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Abstract: Geothermal heat harvesting is the process of extracting heat from the earth’s 

subsurface where it is trapped below the diverse rock formations to be converted into 

usable energy. Cementing of the drilled wells requires the use of materials that are stable 

at high cyclic temperatures as production ranges between 160°C and +300°C. Ordinary 

Portland Cement a brittle material (OPC) when mixed with additives can provide 

improvement to the mechanical stability and enhance fracture resistance at these 

conditions. One such additive that has gained interest in other fields and applications, but 

not much explored in cementing field due to its unreactive and hydrophobic nature, is 

graphene nanoplatelets (GNPs). This study focuses on mixing GNPs with Class-H cement 

in very low concentrations of 0.1% or less by weight of cement (bwoc) and evaluating the 

performance and effectiveness in fracture prevention when undergone thermal cycling 

between 20 oC and 110 oC, 95% relative humidity when hydrated for 7 and 28 days in pH 

13 Ca(OH)2 solution. GNPs in the form of powder (PG) prepared from the environmental 

waste and a 99.5% carbon purity lab grade liquid dispersion GNPs (LG) were used. 0% 

GNPs (neat) control, 0.008%, 0.1% of PG and LG mix design cement samples were 

prepared following API 10B specifications. Results show that 0.1%LG samples hydrated 

for 28 days had greater dispersion of GNPs with a notable increase in the ductile behavior 

out of all the designs tested. There is a 13.21% decrease in permeability, 27.77% decrease 

in hardness and 50.71% decrease in elasticity when compared to neat sample hydrated for 

28 days thus proving its effectiveness for wellbore integrity with increase in hydration time.  
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CHAPTER I 
 

INTRODUCTION 

 

As we progress in transitioning from fossil fuels to renewable sources of energy, extracting 

heat from the earth’s subsurface needs a new approach as geothermal reservoirs are made up of 

diverse rock formations (U.S. Energy Information Administration, 2022). This thermal energy 

harvesting from the geothermal resources is expected to contribute towards mitigation of climate 

change as it provides near net zero emissions. Cementing the wellbore for geothermal heat 

harvesting is demanding because of the rock formations and the never ending dynamic thermal 

cycles that constitute geothermal reservoirs. Ordinary Portland Cement (OPC) is used for 

cementing these drilled wellbores for wellbore integrity towards effective zonal isolation.  

Therefore, wellbore cementing needs tested barrier materials that require stability at high cyclic 

temperatures resisting possible thermal shocks. These materials should also be chemically resistant 

to geofluids that come in contact with Ordinary Portland Cement (OPC) causing loss in mechanical 

strength that could lead to fracturing and wellbore integrity failures. Mixing appropriate additives 

with OPC cement will lead to wellbore stability and integrity. With the progressing technological 

advancements in cementing, nanoadditives are being used in building materials due to their 

outstanding properties such as large surface area, high conductivity, improved mechanical strength 

(Bittnar et al., 2016). When considering mixing nano additives with OPC cement for hot geothermal 

wells, microstructural changes in cement involves a prominent role as strength retrogression exists 

where the CSH phase increases in porosity and permeability as
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temperature increases above 110 oC (Bergen et al., 2022). Silica stabilized cement slurries have 

shown to be effective at temperatures above 110 oC (Guerrero, 1998; Mahmoud & Elkatatny, 2019; 

Costa et al., 2017). Studies have also shown that adding graphene nanoparticles (GNP) to cement 

can improve porosity, permeability, elasticity and hardness thereby reducing risks from mechanical 

failures (Zheng et al., 2017 ; Jupudi et al.,2022 ; Massion et al., 2021). Class-H cement mixed with 

GNP and other additives suitable for subsurface conditions is used in this study. The cement slurry 

is prepared with and without GNP, a lab grade 99.5% pure liquid form and powdered form prepared 

from environmental waste, and then hydrated under dynamic thermal loading conditions between 

20 oC and 110 oC for 7 and 28 days. The potential problem with GNP application is their 

hydrophobic nature, leading to dispersion issues when mixed in cement slurries. Thus, the first 

objective is to compare effectiveness and performance of wellbore cement reinforced with liquid 

GNP vs dry powdered GNP and address current concerns regarding dispersion of GNP at field 

conditions. The second objective is to examine if graphene nanoplatelets (GNP) can prevent 

deterioration of Portland cement-based slurries hydrated at different levels and subjected to cyclic 

thermal changes at 95% RH.  

Geothermal wells are yet to be utilized to their complete potential; thus, the ultimate 

objective of this work is to prepare a better design of the barrier material that withstands cyclic 

temperature loads, is environmentally safe for energy production and storage, is cost efficient and 

implementable by field operators. Finally, these materials have to pass testing at reservoir like 

conditions, and verified for safe implementation, in order to be used on a large scale in the 

upcoming geothermal projects with numerous new wellbores.  
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Figure 1: Schematic of geothermal well for production of heat energy from the earth’s 

subsurface (Applications, 2022) Below is the cement failure modes beginning with a radial 

crack (Teodoriu, 2013) 
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Figure 2: The temperature-at-depth maps for geothermal resources at 7.5 km and 10 km in 

the US from the surface of the earth. The west region has higher temperatures for the same 

depth when compared to the other regions making it a highly potential zone for extracting 

thermal energy. Source of maps: (Blackwell et al., 2011). 
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CHAPTER II 
 

 

LITERARTURE REVIEW 

 

In the long run, energy supply security is a necessity given the growth and demand, based 

on the population rise worldwide. As shown in Figure 3, November 2022 is when we will reach 

eight billion people, with one billion added in the last 12 years. Most of the current contribution is 

from the non-renewable U.S. base-load capacity that comes from thermal (coal based), nuclear and 

gas-combustion turbines. To meet the inflated demand, importing huge amounts of oil is beyond 

environmental security concerns. Climate change, environmental justice and social equities of 

underprivileged communities are all part of the energy transition agenda, towards a net carbon zero 

emissions and implementation of the United Nations sustainability goals.  

The impact of implementing new technologies to extract the renewable thermal energy 

source used as base-load power without storage costs and very low carbon footprint from the depth 

of the earth’s subsurface is a possible way to enhance the energy transition globally (Systems, 

2006). Looking back at the history of geothermal energy across the world,  the first few successfully 

drilled geothermal wells for heat were drilled in Luttelgeest, Netherlands by the Daldrup & Söhne 

AG group (Geothermal Energy News, 2020). In 1807, John Colter located the hot springs at 

Yellowstone Park, listing it as the first documented geothermal energy resource in the US 

(DOE, n.d.). Since then, the use of geothermal energy has increased and the current production  
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Figure 3: The numbers of world population in November 2022 according to the United 

Nations, Department of Economic and Social Affairs, Population Division via 

Worldometer’s live tracker as of September 27, 2022 (Routley, 2022).  

is approximately 15 GW of power on a global scale and is limited to only volcanic regions (Energy, 

2021).In 2021, according to (Richter, 2022), the US was listed as the topmost country in the 

world with the highest installed capacity of geothermal resources in use, with California 

having the largest and highest production (California Energy Commission, 2019). Higher 

amounts are promised in the next 50 years from stats in or about 2006 by R&D. This led to potential 

EGS areas being identified in the US that could supply around 100 GW with current generation at 
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3.7 GW (Clean, 2022). In addition, geothermal energy would support economic stability given that 

there would be less disruptions in supply and cost (Systems, 2006). For this young technology to 

become a powerhouse, revolutionary methods are required to lower the drilling costs and improve 

the approaches to hot and deep regions while considering the rock and fluid interactions. As a part 

of the drilling process, wellbore cementing techniques also need to be researched and developed.  

 

Figure 4: Geothermal installed capacity worldwide from the years 2009 to 2021 showing the 

production of thermal energy in megawatts (Jaganmohan, 2022). It constitutes 8.3% of the 

total energy consumed across the globe with the US being the largest producer. 

The US is the highest thermal energy producer (Richter, 2022), and efforts are being made in 

lowering drilling and completion costs in order to have geothermal energy competitive with other 

renewable energy technologies such as solar and wind. About 50% of the $20 million sanctioned 
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for geothermal projects by the Department of Energy towards net-zero emissions goes towards 

drilling and well completion which includes cementing of the wellbores. The chart below explains 

the prominence of cost and risk associated with cementing geothermal wellbores.  

 

Figure 5: Geothermal project cost precent estimate at each stage along with the projection 

of risk (Robins et al., 2021). Unlike oil and gas, the long-term returns are consistent and 

constant as there is unlimited thermal energy below the earth’s surface.  

2.1   CEMENTING GEOTHERMAL WELLBORES  

The location of geothermal resource correlates with the tectonic plates, thermal settings, 

rock column and rock type with respect to depth (Energy, 2021). Temperatures at depth of these 

resources are determined based on the thermal conductance of the rock that changes with rock 

minerology, area of heat flow and rock density (Boden, 2022). The reservoirs with high unlocked 

potential of thermal energy reserves are made up of different rock formations (U.S. Energy 

Information Administration, 2022). These rocks are broken to create pathways for fluid flow, the 

downside it potentially results in earthquakes when cold water comes in contact with hot water 

leading to induced seismicity. Reestablishing the rock formation properties after drilling to access 

the heat energy is necessary for non-leaky production and later for plugging and abandonment.  
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All these geo systems produce heat by the process of convection that depends on area, 

temperature, and heat transfer rate. These parameters i.e., temperature and permeability (depends 

on area and rate) do not change much with rocks thus not allowing heat to escape. Also, rocks are 

poor conductors of heat. Therefore, cementing these wellbores exposed to varying high 

temperatures up to about 400+oC needs engineering advancements and additive materials that are 

similar to rocks. 

 

Figure 6: The four kinds of geothermal systems explained diagrammatically (Energy, 2021). 

There are these conventional hydrothermal systems, from where most of today’s heat energy 

is taken and advanced methods for extracting heat from the other systems is being researched 

upon.   

As geothermal wells are drilled in formation with high temperatures and often within 

an acidic environment, there is a need for self-healing and strength recovery cements (Pyatina 

& Sugama, 2020). Furthermore, since geothermal fluids are often rich in CO2, the research 

available on cement durability studies for carbon storage technologies is applicable and published 
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literature suggests that chemical deterioration is a definitive problem due to calcium leaching 

(Yalcinkaya et al., 2011 ; Kutchko et al., 2008). Significant amounts of CO2 leaks are reported 

which could be through fractures in cemented wells. In addition to cement slurry design, cement 

placement and its interaction with rock formation is also critical, especially if there are issues with 

formation damage and contamination of slurry at the interface with rocks (Radonjic & Oyibo, 2014 

; Katende et al., 2020 ; Agbasimalo & Radonjic, 2014).  

The injected cement slurry pumped into the wellbore would start hydration soon after 

circulation is finished, and it later hardens in the interface between the steel casing and the 

rock formation providing a hydraulic barrier to support the structural integrity of the wellbore. 

Due to pressure, temperature and inadequate cement slurry designs due to loss of water for 

example, hydrated cement can develop microfractures, channels, which would provide 

pathway for corrosive fluids and the casing corrosion and finally collapse with variety of 

wellbore integrity issues as shown on Figure 1. This could be connected to the cement phase 

changes that primarily depend on temperature, pressure, and hydration time causing changes in 

microstructure of the cement that is not completely evaluated according to (Aili & Maruyama, 

2020). This study is focused on the impact of dynamic thermal cycles that could affect the 

structure and stability of the cement. Deep down the wellbore, the bottom hole static 

temperature is primarily taken as the temperature for cement hydration (Liska et al., 2019) 

and this falsifies the wellbore environment paving a path for substandard performance where  

thermal fracturing could possibly happen due to dynamic downhole temperatures. The hot and cold 

water thermal cycles between production and shut-in lead to expansion and contraction of the 

wellbore cement thereby creating stress and forming microcracks (Feng et al., 2020). When freshly 

prepared cement samples were cured for below 21 days between 20 oC and 85 oC thermal cycles, 

the mechanical strength was found to increase (Ichim & Teodoriu, 2017).  
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In relevance to geothermal energy systems, high temperatures, confining and pore 

pressures were used to study the behavior of Thermal Shock-Resistant Cement (TSRC) in 

comparison to that of Ordinary Portland Cement (OPC) which showed better results but had 

cracks that were non-continuous resulting in corrosion (Bauer et al., 2020).  

