
I"-

'<:t 
I.{) 

..t 
I.{) 

o 
I.{) 

I.{) 
CO 
CO 



>< [' [' 00 00 00 00 00 

~ 
It) 0 ~ 0 0 0 0 0 ..... 0 0 c::i c::i c::i 0 c::i 

I I I I I I I 

~ 
~ 

""" 
LO LO LO LO LO 

..... "'"-: "'"-: "'"-: "'"-: "'"-: "'"-: "'"-: 
....... ....... 

[' 00 O'l O'l O'l O'l O'l 
M 0 0 0 0 0 0 0 .... c::i c::i c::i 0 c::i c::i c::i 

I I I I I I I 

N 
O'l 0 

..... ~ "'"-: "'"-: "'"-: "'"-: "'"-: "'"-: 
....... 

0 N (") (") (") (") (") .... ....... .... c::i c::i c::i c::i c::i c::i c::i 
I I I I I I I 

[' O'l 0 0 0 0 0 
0 00 00 O'l O'l O'l O'l O'l .... c::i c::i c::i c::i c::i c::i c::i 

CD 0 ....... (") (") (") LO 
Q) "'"-: ~ ~ ~ N N ~ 

0 0 0 0 0 c::i 0 
I I I I I I I 

LO O'l 0 N N N 
""" 00 CC! 00 O'l O'l O'l O'l O'l 

0 c::i c::i c::i c::i 0 c::i 

(") LO [' 00 00 00 O'l 0 
[' ....... ....... N 

c::i c::i c::i c::i c::i c::i c::i c::i 
I I I I I I I I 

....... (") LO CD CD CD [' 00 
CD ~ O'l O'l O'l O'l O'l O'l O'l 

0 c::i c::i c::i c::i 0 c::i c::i 

O'l O'l LO LO CD [' [' [' 

It) ~ (") (") (") (") (") (") (") 

CD CD CD CD c.ci c.ci c.ci CD 
I I I I I I I I 

CD CD N N (") 

""" """ """ ~ <.q CD CD CD CD CD CD CD 
[' r-..: r-..: r-..: r-..: r-..: r-..: r-..: 

0 CD N 00 

""" 
0 CD N 

": 00 0 (") LO CD 00 
C") 00 N c.ci c::i ...t 00 M O'l CD N O'l LO N 00 

""" O'l 0 N (") LO [' 00 0 00 ....... ....... ....... N 

""" """ """ """ """ """ """ """ ~ LO LO LO LO LO LO LO 
N 

""" """ """ """ 
...t ...t 

""" """ LO LO LO LO LO LO LO LO 

0 0 0 0 0 0 0 0 
~ ~ LO LO LO LO LO LO ..... 00 ....... 

""" 
r-..: c::i C") CD O'l 

CD [' [' [' 00 00 00 00 
CD CD CD CD CD CD CD CD 



x 0.> 
.: 0 0 g ~ 0.> ~ 

It) 
~ .... 

0.> VI "C 0 
.Q ii: 
::s .... 
~ 

0 
0 <D 0 o:t 

iii ~ .... "-: 
::s 
0' "C 

"C .: 0 0 0 
0 0.> ~ M 0 
Cl VI "C 

.... 
0 

.t: ii: 
::s 
0 0 ... ..., 

C") 
.t: 0 N "-: .... ~ .... 
0.> "C 

..-
Cl ... 
(II 
.t: .E 0 0 (.) 
0.> 0.> ~ .... 0 

IX: VI "C 
.... 

0 
ii: 

..., 
N O'l 

0 0 CO 
~ .... 

0 
"C 

.E 0 0 
.t: 0.> ~ en ~ 
N VI "C 0 
..0 ii: 
I~ 

II 
..., 

CO 0 .... 
~ CO ~ 

IllS "C 0 .., 
E 
0 .: 0 

0 0 0 
0 0.> ~ 

,.._ 0 
o:t VI c:i .... ii: "C 
II 

> 0 C/) 
0 ..-

!Xl (0 O'l 
~ 0 

(; "C 

'0 
>. .: (.) 0.. 0 ,.._ <D 0 C") O'l 0 0 0 0 0 O'l CO I"- <D I"- CO 0 0 

"C 0.> ~ It) 0 0 ..- N N N C") C") C") C") C") "! N N N "! "! C") C") 

.: VI "C c:i 0 c:i c:i c:i c:i c:i 0 c:i c:i c:i 0 c:i c:i c:i 0 0 c:i c:i 
.t: ii: 
t--0.> 
Cl 0.. <D O'l 0 <D C") I"- <D <D <D <D <D I"- CO O'l 0 O'l CO <D <D ... 

~ o:t ~ ~ ~ "! "! "-: "-: "-: "-: "-: "-: "-: "-: "-: "! "-: "-: "-: "-: (II 
.t: "C .,.... .... ..- ..- .,.... .... .,.... ..- ..- .... .,.... .... ..- .... .... ..- .... 
(.) 
0.> 

IX: 

-;; 0 0 O'l O'l CO CO CO l"- I"- <D <D <D II) II) o:t V V C") C") 

M 0 ~ I"-: "-: ~ ~ C") I"- ..- II) O'l C") I"- .,.... II) O'l C") I"- .,.... 
c:i 0 0 .,.... .... ..- N N C") C") C") V ...j. u) u) II) <D <ri ~ 

- <D <D <D <D <D <D <D <D <D <D <D <D <D <D <D <D <D <D .t: 0 .... - N 0 I"-: I"-: I"-: I"-: l"- I"- l"- I"- l"- I"-: I"-: l"- I"- I"-: I"-: l"- I"-: I"-: 
0- M C") C") C") C") C") C") C") 

E 0 
C") C") C") C") C") C") C") C") C") C") C") - N N N N N N N N N N N N N N N N N N 

0.> 
0 N C") II) I"- CO 0 N C") II) I"- CO 0 N C") II) I"- CO 0 
II) II) II) II) ~ II) <D <D <D ~ <D <D l"- I"-: I"-: l"- I"- I"-: CO 

E .... C") C") C") C") C") C") C") C") C") C") C") C") C") C") C") C") C") C") C") 

j:: O'l O'l O'l O'l O'l O'l O'l O'l O'l O'l O'l O'l O'l O'l O'l O'l O'l O'l O'l 
<D <D <D <D <D <D <D <D <D <D <D <D <D <D <D <D <D <D <D 



M ..... 

N ..... 

..... ..... 

o .... 

CC) 

N ('t') '<t 
('t') ('t') ('t') 

c:) c:) 0 

N 
CO 
('t') 
0> 
(!) 

('t') 
CO 
cr) 
0> 
(!) 

N 
('t') 

CO 

(!) 
r-­
('t') 
N 

t.O 
CO 
('t') 
0> 
(!) 

'<t 
('t') 

o 

r-­
CO 
cr) 
0> 
(!) 

t.O 
('t') 

c:) 

co 
CO 
cr) 
0> 
(!) 

t.O 
('t') 

o 

o 
t.O 
a) 

(!) 
r-­
('t') 
N 

o 
0> 
('t') 
0> 
(!) 

o 
0> 
0> 

N 
('t') 

o 

o 
('t') 

c:) ..... 

(!) 
r-­
('t') 
N 

..-
o 
c:) 

I 

..- ..- ..... 
o 0 0 
c:) c:) 0 

I I I 

o ~ 
o c:) 

I I 

~ 
c:) 

I 

(!) r-­
o 0 
c:) c:) 

I I 

o 0 
~ 0 
o c:) 

o 0 0 N 
~ 
o 

'<t 
o 

(!) CO 
o 0 
c:) c:) 

~ ~ 
o 0 

I I 

('t') ('t') 
0> 0> 
o 0 

o 0 0 
c:) 0 c:) 

I 
c:) 

I I I 

'<t 
o 
c:) 

I 

(!) 
o 
c:) 

I 

t.O 
0> 
c:) 

..... 0 

c:) c:) 

r-- N r-- ..- t.O o ..... ..... N N 
c:) c:) c:) 0 c:) 

, I , I I 

(!) ..... (!) 0 '<t 
<1.! 0 0 or: or: 
o ~ T""" T""" T""" 

0> 
o 
c:) 

(!) ..... 
o 0 
c:) c:) 

..... '<t 
o 0 
c:) 0 

I I 

'<t (!) r-- co 0> N 
CO CO 0> 

r-- 0> N 
0> 0> 0 CO CO CO 

o c:) c:) 

co 
o 
c:) 

I 

co 
o 
o 

I 

N ..... 
c:) 

I 

('t') 
o 
..... 

c:) c:) c:) 

co ..... 
c:) 

I 

0> 
o 

o 
N 
c:) 

I 

r-­
N 
c:) 

I 

co 
or: ..... 

c:) c:) 

'<t 
('t') 

o 
I 

co 
('t') 

c:) 
I 

('t') 
'<t 
c:) 

I 

..... 

o 0> CO r-- (!) (!) '<t 
N 
c:) 

('t') 
N 
c:) 

N r-- '<t '<t '<t 
C\I T""" or- T""" ('t') ~ N N N ~ 

o 0 c:) c:) c:) 0 

(!) r-- CO 0> 0 0 
or: ~ "': ~ N ~ 

(!) 
r-­
('t') 
N 

t.O 
0> 
('t') 
0> 
(!) 

co 
0> 
cr) 
0> 
(!) 

o 
o 
-.i 
0> 
(!) 

o 0 
t.O 0 
-.i IJ") 
0> 0> 
(!) (!) 

o 
t.O 
IJ") 
0> 
(!) 

(!) 
r-­
('t') 
N 

o 
~ 
(!) 
0> 
(!) 

c:) c:) c:) c:) c:) 

o 
t.O 
r--
0> 
(!) 

o 
(!) 

r-..: 
('t') 
N 

o 
t.O 
cr) 
o r--

(!) ..... 
c:) 
CO 
('t') 

o 
t.O 
a) 
o 
r--

N r--
N 
N 
t.O 

(!) 
r-­
('t') 
N 

o 
t.O 
IJ") ..... 
r--

co 
N 
U') 
(!) 
(!) 

o 
t.O 



10 ..... 

M ..... 

N ..... 

..... ..... 

o ..... 

en 

co 

10 

I'­
o 
o 

I 

co 
o 
o 

I 

co N 
o 
o 0 

I I 

L{) 
N 
o 

I 

"<t­
o 
o 

I 

N 
o 

C') 

"<t­
o 

I 

N 
N 
o 

I 

~ 

~ 

~ 

N 
o 

O'l 
"<t­
o 

I 

N N 
'<t C') C') 

..... 

"<t- 0 
co "': 
r--: 0 o L{) 
co O'l 

CD CD 
I'- I'-
C') C') 

N N 

o 0 
L{) L{) 

r--: C') 
N C') 
I'- I'-

10 
en 
M 
...... 
E .g 
I/j 
a. 
o ... 
I/j 

Q) 

~ 
ItS 

.J:: 
(J 
Q) 

c::: 

o 

o 
I 

"<t­

o 
I 

I'­
N 

C') 

N 
o 

I 

o 
N 
o 

co 
I'-
o 

~ 

L{) 

o 
I 

CD 
O'l 

N 
O'l 
o 

CD 
I'-: 
C') 

N 

o 
L{) 

O'l 
C') 

I'-

o 
o 
o 

co 
O'l 
o 

o 
N 
o 

I 

O'l 
o 
o 

I 

CD 
O'l 

N 
O'l 
o 

o 
o 
o 

"<t­
o 
o 

C') 
C') 

C") 
O'l 
o 

N 
C') 

N 
N 

O'l 
o 
o 

o 
I'­
C") 
O'l 
o 

N 
C') 

N 
N 

o 
~ 

o 

co 
o 
-.i 
O'l 
o 

N 
C') 

N 
N 

N 
C') 

N 
N 

~ 

~ 

o 

N 
co 
-.i 
O'l 
o 

N 
M 
N 
N 

co 
L{) 

L{) 
"<t­
I'-

N 

o 

O'l ..... 
Lri 
O'l 
o 
~ 

N 
M 
N 
N 

N 
~ 

o 

CD 
L{) 

Lri 
O'l 
o 

N 
M 
N 
N 

N 
~ 

o 

N 
M 
N 
N 

N 

o 

~ 

M 
CD 
O'l 
o 

N 
M 
N 
N 

L{) 
CD 
L{) 

~ 

N ..... 
o 

co 
CD 
cD 
O'l 
o 

N 
M 
N 
N 

M 

o 

L{) 
o 
r--: 
O'l 
o 

N 
M 
N 
N 

M 

o 

N 
"<t-
r--: 
O'l 
o 

N 
M 
N 
N 

o 
co 
r--: 
O'l 
o 

N 
M 
N 
N 

I'-..... 
cx:i 
O'l 
o 
~ 

N 
M 
N 
N 

"<t­
L{) 

cx:i 
O'l 
o 

N 
M 
N 
N 

~ 

O'l 
co 
O'l 
o 

N 
~ 
N 
N 

~ 

~ 

o 
I 

~ ..... 
o 

I 

"<t-..... 
o 

I 

M 
o 

o 
o 
o 

co 
O'l 
o 

M 
~ 
o 

I 

co 
N 
O'l 
O'l 
o 

N 
M 
N 
N 

o 
L{) 

CD 
"<t­
I'-



It) ..... 

M ..... 

N ..... 

..... ..... 

o ..... 

en 

co 

It) 

N 

..... 