Thus, wellbore cementing could encounter issues due to formation and drilling fluids 

that contaminate and affect the stability of the structure, impact of thermal changes occurring 

at the subsurface conditions, elastic deformation due to forces from the rock formations, 

cement hydration reactions due to the presence of moisture. Considering all the issues, preparing 

cement slurries for geothermal wellbores with Ordinary Portland Cement (OPC) at subsurface 

conditions (especially the dynamic temperatures for essential zonal isolation and wellbore integrity) 

is absolutely challenging. The necessary depth to be kept in mind with respect to geothermal 

gradient when preparing the slurries is about 600 ft from the earth’s surface (Finger & Blankenship, 

2010).  

Figure 7: Uses of geothermal including EGS shown on temperature vs depth graph (Boden, 
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2022). With the increase in temperature-at-depth the extraction of heat energy gets 

challenging. 

2.2. CEMENT CHEMISTRY 

In order to design and examine the cement slurries, understanding the cement 

hydration and formation of phases is essential. Cement is a complex mix of compounds and 

the addition of water to anhydrous cement undergoes chemical reactions and produces 

hardened cement paste with calcium silicate hydrate (C-S-H) gel and C-H as the by-products 

obtained based on the degree of hydration. The initial rapid reactions of cement upon contact 

with water constitute the interstitial phases and calcium sulphates, responsible for setting and 

hardening of cement.  

Table 1: Average mineralogical composition of Ordinary Portland Cement that reacts with 

water to form compounds that give mechanical strength to the structure (CHEMISTRY AND 

QUALITY CONTROL FORMULAS IN CHEMISTRY AND QUALITY CONTROL, n.d.). 

Compound and Chemical Formula Short form By weight% 

Alite or tricalcium silicate (Ca
3
SiO

4
) C

3
S 55 

Belite or dicalcium silicate (Ca
2
SiO

5
) C

2
S 20 

Tricalcium aluminate 
(Ca

3
Al

2
O) 

C
3
A 10 

Tetracalcium Aluminoferrite 
(Ca

4
Al

2
Fe

2
O

10
) 

C
4
AF 8 

Gypsum (CaSO
4
.2H

2
0) CSH

2
 5 

Oxides (K
2
O, Na

2
O) 

N, K
 2 
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The early hydration reactions under ambient conditions and the overall kinetic behavior is as 

below (Herbert et al., n.d.): 

Hydration of tricalcium silicate is a very rapid exothermic reaction as it has an estimated 

negative enthalpy value.   

C3S + (3-x+n)H → CxSHn + (3-x)CH               (1) 

The hydration reaction of dicalcium silicate is similar to that of C3S except that the hydration 

and microstructure development takes place at a slower rate compared to C3S. The enthalpy 

of this reaction is lower than that of the C3S.  

C2S+ 4.3H →C1.7SH4 + 0.3CH               (2) 

The metastable hexagonal hydrates form stable cubic hydrates during the hydration of 

tricalcium aluminate. 

2C3A+ 27H → C4AH19 (or C4AH13) + C2AH8 (hexagonal hydrates)          (3) 

C4AH19 + C2AH8  → 2C3AH6 (cubic hydrates)             (4) 

The hydration of ferrite phase where C3(A,F)H6  at high temperatures is unstable decomposing 

into C3AH6 and Fe2O3. 

3C4AF +60H → 2C4(A,F)H19 + 2C(A,F)H8 +4(F,A)H3 → 4C3(A,F)H6 + 2(F,A)H3 + 24H  (5) 
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Figure  8: Image modified from (Herbert et al., n.d.) showing the changes in the rate of 

heat evolution during hydration of the mineral phases in the clinker. C3S and C3A react 

rapidly and exothermically. 

The compressive strength development in cement at initial stages is due to alite (C3S) and then 

as hydration progresses belite (C2S) phase becomes important. As hydration of OPC is an 

exothermic process evolving around 100 cal/g for 28 days of hydration, careful consideration 

is required when using it for large constructions. According to theory, most of the heat is from 

C3S and C3A reactions. We need to reduce the heat evolved but maintain the compressive 

strength. This could be done by decreasing C3S and increasing C2S which would affect only 

the initial strength and also partly by decreasing the content of C3A and increasing C4AF 

(Taylor, 1997; Cadix & James, 2022). 
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Figure 9: Image is taken from computationally developed five-step cement hydration 

model to explain diffusion through a spherical CSH shell (Rahimi-Aghdam et al., 2017) 

a) the semi-impermeable layer is formed around the cement particles. b) the CSH 

particles are symmetrically nucleated on the surface. c) CSH nuclei continue to grow 

with time at varying rate but are equally spaced. d) CSH nuclei overlap and cover the 

entire surface thus stopping the nucleation growth. e) CSH particles grow uniformly by 

the inward transport of water.  

The active components in OPC vary in proportion for each class of cement. Class-H 

cement, the type used in this work has a maximum particle size of 120 µm with 50% of the particles 

at an average of 24.5 µm. When mixed with additives the best suitable design is proposed for 

subsurface conditions for geothermal wellbore cementing according to the API cement 

classification and communications with cement R&D teams in industry, to replicate field 

application conditions in this laboratory study to the highest possible level. That is a critical 

component for new materials to be accepted and implemented by industry and the highest impact 

of this research.  
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2.3 CEMENT SLURRY WITH GRAPHENE NANOPLATELETS AS NANOADDITIVES 

Carbon based nanomaterials is one of the group of additives that have recently been sought 

after to improve performance in cementitious materials.  Researchers have studied the effect on 

structural, petrophysical, and mechanical properties of only additives such as single walled carbon 

nanotubes (SWCNTs), multi walled carbon nanotubes (MWCNTs), graphene, graphene oxide 

(GO), carbon fiber, and polymeric fiber (polypropylene and nylon).  Graphene has the highest 

surface area, 2600 m2/g and lowest particle size, 0.1 nm  (Lee et al., 2008; Stankovich et al., 2006; 

Zhu et al., 2010; Yu et al., 2000; Aili & Maruyama, 2020; Peigney et al., 2001). Structural 

modification of carbon nanotubes (CNTs) to add functional groups by covalent bonding to 

improve tensile and compressive strength was studied by (Chuah et al., 2014; G. Y. Li et al., 

2005). Graphene nanoplatelets, micronized ferrierite and olivine were added to the cement 

separately and studied for their impact on wellbore integrity and zonal isolation (Massion, 

Vissa, et al., 2022). Based on current literature graphene is unreactive when mixed with cement 

and is found to have increased the strength and durability (Chuah et al., 2014). Graphene 

nanoplatelets (GNPs) were found to influence the effectiveness and performance of the Ordinary 

Portland Cement (OPC) (Jupudi et al., n.d. ; Massion et al., 2021).  

GNPs are produced by liquid phase exfoliation of graphite into monolayered graphene, few 

layers (~2 to 10) and multi layered (above 10) nanostructured graphite (Achee et al., 2018; Cataldi 

et al., 2018; Chung, 2002; D. Li et al., 2008).  
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Figure 10: The schematic of the layers of graphene nanoplatelets (GNP) produced by liquid 

phase exfoliation of graphite as stated by (Cataldi et al., 2018). Few layers (<11) graphene is 

mixed with Class-H cement in this research.  

There is an electronic structural difference which makes a single layer graphene as a 

semiconductor with zero-gap and multi layered graphite as a semimetal with band overlap of 41 

meV. There is a difference of less than 10% band overlap between graphite and for 11 or more 

graphene layers thus stating the 3D structure starts from 10 layers of AB stacked layers of graphene 

(Geim & Novoselov, 2007; Partoens & Peeters, 2006). (Terrones et al., 2010) clearly stated and 

showed the difference between 2D graphene layer and 3D graphite crystal structure. For a single 

layer graphene as there is no edge modification, it would not interact with cement and lower the 

overall energy. Only when there is an edge modification that takes place in multi-layers does it 

interact with cement. This could probably happen with few-layer GNP as well. Also, disruptions in 

graphite take place at high temperatures. At high static temperature conditions GNP added in 

low quantities have shown to increase  strength and decrease brittleness (Zheng et al., 2017; 
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Massion et al., 2021; Massion et al., 2020; Rhee et al., 2016; Cao et al., 2016) but the involvement 

of GNP in the hydration reactions is unknown.  

 

Figure 11: An overview of the work done using graphene oxide in cementing of wells from 

the years 2017 – 2022 using connected papers.com. 

Significant amount of research has been done on graphene oxide (GO) as a nanoadditive 

to Portland cement-based materials in comparison to graphene nanoplatelets added to Portland 

cement composites. Influence of GOs on the enhancement of hydration mechanism and 

functionalizing behavior of it in cement has been reviewed by (Katalin Kopecskó & Zaid Ali 

Abdulhussein Khaiqani, 2021) while (Murali et al., 2022) focused on the overview of cementitious 
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composites using GO. This study focuses on GNP enhanced cement as the unexplored gaps are 

higher in comparison to GO and in continuation of previous works that have focused only on 

powdered graphene prepared from environmental waste.  

A laboratory grade 99.5% pure graphene nanoplatelets dispersed in liquid (LG) and 

powdered (PG) graphene prepared from biochar were used as nanoadditives in this work. The 

objective is to evaluate the compositionally modified wellbore cement performance hydrated under 

dynamic temperature cyclic conditions and to measure and evaluate structural, mechanical 

properties at 7 and 28 days of hydration.  All the samples are subjected to cyclic temperatures 

loading from 20 oC to 110 oC following an 8-hour cycle for 7 and 28 days in ESPEC environmental 

chamber. These temperature cycles help evaluate close to the realistic conditions where enhanced 

geothermal systems undergo temperature changes over tens of thousands of times during injection 

of cold water for rock fracturing and heat harvesting. The cement paste samples are characterized 

for micromechanical and microstructural properties to investigate GNP effectiveness in fracture 

prevention and evaluate the level of particle dispersion once hydration of cement is complete.   
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CHAPTER III 
 

 

MATERIALS AND METHODOLOGY 

 

In the process of achieving a near to perfect cement slurry for cementing geothermal 

wellbores, following suitable materials and additives were used in preparing the mix designs as 

elaborated below. The samples were characterized for micromechanical properties by micro-

indentation, scanning electron microscopy (SEM) and energy dispersive x-ray spectroscopy (EDS) 

for the microstructure of the cement and Raman spectroscopy for chemical analysis and phase 

identification, permeability (Nano-Permeameter) and porosity (Helium-Porosimeter) 

measurements for petrophysical analysis.  
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Figure 12: Flowchart showing the approach of activities undertaken during this study. 

Firstly, the cement slurry is prepared with GNP and other additives. These samples are cured 

for 7 and 28 days under thermal cyclic conditions, then cut and polished for characterization. 

Finally, the data is analyzed, and results are discussed.  

Table 2: The cement samples mixed with GNP is studied and evaluated for properties as 

shown in the experimental matrix below.  