N 

o 
I 

co 
N 

N 

o 
I 

0> ..-
o 

I 

co 
o 

('I') 
o 
o 

I 

..-
o 

o 
I 

o 
('I') 

o 
I 

r­
N 
ei 

I 

CD 
o 
o 

I 

'<t o 

co ..-
('I') LO 
o 0 

I I 

'<t r­
o 

ei ei 

CD 
CD 
0> 
0> 
o 

N 
('I') 

N 
N 

o 
LO 
N 
LO 
r-

CD 
N 
0> 
N 
N ..-

o 
~ ..-
N 

o 
LO 
cO 
LO 
r-

CD 

o 
I 

N 
('I') 

o 
I 

o 
('I') 

'<t 
('I') 

ei 
I 

('I') 
N 

CD ..-
o 

I 

('I') 
r­
o 

I 

CD 
o 
ei 

CD 
CO 
CO 
LO 
('I') 

o 
~ 
..-
N 

o 
LO 
..t 
CD 
r-

co 

o 
I 

0> 

ei 
I 

N 
('I') 

r­
('I') 

ei 
I 

CD 
N 

co 
o 
o 

I 

CD 
o 

0> 
r-
ei 

I 

co 
o 
o 

CD 
-.:t: 
CO 
CO 
'<t 

o 
~ ..-
N 

o 
LO 
o 
r­
r-

0> 

ei 
I 

LO 
('I') 

o 
N 
o 

I 

..-

0> 
('I') 

o 
I 

co 
N 

('I') 
N 
ei 

I 

('I') 
N 
o 

I 

CD 
('I') 

..-
-.:t: 
o 

I 

o 
('I') 

('I') 
N 
ei 

I 

r­
N 
o 

I 

o 
-.:t: ..-

CD 
-.:t: 
o 

I 

LO 
('I') 

..- ..- ..-

0> 
o 
o 

I 

r­
o 

o 
CO 
ei 

I 

co 
o 
o 

CD 
o 
CO ..-
CD 

o 
~ ..-
N 

o 
LO 
CD 
r­
r-

N 
"! 
o 

I 

o 
N 

N 
CO 
o 

I 

co 
o 
o 

o 
CD 
..-
N 

o 
LO 
N 
CO 
r-

('I') 
N 
ei 

I 

..-
N 

('I') 
CO 
o 

I 

('I') 

ei 

CD 
CD 
..0 
LO 
CO ..-

o 
o 
CO 

o 
LO 
cO 
CO 
r-

r­
N 
ei 

I 

0> 
N 
o 

I 

N 
-.:t: 

o 
LO 
o 

I 

CD 
"! 
o 

I 

'<t 
N 

r­
CO 
o 

I 

co 
r-

N ..-
ei 

CD 
CD 
C"'i 
CD 
0> 

o 
o 
co 

o 
LO 
..t 
0> 
r-

l"­
N 
ei 

I 

0> 
N 
o 

I 

N 
-.:t: 

N 
LO 
o 

I 

..-
('I') 

o 
I 

0> 
N 

0> 
N 
ei 

I 

..- N 
('I') ('I') 

ei 0 
I I 

co 
-.:t: 

..- N ('I') 
('I') ('I') ('I') 

o 0 0 
I I I 

CD 
LO 
o 

I 

o 
CD 
ei 

I 

..-
CD 
ei 

I 

o 
LO 

'<t 
('I') 

o 
I 

o 
LO 

('I') 
('I') 

ei 
I 

LO 
('I') 

o 
I 

..-
LO 

LO 
('I') 

ei 
I 

co 
-.:t: 

LO 
('I') 

o 
I 

..-
LO 

CD 
('I') 

ei 
I 

..- ..- ..-

('I') 

~ 
o 

I 

N 
LO 

LO 
~ 
o 

I 

LO 
~ 
o 

I 

..- ..- ..-

..-
-.:t: 
o 

I 

..-
LO 
o 

I 

N 
LO 
ei 

I 

o 
LO 

'<t 
LO 
ei 

I 

N 
LO 

CD 
LO 
o 

I 

CD 
LO 
o 

I 

..- It) 

r- CO 0 N N '<t LO 
CO CO 0> 0> 0> 0> 0> 

o ei ei 0 0 o ei 
I I I I I I I 

co 0>..-('1') ('I') LO CD 
"': "': CO CO CO CO CO 
-r- -c- -c- -c- ..- ..-

-c- m f'... T""" T"'"" o 
T""" a a T""" T""" 

ei 0 0 ei ei ei ei 

CD CD CD CD CD CD 
CD CD CD CD CD ~ 
..- 0> ~ ..0 ('I') ..-
r- r- co 0> 0 ..-o ..- N ('I') LO CD 
N N N N N N 

o 0 0 0 0 0 
000 0 0 0 
co co cO co co co 
or- T"'"" T""" T""" 

o 000 0 0 
LO LO LO LO LO LO 
o CD N cO '<t ei o 0 ..- ..- N ('I') 
co co co co co co 

CD 
~ 
0> ..-
r­
N 

o 
o 
cO 

o 
LO 
to 
('I') 
co 

cD 
M 
co 
E .g 
1/1 
c.. 
.s en 

CD 
CD 
m ..-
r­
N 

o 
o 
o 

o 
LO 
N 
'<t 
co 

..-
o 
ei 

CD 
CD 
0> ..-
r­
N 

o 
o 
ei 

o 
LO 
co 
'<t co 

r­
('I') 

o 
I 

('I') 
LO 

LO 
('I') 

ei 
I 

..-
~ 
o 

I 

o 
LO 

'<t 
-.:t: 
o 

I 

N 
-.:t: 

N 
co 
o 

I 

..­..-
ei 

CD 
~ 
r­
N 
co 
N 

o 
o 
co ..-

o 
LO 
..t 
LO 
co 

r­
('I') 

o 
I 

('I') 
LO 

r­
('I') 

ei 
I 

o 
~ 
o 

I 

0> 
('I') 

ei 
I 

LO 
LO 

co 
('I') 

ei 
I 

..-
CD 
o 

I 

o 
LO 

o 
'<t 
ei 

I 

CD 
LO 

0> 
('I') 

ei 
I 

LO 
CD 
ei 

I 

..- ..- ..-

CD 
'<t 
ei 

I 

co 
co 
o 

I 

0> 
r-

N ..-
ei 

CD 
~ 
LO 
('I') 
0> 
N 

o 
o 
co ..-

o 
LO 
ei 
CD co 

0> 
'<t 
ei 

I 

('I') 
LO 
o 

I 

..­
LO 

o ('I') 
0> 0> 
ei ei 

I I 

..- '<t 
co co 
..-

N N 

ei ei 

o 
o 
cO 

o 
LO 
to 
CD 
co 

CD 
CD 
..-
LO ..-
('I') 

o 
o 
co ..-

o 
LO 
N r­co 



> 

~ x 

It) ..... 

M ..... 

N ..... 

..... ..... 

o ..... 

en 

co 

..... 

o 
~ 
o , 

M 
l() 

l() 
<0 
o , 

v 
l() 

(") 
l() 

co 
0> 
o , 

0> 
CO 

N 

o 

<0 
<0 
0) 
l() 
N 
(") 

o 
o 
CO .,.... 

o 
l() 

cO 
t­
CO 

~ 
o , 

N 
~ 
o , 

l() 
<0 
o , 

<0 
l() 

o , 

co 
0> 
o , 

0> 
CO 

o 
C! 
CO .,.... 

o 
l() 

~ 
CO 

(") 
V 
o , 

<0 
l() 

<0 
l() 

t­
l() 

o , 

l() 
l() 

o 
o 
..­, 

N 

o 

o 
o 
CO .,.... 

o 
l() 

o 
0> 
CO 

l() 
V 
o , 

00 
l() 

0> 
<0 
o , 

co 
l() 

t­
l() 

o , 

..-
o 
.,.... , 

N 
0> 

o 
C! 
00 ..-

o 
l() 

<0 
0> 
00 

N 
I'-
o , 

00 
l() 

o , 

..­, 

o 
o 
00 .,.... 

00 
l() 

9 

..­, 

N 

o 

o 
o 
00 .,.... 

o 
l() 

a::i o 
0> 

00 
v 
o , 

co v 
o , 

<0 
I'-
o , 

0> 
l() 

o , 

..­, 

N 

o 

0> 
V 
ci , 

0> 
I'-
o , 

0> 
l() 

ci , 

.,.... , 

N 
o 
ci 

o o 
a::i .,.... 

o 
~ 
o 
N 
0> 

o 
l() 

ci , 

o 
00 
ci , 

o 
<q 
o , 

00 
l() 

(") 
o 
..­, 

~ 
ci , 

00 o 
o , 

.,.... 
l() 

o , 

00 
t-
o , 

.,.... 
~ 
o , 

N 
0> 
o , 

(") 
co 

v ..-
o , 

N 
l() 

o , 

N 
~ 
o , 

0> 
t-
o , 

00 
<0 

N 
l() 

o , 

o 
l() 

(") 

~ 
o , 

0> ..-
c::i , 

N 
l() 

o , 

0> 
t-o , 

N 
~ 
o , 

o 
l() 

..... 
0> 
o , 

N 
co 

V 
N 
o , 

N 
l() 

o , 

~ 
o , 

l() 

<q ..... 

N 
00 o , 

<0 
l() 

o , 

0> 
N 
o , 

l() 

~ 
o , 

(") 
l() 

o , 

V 
co 
o , 

00 
~ 
9 

0) 

0> 
o , 

co 
"! 
o , 

VOl() 0 l() V 
l() <q <0 ": ": ": 
"C-~~,-.,.-

<0 
00 
o 
N 
N 
V 

o 
l() 

cO 
(") 
0> 

o 
l() 

o 
l() 
0> 

o 
~ 
<0 
l() 
0> 

o 
l() 

N 
<0 
0> 

0) 
l() 

o , 

V 
l() 

ci , 

<0 
00 
o , 

co 
l() 

o , 

00 
N 
o , 

o 
00 
o ..... 

o 
~ 
00 
<0 
0> 

00 
N 
o , 

o 
00 
o ..... 

o 
l() 

o 
t­
O> 

... 
C'CJ 
.c u 
(I) 

0:: 

o 
o 
o 

<0 
l() 

o , 

N 
l() 

o , 

..-
00 
o , 

(") 
l() 

o , 

..­
l() 

~ 
ci , 

(") 
00 

<0 ..-
o , 

o 
00 
o ..-

o 
l() 

~ 
0> 

.c 
It) 

N en 
en 

(") 
l() 

o , 

(") 
co 
o , 

l() 
l() 

o , 

l() 
0> 
o , 

<0 
00 

o 
N 
ci , 

<0 
<0 

o 
00 
o .,.... 

o 
~ 
o 
co 
0> 



M .... 

('II .... 

o .... 

CIO 

O'l 
N 
a 

I 

I'-- O'l 
LO LO 
ci a 

I I 

O'l 
LO 
a 

I 

..- N 
tC! to 
a a 

I I 

N 
to 
a 

I 

('I') 
to 
ci 

I 

~ to CIO CIO O'l O'l a a 0 
to tC! to tC! to to I'-- I'-- I'--
a a a a ci a ci ci a 

I I I I I I I I I 

N N 
I'-- I'--
a ci 

I I 

('I') ~ 
I'-- I'-: 
ci a 

I I 

('I') LO LO I'-- CIO CIO O'l a N ~ ~ LO LO to to to CIO CIO O'l a 
I'-- I'-- I'-- I'-: I'-- I'-- I'-- CIO CIO CIO ~ CIO CIO CIO CIO CIO CIO CIO CIO ~ 

..-
LO 
a 

I 

LO 
I'--
a 

I 

..-

~ 
LO 
a 

I 

..-

O'l 
LO 
a 

I 

a I'--
CIO I'--
a ci 

I I 

O'l to 
to to 

to N ('I') 
LO 
a 

~ LO 
a ci 

I I 

CIO 
CIO 
a 

I 

O'l 
"! 
a 

I 

a 
LO 

..-
CIO 
ci 

I 

I'-­
N 
a 

I 

I 

..-
LO 

..-
CIO 
ci 

I 

to 

ci 
I 

..-
tC! 
a 

I 

a 
CIO 
a 

I 

CIO 
LO 
a 

I 

CIO 
~ 
a 

I 

N 

a 
I 

..-

LO ~ LO 
tC! to to 
a a a 

I I I 

..- .,.... 

O'l O'l a ..-
to to I'-- I'--
ci a ci a 

I I I I 

N N ('I') ~ 
CIO CIO CIO CIO 
..- ..-

.,.... ..-

..-
I'--
a 

I 

N 
I'--
a 

I 

LO 
CIO 

.,.... ..-

~ 
a 

I 

LO 
CIO 

('I') LO I'-- a ~ LO to I'-- O'l 
CIO CIO CIO O'l O'l O'l O'l O'l O'l 

ci 
I 

a ci a ci a ci a ci a 
I I I I I I I I I 

~ 
ci 

I 

to 
I'--
ci 

I 

O'l 
CIO 

..- ..-

a 
a 
.,.... 