Sample Name 
Hydration 

time 

Petrophysical  

(Porosity & 

Permeability) 

Micromechanical 

(microindentation 

& surface 

profilometry) 

Microstructural 

(SEM) 

Microchemistry  

(EDS & Raman 

Spectroscopy) 

0% GNPs 

(Neat) 

7 days  

(21 thermal 

cycles) 

3 1 1 1 

0.008% PG 3 1 1 1 

0.008% LG 3 1 1 1 

0.1% PG 3 1 1 1 

0.1% LG 3 1 1 1 

0% GNPs 

(Neat) 

28 days  

(84 thermal 

cycles) 

3 1 1 1 

0.008% PG 3 1 1 1 

0.008% LG 3 1 1 1 

0.1% PG 3 1 1 1 

0.1% LG 3 1 1 1 

Total number 

of samples 10 30 10 10 10 
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3.1 Graphene Nanoplatelets 

Powdered graphene and graphene nanoplatelets (GNP) dispersed in liquid as obtained without any 

modification were examined for microstructure by transmission electron microscope (TEM) and 

scanning electron microscope (SEM). Powdered graphene (PG), the type used in this study is 

refined from the biochar having multiple layers of nanoplatelets and amorphous carbon. Powdered 

graphene from Novagraphene was examined for the elemental composition and showed 88.28% 

carbon, 10.39% oxygen, and less than 0.3% of calcium, silicon, iron, aluminum, sodium, 

magnesium, and potassium (Massion et al., 2021). Graphene dispersed in 6wt% water is 99.5% 

pure having an average of 4-6 layers obtained from US Research Nanomaterials, shortly referred 

to as liquid graphene (LG) were used in this study.  These GNP at 0.008% and 0.1% by weight of 

cement (bwoc) along with other additives were added to Class-H cement to obtain a 1965.15 kg/m3 

(16.4) ppg cement slurry. 

3.2 Portland Cement 

3.2.1 Cement slurry preparation and hydration 

Class-H cement was used in this study to evaluate the cement properties due to heating and 

cooling cycles. This is mixed with water, bentonite, dispersant (Halliburton CFR-3), and defoamer 

(Halliburton D-air 5000) in proportions to prepare the cement slurry. The components were 

measured and mixed dry before putting them into the blender. A Waring lab variable speed mixer 

jar initially filled with the measured water was used to mix the components at a low speed for 15s, 

and then at a higher speed for 35 s to achieve a 1965.15 kg/m3 (16.4 ppg) slurry based on the API 

10B specifications. This was immediately poured into the brass molds that were prepared using a 

spray to avoid sticking cement to the surface of the mold during hardening. These molds filled with 

cement are covered with cling wrap to contain the moisture and left for about 24 hours at room 

temperature. Cement samples are demolded after about 24 hours, and are instantly put into Ca(OH)2 
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solution to prevent calcium leaching of the cement, sealing it air-tight with aluminum foil and 

plastic wrap. 

For 0.008% and 0.1% of powdered graphene and graphene nanoplatelets dispersed in 

liquid, we first add GNP to the water in the blender to reduce non-uniform dispersity. Then run at 

a low speed for 15 seconds later adding the dry mix like that in the neat sample. Powdered graphene 

has about 88% carbon and about 10.5% oxygen is used. Both powdered and dispersed in liquid 

graphene nanoplatelets were used without any modification. 

Table 3: Materials used to prepare cement core samples at ambient temperature and 

atmospheric pressure in proportions for the four mix designs and neat sample following API 

10B specifications. Water to cement ratio is 0.384, density of the slurry is 16.4 ppg, water to 

solid ratio is 0.374. 

Material Neat  0.008% LG 0.008% PG 0.1% LG 0.1% PG 

Class H (g) 836.71 836.71 836.71 697.26 697.26 

Water (ml) 321.05 320.01 321.06 256.71 267.64 

Graphene (ml, g) 0.00 1.12 0.07 11.62 0.70 

D-Air 5000 (g) 2.09 2.09 2.09 1.74 1.74 

Dispersant CFR-3 

(g) 
2.51 2.51 2.51 2.09 2.09 

Bentonite (g) 16.73 16.73 16.73 13.95 13.95 

Mix (g) 1179.09 1179.17 1179.17 983.37 983.37 

Volume (ml) 600.01 600.05 600.05 500.41 500.41 

 

3.2.2 Thermal Cyclic loading 
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Cement core samples completely soaked in pH 13 Ca(OH)2 solution are placed in the 

ESPEC environmental chamber. This chamber was running cyclic temperature loads between 20 

oC and 110 oC, 95% relative humidity (RH) which closely resemble the realistic conditions below 

the earth’s surface on an 8-hour per cycle time. The samples are cured at these conditions for 21 

cycles and 84 cycles. 

Table 4: Parameters for hydration of cement samples in the ESPEC environmental chamber 

at atmospheric pressure. 

Parameters Working conditions 

Temperature 20 
o
C – 110 

o
C 

Relative Humidity 95% 

Total cycle time 8 hours (4 hours to ramp up and 4 hours down) 

Total number of cycles in 24 hours 3 

Total number of cycles at 7 and 28 days 21 and 84 

 

3.2.3 Cement sample preparation: cutting and polishing 

The cement cores are cut using a slab saw to remove the uneven edges and to obtain the 

desired size of the samples. These are then polished using a developed procedure of filing, grinding 

and polishing using lubes on an Allied AD-5 TM MultiPrep TM instrument.  Sample cut into 7 mm 

height is placed on a fixture that goes into the instrument and is initially grinded using an 8” 600 

(P-1200) grit silicon carbide magnetic disc to remove distortions. In the next step, a 6 m diamond 

suspension and purple-lube was used on a Gold Label cloth followed by 1m diamond suspension 

and purple-lube on a White Label cloth. After this, a black cloth was used with colloidal silica for 

finishing. This polished sample is sonicated with IPA using a bath sonicator for about a minute to 
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ensure that there are no suspensions of cement particles, or polishing lubes. These are dried for two 

hours at 50 oC in a drying oven. 

3.2.4 Cement Sample Characterization 

3.2.4.1 Petrophysical Analysis 

3.2.4.1.1 Porosity 

After removing the samples from the environmental chamber, the cores were cut in order 

to have even edges. Cores sized about 2.5×5.5 cm (1×2.5 in) were individually placed in the matrix 

cup of the unit to measure porosity. The individual dimensions of each core sample were noted and 

used as inputs for calculating the grain volume of the sample using the Win pore software connected 

to the porosimeter. Firstly, the system is calibrated with disks of known volume. Helium gas is 

flown into the tank chamber at 1.38 MPa (200 psi) and once it stabilizes, the valve opens and the 

gas flows into the matrix cup. The pressure in the cup stabilizes with time and the difference in the 

pressure is used to calculate the grain volume, porosity, and density. Measurements are done on 

three sets of core samples for each mix design, 0% GNP (neat), 0.008% liquid graphene (LG), 

0.008% powdered graphene (PG), 0.1% liquid graphene (LG) and 0.1% powdered graphene (PG). 

The values obtained are averaged for porosity. This system runs based on ideal gas law and Boyle’s 

law. 

p1v1=p2v2                                                                                                                                        (6) 

p1 is the pressure flowing from the Helium gas in psi, v1 volume of the tank chamber in cc, v2 

volume of the grains present in the core sample in the matrix cup in cc and p2 the corresponding 

pressure in psi. 

From here, pore volume (vp) is obtained by subtracting the grain volume (vg) from the total volume 

(vt) calculated by the measured dimensions using calipers. Porosity is calculated by, 
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Ø =
vp

vt
= (v𝑡 − vg)/vt                                                                                                                  (7) 

3.2.4.1.2 Permeability 

Core samples that were measured for porosity were placed in the core sample holder of the 

permeameter using a rubber sleeve to measure the fluid flowing through the interconnected pores 

in the sample. These were tested at a confining pressure of 13.8 MPa (2000 psi) and an upstream 

pressure of 0.0138 MPa (2 psi) uisng Helium gas. Nano-perm software was used to input the 

specific core sample dimensions measured using calipers, viscosity of Helium gas in cP to obtain 

the permeabiltity coefficent based on Darcy’s law when the outlet pressure reads 4.5 in of H2O. 

The average permeability was calculated for 6 hours, beginning at one hour after starting the 

experiment avoiding any stability errors. The following Darcy’s equation was used to measure the 

permeability. 

)( A 
L

pk
q




=

                                                                                                                                          (8) 

where q is the volumetric flow rate in cc/s, k is absolute permeability in mD, µ the fluid viscosity 

in cP, A is the cross-sectional area in cm2, L the length of the core sample in cm and Δp, the 

differential pressure over the sample. 

3.2.4.2 Micromechanical Analysis 

3.2.4.2.1 Micro indentation 

Nanovea micro indenter with micro Nanovea software was used to make indents on 

polished samples. The polished cement sample was physically marked into four quadrants where 

the first and third quadrants were marked with 10×5 matrix indents on each quadrant totaling up to 

100 indents on each sample. The sample is fixed on the cleaned surface of the holder and an area 

on the first and third quadrants is selected after viewing under the microscope for pores and 
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artifacts. Then the auto contact is measured using a force of 20 mN and a loading rate of 250 

µm/min and the tip force of the indenter is normalized. At z = 0.016 mm, the depth sensor is 

adjusted between 20 and 40 mm, with an intensity between 40 and 75%. Then dark signal is 

measured keeping the sensor away from the copper block. Vickers diamond tip that made indents 

raging between 110-140 µm diameter was used with a load of 5N and loading/unloading rate at 10 

N/min. A steel block was used for calibration purposes before indentation on each core sample. 

The following formula is used to calculate the hardness using a Vickers diamond tip. 

𝐻𝑉 = 0.1891 ×
𝐹

𝑑2
                                                                                                                           (9) 

where HV is the hardness value in GPa, F is the force in N, d is the diameter in mm. 

3.2.4.3 Microstructural and Microchemistry Analysis 

3.2.4.3.1 Scanning Electron Microscopy (SEM) 

Scanning Electron Microscopy (SEM) was done on cured and polished samples. 

Backscatter electron imaging was performed for low, medium, and high magnifications and fine 

focus at 10 kV, 1.6 nA, low vacuum mode on Thermofisher Scios 2. The images are captured at 

multiple locations to examine the microstructure of the cement. Energy dispersive X-ray 

spectroscopy (EDS) line profile was done at different locations on a sample where various elements 

such as calcium, carbon, oxygen, silica, aluminum, iron and more were detected using the 

Pathfinder software. This software allows us to get secondary electron (SE) or backscatter electron 

(BSE) image from the Scios 2 and set parameters for acquisition under microanalysis.  

3.2.4.3.2 Energy dispersive X-ray spectroscopy (EDS) 

 Energy dispersive X-ray spectroscopy (EDS) line scan mode was used for elemental 

composition. The EDS detector was inserted into the chamber on Thermofisher Scios2. The settings 

for image capturing were similar to that of SEM where the Backscatter electron imaging was used 
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on low vacuum mode i.e., at 0.07 torr (9.33 Pa) chamber pressure. Path finder software was used 

to create a project file and capture the image. After obtaining the desired image, a line with a 

specific number of points selected is drawn on where the elemental analysis needs to be done. The 

line scan parameters such as dwell time, resolution is set to obtain a graph with atomic percentage 

composition of identified elements on that location with respect to the length of the line.  

3.2.4.3.3 Transmission Electron Microscopy (TEM) 

 TEM images were captured for graphene nanoplatelets as obtained to study the 

microstructure of the platelets using JEM-2100 TEM microscope. About 0.1mL of liquid GNP and 

0.1g of powdered GNP are dispersed in isopropanol solution and sonicated for a minute for 

uniformity. About 5 µL of the mixed solution is suspended on the holey-carbon 200 µm mesh using 

a micropipette. This grid is then placed in between the electron source and the lens using the 

specimen holder for imaging at 200 kV and 40000x magnification. 

3.2.4.3.4 Surface profilometry 

Polished and mircoindented cement samples were analyzed to obtain surface profilometry 

and phase identification using green laser of 532 nm wavelength. Control FIVE software was used 

to get the topography using the true surface option with the configuration setting in Raman mode. 

The image of the indents is video stitched on a 10×5 matrix at 20x magnification. A large area scan 

for surface profilometry was performed on the sample on a surface area of 4600 × 4600 µm2. The 

sample was tested with a laser energy at 10 kV and an integration time of 1 second.  
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CHAPTER IV 
 

 

RESULTS 

 

The cement samples hydrated for 7 days (21 thermal cycles) and 28 days (84 thermal cycles) under 

dynamic temperatures, after cutting and polishing have been tested for microstructural, 

micromechanical properties and microchemistry analysis. The core samples were only cut for 

uneven edges to remove distortions for petrophysical testing. Results showing the porosity and 

permeability variations with respect to hydration time and the microstructural differences based on 

the degree of hydration and mechanical stability when a force load is applied for different hydration 

times can be seen in this chapter.    