I 

O'l 
CIO 

..-
a 
..­

I 

a 
O'l 

..- ...-

a a 
to to 

..- N ('I') CIO a N ('I') ('I') ~ ~ 
to to to tC! I'-- I'-- I'-: I'-- I'-: I'--

ci a 
I I 

CIO 
LO 

O'l 
O'l 
ci 

I 

a 
O'l 
..-

a 
I 

CIO 
LO 

O'l 
O'l 
a 

I 

a 
O'l 

to 

ci 
I 

ci a ci a ci ci a ci a ci 
I I I I I I I I I I 

O'l 
LO 
..-

O'l 
O'l 
ci 

I 

a 
O'l 

a 
I 

I'-­
a 
..­

I 

CIO 
O'l 
..-

to ..-
ci 

I 

('I') 

""": ..­
I 

~ a 
N 

a 
I 

('I') 

""": ..­
I 

~ a 
N 

a 
I 

('I') 

""": ..­
I 

..­..-
ci 

I 

a 
I'-: ..-

~ 
""": ..­

I 

LO 
a 
N 

a 

ci 
I 

to 
""": ..­

I 

I'-­
a 
N 

a 

a 
I 

LO 
""": ..­

I 

to 
a 
N 

ci 
I 

LO 
""": ..­

I 

to 
a 
N 

a 
I 

..-

to 
""": ..­

I 

I'-­
a 
N 

..­..-
ci 

I 

...- ..-

I'-­
I'--
a 

I 

a 
O'l 

N 
a 
..­

I 

...-
O'l 

CIO 
I'--
a 

I 

..-
O'l 

~ 
a 
...­

I 

('I') 
O'l 

I'-­
I'--
a 

I 

a 
O'l 

..­
I 

('I') 
O'l 

..- ..-

~ 
ci 

I 

CIO 
""": ..­

I 

O'l 
a 
N 

a 
I 

~ 
I'--
ci 

I 

CIO 
""": ..­

I 

O'l 
a 
N 

a 
I 

CIO 
""": .,.... 

I 

O'l 
a 
N 

N .,.... 
ci 

I 

I'-­
I'-: 
a 

I 

a 
O'l 

~ a 
..­

I 

('I') 
O'l 

LO .r:. 
I'-: Q) 
a .... 

I It) 

CIO 
~ 
a 

I 

N 
""": 
a 

I 

LO LO ('I') N CIO I'-- N N N N N I'-- to to I'-- CIO I'-- I'-- CIO CIO CIO 
~ I'-- I'-- I'-- to LO LO to ~ to ~ tC! LO LO LO LO LO LO LO LO LO ~ 

('II 

.... 

a 
CIO 
ci 

a 
LO 
<ri 
CIO 
O'l 

a 
LO 
N 
O'l 
O'l 

a 
LO 
CIO 
O'l 
O'l 

CIO 
O'l 
LO 
~ a 
LO 

a 
LO 
~ a 
a 

N 
CIO 
I'-­
O'l 
a 
LO 

a 
LO 
a ..­
a 

a 
LO 
to ..-
a 

a 
LO 
..-
a 
N 
LO 

a 
LO 
N 
N a 

~ 
('I') 

('I') 
LO 
N 
LO 

a 
LO 
cci 
N 
a ..-

CIO 

Lri 
a 
('I') 
LO 

a 
LO 
~ 
('I') 
a 

N 
a 
r-..: 
LO 
('I') 
LO 

a 
LO 
ci 
~ a 

to 
CIO 
CIO 
a 
~ 
LO 

a 
LO 
<ri 
~ a .,.... 

a 
I'--
ci 
to 
~ 
LO 

a 
LO 
N 
LO 
a 

~ 
LO 
N ..-
LO 
LO 

a 
LO 
cci 
LO 
a 

..-

CIO 
('I') 

..t 
to 
LO 
LO 

a 
LO 
..t 
to 
a 

N 
N 
<ri ...-
to 
LO 

a 
LO 
a 
I'-­
a 

to 
a 
CIO 
to 
to 
LO 

a 
LO 
<ri 
I'-­a 

a 
O'l 
0) 
...-
I'-­
LO 

a 
LO 
N 
CIO 
a 

a 
LO 
CIO 
CIO 
a 

CIO 
LO 
C"') 
N 
CIO 
LO 

a 
LO 
~ 
O'l 
a 

a 
LO 
ci 
a ..­..-

<0 
"! 
I'-­
N 
O'l 
LO 

a 
~ 
<0 
a .,.... 



C") 
It) I'­
..... ci 

M ..... 

N ..... 

..... ..... 

o ..... 

I 

(J') 
00 

<0 
I'-
a 

I 

(J') 
00 

N 
I'-; 
a 

I 

L() 
00 

..- 00 
(J') IX? 
ci a 

I I 

a I'-
00 I'-; 

N N 
I'- cq 
ci a 

I I 

a a 
00 I'- cq 

CD 

C") 
00 
a 

I 

..-

<0 
L() 

a 
I 

(J') 

I'-; 
a 

I 

a 
I'-; 
..-

<0 
L() 

a 
I 

N N 
a ~ 
N N 

<0 <0 
N "! 
r...: I'­
N N 
(J') (J') 
L() L() 

a a 
a a 
ci a 

a a 
L() L() 

N 00 ..- ..­..- ..-

N 
I'-
a 

I 

00 
00 

(J') 
<0 
ci 

I 

N 
00 

(J') 

<0 
ci 

I 

N 
00 

(J') 
<0 
a 

I 

N 
00 

00 
<0 
a 

I 

..-
00 

..- ..- ..... 

v v 
00 00 

C") 
00 
a 

N 
00 

a a ci 
I I I I 

N 
I'-
..-

..-
I'-

00 <0 <0 
<0 <0 <0 

<0 
<0 

a ci ci ci 
I I I I 

00 
I'-
a 

I 

(J') 
<0 

<0 
L() 

a 
I 

N a 
N 

<0 
N 
r...: 
N 
(J') 
L() 

a 
a 
ci 

a 
L() 

V 
N 

00 
I'-
a 

I 

(J') 
<0 

I'­
L() 

a 
I 

I'­
I'-
a 

I 

I'­
L() 

ci 
I 

<0 
I'-
a 

I 

00 
L() 

ci 
I 

C") C") v 
a a a 
N N N 

<0 <0 <0 
N N N 
r...: r...: r...: 
N N N 
(J') (J') (J') 
L() L() L() 

a a a a a a 
ci ci a 

a a a 
L() L() L() 

a <0 N 
C") C") V 

..- ..­..-

00 
<0 
ci 

I 

..-
00 

N 
00 
ci 

I 

..-
I'-

<0 cq 
a 

I 

<0 
I'-
a 

I 

00 
L() 

a 
I 

v a 
N 

<0 
N 
r...: 
N 
(J') 
L() 

a 
a 
a 

a 
L() 
ex:) 
v ..-

00 
L() 

a 
I 

<0 
"! 
I'­
N 
(J') 
L() 

a 
a 
a 

a 
~ 
v 
L() ..... 

I'­
<0 
ci 

I 

a 
00 

I'­
<0 
ci 

I 

a 
00 

<0 
<0 
a 

I 

..-

v 
<0 
ci 

I 

I'­
<0 
ci 

I 

a 
00 

a (J') (J') I'­
I'-

00 
I'-00 I'- I'­

ci ci a 
I I I 

ci 
I 

ci 

(J') 00 00 
<0 cq cq <0 

<0 

I 

..-

L() L() v v v v 
<0 cq <0 

C") 
<0 
ci 

<0 cq cq 
ci a a ci a ci 

I I I I I I I 

C") C") N 
<0 <0 <0 

N N N cq cq <0 
..-

L() 
I'­
a 

I 

00 
L() 

ci 
I 

<0 
N 
r...: 
N 
(J') 
L() 

a 
a 
ci 

a 
L() 

a 
<0 ..­..-

..- ..-

L() L() ;:! 
ci 

v 
I'-; ;:! ;:! 

ci 
I'-; I'­
a ci a 

I 
a 

I I I I I 

00 
L() 

ci 
I 

<0 
N 
r...: 
N 
(J') 
L() 

a 
a 
ci 

a 
L() 

<0 
<0 ..­..... 

(J') 
L() 

ci 
I 

(J') 
L() 

a 
I 

(J') 
L() 

a 
I 

(J') 
L() 

a 
I 

L() 
cq 
..-

(J') 
L() 

ci 
I 

(J') 
L() 

ci 
I 

L() 
<0 

(J') 
L() 

ci 
I 

L() L() L() L() L() L() L() 
a a a ~ a a a 
N N N N N N N 

<0 <0 <0 <0 <0 <0 <0 
N N N "! N N N 
r...: r...: r...: I'- r...: r...: r...: 
N N N N N N N 
(J') (J') (J') (J') (J') (J') (J') 
L() L() L() L() L() L() L() 

a a a a a a a 
a a a a a a a 
a a a a ci ci ci 

a a a a a a a 
L() L() L() L() L() L() L() 

N 00 ..t a cci N 00 
I'- I'- 00 (J') (J') a a 
~ ~ ~ T- T- N N 
~ T- -r- .,-

"C 
c: 
Q) 

.r::. 
It) 

N ..... 
N ..... -C'CI 

"C 

~ 
.l9 
1/1 

~ 
Q) 
.c 
::::I 
I-

(J') 
00 
ci 

I 

I.() 
C") 

N 

<0 
N 
r...: 
N 
(J') 
I.() 

a 
a 
ci 

a 
I.() 

N ..-
N 

I'­
I'-; 
a 

I 

<0 
<0 
ci 

I 

<0 
L() 

a 
I 

C") N N 
"! a 
N N N 

a v 00 
"": I.() <0 
I'- r...: r...: 
N N N 
(J') (J') (J') 
I.() I.() I.() 

N C") I.() 
~ I.() I.() 

N N N ..- ..- ..-
N N N ..- ..- ..-



:> 
t-- en >< Lt) 
t-- t-->< ..... 
0 ci >< 

I I >< 

.". ('I) LO ..... ~ ~ 

...... t--M 
t-- t--..... 
0 ci I I 

N .". 0 ..... ~ ~ ...... 

...... ...... ..... 
CO en ..... 
ci ci 

I I 

0 0 0 ..... I': ~ ...... ...... 

t-- t--0') LO CO 
ci 0 

I I 

LO LO CO 
~ cq 

t-- en 
CO ~ ci ..... 

I I 

CO 0 CD 
I': 0 
...... N 

0 ('I) ...... en t-- CO CO 0 CO N .". 0 ...... N CO 0 II) LO .". "': ('I) ('I) ('I) ('I) ~ 0 0 0 ...... ..... ..... 0 "! ci ci 0 ci 0 ci ci 0 0 0 ci ci ci ci ci 0 I I I I I I I I I I 

CO en t-- LO ('I) N N CO N .". N CO LO .". 0 CO .". ~ ~ OC! ~ ~ OC! OC! I': ~ "': "': ~ ~ ~ "': cq ...... ...... ..... ...... ...... ..... ...... ...... ...... ..... 

N CO 0 .". CO N CO CO 0 N .". 0 CO 0 .". CO CO en ...... "! ('I) LO cq ('I) ...... ~ ~ I': CO LO en M r-...: r-...: c:ci CO c:ci c:ci CO en ci 0 ...... ('I) LO ..t C") ..t N N N N N N N N ('I) ('I) ('I) ('I) ('I) .". LO 0 en en en en en en en en en en en en en en en 0 LO LO LO LO LO LO LO LO LO LO LO LO LO LO LO CO 

'<;j" '<;j" '<;j" '<;j" '<;j" '<;j" '<;j" .". .". '<;j" '<;j" '<;j" '<;j" '<;j" '<;j" '<;j" N cq CO CO CO cq cq CO CO CO cq cq cq CO CO CO CO CO c:ci CO c:ci CO CO c:ci c:ci c:ci CO CO CO c:ci c:ci c:ci c:ci 

t-- CO 0 N ('I) LO t-- LO ('I) N 0 LO 0 0 0 0 ~ LO CO CO CO cq cq t-- CO en 0 "! LO LO LO LO ..... N N N N N N N N N N C") ('I) C") ..t LO 0) ...... .,.... ...... ...... ...... ...... ...... ...... ...... ..... ...... ...... ...... ...... ...... ...... N N N N N N N N N N N N N N N N ...... ...... 



:> r::: 
0 0 >< Q) 3: Il) 0 >< (/) "C 

..... ci >< ii: >< 
0 
0 

CD 0 ~ ~ 3: ..... 
"C 

.: 0 0 
Q) 3: M 0 
(/) "C 

..... ci 
I!! ii: 

.r::: 
Il) 0 

ai "' 00 0 N ~ ~ 3: ..... 
M "C ..... .... 
III 

~ 
r::: 

0 0 
Q) 3: ..... 0 

III (/) "C 
.... ci .... 

ii: (/) 

(/) 

3: "' 0 N N ;;:: 0 C f'.. 

iii 3: ..... 
"C r::: 

III 
() r::: 

0 0 
Q) 3: en 0 
(/) "C 0 ii: 

~ "' ..... 0 
u 3: DO cq 
>. "C 
() 

"C ... r::: .r::: 0 0 
I- iii 3: ..... 0 
~ "C ci 
Cl u.. ... 
III 

.r::: 0 u 0 CD (/) 
CD cq 

i5 3: ..... "C 

r::: c. 0 L!) 0 0> L!) 0> L!) ..... 0> f'.. ~ L!) CD L!) L!) N 0 L!) N 3: Il) 0 "': ""': Lt:! 0 (Y) "': 0> ..... (Y) L!) CD f'.. 00 0> 0 ..... N III "C ci 0 ..... ..... N C\i N N C") (Y) C") C") (Y) C") (Y) 1 ..t ..t ..t u.. I I I I I I I I I I I I I I I I I 

C. L!) 0 L!) '¢ 0 '¢ 0 N '¢ N 0> 0 ..... 0 0 f'.. L!) 0 f'.. 3: ~ ~ (Y) 0> '¢ ~ N cq 00 0 N (Y) L!) cq f'.. 00 ~ 0> ~ 0 "C ..... N N (Y) (Y) ..t '¢ ..t L!) l.t') L!) l.t') L!) l.t') L!) L!) l.t') CD cO 

0 00 CD '¢ N 0 00 CD ~ N 0 00 CD '¢ N 0 00 CD '¢ 
... 

00 ~ 0> 0 ..... "! N C? '¢ M 0 ~ "! (Y) "': "': L!) CD f'.. :::. 
0 ..... C\i (Y) '¢ L!) CD r--: a::i en ci ..... C\i ..t l.t') CD r--: 00 en ..... ..... ..... ..... ..... ..... ..... 

- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
.r::: 0 ... - N 0 00 00 00 00 00 ~ 00 00 00 00 00 00 ~ 00 00 00 ~ 00 b- M 

..t ..t ..t ..t .§. ci '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD 

0 N (Y) L!) f'.. 00 0 N (Y) L!) f'.. 00 0 N (Y) L!) f'.. 00 0 Q) L!) L!) Lt:! L!) Lt:! L!) cq cq CD CD CD CD f'.. "': f'.. "': f'.. "': 00 E ..... en en 0> 0> 0> en 0> 0> en en en en en 0> en 0> en 0> en i= '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ '¢ (Y) (Y) (Y) (Y) (Y) (Y) (Y) (Y) (Y) (Y) (Y) (Y) (Y) (Y) (Y) (Y) (Y) (Y) (Y) ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... 



M ..... 

N ..... 

..... .... 

o ..... 

00 

.... 

00 
(\J 

1 

(\J 
LO 

o 
N 

o 
00 
..t 
CD 

(\J 
00 
oj 
~ 
M 

o 
00 
~ 
CD 

LO 
C"! 
CD 

00 
CD 
N 
(\J 

o 
00 
~ 
CD 

LO 
00 
(J) 
~ 
M ..-

o 
M 
CD 

o 
00 
~ 
CD 

o 
LO 

1 

o 
00 
..t 
CD 

00 
00 
oj 
~ 
M 

N 
(J) 

Lri 
N 

o 
00 
..t 
CD 

o 
(J) 

(J) 

~ ..-

o 
o 
,....: 
N 

o 
00 
..t 
CD 

00 
o 
00 
(\J 

o 
00 
~ 
CD 

CD ..-
oj 
N 

o 
00 
~ 
CD 

LO 
(J) 

oj 
~ 
M ..-

~ 
N 
o 
M 

o 
00 
..t 
CD 

o 
CD 
cD 

N 
M 

o 
00 
~ 
CD 

00 
(J) 

oj 
~ 
M ..-

o 
o 
o 

CD 
(J) 

o 
o 
o 

00 
00 

o 
o 
o 

..... 
o 
o 

N 
o 
o 

o 
00 

1 

o 
00 
..t 
CD 

o 
o 
o 
LO 
M ..... 

LO 

Lri 
I 

o 
o 
,....: 

o ..... 
o 
CD 

LO 
N 
o 
LO 
M 

..... 0 ..... 
000 

..-
o 
o 000 

LO CD LO LO 
(J) (J) (J) (J) 

N .,- ~ ~ 
o 0 0 0 
o 0 0 0 

CD f'.. f'.. f'.. 
00 00 00 00 

M M (\J 0 o 0 0 0 
o 0 0 0 

M N f'.. f'.. 
o 0 0 0 
o 0 0 0 

00 (J) ~ 
LO LO LO 

N ..-
o 0 
o 0 

LO 
M 
LO 

I 

o ..... 
o 
CD 

o 
LO 
o 
LO 
M ..... 

..... 
LO 

Lri 
I 

..... 
LO 

N 
(J) 

o ..... 
o 
CD 

o 
o 

o 0 o 0 
o 0 

CD CD 
~ CD 

o 
CD 
Lri 

I 

CD 
LO 

N 
(\J ..... 

o ..... 
o 
CD 

o 
LO 
..... 
LO 
M 

M 
00 
LO 

I 

00 
CD 
,....: 

o 
LO 

N 
LO 
M ..... 

..-
(J) 

Lri 
I 

..... 
M 
N 

o 0 0 0 
o 000 
000 0 

CD 
(J) 

o 
o 
o 

00 
00 

..-
o 
o 

I 

CD CD 
(J) (J) 

.......... 
o 0 
o 0 

I I 

(J) (J) 
00 00 

.......... 
o 0 
o 0 

I I 

CD 
(J) 

..... 
o 
o 

I 

(J) 
00 

..... 
o 
o 

I 

(\J (J) LO LO 
..... 00 ..... 
o 000 

~ 
o 

I 

M 
o 
cD 

I 

00 
00 
,....: 

o 
00 
LO 
(J) 
M 

o 
LO 

g 
M ..... 

o 
o 
o 

N ..... 
CD 

I 

CD 
(J) 

oj 
LO 
LO 

N ..... o 0 
o 0 

I I 

o ..... 
cD 

I 

CD 
(J) 

,....: 

00 
N 
cO 
00 
00 

o 
LO 

Lri 
CD 
M ..... 



>< ..- ..->< 0 
>< I() 

~ 0 0 

>< .... 
0 0 ci 

>< I I 

'<t 
CO I'-- I'--

..... ~ ~ ~ ..-

..- N N 
M 0 0 0 ..... 0 0 ci 

I I I 

N 
CJ) 0 0 

..... ~ ~ ~ 

..- N N ..... 0 0 0 ..... 0 0 ci 
I I I 

0 
C") 

"'" "'" ..... I'-: I'-: I'-: 

0 CO CO 
0') ..- 0 0 

ci 0 ci 

..- C") LO 
CO LC:! LC:! LC:! ..-

..- ..- 0 C") C") 

"'" "'" ...... 0 0 0 0 0 0 0 
ci ci ci 0 ci ci 0 

I I I I I I 

I'-- I'-- CO CJ) CJ) 0 0 
CD <q <q <q <q <q I'-: I'-: ..- ..-

N "'" "'" "'" "'" "'" "'" I() ..- ..- ..-
cO cO cO cO cO cO cO 

I I I I I I I 

I'-- CJ) CJ) CJ) CJ) CJ) CJ) 

'<t CJ) CJ) CJ) CJ) CJ) CJ) CJ) 

r....: r....: r....: r....: I'-- r....: r....: 

"'" 0 CO N CO "'" 0 
"": <q I'-- CJ) 0 N "'" M N CO 0 ..t CJ) C") r....: 
LO ..- CO 

"'" 
0 I'-- C") 

0 N C") LO I'-- CO 0 ..- ..- N 

"'" "'" "'" "'" "'" "'" "'" N 
LO LO LO LO LO LO LO 

..t ..t "'" ..t ..t "'" ..t 
LO LO LO LO LO LO LO 

0 0 0 0 0 0 0 
LO LC:! LO LO LC:! LO LO 

..... o:::i ..-
"'" r....: 0 C") cO 

CO I'-- I'-- I'-- CO CO CO 
C") C") C") C") C") C") C") 



>< s:: 
0 >< I() 

0 
>< C1I ;: 0 

>< U) "C 
.... c:i 

>< ii:: 
0 
0 

I'-e ~ Ci.! ;: .... 
"C 

s:: 
0 

M 
0 

C1I ;: 0 
U) "C 

.... c:i 
ii:: 

0 

'" 0) 
0 N ~ ;: .... 

"C 

s:: 
0 0 

C1I ;: .... 0 
U) "C 

.... 
0 

ii:: 

'" ..c: '" N 0 0 I'-: ~ ;: .... 
~ "C M .... 

/11 s:: .... 0 0 
~ C1I ;: en 0 

U) "C c:i M ii:: E 
0 
0 '" C") 0 0 
~ ;: 00 LC:! .... "C ...... 
II 

> en s:: 0 

III e 0 
C1I ;: I'- 0 

Q) 
U) c:i 

ii:: "C 
C3 
>. 

(.) 0 

e N ..c: CD ~ t:: ;: 
:::::s "C 
0 
U. 
~ s:: 
C1I Co 0 ...... Ll) ~ Ll) 0 C") CO 0) 0 N ~ ~ CO I'- I'- 00 0) 0 Cl C1I ;: I() 0 C") LC:! ~ I"; I"; I"; I"; CO CO CO CO CO CO CO CO CO 0) ... U) c:i c:i c:i c:i c:i c:i c:i c:i c:i ra "C 0 0 0 0 0 0 0 0 0 0 ..c: ii:: 
u 
C1I 

c::: 
Co CO I'- C") "<t C") CO Ll) N 0) CO CO "<t "<t N .... ...... 0 0) CO ;: ~ ~ C") Ci.! ~ I'-: I'-: I'-: ~ ~ ~ ~ ~ ~ ~ ~ ~ LC:! LC:! "C N N N ...... ...... ...... ...... ...... ...... ...... 

-::.-- b CO CO ~ N 0 CO CO "<t N 0 CO CO "<t N 0 00 CO ~ M 0 ...... C") LC:! I'-: Ci.! ~ "! ~ ~ ~ Ci.! C") Ll) I'-: CO 0 N c:i c:i 0 0 0 0 ...... ...... ...... ...... ...... ...... N N N N N ("j ("j 

- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ..c: 0 - N 0 CO CO ~ ~ ~ ~ ~ ~ ~ ~ ~ CO CO CO CO CO CO CO t:r M 
c:i c:i c:i c:i c:i c:i c:i c:i c:i §. c:i 0 0 0 0 0 0 0 0 0 ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... 

0 N C") Ll) I'- CO 0 N C") Ll) I'- CO 0 N C") Ll) I'- CO 0 C1I Ll) Ll) Ll) Ll) LC:! LC:! ~ ~ ~ ~ ~ ~ I"; I'- I'- I'- I'- I'- CO E .... ("j ("j ("j ("j C") C") C") C") C") C") C") C") C") ("j ("j ("j C") C") ("j 
i= 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t "<t ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... 



M, ..... 

N ..... 

..... ..... 

o ..... 

en 

co 

M 

..... 

o 
0') 

c:i 

o 
00 
c:i 
...... 

N 
00 
(V) 
o 
"<t 

...... 
0') 

c:i 

o 
CD 
(V) 

o 
00 
o 

...... 
0') 

o 

o 
00 
o 

N 
0') 

c:i 

CD 
0') 
c;rj 

o 
00 
c:i ...... 

N 
0') 

o 

o 
00 
o 

(V) 
0') 

o 

o 
00 
o 

o 
0') 
c;rj 
o 
"<t ...... 

(V) 
0') 

c:i 

o 
00 
c:i ...... 

N 
0') 
(V) 
o 
"<t 

(V) 
0') 

o 

o 
00 
o 

"<t 
0') 

c:i 
"<t 
0') 

o 

o 0 
00 00 
o 0 ...... 

"<t 
0') 

o 

o 
00 
c:i 
...... 

...... ...... 

o 
IX:! 
o 

o 
o 
..t o 
"<t 

(v) 
0') 

o 

o ...... 
cO 

o 
00 
o ...... 

...... ...... 
o o 
c:i c:i 

...... 
o 
c:i 

N 
o 
c:i 

N o 
c:i 

"<t o 
c:i 

co 
o 
c:i 

I'­
o 
o 

0') 
o 
c:i 

co CO CO ~ ~ (V) ...... 0 00 
0') 0') 0') 0') 0') 0') 0') 0') 00 

N N N (v) 
o 0 0 0 
c:i c:i c:i 0 

I'- I'- I'- CO 
00 00 00 00 

"<t o 
c:i 

...... ...... 

...... N (v) ~ CO 
o 0 0 0 0 
c:i c:i c:i c:i 0 

...... 00')1'- CO 
I'- I'- CO <C! CO 

...... 

"<t "<t "<t "<t "<t o 0 000 
c:i c:i c:i c:i c:i 

~ I'-
o 0 
o c:i 

00 
o 
c:i 

...... ...... 
c:i 

...... 
CO 

0') 
o 
o 

...... ...... 
c:i 

~ 00 ~ 
o 0 ....... ...... 
c:i c:i 0 c:i 

...... ...... (v) 
o 0 0 

(v) (v) CO 0') N "<t 

c:i c:i 0 

0') 
0') 

c:i 

o 
o 

...... 
o 

0000 ...... 
c:i 0 c:i 0 c:i c:i 

N o N 
o 

co 
o 

N 
"<I: 

00 
o 

N 
""': ..-

...... ...... ..-

o 
00 
o 

o 
00 
c:i ...... 

o 
N 
cO 

o 
00 
o 

o 
o 
~ 
o 
"<t 

o 
<C! ...... 
N 

o 
00 
o ...... 

o 
"<I: 
N 
(v) 

o 
00 
c:i ..-

o 
N 
c;rj 
"<t 

o 
00 
o ..-

o 
o 
cO 
o ..-

o 
00 
c:i ..-

"<t 
CO 
cO 

00 
<C! ..... ..... 
N 

N 
~ 

(v) 
CO 
N 

"<t 
CO 
cO 



II) 
..... 

M ..... 

N ..... 

..... ..... 

o ..... 

co 

II) 

N 

..... 

Ii) 
Ii) 

(!) 
..-
c) 

(!) 

c) 

(!) 

(!) 
(V) 

Ii) 
..-
(V) 

"<t 
(!) 

cO 

Ii) 

c) 

o 
"! 
o 

N 
Ii) 

00 
""": ..-

(V) 
00 

(!) 

c) 

..-
N 
c) 

..-
Ii) 

00 ..-
c) 

o 
N 
c) 

00 

o 
(V) 

o 
Ii) 

cri 
"<t 
"<t 

(V) 
00 

(!) 

c) 

..-
N 
c) 

..-
Ii) 

00 

c) 

0> ..-
c) 

"<t 
(!) 

cO 

o 
Ii) 

u) 
Ii) 
"<t 

Ii) 

c) 

N 
00 

o 
Ii) 

00 

c) 

0> 

c) 

00 
""": 

o 
(V) 

00 
o 
"<t ..-
Ii) 

"<t 
(!) 

cO 

o 
Ii) 

o 
00 

0> ..-
c) 

o ,.... 

00 
"<t 

o 
00 

0> 

c) 

o ,.... 

Ii) 
N 
o 

..- ..-

0> 

c) 

o 
"! 
o 

N 
0> 
Ii) 
(!) 
Ii) 

o 
Ii) 

~ 
(!) 
"<t 

..-
N 
c) 

o 
"<t 

00 
"! 

o 
00 

0> 

c) 

o ,.... 