4.1 Graphene nanoplatelets enhanced cement  

4.1.1 Porosity 

Three cement core samples from each set of mix designs hydrated for 21 thermal cycles (7days) 

and 84 thermal cylces (28 days) were measured for porosity (%) and an average was taken. For 

neat and mix designs 0.008% and 0.1% LG and PG cement cores, the values for porosity is between 

27.5% and 29.78%. Hence there is not much variation observed in porosity after 7 days of 

hydration. Looking into 28 days of hydration, the range of values are between 21.60% and 27.93%.  

Neat sample measures 21.6% and 0.008%LG as 27.93%. Comparing data for each mix design 

between 7 and 28 days of hydration, 0% GNP (neat) sample has 21.5% decrease in porosity, that 
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being the highest percentage decrease. The lowest percentage decrease is 5.5% which is seen in 

0.008%LG. The percentage decrease in porosity for each set of designs can be design in Table 4.  

Porosity is measured in percentage (%). 

Porosity comparison on cement samples hydrated for 7 and 28 days 

 

Figure 13: A radar plot showing the comparison of porosity when hydrated for 7 and 28 days. 

Three samples for each design hydrated for 7 and 28 days were measured for porosity (%). 

A decrease was clearly observed for 84 thermal cycles (28 days) compared to 21 thermal 

cycles (7 days). 

4.1.2 Permeability  

For this experiment also, three cement cores cut and polished to have parallel edges, were taken 

and measured for permeability (µD). As described in methodology, the 6-hour data is averaged for 

each sample and an overall average is calculated for each design. For all the cement samples 
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LG: liquid graphene nanoplatelets, PG: powdered graphene nanoplatelets
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hydrated for 7 days or 21 thermal cycles the data was between 78.52 µD and 90.37 µD. The lowest 

value is seen in 0.008%LG and the highest in 0.1%PG cement samples. For 28 days of hydration, 

the numbers are between 49.48 µD and 76.64 µD.  The lowest values are seen in 0.1%PG and 

0.1%LG after 28 days of hydration as seen in Figure 11. The highest percent decrease in 

permeability between 7 and 28 days of hydration is 45.25 ± 0.02% which is seen in 0.1%PG. There 

is a 41.9 ± 0.03% decrease in 0.1%LG and 30.48 ± 0.02% decrease in neat sample. A decrease in 

permeability was observed for all the samples hydrated for 28 days when compared to 7 days 

hydration just as in porosity. Permeability is measured in µD (SI units: dimensions of length2). 

Permeability comparison on cement samples hydrated for 7 and 28 days 

  

Figure 14: A radar plot showing the comparison of permeability when hydrated for 7 and 28 

days. As effective porosity decreases, permeability also decreases for 84 thermal cycles (28 

days) compared to 21 thermal cycles (7 days). Lower values are observed on 0.1% LG and 

0.1%PG samples hydrated for 28 days.  
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Table 5: Percent decrease for 3 porosity samples and 3 permeability samples obtained using 

Helium porosimeter and permeameter after 7 and 28 days of hydration. Highest decrease in 

values are observed on 0.1% LG and 0.1%PG samples. 

 

Sample Name 
Porosity decrease (%) between 

7 and 28 days of hydration 
Permeability decrease (%) ± 

Standard Deviation between 7 and 

28 days of hydration 

 0%GNP control 21.5 30.48 ± 0.02  

0.008%LG 5.5 2.39 ± 0.07 

0.008%PG 12.5 29.03 ± 0.02 

0.1%LG 15.99 41.9 ± 0.03 

0.1%PG 18.83 45.25 ± 0.02 

 

4.1.3 Microstructure 

Cement samples that were prepared with a mix of 0.008%, 0.1% graphene nanoplatelets (GNP) and 

neat samples after hydration for 7 and 28 days under thermal cyclic loading were scanned using 

backscatter electron imaging at low vacuum (low chamber pressure) to avoid charging effect. To 

identify the presence of GNP in the cement samples, powdered graphene and GNP dispersed in 

liquid with no modification as obtained were observed under scanning electron microscope (SEM) 

and transmission electron microscope (TEM). Under SEM, graphene dispersed in 6 wt% water as 

base has approximately 4 layers and powdered GNP have multilayers and rounded structures on 

them. Under TEM, some round and thin rod like structures were observed in both powdered and 

liquid form that closely resembles graphene nanodots as reported in (Yoon et al., 2018). However, 

the presence of GNP was observed, clearly differentiating between few layers typical for liquid 

graphene and multiple platelets more common when powdered graphene was used.    



33 
 

   

 

Figure 15: Transmission electron microscope (TEM) images showing the microstructure of 

powdered graphene that could possibly have presence of graphene nanodots in them. The 

image on the right shows layers of graphene sheets dispersed in liquid that could have been 

rolled up where edges are neatly visible. Both the images are taken at 40kx magnification.  

 

Figure 16: Secondary Electron (SE) images of powdered graphene on left and liquid GNP on 

right. The irregular sharp and rounded edges of platelets of graphene about 200 µm in size 

Graphene 

nanodots 

Layers of 

P. GNPs 

Rolled layers of 

L. GNPs 

100 nm 100 nm 
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and rounded shaped structures are observed. The few (~4-6) layers of nanoplatelets of liquid 

graphene with possible nanorod structures are seen on the right side image.  

As atomic number increases the image gets brighter due to higher number of backscattered 

electrons being detected, as a result of higher volume of beam and sample interaction. The images 

contrast could be interpreted as alite (C3S) and belite (C2S) for dark grey, tricalcium aluminate 

(C3A) for medium shade and tetracalcium aluminoferrite (C4AF) the bright white.  

 

Figure 17: Backscattered Electron (BSE) image of neat sample hydrated for 28 days under 

thermal cyclic loading showing CSH gel and unhydrated clinker phases. On a global view, 

smaller size of unhydrated clinker grains and pores are observed when compared to 7 days 

of hydration. No GNP are present, and few micro cracks are observed which with time and 

force load could lead to fracturing of the sample. 
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0.1%LG samples are obtained by adding 11.62 ml of GNP to the same composition of all materials 

used to prepare cement slurry except water. The amount of water in solution of GNP is subtracted 

from the water to be added that is used to prepare neat samples as shown in table 1. 

  

Figure 18: Backscattered Electron Image of 0.1% LG hydrated for 28 days (84 thermal 

cycles) at 5000x magnification. More CSH gel and microgranular CH structures are seen on 

samples hydrated for 84 thermal cycles when compared to 21 thermal cycles.  GNP are 

observed on the outer CSH area of the partially hydrated grain on the right end of the image.  

0.1%PG samples are obtained by adding 0.7 gms of GNPs to the same composition percentage that 

is used to prepare neat samples.  
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Figure 19: Backscattered Electron Images of 0.1% PG hydrated for 84 dynamic thermal 

cycles at 5000x magnification. The micrograph shows presence of the main cement hydration 

products: CSH matrix, CH platelets, that has mushroom like appearance.  GNP embedded 

in micropores are seen close to the unhydrated clinker grain (UC). 

4.1.4 Microchemistry 

For chemical elemental analysis, energy dispersive X-ray spectroscopy (EDS) line profiles were 

obtained on polished cement sample surfaces. Profile lines were drawn intently focusing on the 

cement grains to obtain chemical compositions for variety of cement designs and verify the 

presence of GNP, as well as potential changes in cement hydration products in the presence of 

GNP. Furthermore these investigations would help distinguish any present differences in how 

powdered vs liquid GNP are distributed within partially (7 days) and fully hydrated (28 days) 

cement matrix.  
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The profile lines have from 50-150 point analysis, and were selected to capture similar features in 

different cement slurries, for example unhydrated cement clinker grain and hydration products in 

its vicinity. As we know, the unhydrated grain has a higher calcium content which decreases as we 

move out of the grain area due to hydrated matrix dominated by CSH phase. This was clearly 

observed for all the samples, Figures 17-26. For all the profiles obtained in this study, calcium, 

silica, carbon, aluminum, and iron seem to be consistent with the observed trend suggesting the 

elemental composition variation from the unhydrated clinker grains to outside the CSH phase is 

along the lines with the theory of hydration mechanism of alite (C3S), belite (C2S), tricalcium 

aluminate (C3A), and tetracalcium aluminoferrite (C4AF). 
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Figure 20: Energy dispersive X-ray spectroscopy (EDS) line profile image on a cement grain 

of a neat cement sample hydrated for 7 days (21 thermal cycles). The pink line indicates 

calcium, brown line silica and red line carbon. The lowering of the pink line outside of the 

grain is observed confirming the decrease in calcium when the line profile is extended out 

from the center of grain.  The graph on the right side shows the atomic % of each element 

present on the sample where the line profile is measured.  
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Figure 21: Energy dispersive X-ray spectroscopy (EDS) line profile on 0.1% LG cement 

sample hydrated for 7 days. The presence of graphene nanoplatelets (GNP) at the end of the 

line drawn on this image location is seen by the large increase in carbon content from 10  to 

75 atomic%. The decrease in Ca/Si ratio for the stretch where GNP are present is also 

observed on the same image.  
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Figure 22: Energy dispersive X-ray spectroscopy (EDS) line profile on 0.1% PG cement 

sample hydrated for 21 thermal cycles with a high and low of 110 oC and 20 oC. The white 

line represents calcium, silica in light green, oxygen in dark green and carbon in red line. 

Here we observe the decreasing trend of calcium and silica while there is an increase in 

aluminum and iron suggesting presence of C3A and C4AF phases.   
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Figure 23: Energy dispersive X-ray spectroscopy (EDS) line profile on 0.008% LG cement 

sample hydrated for 7 days. In this image the line profile was chosen so that it starts from the 

center of a grain and ends at about the center of another grain where both the unhydrated 

grains are not connected. We observe there is a steep decrease and increase in the calcium 

curve, and increase in aluminum and iron curve consistently proving the elemental 

composition trend.  
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Figure 24: Energy dispersive X-ray spectroscopy (EDS) line profile on 0.008% PG cement 

sample hydrated for 21 thermal cycles. In this image, the line was selected to start in one grain 

and end in another that has brighter regions indicating presence of C4AF or C3A. The EDS 

analysis confirms it as we see in the graph on the right side showing the decreasing and 

increasing trend of calcium when there is an increasing and decreasing trend in aluminum 

and iron curves at the same points.  
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Figure 25: A 28 days hydrated 0% control GNP cement sample having undergone energy 

dispersive X-ray spectroscopy (EDS) line profile. The pink line represents calcium, green is 

silica and red one carbon. The line passes through the center of the unhydrated grain and 

goes out into the CSH phase. Less unhydrated areas were observed on 28 days sample in 

comparison to 7 days one.  
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Figure 26: On 0.1% LG cement sample having undergone thermal cyclic loading for 28 days 

energy dispersive X-ray spectroscopy (EDS)  line profile was performed. For this particular 

location the line starts from higher calcium and silica content and progresses into the outer 

CSH area decreasing in the elemental composition. Carbon as represented in red has no 

change stating that no GNP were detected on that line.  
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Figure 27: Energy dispersive X-ray spectroscopy (EDS) line profile on 0.1% PG cement 

sample hydrated for 84 thermal cycles between 20 oC and 110 oC. Here like other samples we 

see the decreasing trend of calcium and silica when moving out of the partially hydrated 

clinker grain. Close to the end of the line profile calcium increases and silica decreases at the 

same point that could possibly be CH.  
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Figure 28: On the left is the energy dispersive X-ray spectroscopy (EDS) line profile on 

0.008% LG cement sample hydrated for 84 dynamic thermal cycles with a high and low of 

110 oC and 20 oC. On the right is the graph showing the atomic% of each element detected by 

the line profile on the core sample. As the red line moves out of the partially hydrated area, 

it shows a peak confirming the presence of GNP at that point.  
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Figure 29: 0.008%PG cement sample of 0.7mm thickness after 28 days of hydration having 

undergone energy dispersive X-ray spectroscopy (EDS) line profile for elemental 

composition. Blue line represents calcium, green silica, and red carbon. On this sample, the 

calcium and silica compositions fluctuate as the line moves through CSH and CH phases 

outside the unhydrated grain.  
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4.1.4 Hardness and Elastic Modulus   

Microindentation is used for measuring the micromechanical properties of materials primarily 

Hardness and Young’s Modulus, thereby testing the capability of the material to withstand 

subsurface conditions by resisting fracturing. The cement cores that were hydrated for 7 days (21 

thermal cycles) were tested by cutting 5mm discs that were polished prior to indentation. These set 

of samples have the highest elastic modulus value for 0.1% LG sample at 16.51 GPa and the lowest 

for neat sample at 9.09 GPa. On similar lines, the trend for hardness remains the same as highest 

for 0.58 GPa for 0.1% LG and lowest for neat at 0.25 GPa. However, interestingly, the trend 

reverses for samples hydrated for 28 days (84 dynamic thermal cycles). The elastic modulus value 

for 0.1%LG is 8.27 GPa and for neat it is 16.78 GPa; the hardness value for 0.1%LG is 0.26 GPa 

and for neat it is 0.36 GPa.  The depth of each indent obtained is seen on the 3D graph with the fact 

that for each of the 28 days hydrated sample, the depth reduced for the same force load (5N), 

loading, and unloading rate (10 N/min) with a creep time of 30 seconds. Varying depths of indents 

could be explained based on the cement phase or composition present at that particular point as 

seen in Figures 27-31. 
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Figure 30: 4600×4600 µm map stitched for a 10×5 indented matrix on a hydrated neat (0% 

GNP control) sample having undergone 21 dynamic thermal cycles. The maximum depth of 

indents is 26 µm in the case of 7 days hydrated cement sample with an overall average of 

indent depth at 20 µm. 

 

Figure 31: A 10×5 indented matrix map stitched on 4600×4600 µm area on a neat sample 

having undergone hydration for 84 dynamic thermal cycles between 20 oC and 110 oC. As we 

can see from the graphs the average depth of indents has decreased compared to the 7 days 

sample, but the elasticity value has increased. The maximum depth of indents is 12 µm.  
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Figure 32: Surface profilometry of a 10×5 indented matrix on 0.1%LG cement sample 

hydrated for 7 days or 21 thermal cycles. It can be observed that the maximum value, which 

is around 18 µm, as well as the average depth of indents which is about 14 µm is lower as 

compared to the neat sample for the same period of hydration.   

Figure 33: A 4600×4600 µm surface map on 0.1%LG hydrated for 28 days or 84 thermal 

cycles. Comparing the depth of indents for 7 and 28 days of hydration, a lower value is seen 

for 28 days for the same force load (5N) and creep time (30 secs).  The maximum depth of 

indents is 11 µm with an average of about 8 µm. 
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Figure 34: The average indent depth for 0.1%PG 7 days hydrated sample is 14 µm with the 

highest value at 23 µm. This cement sample as well is scanned on a 4600 × 4600 µm map 

stitched for a 10×5 indented matrix.  

 

Figure 35: 0.1%PG cement sample having undergone hydration for 28 days under dynamic 

temperature conditions was polished, scanned for microstructural properties using SEM and 

later tested for elasticity and hardness using microindenter.  The average depth value is 7 µm 

with a maximum at 9 µm.  
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Figure 36: Microindented cement sample using a Vicker’s diamond tip that made indents of 

average diameter between 110-140 µm. The spacing between each indent is 500 µm. A 10×5 

matrix is made on the first and third quadrant on each cement sample to measure the 

elasticity and hardness.  

From the results calculated after microindentation, 0.1% LG cement sample has lower values for 

hardness and elasticity over other samples at 28 days of hydration. Neat cement sample on the other 

hand has higher values which would imply brittle nature, which is well documented and known 

(Reddy et al., 2016). However, as seen there is a slight increase in elasticity and hardness values 

for 0.1%PG samples varying from the control and other mix designs.  
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Figure 37: Bar graph showing the average elastic modulus values after microindentation 

using Vicker’s diamond tip on neat and mix design cement samples hydrated for 7 and 28 

days.  A considerable decrease is observed in 0.1%LG sample.  

 

Figure 38: Bar graph displaying the comparison of average hardness values after 

microindentation on control and GNP mix design samples hydrated for 7 and 28 days.  A 

notable decrease is seen in 0.1%LG sample on similar lines as elasticity.   
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CHAPTER V 
 

 

DISCUSSION, KEY FINDINGS AND CONCLUSION, FUTURE WORK 

5.1 DISCUSSION 

Graphene, a 2D carbon material, is much thinner than human hair and exhibits unique 

thermal, mechanical, and electrical properties. A single sheet layer is exfoliated from graphite (Cui 

et al., 2011; Hernandez et al., 2008), a mineral with multi layered crystal structure. As seen below, 

a single sheet of graphene could be rolled into 0D, 1D forms, or stacked layers in 3D form thus 

exhibiting different properties. Less than 10 sheets of graphene stacked together are often termed 

as graphene nanoplatelets. In this study graphene nanoplatelets were used, with an average of 4~6 

layers. Using GNP as a potential additive in wellbore cementing where temperature increases with 

depth has not been much researched upon due to its hydrophobic and unreactive nature. Although, 

graphene on a silicon wafer substrate, when heat treated at temperatures greater than 600oC showed 

edge defects (Liu et al., 2019). Previous works focused on mechanical properties achieved by using 

low quantities (<1% bwoc) of powdered graphene nanoplatelets (GNP) mixed with cement have 

shown promising results (Massion et al., 2021; Zheng et al., 2017). GNP were found to occupy the 

pore spaces and strengthen the weak points present in the core samples when observed using SEM 

in this present work as well. The samples were cured under cyclic loading temperatures that ran 

between 20 oC and 110 oC for 7 days (21 thermal cycles) and 28 days (84 thermal cycles). Strength  
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retrogression, where cement undergoes phase changes after about 110 oC and decreases in 

mechanical strength would be an important factor to consider in analyzing the results. The 

fundamental explanation for the strengthening mechanism is yet unclear and the non-uniform 

dispersity of GNP in the cement still needs to be studied. 

5.1.1 Impact of graphene nanoplatelets on the microstructure of cement  

At  7 days (21 thermal cycles) of hydration, comparison of neat cement to mix designs 

containing different percentages of GNP, shows that cement slurries with GNP have higher porosity 

and permeability. The potential explanation is that the varying amounts of air entrainment when 

cement samples are cured at ambient pressure conditions would persist around hydrophobic GNP 

material more readily. At high pressure (about 2000 psi) the air voids would fully collapse as per 

observation in the field and in industrial laboratory testing (Dr. Iremonger, 2022). In contrast, the 

GNP containing cement slurries have a decrease in both, the porosity and permeability values when 

compared to neat sample after 28 days (84 thermal cycles). The potential explanation is that as 

cement hydration is almost completed at 28 days, the GNP can now only occupy the pore spaces, 

and in that capacity, they provide blocks in fluid flow and decrease in the effective porosity. 

Previous work (Massion et al., 2021; Massion et al., 2020) stated that GNP tend to occupy the pore 

spaces, and strengthen cement matrix, as shown in both, triaxial testing at reservoir temperature 

and pressure as well as in microindentation data. The same is observed in the microstructural 

characterization of GNP enhanced cement samples in this study. GNP fill the micropores and 

reduces the possibility of both initiation and propagation of microfractures as well as formation of 

more extensive fracture networking. Back Scattered Electron (BSE) micrographs provided a global 

view on the presence of unhydrated cement clinker grains. From the microsctructural analysis of 

the cement sample with and without GNPs, more CSH gel like or hazy structures were observed 

on 28 days hydrated samples.  
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Figure 39: Single sheet 2D graphene nanoplatelet rolled into 0D Buckminster fullerene, 1D 

carbon nanotube and 3D layers of graphite. Image source (Zheng et al., 2017) 

5.1.2 Impact of thermal cyclic loading on hydration of cement  

For porosity, a maximum of 21.5% and a minimum of 5.5% decrease was clearly observed 

for 28 days (84 thermal cycles) compared to 7 days (21 thermal cycles) due to less free water 

content as cement completes hydration, and CSH and CH matrix form. Comparing the percentage 

change in average porosity between samples cured at static 90 oC and dynamic cycles 20oC to 110oC 

(84 thermal cycles), it stands at 15.7% for neat samples and -.014% for 0.008% powdered GNPs. 

There is not much difference in the values as we seen in Figure 40.  



57 
 

 

Figure 40: Bar graph with porosity values for cement samples cured at static 90oC in blue 

and dynamic cycles 20oC to 110oC in orange. All the samples were hydrated for 28 days in the 

environmental chamber at 95%RH.  

For permeability, there is maximum decrease of 45.25 ± 0.02% and a minimum of  2.39 ± 

0.07% when comparing between 7 days and 28 days of hydration. This decrease in permeability is 

due to the decrease in flow through volume, as seen in equation (8) used for calculating  

permeability. This change in volume could be explained due to the change in pore volume that is 

from the decreasing strength of the cement at temperatures about or higher than 110 oC (230 oF). 

For static 90 oC, dynamic cycles 20oC to 110oC (21 and 84 thermal cycles), helium gas Corelab™ 

Nano-KTM permeameter was used where gas flowed through dry samples. Comparing 

permeability values at static 90 oC (Massion et al., 2021),  and dynamic cycles 20oC to 110oC (84 

thermal cycles), neat sample has 31.31% and 0.008%PG has 38.01% higher permeability. The 

values for each design measured are seen in the graph in Figure 14.  
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Figure 41: Average permeability values in µD for cement samples cured at static 90oC (in 

blue) and dynamic cycles that ran between 20oC and 110oC (in orange). Neat cement and 

organic additives added cement cores were hydrated for 28 days in the ESPEC environmental 

chamber. 

As an established certainty in cement chemistry, two morphological types of CSH exist 

namely as inner product (low density) and outer product (high density). CSH is the dominant 

hydration phase in Portland cement, at approximately 60% by volume and it is a main contributor 

towards elastic properties of cement matrix as well as its low permeability. The mechanical 

degradation of elasticity has been studied theoretically and experimentally by (Constantinides & 

Ulm, 2004). The decrease or loss in elastic stiffness is identified due to the increase in porosity and 

decalcification of CSH phase. In this study, elastic modulus and hardness values for each set of 

samples hydrated for 7 days (21 thermal cycles) and 28 days (84 thermal cycles) were obtained 

using microindentation. The data obatined for 0.1%PG sample for 7 days (21 thermal cycles) and 

28 days (84 thermal cycles) sets is on similar lines.The elasticity and hardness values slightly 

increased for 28 days sample with lower values of porosity and permeability. This increase could 

also be due to the dynamic cycling of temperature until 110 oC where the sample loses its 
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mechanical strength. On the other hand in the mix design sample 0.1%LG, elasticity and hardness 

decreased to almost half the value (8.27 GPa) from that of 7 days (16.51 GPa) making it ductile 

even with increase in temperature. This sample withstood the higher dynamic temperature 

preferring it over 0.1%PG, confirming that a well dispersed GNP within cement matrix is 

imperative for it be best.     