Ii) 
N 
c) 

..-
N 
c) 

00 
o 

00 

c) 

o 
"! 
o 

..- ..-

o N 
"! N 
o 0 

0> ,.... 
(!) (!) 

(!) 
N 
c) 

o 
"! 
o 

0> 
(V) 

0> 

00 
N 
c) 

0> ..-
c) 

0> 
(V) 

o 
N 

00 
"! ..-

..-
N 
c) 

Ii) 
(!) 

0> 
N 
c) 

o 
N 
o 

0> 
(V) 

..-
N 
c) 

Ii) 
(!) 

0> 
N 
c) 

o 
N 
o 

0> 
(V) 

(!) 0 "<t 00 (!) "<t 
0> 00 (!) "<t ..- OC! 
c) N ..t <ri <ri Ii) 
(!) ..- (!) ..- (!) ..­
(!) ,.... ,.... 00 00 0> 

"<t "<t "<t "<t 00 00 
CC! CC! CC! CC! "! "! 
00 00 00 00 00 00 

o 0 0 0 0 0 
Ii) Ii) Ii) Ii) Ii) ~ 

0> Ii) ..- ~ (V) 0> 
,.... 00 0> 0> 0 0 
"<t "<t "<t "<t Ii) Ii) 

l!! 
.c: 
II) 

U; ..... 
II) ..... 
II) 

en 
o 
II) ..... 
E .g 
1/1 c.. .s 
1/1 
(1) 

El 
III 
.c: 
(J 
(1) 

0:: 

..-
N 
c) 

0> 
N 
c) 

(!) 
(V) 

0> 
(V) 

,.... 
o 

"<t 
00 
Ii) 
..-
0> 

o 
o 
c) 

o 
Ii) 

Ii) 
..-
Ii) 

Ii) 
N 
c) 

(!) 
(V) 

00 
(V) 

N 
Ii) 

Ii) 
(!) 
0> 

00 
N 
cO 

o 
Ii) 

..-
N 
Ii) 

Ii) 
N 
o 

Ii) 

"! 
o 

(!) 

"! 
o 

(!) 
N 
c) 

(!) 

"! 
o 

..- ..-

N 
(!) 

N 
(!) 

00 
"! 
o 

..- ..- ..-

(!) 
(V) 

00 
(V) 

0> 

c) 

00 
(V) 

o 00 
N 00 
Ii) ..t 
..- (!) 
o 0 

00 00 
N N 
cO cO 

o 0 
Ii) Ii) 

~ C") 
N (V) 
Ii) Ii) 

0> 
""": 
o 

Ii) 

"! 
o 

(!) 
Ii) 

"<t ..­..-

00 
"! 
00 

o 
~ 
0> 
(V) 
Ii) 

00 00 
N "! 
o 0 

0> 

c) 

Ii) 
N 
c) 

00 
"! 
00 

o 
Ii) 

u) 
"<t 
Ii) 

0> ..-
c) 

Ii) 
N 
c) 

00 
"! 
00 

o 
Ii) 

..-
Ii) 
Ii) 



> 

§ 

..... ..... 

o ..... 

00 

00 
"! 
o 

<'? 
<'? 
o 

(j) 
<'? 

00 
N 
o 

co 
"! 
o 

o 
<'? 

o 

(j) 
LO 

.,.... ..-

N 
<'? 
c:) 

~ 
<'? 
c:) 

00 f'-. CO 

LO 
<'? 

LO 
N 
c:) 

c:) c:) 

(!) LO 
<'? <'? 

LO 
N 
c:) 

(!) 
N 
c:) 

(!) 
<'? 

f'-. CO CO 
Ll) "! N N 

..- 0 
.qo N N 

o 
(!) 

C") 
(!) 
N ..-

co 
"! 
CO 

o 
LO 
f'-. 
LO 
I.{) 

co 
N 
C") 
..-
<'? ...-

co 
"! 
CO 

o 
LO 
<'? 
(!) 
I.{) 

(!) 
(j) 

N 
(!) 
<'? 

co 
"! 
CO 

o 
I.{) 

(j) 
(!) 
I.{) 

o 
<'? 
c:) 

N 
<'? 
c:) 

.,.... 

f'-. 
<'? 
c:) 

I.{) 
<'? 

I.{) 
<'? 

o N <'? 
<'? <'? <'? 

co 
N 
ex:) 

o 
LO 
It) 
f'-. 
LO 

co 
N 
ex:) 

o 
LO 
..-
CO 
I.{) 

o 
o 
N ..... 
LO ..-

00 
N 
ex:) 

o 
LO 
f'-. 
CO 
LO 

N 
<'? 
c:) 

f'-. 
<'? 
c:) 

I.{) 
<'? 

(j) 

"! 
o 

<'? 
<'? 
c:) 

(!) 
I.{) 

..-
<'? 
c:) 

N 
<'? 
c:) 

<'? LO 
<'? <'? 
c:) c:) 

f'-. (j) 
C':! <'? 
o 0 

o 
LO 
o 

LO <'? 
<'? <'? 

<'? 
<'? 
c:) 

<'? ~ 
<'? <'? 
c:) 0 

co 
<'? 
c:) 

(!) 
~ 
c:) 

~ I.{) (!) CO CO (j) 0 
<'? <'? <'? <'? <'? <'? '<I: 

<'? 
LO 
o 

co 
LO 
o 

~ <'? N 0 0 (j) CO CO CO f'-. 
~ ~ ~ ~ ~ 0 ~ 0 0 0 

co 
(!) 

co 
N 
ex:) 

o 
I.{) 

<'? 
(j) 
I.{) 

(!) 
<'? 

00 
"! 
CO 

o 
LO 
(j) 
(j) 
I.{) 

co 
"! 
CO 

o 
I.{) 

It) 
o 
(!) 

co 
CO 
N ..-
f'-. ..-

o 
LO 

o 
LO 
,._.: 
..-
(!) 

(!) 
I.{) 

(!) 
....... 
00 
....... 

o 
LO 
C") 
N 
(!) 

o 
.qo 
ex:) 
(!) 
CO 

o 
LO 
(j) 
N 
(!) 

co 
o 
ex:) 
..­
(j) 
....... 

co 
N 
ex:) 

o 
LO 
It) 
<'? 
(!) 

co 
N 
ex:) 

o 
I.{) 

~ 
~ 
,._.: 
..-
o 
N 

co 
N 
ex:) 

o 
LO 
f'-. 
~ 
(!) 



> 
~ .: 0 

I.t) 

>< "iii ~ ..... 
~ 

'C u.. 

0 
0 

0 v 
~ ..... 

'C 

C 0 
~ C'? 

cv 'C 
..... 

u.. 

0 

'" 2 0 N 
~ ..... 

Q) 'C 

E 
:;:; c 
Q) 0 
Cl ~ ..... 
cv cv 'C 

..... ... u.. 0 
+' 
VI 

..c: '" N 

V 0 0 
v ~ ..... 
C'? 'C ..... 

C 0 
~ en 

cv 'C u.. 

~ It) 

0 
(.) ~ co 
>. 
U 'C 

..c: 
1: 

0 ::s c 
0 a 0 ...... a u.. ~ Q) cv a u.. 'C 

Cl ... 
cv 

0 ..c: 
(.) 0 v 
VI ~ CD "! 
is 'C 

C C. a ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... N ...... N ...... LO 
~ I.t) a "": "! ": C") ~ ...... C") ...... C") LO co ...... 0() 0() 0> 0> a 

cv 'C a a ..... ..... N N N crj crj ...r ...r ...r ...r ...r ...r ...r ...r ...r Lri u.. I I I I I I I I I I I I I I I I I I 

C. C") a a a a a a a a a a a a a LO a LO a 0() ~ v "": Oo! ...... "! 0() ..... N 0() N ~ 0() a ..... "! N C") C") "": "": 'C N C") crj ...r ...r ...r LO LO LO cO cO co cO cO co co co 

a 0() co '<t N a 0() co V N a 0() co V N a 0() co '<t 
C'? a ~ N C") "": "": LO co ...... 0() ~ 0> a N N C") "": ~ 6 N crj ...r LO co r-.: cci 0) 6 ..... N ...r Lri cO r-.: cci 0> ..... ..... ..... ..... ..... ..... ..... 

:2 a a a a a a a a a a a a a a a a a a a "- - N a 0() 0() 0() 0() ~ 0() 0() 0() 0() 0() 0() 0() 0() 0() 0() 0() 0() 0() e- M ...r ...r ...r ...r ...r ...r ...r ...r ...r ...r ...r §. 6 '<t '<t '<t '<t V '<t '<t co co co co co co co co co co co co co co co co co co 

a N C") LO ...... 0() a N C") LO ...... 0() a N C") LO ...... 0() a Q) ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ": ": ": ": ": ": ~ E ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... 
i= 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> N N N N N N N N N N N N N N N N N N N 



It) ..... 

(") ..... 

('oj ..... 

.... .... 

o ..... 

It) 

'V 

(") 

('oj 

..... 

..- ,..... 

..- ..-
L() L() 

I I 

V 0 
I{) <0 
cD <ri 

N 0 
I{) ~ 
0 .,.... 
N N 

0 0 
00 00 
V V 
<0 <0 

N M 
IX:! IX:! 
..- ..-
CJ) CJ) 
CJ) CJ) 

N N 

M ,..... N 
N "! M 
L() I{) I{) 

I I I 

CD 0 I{) 
<0 ,..... ,..... 
cD cD cD 

00 <0 V 
~ "': 00 

..f N M 
N N N 

0 0 0 
IX:! 00 00 
V ..;t v 
CD <0 <0 

LO ,..... 00 
IX:! IX:! IX:! 
..- ..- ..-
CJ) CJ) CJ) 
CJ) CJ) CJ) 

N N N 

LO 00 N <0 0 LO 
M M "'=': v I{) I{) 

I{) I{) I{) L() L() L() 
I I I I I I 

00 CJ) 0 0 ..- N ,..... ,..... 00 00 00 00 
<0 cD <0 <0 cD cD 

N 0 00 CD V N 
CJ) 0 0 ..... N ~ L() ,...: 0) 0 00 ..-
N N N N M M 

0 0 0 0 0 0 
00 00 00 00 00 00 
..f ..;t v ..;t v v 
<0 <0 CD CD <0 CD 

0 N C") I{) ,..... 00 
~ ~ ~ ~ ~ ~ .,.... ..- ..- .,.... .,.... ..-
CJ) CJ) CJ) CJ) CJ) CJ) 
CJ) CJ) CJ) CJ) CJ) CJ) 
N N N N N N 

M M CD CD 00 ..- ..... ..... ..-
0 0 0 0 0 

I I I I I 

,..... ,..... 0 0 N 
~ ~ "'=': "'=': "'=': ..... ..... 

0 ,..... M 0 0 CJ) ..... N CD I{) 0 
CD 00 ~ M M M I{) I{) CJ) 0 ..-
I{) L() <0 <0 <0 <0 <0 <ri cD ,...: ,...: 

I I I I , I I I , I I 

V M 0 N V I{) ,..... CJ) 0 v ,..... 
00 00 00 00 00 00 00 00 CJ) CJ) CJ) 

cD cD cD cD cD <0 <0 <0 <0 cD cD 

0 M <0 ..... <0 0 'V 0 <0 N 00 

"'=': v "'=': I{) I{) ..- ~ 00 CJ) ..- N 
,...: N ,...: ..- L() 0) ..f cO N N N N ,..... M CJ) I{) N 00 M V CD CJ) ..- ..- N M I{) ,..... 00 

0 0 0 0 0 ..;t V V ..;t ..;t V 
00 ..- ..- .,.... .,.... I{) I{) I{) I{) I{) I{) 

..;t 0 0 0 0 ..f ..f v ..f ..f ..f 
CD <0 <0 CD <0 I{) LO I{) I{) I{) I{) 

0 I{) 0 0 0 0 0 0 0 0 0 
0 "! I.!':! 0 I{) I{) I.!':! I{) I.!':! I{) I{) 

N N N M M V I{) o:i ..- ..f ,...: 
CJ) CJ) CJ) CJ) CJ) CJ) CJ) CJ) 0 0 0 
CJ) CJ) CJ) CJ) CJ) CJ) CJ) CJ) 0 0 0 
N N N N N N N N M M M 



:> x 
~ g 

It) 
..... 

'I:t ..... 

(") ..... 

N ..... 

.... .... 

0 .... 

Ol 

CO 

"" 

to 

It) 

'I:t 

(") 

N 

.... 

m ..--..... N 
ci ci 

I I 

('I) L!) 

"": "": 

r-- m ..... 
,....: 

I 
,....: 

I 

..... L!) 
0 0 
,....: ,....: 

'<t 0 
"": CD 
N u:i 
L!) ..... 
0 N ..... ..--

~ ~ 
L!) L!) 

-<i -<i 
L!) L!) 

0 0 
L!) L!) 

ci '" ..... ..... 
0 0 
('I) ('I) 

.r:. 
It) 

M 
0 ..... 
N 
0 -.r:. 
0 
It) 

N 

"" N to ..... 
N ..... ..... 
ci E ci 

I e I 

.._ 
I/) 

CD 
c.. L!) 0 "": - ~ ..... I/) 

(I) 

Cl ... 
CU 

N .r:. r--
C"! u C"! 
r-- I/) 0 

I C I 

0 0 ..... "': ,....: ..... 

CD CD 
r-- r--
ci ci 
00 00 
('I) ('I) ..... ..... 