To confirm the presence of GNP and the hydration of the cement phases, microstructure 

spot mode analysis was applied in imaging of the unhydrated grains of alite (C3S), belite (C2S), 

tricalcium aluminate (C3A) tetracalcium aluminoferrite (C4AF), and the impact of GNP on porosity 

and permeability. Microstructure showed unhydrated grains and drawing line profiles from the 

center of the grain higher values of calcium and silica, aluminum and iron as well were obtained 

validating the presence of C3S, C2S, C3A, C4AF phases. Most of the calcium and silica element 

lines on EDS analysis synchronized showing higher atomic% in the unhydrated grain region and 

reduced when in the outer CSH area as seen in Figures 20-29. On some spots, the lines had their 

own trend where calcium was increasing while silica was decreasing, that could potentially be a 

CH area only. On areas where GNP were present, only carbon line had a peak with the other 

elements at zero value, confirming the possible explanation of GNP occupying pore spaces. This 

spot mode analysis for EDS line profiles showed graphene might have influenced CSH in terms of 

compositional difference. 

5.1.3 Impact of hydration time on the strength of cement 

A reduction in porosity and permeability is observed on the cement cores cured for 28 days 

(84 thermal cycles) in comparison to 7 days (21 thermal cycles) which is connected to the growth 

of the CSH nuclei as seen in Figure 9. For the microstructure, higher volume of hazy like structures 

were seen on samples hydrated for 28 days (84 thermal cycles) from the Back Scattered Electron 

(BSE) micrographs. In  microindentation, varying depths of indents on each sample could be 
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explained based on the cement phase or composition present at that particular point. It is observed 

that the depth of indents for each set of design decreased significantly for samples hydrated for 28 

days (84 thermal cycles). Also, the values of elasticity and hardness decreased drastically for 

0.1%LG sample hydrated for 28 days which proves its effectiveness and performance when mixed 

with OPC. This means that the material tends to be ductile thus increasing its mechanical elasticity; 

whereas on the other hand if the values increase it is becoming brittle in nature which could 

potentially lead to wellbore integrity failures due to fracturing. Thus, with the considerable decrease 

in elastic modulus and hardness values for 0.1%LG samples there is an increase in ductility which 

potentially prevents initiation and extension of microfractures during thermal cycling conditions. 

For the neat sample, there is an increase in the values which means that the material tends to become 

more brittle with increase in hydration days. 

As part of the materials characterization study, the unhydrated clinker grains have higher 

elastic modulus and hardness value according to (Hughes & Trtik, 2004). That was explained due 

to the varying porosity values. As observed by (Massion, Lu, et al., 2022), the cement samples that 

underwent static temperature curing (90 oC) for 28 days and then triaxial testing showed brittleness 

in neat cement whereas GNPs based cement showed ductility and fracture toughness. As discussed 

above, similar results were observed in the current study, although using surface sensitive 

indentation technique rather than core sample triaxial tests clearly provides evidence that cement 

samples with GNP have improved ductility.  

Table 6: Comparison of elasticity and hardness from samples cured at static 90 oC and 

dynamic thermal loading between 20 oC and 110 oC. All the samples in this study were 

indented using Vicker’s diamond tip at a loading and unloading rate of 10 N/min with a load 

applied at 5 N and creep of 30 seconds.  
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5.2 KEY FINDINGS AND CONCLUSIONS: 

From the specific and detailed investigation as discussed above, it is concluded that GNP 

enhanced cement hydrated for 28 days (84 thermal cycles) can prevent deterioration of wellbore 

cement by resisting fracturing and be used for zonal isolation in producing and non-producing wells 

made of Portland cement-based slurries under geothermal conditions. 

1. During early stages of wellbore construction when cement slurry is pumped into the 

annulus between the casing and the rock formation, neat cement sample would perform better than 

the GNP mix designs, as they have lowest values of porosity, permeability, elastic modulus, and 

hardness. It is suitable for resisting the attack of geofluids and would outperform the other cement 

samples.  

2. In contrast, as hydration progresses under thermal cyclic loading conditions for 28 days, 

GNP mixed cement samples have shown improved durable properties such as the ability to 

withstand force loads and resist fracturing. This is very relevant to the realistic conditions that exist 

down the borehole where temperature changes thousands of times over the life of a well. The impact 

of GNP reinforced cement was clearly seen in micrographs, where some of the pore spaces have 

been occupied by GNP, reducing the possibility of the extension of the microcracks thus 

strengthening the wellbore cementing. 
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3. When powdered and liquid form of organic additives (GNP) were mixed with cement, 

but at different curing conditions, not much variation is seen in the petrophysical and 

micromechanical properties. However, the difference is seen in neat versus GNP cement samples 

for both static and dynamic cured temperature samples. GNP mixed cement samples have had 

higher ductility and fracture toughness. The microstructure data shows there are possible 

microcracks on neat sample that could further lead to fracturing of the sample compromising on 

wellbore integrity. On the other hand, the ductile nature of the GNP cement samples improved even 

under cyclic conditions when it reached about 110oC where strength retrogression could have had 

its effect. Thus, GNP have shown better ability to withstand the harsh subsurface temperature 

conditions.  

5.3 FUTURE WORK: 

We see that GNP enhanced cement can potentially solve the problem of wellbore 

deterioration, the underlying mechanisms of the interaction of GNP with cement is yet unclear. 

This would be a good starting point for furthering this research on wellbore cement integrity. 

However, there are other areas of interest such as thermal and electrical properties, that would help 

better understanding of the role of GNP in wellbore cement. Below are few more parameters that 

could be studied upon,  

• Another set of samples with increased hydration time (90 days). 

• Higher temperatures for dynamic cyclic loading. 

• Different load values and creep times for indentation. 

• Different mix design compositions.  

• Different nanoadditives from carbon family. 
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APPENDIX A 

 

Scanning Electron Microscopy (SEM) images for 7 days of hydrated samples at 5000x 

magnification 

 

Backscatter Electron (BSE) micrograph on 0.008% LG cement sample hydrated for 7 days 

(21 thermal cycles) 

 

Backscatter Electron (BSE) micrograph on 0.008% PG cement sample hydrated for 7 days 

(21 thermal cycles) 
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Backscatter Electron (BSE) micrograph on 0.1% LG cement sample hydrated for 7 days 

(21 thermal cycles) 

 

Backscatter Electron (BSE) micrograph on 0.1% PG cement sample hydrated for 7 days 

(21 thermal cycles) 
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Backscatter Electron (BSE) micrograph on neat cement sample hydrated for 7 days (21 

thermal cycles) 

Scanning Electron Microscopy (SEM) images at 28 days of hydration for the remaining samples 

not listed in the results section at 5000x magnification. 
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Backscatter Electron (BSE) micrograph on 0.008% LG cement sample hydrated for 28 days 

(84 thermal cycles) 

 

 

Backscatter Electron (BSE) micrograph on 0.008% PG cement sample hydrated for 28 days 

(21 thermal cycles) 
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APPENDIX B 

 

 

 

 

Due to the large volume of data for EDS line profiles data on each of the cement samples used in 

this study, an example of one set of data on 7 days hydrated 0.1%LG cement sample on location 1 

is provided above.  For data on all the samples please contact for the excel file. 

 

 

 

 

 

01lg_loc1(1): Quant Atomic %

Point C K O K Na K Mg K Al K Si K S K Cl K Ca K Fe K Total Distance (um)C K Err O K Err Na K Err Mg K Err Al K Err Si K Err S K Err Cl K Err Ca K Err Fe K Err

1 4.537224 54.287 0.453453 1.22676 0.777439 9.65533 0.265639 0.007518 28.36616 0.423479 100 0 0.567153 3.147072 0.204054 0.165406 0.140501 0.333216 0.094871 0.097737 0.591251 0.186829

2 3.883656 55.62143 0.67321 1.162101 0.44657 9.818492 0.090599 0 27.82521 0.478732 100 1.77 0.47555 3.056123 0.217164 0.164061 0.139553 0.328849 0.084559 0 0.412327 0.171853

3 3.343754 55.75328 0.056715 1.096777 0.421321 9.64904 0.059229 0.081913 28.86284 0.67513 100 3.54 0.46657 2.779942 0.189051 0.176026 0.14044 0.319041 0.094767 0.088214 0.593493 0.184126

4 4.083728 57.13261 0.281723 0.951064 0.384146 9.370477 0.229597 0 26.92568 0.640975 100 5.31 0.437542 2.634756 0.181108 0.164851 0.128049 0.303673 0.086099 0 0.552224 0.160244

5 3.864967 54.17328 0.703452 0.833213 1.093929 9.255425 0.289892 0.342001 29.07739 0.366456 100 7.08 0.4934 3.186663 0.219829 0.166643 0.149597 0.333672 0.09453 0.09034 0.598673 0.189546

6 3.499776 54.28196 0.454021 2.294505 7.167461 3.861713 0.07197 0 22.69516 5.673432 100 8.86 0.524966 2.951502 0.252234 0.24639 0.263123 0.331274 0.09814 0 0.381669 0.523701

7 3.846989 54.34322 0 0.944185 2.188243 8.097297 0 0.097791 27.4533 3.02897 100 10.6 0.491105 3.152507 0 0.191788 0.179038 0.347633 0 0.084752 0.585464 0.290276

8 3.498879 57.10736 0.381281 0.836214 0.766754 9.409642 0.239371 0 27.30828 0.452218 100 12.4 0.466517 3.114947 0.211823 0.175335 0.146048 0.330838 0.092066 0 0.573278 0.195554

9 3.263691 53.71164 0.457318 0.809055 0.48639 10.74652 0.09785 0 29.45639 0.971145 100 14.2 0.477613 3.095772 0.217771 0.161811 0.137658 0.332686 0.091734 0 0.591303 0.16995

10 3.071154 54.98652 0.262871 0.861499 0.358655 9.812842 0.058908 0 29.90577 0.681788 100 15.9 0.484919 3.109357 0.215077 0.169475 0.135707 0.331679 0.091635 0 0.610757 0.180095

11 3.919931 52.55003 0.168469 1.156453 0.631759 10.36521 0.139099 0 30.44574 0.623304 100 17.7 0.500417 3.051292 0.216603 0.171326 0.145791 0.345507 0.099356 0 0.629164 0.194783

12 3.237186 54.10177 0.21963 1.240739 0.420242 10.31349 0.158851 0.036605 30.06119 0.210304 100 19.5 0.511135 3.212293 0.21963 0.171136 0.136823 0.344878 0.092663 0.095174 0.62461 0.170872

13 3.419466 52.91394 0.80223 0.966784 0.522539 10.16136 0.345766 0 30.4607 0.407215 100 21.3 0.417008 2.696252 0.206288 0.156392 0.135473 0.342793 0.097858 0 0.611227 0.170768

14 3.280315 55.97111 0.017065 0.819776 0.732667 10.49561 0 0 28.28947 0.393988 100 23 0.480046 2.745177 0.153587 0.161267 0.126634 0.246051 0 0 0.577336 0.160057

15 3.033316 57.37828 0.342954 0.672592 0.410293 9.568533 0.08446 0 28.13679 0.372779 100 24.8 0.466664 2.622126 0.228636 0.164716 0.139873 0.329408 0.078427 0 0.58071 0.173963

16 3.02481 55.60883 0 0.904753 0.389534 9.897204 0.163974 0.290674 29.07888 0.641346 100 26.6 0.420113 3.107552 0 0.186695 0.146075 0.33453 0.091826 0.085881 0.611959 0.16675

17 2.91239 57.09917 0.337275 0.728827 0.252626 9.450715 0.11386 0.099842 28.62059 0.38471 100 28.3 0.485398 2.719008 0.202365 0.171489 0.136029 0.337526 0.088558 0.08653 0.588434 0.192355

18 4.048208 55.99242 0.230517 0.949104 0.787013 9.210538 0.153738 0 27.83996 0.788501 100 30.1 0.47626 2.784154 0.207465 0.167489 0.142231 0.327521 0.086093 0 0.591895 0.175222

19 3.84259 55.25974 0 0.578301 0.507195 9.622337 0.099725 0 29.65563 0.434477 100 31.9 0.470521 2.942826 0 0.155154 0.143546 0.336221 0.087259 0 0.600459 0.178902

20 2.898799 56.82817 0.465883 0.703482 0.743622 10.24594 0.149195 0 27.56869 0.396215 100 33.7 0.483133 3.014757 0.199664 0.162342 0.137708 0.248387 0.093247 0 0.574633 0.173344