~ 0 L!) 
~ -<i 

L!) 0 

0 0 
l[) L!) 

u:i ,....: ..... '<t 
0 '<T 
('I) ('I) 

('I) ~ L!) m 'I:t CD ..... ..... ..... ..... N N 
ci ci ci ci ci ci 

I I I I I I 

r-- 00 m ('I) 00 0 
~ ~ ~ "": "": ~ ..... ..... ..... ..... ..... 

r-- N L!) N ..... 0 
--: 0 L!) N ~ 00 
N '<t L!) u:i CD CD 

I , I , I , 

0 L!) L!) L!) L!) m 
CD "": L!) r-- 00 0 

'" L!) CD u:i u:i ,....: 

0 'I:t 00 ~ 0 CD 
('I) 00 ('I) L!) r-- 00 
Lri 0) -<i 00 N u:i 
('I) 00 'I:t 0 r-- ('I) 

~ ~ L!) r-- 00 0 ..... ..... ..... ..... N 

~ ~ ~ ~ ~ ~ 
L!) L!) L!) L!) L!) l[) 

-<i -<i -<i -<i -<i -<i 
L!) L!) L!) l[) L!) l[) 

0 0 0 0 0 0 
L!) L!) L!) L!) L!) L!) 

00 0) 0 '" u:i 0) 
~ ~ L!) l[) L!) l[) 

~ '<t ~ ~ ~ 'I:t 
('I) ('I) ('I) ('I) ('I) ('I) 



~ c 
0 

CII ~ 
It) 

§ 1/1 "C 
..... 

12 
0 
0 

0 oo:t 

~ 
..... 

"C 

C 
0 

CII ~ M 
1/1 "C 

..... 
12 

0 
It) 

0 N 
~ ..... 

"C 

.E 0 
CII ~ 

..... 
1/1 "C 

..... 
12 

It) 

'" .:: 0 0 
N ~ ..... 
..... "C ,... 
N 

I II C 
0 .... 

CII ~ en 
01:1 1/1 "C 

<'> 12 E 
0 It) 
0 0 0 

~ 00 
oo:t ..... "C 
II 

> C 0 (/) 
£Xl 0 0 

CII ,... 0 
1/1 ~ 0 

~ 12 "C 

(,) 

>- 0 
(.) 0 LO 

.:: ~ 
<D ~ 

~ "C 
..-

u:: 
~ 

CII .5 Q. Cl 0 LO ..- oo:t C") ..- (j) V I'- 0 C") LO I'- 0 N oo:t <D 00 (j) ... CII ~ It) 0 N V I() ~ I'-; I'-; 00 00 (j) (j) (j) (j) ~ ~ ~ ~ ~ ~ C1l 1/1 "C c:) c:) c:) 0 0 0 0 c:) c:) c:) c:) c:) c:) ..- ..- ..- ..- ..-.:: 12 (,) 
CII 

0:: 
Q. <D ..- I() N (f) I() I'- N (j) <D (f) ..- (j) <D V N 0 00 I'-
~ oo:t ~ 

N 
~ CC! I'-; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

"C N ..- ..- ..- ..- ..- ..- ..- ..- ..- ...... ..- ..- ...- ..-

- 0 (j) 00 00 I'- <D I() V V C") N ..- 0 0 (j) 00 I'- <D <D <'> 
~~ E M 0 ..- C") ~ I'- (j) ....-; ~ ~ I'-; ~ ..- C") I() <D 00 0 ~ ~ 
~ 0 c:) 0 0 c:) c:) ..- ..- ..- ..- ..- N N N N N (f) C") C") 

:c- o N N N N N N N N N N N N N N N N N N - N 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t:r <'> 

.s c:) ..- ..- ..- ..- ..- ..- ..- ..- ..- ..- ..- ..- ..- ..- ..- ..-..- ..- ..- ..- ..- ..- ..- ..- ..- ..- ..- ..-

0 N (f) I() I'- 00 0 N C") LO I'- 00 0 N (f) I() I'- 00 0 
CII I() I() I() I() LO I() ~ ~ ~ ~ ~ ~ I'-; I'-; I'-; I'-; I'- I'- 00 

E ..... a) a) a) a) a) (j) (j) (j) (j) (j) (j) (j) (j) (j) (j) (j) a) a) a) 

j:: I() LO I() I() I() I() I() I() I() I() I() I() I() I() I() I() I() I() I() 
v v v V "<t V V V V V V V V V "<t "<t V V V 
(f) (f) (f) C") C") C") (f) C") (f) (f) (f) C") (f) C") (f) (f) C") C") C") 



M ..... 

N ..... 

..... ..... 

o ..... 

CD 

II) 

"<t 

M 

N 

..... 

..-
'-: 

10 
~ .,..... 

10 
~ 
('I) 

N 
~ ..-

N 
~ 
CJ) 

10 
'<t 
('I) 

..- N ('I) 

'-: '-: '-: 

10 "<t ('I) 

~ ~ ~ .,..... ..... 

"<t ('I) N 
co 0 ~ 
('I) -.:i '<t 

N N N 
~ ~ ~ 
....... ..- ..-...... ...... 

('I) 10 "-co co ~ 
CJ) 0) CJ) 

10 10 10 
'<t '<t '<t 
('I) ('I) ('I) 

10 co co co "- "- "-
'-: '-: '-: '-: '-: '-: '-: ..- ..- ..- ..- ..... ..... 

.,..... 0 0 0 0) 0) 0) 

~ ~ ~ ~ '-: '-: '-: .,..... ..... ..... .,..... ..... ..... ..... 

N .,..... 0 0) co co "-
'<f: co co 0) .,.... ('I) 10 
"<t -.:i -.:i -.:i o.ri o.ri o.ri 

N N N N N N N 
~ ~ ~ ~ ~ ~ ~ ..... ..- .,..... .,..... ..-.,..... .,..... .,..... .,..... 

co 0 N ('I) 10 "- co 
co 0) ~ 0) 0) 0) CJ) 

0) 0) CJ) CJ) CJ) CJ) CJ) 
10 10 10 10 10 10 10 
'<t '<t '<t '<t "<t '<t '<t 
('I) ('I) ('I) ('I) ('I) ('I) ('I) 

('I) CO 0 ..-
0 0 N N 
0 0 6 6 

N 0) 10 "<t 
~ ~ '-: '-: ..- ..- ..- ..-

"- "- ..- co co 0) 0 N "<t "- co 
'-: ~ ~ ~ ~ ~ '<f: '<f: '<f: '<f: '<f: ..... ..... ..... ..... ..... ..... .,.... ..... .,..... .,.... .,.... 

0) 0) 10 0 co "- co "<t N 0) co 
'-: ~ ~ ~ 0) 0) 0) 0) 0) co co 
..... ..... ..... ..... 6 6 0 0 0 0 0 

N co co co co co co co co 
co "<t 0 co co "<t 
"- co ~ N ~ '<f: N 0) ("') a:) ("') 
o.ri a:) ..... r-..: N ('I) -.:i 0 "- ('I) 0 .,..... .,.... N ('I) "<t .,.... .,..... N ('I) 

N N N N 0 0 0 0 0 0 0 
~ ~ ~ ~ co co co co co co co 
.,..... ...... .,..... .,..... 6 6 ci ci ci ci ci ...... .,..... .,..... .,..... .,..... ...... .,..... ...... ..... ..... ..... 

0 10 0 0 0 0 0 0 0 0 0 
0 ~ 10 ~ ~ 10 ~ 10 10 ~ 10 
0 0 6 ..... .,.... N ('I) CJ) 10 ..- r-..: co co co co co co co co "- co co 
'<t '<t '<t '<t '<t '<t '<t '<t '<t '<t '<t 
('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) 



N ..... 

..... ..... 

o ..... 

CO 

""" 

U> 

10 

V 

M 

N 

..... 

r--. CO ..... N 
c) c) 

00 m ..... 0 
..... ,....: 

0 N 
~ ~ 

.,-

<D V 
00 00 
c) c) 

00 00 
N 0 
cO M 
<D (") 
(") v 

0 0 
00 00 
0 c:) ..... ..... 

0 0 
10 10 
M 0) 
m m 
V V 
(") (") 

00 CO "<t 
N C'! N 
c) 0 c) 

r--. m ..... 
~ ~ ~ ..... ..... 

"<t V 10 
~ ~ ~ 
.,- ..... 

N N ..... 
00 00 00 
c) c) c) 

00 00 00 
00 ~ ""': r-.: N r--. 
m CO N 
"<t 10 <D 

0 0 0 
00 00 00 
c:) c) 0 ..... ..... 

0 0 0 
10 ~ 10 
10 r--. 
0 ..... ....-
10 10 10 
(") (") (") 

r--. 00 0 CO 0 N 
N N C'! (") (") (") 

c) c) 0 c) c) 0 

00 r--. 10 m 10 (") 

~ 0 ~ ~ ~ ~ ..... ..... ..... ..... 

10 CO r--. r--. 00 0 
~ ~ ~ ~ ~ ~ ..... ..... ..... ..... ..... 

0 m m 00 <D ..... 
00 00 I'-: r--. r--. I'-: 
c) 0 0 c) c) 0 

00 00 00 N <D 0 
C'! 0 ~ r--. 10 V 
N r-.: ..... (") Lri r-...: 
m 10 N r--. N r--. 
<D r--. 00 00 m m 

0 0 0 "<t V V 00 00 00 <D <D ~ c) 0 0 cO cO 00 ..- ..... ..... 

0 0 0 0 0 0 
10 10 10 ~ 10 10 
M 0) Lri ....- r--. M 
N N (") V V 10 
10 10 10 10 10 10 
(") (") (") (") (") (") 

10 
..,t 
M 
N 
N 

N 0 0 
~ 

CO 10 10 ..... r--. 't"" ..... ..... 
(") (") (") M 0 ..... N ..... 0 0 ~ 
c) c) c) N c) c) c) c) c) 0 't"" 

N 

E 
0 

(") 10 10 
... m "<t "<t 0 .... 00 "<t 

~ ~ 0 C'! ....- ~ N ~ ~ ..... ..... ..... Q) ..... ..... ..... ..... .,.... ..... 
~ 
Q) 
.Q 

m 00 r--. :::I r--. 0 N (") V V .... ..... 
~ ~ ~ .c C'! ""': ""': ""': ""': ""': ""': 

..... ..... .... .,.... .,.... ..... ..... .,.... ..... 
'i 
CI) 

r--. 00 m ... m <D V 10 (") N N CO r--. r--. r--. .c ~ m m m ~ m m 
c) c) c) U .,.... 0 c) c) 0 c) 0 

CI) 

It: 

V 00 N <D 0 V 00 N 0 00 

C'! ~ m r--. <D ""': N ..... ~ ""': 
N ...; <ri c) N m ..- 00 ..... ..-

N 00 (") 00 (") 00 v m v m 
0 0 ..... ..... N N (") (") v v 
..- ..- ..... ..... ..... ..... ..... ..... ..... ..... 

"<t "<t V "<t (1) "<t "<t "<t 00 00 
<D ~ <D <D ~ <D ~ N N 
cO 00 cO cO cO 00 cO 00 cO cO 

0 0 0 0 0 0 0 0 0 0 
10 10 ~ 10 10 10 10 ~ 10 10 

m 10 ..... r--. M m Lri ..... r--. M 
10 <D r--. r--. 00 00 m 0 0 ..... 
10 I.() I.() I.() I.() 10 10 <D <D <D 
(") (") (") (") (") (") (") (") (") (") 



C') .... 

N ..... 

.... .... 

o .... 

en 

co 

"-

CD 

I() 

V 

I() 

,..: 
co 
N 
N 

I() 

&ri 
"-
N 
N 

E 
0 ... .... 
CI> 
~ 
CI> 
.0 
::s .... 

.s:::. ..... 

.~ 

CI> 
Cl ... 
IV 

.s:::. 
(.) 

CI> a:: 

CD I() 

<"! 
0 0 

I I 

.... 0 
II:! ~ .... ...... 

.... (") 

'<t: """: .... .... 

I() (") 
(j) <"! 
0 .... 

CD V 
""": CO .... 0 
v 0) 
I() I() 

CO CO 
<"! <"! 
CO CO 

0 0 
I() I() 

o:i Lt) .... N 
CD CD 
(") (") 

I() 

N 
0 
C') 

(j) CD N 

<"! C":! 0 
0 0 .... 

I I I() 

,..: 
en 
N 

V N .... 
~ f'.; E .... .... E .... 

"0 
CI> 

I'- CO c.. 
(j) """: c.. 
0 .... 0 .... 

VI 
CI> 
Cl 

(j) CO 
... 
IV 

C":! """: .s:::. .... .... (.) 
CI> a:: 

N 0 
I() N 
0 0 
v (j) 
CD CD 

CO CO 
<"! <"! 
CO CO 

0 0 
II:! I() .... r...: 
(") (") 
CD CD 
(") (") 

"0 
c: 
CI> 

:;:; 

~ .... .... 
N (") C') CD N CO 0 .... ~ N .... N N .... 
0 0 E 0 0 0 0 I I 

0 ... .... ... 
I'- CO .$ (j) (") I'- I() 

'<t: (") IV .... .... 0 <"! .... .... ~ .... .... .... .... 
iii 
c: 
IV .... v (.) CO (") .... N 

(j) <"! .s:::. '<t: II:! II:! II:! 0 .... ..... ...... .... .... .... . ~ 
CI> 

I() N 
... 

CO (") I() V IV 
'<t: """: .s:::. CO CO CO CO .... .... (.) 

CI> a:: 
0 0 0 0 

N CD "<t N 0 CO CD 
(") .... CO I() N CO I() 

(") ex:) r...: r...: r...: <ri <ri 
N V (j) V 0) V 0) 
I'- I'- I'- CO CO (j) (j) 

CO CO CO CO CO CO CO 
<"! <"! <"! <"! <"! <"! <"! 
CO CO CO CO CO CO CO 

0 0 0 0 0 0 0 
I() I() I() II:! I() I() I() 

M o:i Lt) .... r...: M o:i 
v v I() CD CD I'- I'-
CD CD CD CD CD CD CD 
(") (") (") (") (") (") (") 



x c 0 >< >< :s: LO 

S iii 1:1 
..... 

L1. 
Cl 
C 0 
.~ 0 

0 ~ 0 :s: ..... 
I;:: .. 1:1 
0 
C c 
iii 0 

M 
C :s: ..... 
ca ca 1:1 

(.) L1. 

0 

'" 0 N :s: ..... 
1:1 

C 0 .-. :s: ..... en 
iii ..... ~ 1:1 

Q) L1. 

E 
:;::; '" N 
Q) 0 0 
Cl :s: ..... ca 1:1 .... 
0 .. 
1/1 

..s:::: C 0 
N 

iii :s: en ..... 1:1 ..... L1. N 

'" 0 
:s: CO 

1:1 

C 0 

Q) 0 
0 iii :s: ..... 
>. 1:1 (.) L1. 

..s:::: 
~ 0 

!:!:.. 0 
:s: Q) 

1:1 Cl .... 
ca 

..s:::: c 0 CO 0 0 (J) 0 0 ('I) ..... LO (0 CO ..... (J) 'V 0 
0 c. 0 ..- ..-1/1 :s: LO 0 CO l'-: N (J) "! (0 (J) N 'V (0 ..... CO (J) 0 0 ..- N is iii 1:1 ci 0 ..- N N ('I) C") C") ..t ..t ..t ..t ..t ..t LO l.C) l.C) l.C) l.C) L1. I I I I I I I I I I I I I I I I I I 

C. 0 0 CO 0 0 (J) 0 0 ('I) ..... .,.... LO (0 CO ..... (J) ..- 'V 0 :s: ~ (J) ~ ('I) 0 ('I) ..... 0 ~ LO ..... CO (J) 0 .,.... N N ('I) 1:1 N N ('I) ..t LO l.C) l.C) cD (0 (0 cD cD cD r..: r..: r..: r..: r..: r..: 

0 CO (0 'V N 0 CO (0 'V N 0 CO (0 'V N 0 CO (0 'V .. 
CO ~ (J) 0 ..- "! N ('I) 'V M 0 C! "-: "! ('I) 'V ~ LO ~ ..... :::::. ci N ('I) ..t l.C) (0 r..: CO 0) ci ..- N ..t l.C) (0 r..: cci 0) ..- ..- ..- ..- ..- ..-

:2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .. - N 0 CO ~ CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO t:r M 

..t ..t ..t ..t ..t ..t ..t ..t ..t ..t ..t .§. ci 'V 'V 'V 'V 'V 'V 'V (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 

0 N ('I) LO ..... CO 0 N ('I) LO ..... CO 0 N ('I) LO ..... CO 0 Q) ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l'-: l'-: l'-: l'-: l'-: l'-: ~ E ..... ..- ..- ..- ..- ..- ..- ..- .,.... ..- ..- ..- ..- ..- .,.... .,.... ..- ..- .,.... .,.... 
i= (J) (J) (J) (J) (J) (J) (J) (J) (J) (J) (J) (J) (J) (J) (J) (J) (J) (J) (J) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) ('I) (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 (0 



it) .... 

M .... 

N .... 

.... .... 

o .... 

00 

CD 

it) 

"<t 

M 

N 

.... 

CO 0 
N (") 

Lt') Lt') 
I I 

CO 0 
(") "<t 
r--: r--: 

N 0 
L() c.q 
0 ..-
N N 

0 0 
00 00 
"<t ...t 
CO CO 

N (") 

~ ~ ..- ..-
0> 0> 
(") (") 
CO CO 

"<t 00 
(") (") 

Lt') Lt') 
I I 

"<t 00 
"<t "<t 
r--: r--: 

00 CO 
c.q t--
N (") 

N N 

0 0 
00 00 
...t "<t 
CO CO 

L() t--
~ ~ ..- ..-
0> 0> 
(") (") 

CO CO 

N L() 00 T- "<t 00 
"<t "<t "<I: L() L() L() 
Lt') Lt') L() Lt') Lt') Lt') 

I I I I I I 

N L() 00 ..- "<t 00 
L() L() L() CO CO CO 
r--: r--: r--: r--: r--: r--: 

"<t N 0 00 CO "<t 
00 0> 0 0 ..- "! ...t Lt') r--: 0::) ai 0 
N N N N N (") 

0 0 0 0 0 0 
00 00 00 00 00 00 
...t "<t "<t "<t ...t "<t 
CO CO CO CO CO CO 

00 0 N (") L() t--
~ ~ ~ ~ ~ ~ ..- T- ..- ..- ..- ..-
0> 0> 0> 0> 0> 0> 
(") (") (") (") (") (") 
CO CO CO CO CO CO 

..- "<t ..- 0 ..- t-- 00 L() 0 0> L() N CO CO 0> C"") C"") "<t L() L() "<t "<t "<t Lt') Lt') Lt') cri cri cri cri cri cri cri cri cri I I I I I I I I I I I I 

..- "<t ..- 0 ..- t-- 00 L() 0 0> L() N t-- t-- 0 N "<t "<t L() CO CO L() L() L() r--: r--: 00 0::) 0::) 0::) 0::) 0::) 0::) 0::) 0::) 0::) 

N 0 (") CO ..- CO 0 "<t 0 CO N 00 
~ "<I: "<t "<I: L() L() ..- c.q 00 0> ..- N 

r--: N r--: ..- Lt') ai ...t 0::) ..- N N N 
(") (") "<t CO 0> N t-- (") 0> L() N 00 

N (") L() t-- 00 

0 0 0 0 0 0 "<t "<t "<t "<t "<t "<t 00 00 T- ..- T- L() L() L() L() L() L() 
"<t "<t c:i c:i c:i c:i ...t ...t ...t ...t "<t ...t CO CO CO CO CO CO L() L() L() L() L() L() 

00 0 L() 0 0 0 0 0 0 0 0 0 
~ 0 N L() 0 L() L() L() L() ~ L() L() .... N N N cr) (") "<t Lt') 00 .... "<t r--: 0> 0> 0> 0> 0> 0> 0> 0> 0> 0 0 0 (") (") (") (") (") (") (") (") (") "<t "<t "<t CO CO CO CO CO CO CO CO CO CO CO CO 



U') 
..... 

M ..... 

N ..... 

.... .... 

o ..... 

co 

U') 
'<t 
~ 
CO 

I 

'<t 
..:t I{) 

CO 

'<t 
~ 

M N 
I{) 
0 
....... 

'<t 
N 

I{) 

'<t 
I{) 

0 
~ .... 0 
....... 
'<t 
CO 

CO 0 
'<t I{) 

cD cD 
I I 

co 0 
I{) ~ 
CO CO 

0 CO 
CO f'... 
cD 0 
....... CO 
N M 
....... 

'<t '<t 
I{) I{) 

'<i '<i 
I{) I{) 

0 0 
I{) I{) 

M CO ..- ....... 
'<t '<t 
CO CO 

CO N 0 '<t 
I{) ~ f'... CO 
cD co co co I I I I 

CO N 0 '<t 
CO f'... CO 0> 
cO cO cO CO 

N CO '<t 0 
0> ~ N '<t 
'<t 0> M " '<t 0 f'... M 
I{) f'... CO 0 

....... N 

'<t ..:t ..:t ..:t 
I{) ~ I{) I{) 

'<i '<t '<t '<t 
I{) I{) I{) I{) 

0 0 0 0 
I{) ~ I{) I{) 
0) N Ll) cO ....... N N N 
'<t '<t '<t '<t 
CO CO CO CO 



> >< .: 0 g Q) ~ 
It) 

I/) "C 
..... 

... ii: 
>< Q) ... 0 ra 0 

~ 0 ..q 

n; ~ ..... 
s:: "C 
ra 
(J s:: 

.s:: 0 
M ... Q) ~ ..... .~ I/) "C 

Q) 
ii: 

OJ ... 0 ra '" .s:: 0 N 
(J ~ ..... 
Q) "C 
0:: 

s:: 
0 

Q) ~ ..... 
I/) "C 

..... 
ii: 

'" N 
0 0 
~ ..... 

"C 

.= 0 
Q) ~ Q) 
I/) "C 

.s:: ii: 

..q 
N 

'" ,... 
N 0 

~ CO 
III "C ... 
M 

E s:: 0 

0 0 0 Q) 
~ 

,... 
0 I/) 
..q ii: "C ..... 

> 0 

C/) 0 00 ~ 
Q) "C 

(j 
>. s:: 
U c. a LO N ..-- 0) LO co N '<t LO CD CD I'- co 0) 0) a ..-- ..--Q) ~ It) a "! M M "": '<t LO LO LO I.f.! LO LO LO LO LO ~ CD ~ .s:: I/) c:i c:i c:i c:i c:i c:i c:i c:i c:i c:i c:i ... "C a a a a a a a a >< ii: 
§. 
Q) c. a LO co 0) LO N co CD LO '<t '<t M N a 0) 0) OJ ..-- ..-- ..--... ~ ..q '<t "! a a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I'-: I'-: ra "C N N N N N ..-- ..--.s:: 
(J 
Q) 

0:: 

- a 0) co co I'- CD LO '<t '<t M N g a 0) co I'- CD CD M 
~~ §. M a M LO I'- 0) "'-: C":! I.f.! I'-: ~ LO ~ co a N "": c:i c:i a c:i a c:i ..-- ..-- ..-- ..-- ..-- N N N N N M C") M 

::2 a N N N N N N N N N N N N N N N N N N - N a I.f.! I.f.! I.f.! I.f.! I.f.! I.f.! I.f.! I.f.! I.f.! I.f.! I.f.! LO LO LO I.f.! I.f.! I.f.! I.f.! 0- M 

§. c:i ..-- ..-- ..-- ..-- ..-- ..-- ..-- ..-- ..-- ..-- ..--

a N M LO I'- co a N M LO I'- co a N M LO I'- co a Q) LO I.f.! I.f.! LO LO LO ~ ~ CD ~ ~ CD I'- I'- I'- I'- ,... I'-: to E ..... oci to co oci oci to to to to to co oci oci oci oci oci oci to oci j:: N N N N N N N N N N N N N N N N N N N '<t '<t '<t '<t '<t '<t '<t '<t '<t '<t '<t '<t '<t '<t '<t '<t '<t '<t '<t CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD 



..... ..... 

o ..... 

co 

<.0 

I/) 

"<t 

C") 

N 

..... 

..-
CD 
0 

0> 
I'-: ..-

lO 
CD 
C") 

N 
~ 

N 
CO 
cci 
N 
'<t 
CD 

..- N N 
CD CD CD 
0 0 0 

0> CO CO 
I'-: I'-: I'-: ..- ..- ..-

'<t ('I) N 
CO 0 N 
('I) -.i -.i 

N N N 
~ ~ ~ ..- ..- ..-..- ..- ..-

('I) lO I'--
CO CO CO 
cci cci cci 
N N N 
'<t '<t "<t 
CD CD CD 

N N ('I) ('I) ('I) ('I) 
CD CD CD CD C!:! C!:! 0 0 0 0 0 0 

CO CO I'-- I'-- I'-- I'--
I'-: I'-: I'-: I'-: I'-: I'-: ..- ..- ..-

N ..- 0 0> CO CO 
"<t C!:! CO 0> ..- ~ -.i '<t "<t -.i 0.0 lO 

N N N N N N 
~ ~ ~ ~ ~ ~ ..- ..- ..- ..-..- ..... ..- ...... 

CO 0 N ('I) lO I'--
CO 0> 0> 0> 0> ~ 
co co cci cci co co 
N N N N N N 
"<t "<t '<t '<t "<t "<t 
CD CD CD CD CD CD 

('I) '<t lO CD CD CD CD CD 0 ('I) ('I) CD 
C!:! CD CD CD CD C!:! CD CD I'-- I'-- C!:! CD 
0 0 0 0 0 0 0 0 0 0 0 0 

I'-- CD lO "<t '<t "<t '<t '<t 0 I'-- I'-- "<t 
I'-: I'-: I'-: I'-: I'-: I'-: I'-: I'-: I'-: C!:! I'-: I'-: ..- ..- ..- ..- ..- ..- ..- ..... ..- ..-

CD CD CD CD CD CD CD CD CD 
I'-- CD CD 

""": lO ~ I'-- lO 
('I) ..- 0> I'-: lO I'-: '<t cci N M cci M r-..: N 

lO lO cci ..... ..- 0 I'-- ('I) 0 ..- N ('I) '<t ..- ..- N ('I) 

N N 0 0 0 0 0 0 0 0 0 0 
~ ~ CO CO CO CO CO CO CO CO CO CO 
..- ..... 0 0 0 c:i c:i c:i 0 0 c:i c:i ..- ..- ..- ..- ..... ..... ..- ..- ..... ..-

CO 0 lO 0 0 0 0 0 0 0 0 0 
~ 0 N lO 0 lO ~ lO lO lO ~ lO 
co 0) 0) 0) 0 0 ..- N cci -.i 0 <ri 
N N N N ('I) ('I) ('I) ('I) ('I) '<t lO lO 
'<t '<t '<t '<t '<t "<t '<t '<t "<t "<t '<t V 
CD CD CD CD CD CD CD CD CD CD CD CD 



M ..... 

N ..... 

..... ..... 

o ..... 

co 

II) 

'Ot 

M 

N 

..... 

I'-
C") 
I'-ci 0 

I'--; I'-
~ ..-

(!) (!) 
LO C") 

r-...: N 
(!) C") 
C") 

"'" 
0 0 
CO CO 
0 ci 

0 0 
LO ~ 
N CO 
(!) (!) 