21 4.605794 59.51399 0.154686 0.538265 0.856076 9.709541 1.053119 0 23.0813 0.487233 100 35.4 0.552695 2.705181 0.176784 0.160025 0.139361 0.327855 0.114032 0 0.545286 0.17119

22 5.48004 60.39826 0.177458 0.798247 0.6044 10.64308 0.729316 0 20.61109 0.558113 100 37.2 0.597823 2.771901 0.202809 0.165674 0.143417 0.258746 0.112202 0 0.539356 0.190575

23 7.715396 63.38843 0.186812 0.54751 0.571459 8.562018 0.853216 0.095306 17.64782 0.432038 100 39 0.66369 2.405633 0.166055 0.146893 0.11792 0.307158 0.098212 0.076245 0.464776 0.156014

24 10.95179 64.44305 0.070804 0.431356 0.522457 7.52766 0.737435 0 15.02888 0.28657 100 40.7 0.631834 2.486229 0.159309 0.128241 0.112529 0.263536 0.091506 0 0.415295 0.137978

25 6.948625 59.73011 0.268091 0.406848 0.356809 8.589128 0.913566 0.109582 21.94378 0.733463 100 42.5 0.604228 3.178913 0.187664 0.152568 0.138119 0.24758 0.113252 0.093928 0.582802 0.194592

26 10.65347 64.46327 0.359703 0.168432 0.381904 6.963937 0.638855 0 16.22222 0.148219 100 44.3 0.68732 2.663771 0.179852 0.132339 0.116232 0.264894 0.088118 0 0.421356 0.148219

27 9.208584 69.33235 0.234181 0.322179 0.358146 6.442148 0.432023 0.06499 13.46474 0.140661 100 46.1 0.74355 2.358243 0.167272 0.124714 0.098314 0.23576 0.074327 0.054992 0.359407 0.121906

28 8.410515 61.97506 0.460755 0.295215 0.830332 9.590317 0.534908 0 17.5114 0.391498 100 47.8 0.659648 2.441794 0.188491 0.14119 0.129739 0.310318 0.096163 0 0.323186 0.14969

29 8.20811 62.42737 0.046516 0.451349 0.70948 9.702868 0.681192 0.026662 17.00247 0.743988 100 49.6 0.706074 2.755911 0.209323 0.15045 0.13821 0.319532 0.107225 0.086652 0.479628 0.170751

30 6.33549 64.10303 0.133203 0.990405 0.503919 8.822204 0.715227 0 17.73694 0.659586 100 51.4 0.583532 2.352405 0.199805 0.160606 0.137432 0.315079 0.103922 0 0.46819 0.155902

31 5.370831 67.63658 0.167339 0.434501 0.60408 8.21181 0.909968 0 16.06125 0.603637 100 53.1 0.572889 2.18489 0.167339 0.140919 0.117678 0.272619 0.095229 0 0.411375 0.145705

32 4.115019 61.24591 0 0.837514 0.98175 10.54747 1.077753 0 20.75923 0.43535 100 54.9 0.536742 2.719163 0 0.159527 0.135103 0.330811 0.180664 0 0.357089 0.169303

33 3.283391 60.86373 0.015251 0.724969 0.963462 10.28826 0.969038 0.030026 22.3087 0.553177 100 56.7 0.443701 2.865781 0.137258 0.164144 0.138961 0.331116 0.107671 0.078069 0.525323 0.159807

34 4.066824 57.30637 0.10128 1.025767 0.591551 9.700843 0.413655 0 26.24725 0.546455 100 58.4 0.47845 2.756509 0.182304 0.15986 0.136512 0.328195 0.09733 0 0.558023 0.170008

35 4.477246 57.9147 0.323414 0.994325 0.630642 10.2361 1.070299 0 23.72161 0.631661 100 60.2 0.583989 2.832784 0.199024 0.165721 0.155076 0.356568 0.118922 0 0.579518 0.205976

36 3.245263 64.58325 0.598041 1.885053 1.196841 8.23912 0.928906 0.067667 18.43709 0.81877 100 62 0.427008 2.633714 0.192227 0.171368 0.137043 0.301714 0.102542 0.073819 0.473088 0.187147

37 2.510111 62.44902 0.42605 0.92994 1.397571 7.95457 0.827882 0 20.86567 2.639188 100 63.8 0.448234 2.772578 0.200494 0.167694 0.155286 0.33144 0.1135 0 0.528989 0.442032

38 4.58544 55.40629 0.220111 3.416455 6.68352 2.342467 0.199042 0 19.39464 7.75204 100 65.5 0.491297 2.78639 0.244568 0.240807 0.238697 0.283658 0.093301 0 0.482552 0.568638

39 4.587617 51.7788 0.987841 27.25964 3.494984 1.924001 0.232796 0 7.645117 2.089206 100 67.3 0.625584 1.730079 0.254444 0.537955 0.227934 0.150728 0.073813 0 0.321961 0.344916

40 5.168142 55.54993 0.687797 12.42074 3.321102 3.913765 0.301554 0 15.58295 3.054019 100 69.1 0.593065 2.280375 0.248371 0.305524 0.19365 0.269071 0.079656 0 0.421812 0.428818

41 12.27863 48.94567 0 0.684019 1.269145 4.336192 0.724734 0 29.15869 2.602925 100 70.8 0.884061 3.326405 0 0.19238 0.185381 0.228855 0.141411 0 0.724439 0.327641

42 15.00651 52.66579 0.614195 0.646275 0.598183 3.170571 0.395834 0 26.42059 0.482054 100 72.6 0.721467 3.511053 0.195426 0.153065 0.126539 0.184223 0.100758 0 0.621954 0.210899

43 10.35814 57.08901 0.148187 0.400722 0.204162 3.236508 0.489126 0.010206 27.7926 0.271343 100 74.4 0.76727 3.594493 0.207462 0.171738 0.140362 0.271449 0.108695 0.122467 0.656589 0.207498

44 10.82975 55.17218 0.237744 0.64701 0.614268 4.148993 0.435454 0.020692 27.28596 0.607953 100 76.2 0.701207 3.546783 0.208026 0.157381 0.141754 0.198043 0.103328 0.082769 0.636531 0.202651

45 13.62593 65.06176 0 0.961522 2.603229 2.354993 0.184358 0.00396 12.62052 2.583727 100 77.9 0.615059 2.353298 0 0.143205 0.137737 0.207619 0.064311 0.051486 0.332744 0.31981

46 7.140963 56.72126 0.044716 0.574997 0.904203 3.560565 0.719415 0.103544 29.54779 0.68255 100 79.7 0.609594 3.572993 0.268294 0.178447 0.159565 0.300423 0.114452 0.094915 0.501451 0.238893

47 11.34781 62.51635 0.180059 0.438251 1.49891 3.932728 0.338282 0 18.80896 0.938649 100 81.5 0.630434 2.879832 0.202566 0.132803 0.125657 0.237188 0.08027 0 0.465696 0.197

48 11.83274 59.42124 0.057357 0.284058 1.40408 3.688823 0.530756 0 21.40456 1.376386 100 83.2 0.70433 3.096392 0.229429 0.15781 0.154862 0.279721 0.103562 0 0.537507 0.224986

49 14.28576 58.45313 0.10034 0.262624 1.491695 4.870781 0.646437 0 18.64849 1.240748 100 85 0.690133 2.910004 0.200679 0.152046 0.146424 0.187338 0.099904 0 0.47338 0.214745

50 14.33598 59.5572 0.362669 0.390638 1.024861 4.989679 0.613229 0 18.02463 0.701117 100 86.8 0.673051 2.584093 0.192001 0.148173 0.13485 0.265812 0.092563 0 0.465871 0.175279
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APPENDIX C 

 

 

 

 

 

Due to the large volume of data for microindented surface profilometry on all the samples please 

contact for the excel file. An example of one set of data on 7 days hydrated neat sample is provided 

above.  The first table shows a part of the data precisely for one indent and the second table is the 

entire data on one sample.  

0.881093 0.89771 0.674326 0.900943 0.477559 0.624176 0.350792 0.667409 0.864025 0.350641 0.487258 0.273875 0.56049 1.14711 1.31372

1.21154 1.55816 1.02478 1.21139 0.988009 0.084626 -0.26876 0.337859 0.834475 0.951091 0.617707 1.02432 1.11094 0.387557 0.344173

0.701993 -0.24139 0.115226 0.151842 0.418458 0.625075 0.481692 0.738308 0.774924 0.621541 0.368157 0.414773 0.48139 0.268007 0.184623

1.51244 1.07906 0.795675 0.652291 0.438908 0.585525 0.82214 0.778757 0.295374 0.08199 -0.14139 0.295223 0.37184 0.388456 0.745073

1.07289 1.10951 0.906124 0.532741 0.289357 0.615974 0.602591 0.689207 0.335823 0.622439 0.079056 0.225673 0.622289 0.588905 0.695522

0.873341 0.949957 0.836574 0.94319 0.939806 1.00642 0.91304 0.919656 0.586273 0.572889 0.589506 0.756122 0.602738 0.399354 0.405972

0.59379 0.600407 0.237023 -0.05636 0.030256 0.396873 0.973489 1.04011 0.826722 0.913338 1.08995 1.52657 1.16319 0.659804 0.756421

1.13424 0.880856 0.777472 0.584089 0.580706 0.637322 0.993939 0.890555 0.777172 0.603788 0.550404 0.757021 0.683637 0.610254 0.51687

0.72469 0.291306 0.067922 0.094539 -0.21885 0.257772 0.154388 0.331004 0.587621 0.454237 -0.13915 -0.30253 -0.21591 0.270703 0.08732

0.265139 -0.33824 -0.77163 -0.85501 -0.5184 -0.04178 0.074838 -0.14855 0.26807 0.254687 0.461303 0.43792 0.544536 0.361153 0.267769

0.135589 -0.0178 -0.92118 -0.65456 -0.44795 -0.44133 0.085288 0.491903 0.50852 0.425137 -0.35825 0.03837 0.314986 0.961603 0.848219

0.196038 0.442655 0.779271 0.865887 0.772504 0.86912 0.785737 0.082353 0.40897 0.345586 0.842202 0.888819 0.755435 0.932052 0.988668

0.336488 0.323103 0.419721 0.376337 0.442953 0.67957 0.776186 0.862802 0.299419 -0.12396 -0.03735 -0.13073 -0.08412 -0.0575 -0.14088

0.996937 0.743553 0.86017 0.446786 0.833402 1.14002 0.406636 0.583252 0.509868 0.266485 -0.0969 0.329718 0.636335 0.722951 0.759568

0.347386 0.014003 -0.07938 0.207236 0.143852 0.630469 0.487085 0.273701 0.380318 0.516934 0.333551 0.250167 0.126784 0.3734 0.550017

0.607836 0.814452 0.861069 -0.70232 -2.4457 -3.34908 -3.30247 -2.37585 -1.63923 -1.49262 -1.176 -0.53938 0.127233 0.22385 0.540466

-0.29171 -0.0351 0.291518 -1.70187 -4.69525 -6.61863 -6.09202 -4.2754 -3.38878 -2.65217 -1.78555 -1.09893 -0.77232 -0.5957 -0.09908

-0.04127 0.025351 0.201967 -2.09142 -3.3148 -3.50818 -4.00157 -2.71495 -1.77833 -1.46172 -0.9151 -0.58849 -0.38187 0.044749 0.131365

0.509184 0.455801 0.572418 -0.76097 -2.49435 -4.05773 -4.13112 -2.8045 -1.74788 -0.91127 -0.89465 -0.48804 -0.06142 -0.4648 -0.35819

0.129634 0.176251 0.572866 0.879484 0.826099 0.442716 0.379333 0.085949 -0.03743 -0.08082 -0.1842 -0.64759 -0.59097 -0.08435 0.052264

0.630083 0.8767 0.973316 0.719932 0.396549 0.513165 0.539782 0.896399 0.563015 -0.15037 -0.24375 -0.15714 -0.46052 -0.5239 -0.10729