"'" "'" (!) (!) 

(!) C") I'-
I'--; CO CO 
0 ci 0 

"'" I'- C") 

~ ~ ~ ..-

(!) (!) (!) 

~ I'-
r-...: ..- <ri 
m (!) N 

"'" LO (!) 

0 0 0 
~ CO CO 

ci 0 0 

0 0 0 
~ LO LO 

"'" ci (!) 
I'- CO CO 

"'" "'" "'" (!) (!) (!) 

..- ..- C") LO CO (!) 
m m m m m m 
ci 0 ci ci 0 ci 

m m I'- LO N 
"'" "': "': "': "': "': "': ..- ..- ..-

(!) (!) (!) 0 

"'" CO 
~ C") 

~ 0 CO (!) 

..- (!) ..- C") 

"'" <ri m LO N I'- N I'-
(!) I'- CO CO m m 

0 0 0 

"'" "'" "'" CO CO CO 
ci ~ (!) (!) 

0 0 CO cci cci ..-

0 0 0 0 0 0 
~ LO LO LO LO LO 
N cci ...t 0 <ri N m m 0 ..- ..- N 

"'" "'" LO LO LO LO 
(!) (!) (!) (!) (!) (!) 

(!) I'- I'- I'- m m CO m 0 0 0 m m ~ m m m m m ~ ~ ~ ci ci 0 ci 0 0 ci ci ..- ..-

"'" 
C") C") C") ..- ..- N ..- 0 0 0 "': "': "': "': "': "': "': "': "': "': "': ..- ..- ..- ..- ..- ..-

N (!) 0 "'" CO N (!) 0 CO (!) 

"'" LO C") "! 0 CO I'- LO "': ~ I'- "': CO 0 N ...t LO r-...: en ..- ..- ci 0 N CO C") CO C") CO C") m "'" m "'" 0 0 ..- ..- N N C") C") "'" "'" LO ..- ..- ..- ..- ..-

"'" "'" "'" "'" "'" "'" "'" "'" 
CO CO CO 

~ (!) ~ ~ (!) (!) ~ (!) N N N co cci co co cci cci co cci cci cci cci 

0 0 0 0 0 0 0 0 0 0 0 
~ LO ~ LO LO LO LO LO LO LO LO 
CO ...t 0 <ri N CO ...t 0 (!) N CO N C") 

"'" "'" LO LO (!) I'- I'- CO CO LO LO LO LO LO LO LO LO LO LO LO (!) (!) (!) (!) (!) (!) (!) (!) (!) (!) (!) 



It) .... 

M ..... 

N ..... 

..... ..... 

o ..... 

co 

It) 

~ 

M 

N 

..... 

0 
~ 

0 
'<f: ..-

N ..-
ci 
0) 
LO ..-

00 
C'! 
00 

0 
LO 

'<t 
0) 
I.(") 

CD 

0 N C") 

~ ~ ~ ..- ..-

0 CO r-... 
'<f: ~ ~ ..- ..-

0 00 CD 
00 '<f: ..-
0) 0) 0) 
C") 00 C") 
CD CD r-... ..- ..-

00 00 00 
N N C'! 
00 00 00 

0 0 0 
LO LO ll:? 
0 CD N 
0 0 .,.... 
CD CD CD 
CD CD CD 

'¢ '¢ r-... CO r-... 
~ ~ ~ ~ ~ ..- ..- ..... ..- ..-

CD CD C") N C") 

~ ~ ~ ~ ~ ..- ..- ..- ..- ..-

'¢ N 0 00 CD 
00 LO N 00 LO 
00 00 00 ,....: ,....: 
00 C") 00 C") 00 r-... 00 00 0'> 0'> ..- ..- ..- .,.... .,.... 

00 00 00 00 00 
C'! C'! N C'! N 
00 00 00 00 00 

0 0 0 0 0 
LO ll:? LO LO I.(") 

00 '<t 0 CD N ..- N C") C") '¢ 
CD CD CD CD CD 
CD CD CD CD CD 



>< 
X I: 0 >< L() >< (ij 3: .... 
>< "'C 
>< LL 

>< 
0 
0 

0 '<t 
3: .... 

"'C 

I: 0 
3: M 

(ij "'C 
.... 

LL 

0 

'" 0 N 
3: .... 

"'C 

I: 0 
3: .... 

ra "'C 
.... 

LL 

2 '" N 

0 0 
Q) 3: .... 
E "'C 

:0:; 
Q) I: 
Cl 0 
ra 3: Q) ... (ij 0 "'C 
+" LL 
(/) 

..c:: 
to '" 0 co 3: co 
L() 
N "'C 

I: 0 

0 ..... 
(ij 3: 
LL "'C 

0 

0 
3: 

"'C 

Q) I: 0- 0 .,- "<;f- co ..... (J') .,- 0 LO .,- (J') (V) co LO LO N 0 ex> 
3: L() 0 ~ ~ ..... "! ~ 0 (V) LO ..... ex> 0 N (V) "<;f- LO LO 

U (ij c:i 0 .,- N N (V) (V) ..t "<;f- "<;f- ..t ..t Lri Lri LO Lri Lri Lri Lri >- "'C I I I I I I I I I I I I I I I I I I 
(.) LL 

..c:: 
>< 0- (» 0 (V) 0 LO co ex> 0 (» "<;f- 0 ex> N LO "<;f- "<;f- .,- (» ..... §_ 3: '<t N (» ~ "<I: 0 ~ (» (V) LO ex> 0 (V) "<;f- LO ~ ": ": ex> 
Q) "'C N N (V) "<;f- LO LO Lri <ri co co r....: r....: r....: r....: r....: ..... ..... ..... ..... 
Cl ... 
ra 

..c:: 
u 0 ex> co "<;f- N 0 ex> co "<;f- N 0 ex> co "<;f- N 0 ex> co "<;f-
(/) ... ex> IX:! (» 0 .,- N N (V) "<I: 
is ::::. M 0 C! N (V) "<I: "<I: LO ~ ": c:i ..t Lri <ri r....: c:i .,- N C"') ..t LO co ..... ex> (» 

.,- N ex> (» 
.,- .,- .,- .,- .,- .,- .,-

:c- o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ... - N 0 ex> ex> ex> ex> ex> ex> ex> ex> ex> ex> ex> ex> ex> ex> ex> ex> ex> ex> 
tr' M ..t ..t ..t ..t §. 0 "<;f- "<;f- "<;f- "<;f- "<;f- "<;f- "<;f- "<;f- "<;f- "<;f- "<;f- "<;f- "<;f- "<;f-

co co co co co co co co co co co co co co co co co co 

0 N (V) LO ..... ex> 0 N (V) LO ..... ex> 0 N (V) LO ..... ex> 0 
Q) LO LO LO LO LO LO ~ co co co co co ..... ..... ..... ..... ..... ": ex> 
E .... ex) ex) ex) ex) ex) ex> ex> ex) ex) ex) ex) ex) ex> ex> ex> ex> ex> ex> ex> 
j:: N N N N N N N N N N N N N N N N N N N 

N N N N N N N N N N N N N N N N N N N 
(» (» (» (» (» (» (» (» (» (» (» (» (» (» (» (» (» (» (» 



M .... 

N .... 

.... .... 

o .... 

co 

It) 

"<t 

M 

N 

.... 

to ..-
to I'--
Lri Lri , , 

I.() 0 
0) 0 

" cci 

N 0 
I.() ~ 
c:i ..-
N N 

0 0 
00 00 
..t ..t 
to to 

N C") 
00 00 
cci cci 
N N 
N N 
0) 0) 

00 "<t N 
I'-- 00 0) 

Lri Lri Lri , , , 

I'-- C") ..-
0 ~ 
cci cci 00 

00 to "<t 
to I'-- 00 
N C") ..t 
N N N 

0 0 0 
00 00 00 
..t ..t ..t 
to to to 

I.() I'-- 00 
00 00 00 
cci cci cci 
N N N 
N N N 
0) 0) 0) 

to ..- I'-- C") 00 N 
0) 0 0 ..- .... N 
Lri cO cO cO cO cO , , , , , , 

I.() 0 to N I'-- ..-
~ C") C") "<t "<t I.() 

00 00 00 cci cci 00 

N 0 00 to "<t N 
0) 0 0 N ~ 
Lri " cci 0) c:i ..-
N N N N C") C") 

0 0 0 0 0 0 
00 00 00 00 00 00 

..t "<t "<t "<t "<t ..t 
to to to to to to 

0 N C") I.() I'-- 00 
0) 0) 0) 0) 0) 0) 

cci cci cci cci cci cci 
N N N N N N 
N N N N N N 
0) 0) 0) 0) 0) 0) 

It) 

to I.() "<t 00 N to 0 I'-- 00 0) N 
N to I'-- 0) 0 0 .... ..- It) .... 0) 

cO cO cO cO " " " " 
CD 

" cO , , , , , , , , CD , , -C'CI 

I.() "<t C") I'-- ..- I.() 0) to ~ 00 ..-
I.() 0) 0 N C") C") C") "<t C'CI "<t N -cci 00 0) 0) 0) 0) 0) 0) 1/1 0) 0) 

== .!2 
to 0 "<t 0 

LL to N 0 C") to ..-
"<t "<t "": I.() I.() ~ 00 iii 0) ..-

" Lri 0) ..t N " N N N ..- C 
N I'-- C") 0) C'CI I.() N C") "<t to 0) 

N C") 0 I.() I'--

0 0 0 0 0 "<t "<t "<t "<t "<t 
00 ..- ..- I.() I.() I.() I.() I.() 

..t c:i c:i c:i c:i ..t ..t "<t ..t ..t 
to to to to to I.() I.() I.() I.() I.() 

0 I.() 0 0 0 0 0 0 0 0 
0 ~ I.() 0 I.() LC:! I.() I.() I.() LC:! 
0) 0) 0) 0 c:i ..- N Lri cci ..-
N N N C") C") C") C") C") C") "<t 
N N N N N N N N N N 
0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 



10 ..... 

M ..... 

N ..... 

..... ..... 

o ..... 

00 

10 

V 

M 

N 

..... 

v 
0) 

cO 
I 

C') 

"! 
0) 

00 
N 
cO 
00 
00 

V 
LO 

....t 
LO 

0 
LO 

V 
V 
N 
0) 

CD CD 
0) 0) 

cO cO 
I I 

LO LO 
"! N 
0) oi 

v 0 
V ~ 
N CD 
LO .-
0 N ..... 

V V 
LO LO 

....t ....t 
LO LO 

0 0 
LO LO 

r...: 6 
V LO 
N N 
0) 0) 

t-- t-- 00 0 CD 
0) 0) 0) 0 0) 

cO cO CD r...: cO 
I I I I I 

CD CD t-- 0) LO 
N "! "! N N 
0) 0) 0) oi 0) 

CD N 00 V 0 
t-- 0) ~ N V 
0 ....t 0) ct) r...: 
00 v 0 t-- C') 
C') LO t-- 00 0 ..... ..... ..... ..... N 

V V V V V 
LO LO LO LO LO 
....t ....t v ....t ....t 
LO LO LO LO LO 

0 0 0 0 0 
LO LO ~ LO LO 
ct) CD 0) N l!) 
LO LO LO CD CD 
N N N N N 
0) 0) 0) 0) 0) 



Title of Thesis 

Full name of degree holder 

Title of degree 

Name and Address of 
Major Advisor 

Degree awarding University/ 
Institute 

Year of award of degree 

Major Subject 

Total number of pages in thesis 

Number of words in abstract 

Key Words 

ABSTRACT 

Effect of buffer storage volume and storage 
time on brackish ASR well recovel'Y 
behaviour 

VISHAL GOYAL 

Doctor of Philosophy 

Dr . B.S. Jhorar 
Senior Scientist 
Department of Soil Science 
CCS Haryana Agricultural University, 
Hisar-125 004 (Haryana), India 

CCS Haryana Agricultural University 
Hisar-125 004 (Haryana), India 

2004-05 

Soil Science 

1-68, i-xi, I-XXXXXXXI 

250 approximate 

ASR cavity well, Buffer storage volume, 
Storage time, Recovery efficiency, Simulation 

Canal water was gravity injected to create buffer storage volume BSV of 6000, 

10000 and 14000 m3 in 1, 2 and 3 ASR cycle employing siphon system under shallow 

water table depth. Residence times of 70.8, 118.35 and 113.2 days were allowed at a 

BSV of 14000 m3 in 4''', 5th and 6th ASR cycle. Injection rates decreased from 23.23 

m3 h-I to 13.29 m3 h-I while recovery rates remained constant in each cycle at average 

value of 60.21 m3 h- I_ The integrated recovery efficiency CRE increased with BSV 

linearly. The CRE was 108 % at BSV of 14000 m3 after residence time of 13.55 days. 

Recovery efficiency decreased with increasing residence time. 

Simple mixing M*(CI") increased with recovery percentage (I) for all the 

quality parameters. It decreased linearly with BSV and increased with residence time. 

Calcite dissolution decreased with BSV and increased with residence time of 70.8 

days. For one irrigation of 0.06 m, 9 kg of potassium could be added through 

irrigation from 1 st ASR cycle. 

The HYDRUS-2D simulated the drawup and drawdown in piezometric 

pressure heads successfully during recharge and recovery in Aquifer Storage and 

recovery (ASR) cycles. Radial influencing zone increased with BSV with a mean 



value of 122 m during recharge. The model projected the decrease in radial 

influencing zone with increase in aquifer anisotropy and increasing length of sand 

patch in the confining layer . The study suggests that hydrus 2D may be adopted for 

simulations in ground water recharge studies in ASR wel l. 
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