0.990532 1.25715 0.553766 0.510382 0.636999 0.243615 0.050232 0.436848 0.483464 0.220081 -0.2633 -0.45669 -0.02007 -0.32345 -0.07684

0.440983 0.677598 0.444215 -0.24917 -0.55255 -0.19594 -0.04932 0.047297 0.313914 -0.09947 -0.06285 -0.35624 -0.10962 0.106996 0.363613

0.501432 0.468048 0.204665 0.541281 0.817897 0.494514 0.701131 0.797747 0.464363 0.09098 0.137596 0.244213 0.210829 0.047446 -0.05594

0.421881 -0.1715 0.035114 0.011731 0.428347 0.624963 0.37158 0.198196 -0.03519 0.021429 -0.00195 0.274662 0.491278 0.697895 0.294512

0.31233 0.538947 0.505564 0.402181 0.718796 0.775413 0.44203 0.278646 0.015262 -0.03812 0.048495 -0.22489 -0.35827 -0.06166 -0.34504

0.39278 0.449396 0.116013 0.13263 0.419246 0.325862 0.582478 0.699095 0.795712 0.682328 0.488944 0.405561 0.272178 0.398794 0.27541

0.00323 0.279846 0.646463 0.833079 0.399696 0.276312 0.452929 0.449545 0.536161 0.502778 0.509394 0.376011 0.582627 0.519244 0.13586

-7.48E-01 -3.21E-01 -1.75E-01 -3.08E-01 -5.71E-01 -3.05E-01 -6.48E-01 -7.62E-01 -6.95E-01 ######## ######## ######## -8.79E-01 -9.12E-01 -4.05E-01 -2.79E-01 -2.82E-01 -6.05E-01 -7.59E-01 -6.92E-01 -4.96E-01 ######## ######## ######## ######## -7.23E-01 -8.56E-01 -9.89E-01 ######## ######## -7.09E-01 -8.93E-01 -6.36E-01 ######## ######## ######## -8.70E-01 ######## -7.67E-01 -4.90E-01 -3.63E-01 -5.67E-01 -5.40E-01 -7.13E-01 ######## ######## ######## ######## -8.40E-01 -7.54E-01 -3.57E-01 -4.51E-01 -5.14E-01 -6.17E-01 -7.21E-01 -9.24E-01 -5.87E-01 -2.21E-01 ######## -7.68E-01 -7.31E-01 -6.04E-01 -1.58E-01 -1.11E-02 -2.54E-01 -8.79E-02 -2.31E-01 -7.65E-01 -3.78E-01 -3.71E-01 -6.55E-01 -4.82E-02 7.84E-02 2.55E-01 2.52E-01 1.38E-01 -1.15E-01 -5.48E-01 -6.02E-01 -9.15E-01 -6.39E-01 -6.42E-01 -6.55E-01 -7.49E-01 -8.22E-01 -4.96E-01 -5.29E-01 -5.72E-01 -4.76E-01 -4.09E-01 -3.42E-01 -4.26E-01 -4.09E-01 -6.63E-01 -7.46E-01 -4.29E-01 -6.43E-01 -6.06E-01 -7.50E-01 -4.23E-01 -2.96E-01 -3.00E-01 -4.53E-01 -3.46E-01 -2.10E-01 -1.23E-01 -1.47E-01 5.00E-02 2.66E-02 -3.17E-01 -2.50E-01 2.65E-02 -3.07E-01 -6.90E-01 -4.54E-01 -2.87E-01 -5.10E-01 -3.34E-01 -4.27E-01 -7.21E-01 -5.24E-01 -3.27E-01 -7.61E-01 -4.84E-01 -1.58E-01 1.29E-01 -2.74E-01 -5.98E-01 -4.01E-01 -4.94E-01 -6.58E-01 -7.51E-01 -7.55E-01 -6.28E-01 -4.81E-01 -2.45E-01 2.12E-01 1.79E-01 -1.25E-01 -1.68E-01 -2.42E-01 -3.85E-01 -4.38E-01 -2.02E-01 2.48E-02 -3.79E-01 -9.52E-01 ######## ######## -5.72E-01

-6.07E-01 -5.51E-01 -7.54E-01 -4.18E-01 -2.71E-01 -5.74E-01 -6.08E-01 -5.71E-01 -3.65E-01 -5.18E-01 -3.81E-01 -5.95E-01 -6.18E-01 -5.51E-01 -8.49E-02 -3.98E-01 -9.62E-01 -7.85E-01 ######## -7.42E-01 -6.85E-01 -7.69E-01 -4.52E-01 -5.32E-03 -2.09E-01 4.79E-02 -2.25E-01 3.11E-02 -5.22E-02 2.04E-01 1.71E-01 1.58E-01 -5.58E-02 -8.69E-01 ######## ######## ######## ######## -9.76E-01 -8.19E-01 -8.83E-01 -7.36E-01 -8.20E-01 -5.53E-01 -5.16E-01 -5.40E-01 -6.33E-01 -8.67E-01 -9.50E-01 -5.33E-01 -3.37E-01 -2.20E-01 -5.23E-01 -3.17E-01 -3.30E-01 -2.34E-01 -9.87E-01 -5.30E-01 -7.84E-01 -2.27E-01 5.95E-02 4.61E-02 1.23E-01 2.99E-01 1.16E-01 5.26E-02 3.59E-01 4.26E-01 -2.18E-01 -7.10E-02 -2.34E-01 -5.08E-01 -2.31E-01 -1.24E-01 -1.38E-01 -1.13E-02 -1.15E-01 -4.80E-02 -2.91E-01 -6.48E-02 -4.58E-01 -6.02E-01 -5.15E-01 -8.58E-01 -8.22E-01 -4.25E-01 -1.88E-01 -6.52E-01 -8.45E-01 -7.79E-01 -9.02E-01 -6.35E-01 -5.79E-01 -4.52E-01 -2.46E-01 -1.89E-01 -2.32E-03 1.44E-01 3.09E-02 3.75E-02 -4.59E-02 3.08E-02 1.17E-01 1.14E-01 -3.09E-01 -6.13E-01 ######## ######## ######## -6.56E-01 -3.60E-01 -6.03E-01 -3.36E-01 -2.80E-01 4.68E-02 3.93E-01 -3.60E-01 -1.53E-01 -2.37E-01 -5.80E-01 -6.04E-01 -3.17E-01 4.97E-02 1.76E-01 -2.07E-01 -3.70E-01 -6.38E-02 -2.72E-02 1.79E-01 1.60E-02 -2.27E-01 -4.21E-01 -3.24E-01 -5.75E-02 1.89E-01 -3.74E-01 1.62E-01 5.09E-01 -7.44E-02 -7.78E-02 7.88E-02 -2.15E-01 -3.68E-01 2.19E-01 6.55E-01 9.12E-01 5.89E-01 5.05E-01 1.52E-01 -3.16E-02

######## ######## ######## -7.07E-01 -8.31E-01 -7.64E-01 -2.37E-01 -3.11E-01 -2.64E-01 -3.78E-01 -7.61E-01 ######## -9.98E-01 -9.41E-01 -3.54E-01 2.12E-01 1.88E-02 -3.45E-01 -1.18E-01 -4.81E-01 -7.35E-01 -9.38E-01 -4.91E-01 9.51E-02 -2.48E-01 -8.52E-01 ######## -6.18E-01 -4.82E-01 -8.05E-01 -8.99E-01 -7.32E-01 -3.75E-01 -1.69E-01 7.79E-02 3.45E-02 3.41E-01 -3.52E-01 -4.76E-01 -3.49E-01 -2.92E-01 -1.76E-01 -2.92E-02 7.75E-02 1.64E-01 1.81E-01 1.87E-01 -2.76E-01 -2.09E-01 -3.13E-01 -6.16E-01 -5.40E-01 -2.53E-01 -1.96E-01 -2.50E-01 -6.31E-02 -3.37E-01 -9.99E-02 -4.93E-01 -5.27E-01 -6.50E-01 -7.93E-01 -5.17E-01 -1.60E-01 1.64E-02 3.03E-01 3.10E-01 -3.44E-01 -5.97E-01 -7.21E-01 -4.24E-01 -2.17E-01 -5.61E-01 -5.54E-01 -2.97E-01 -8.08E-02 -4.42E-02 2.42E-01 4.39E-01 7.06E-01 8.22E-01 3.79E-01 1.86E-01 4.32E-01 2.87E-02 -1.35E-01 -1.38E-01 -2.41E-01 -5.45E-01 -9.88E-01 ######## ######## -8.38E-01 ######## ######## -6.68E-01 -2.62E-01 -1.53E-02 1.11E-01 8.80E-02 -2.54E-02 -1.88E-02 4.78E-02 1.84E-01 -1.19E-01 -3.22E-01 -3.57E-02 -9.09E-03 2.78E-01 1.41E-02 -2.49E-01 -1.23E-01 -3.06E-01 -3.39E-01 -4.83E-01 4.38E-02 3.80E-01 -2.29E-02 1.94E-01 -4.97E-02 -9.31E-02 -3.06E-01 -6.10E-01 -1.93E-01 -2.47E-01 -2.80E-01 2.66E-02 -2.07E-01 -1.20E-01 -4.24E-01 -1.57E-01 -3.90E-01 -3.04E-01 -5.17E-01 -9.04E-02 1.66E-01 1.03E-01 1.69E-01 2.66E-01 -3.74E-02 -5.07E-02 5.59E-02 1.92E-01 1.79E-01 6.46E-01 7.02E-01 3.19E-01 -2.64E-01 -4.78E-02 3.29E-01

-8.37E-01 ######## ######## -6.67E-01 -2.80E-01 -3.54E-01 -4.77E-01 -6.00E-01 -3.24E-01 -5.07E-01 -5.04E-02 9.62E-02 -4.72E-02 -9.31E-01 -5.14E-01 -7.74E-02 -5.41E-01 -5.64E-01 -2.08E-01 -4.11E-01 -6.54E-01 -2.68E-01 -4.51E-01 -6.24E-01 -4.28E-01 -8.51E-01 -6.55E-01 -4.88E-01 -4.01E-01 -3.05E-01 -2.58E-01 -4.15E-02 -3.49E-02 -5.68E-01 -3.72E-01 -1.25E-01 -4.18E-01 ######## -9.25E-01 -9.29E-01 -8.32E-01 -7.25E-01 -7.69E-01 -5.52E-01 -9.25E-01 -5.09E-01 ######## -7.86E-01 -5.19E-01 -3.22E-01 -4.36E-01 -4.69E-01 -3.93E-01 -2.86E-01 -5.69E-01 -3.63E-01 -6.61E-02 1.61E-01 -6.23E-01 -4.56E-01 3.04E-02 4.70E-02 7.36E-02 -4.98E-02 -8.31E-02 -3.67E-01 -3.30E-01 -9.63E-01 ######## ######## -7.13E-01 ######## -6.20E-01 -5.54E-01 -3.27E-01 2.30E-01 1.16E-01 2.13E-01 1.89E-01 6.36E-01 3.73E-01 2.93E-02 -1.54E-01 -5.27E-01 -4.71E-01 -9.44E-01 -6.28E-01 -6.31E-01 -7.44E-01 -3.88E-01 -8.91E-01 ######## -8.28E-01 -8.01E-01 ######## ######## -9.31E-01 -5.45E-01 -7.38E-01 -6.42E-01 -1.05E-01 1.42E-01 -4.17E-02 -2.51E-02 1.42E-01 2.68E-01 -7.53E-02 -2.09E-01 2.18E-01 4.45E-01 3.12E-02 -4.92E-01 -4.26E-01 -5.39E-01 -6.92E-01 -3.86E-01 -1.09E-01 7.53E-03 7.41E-02 4.01E-01 -2.63E-01 -3.06E-01 1.11E-01 2.57E-01 2.84E-01 -1.95E-02 8.71E-02 1.24E-01 -9.97E-02 -1.03E-01 -4.86E-01 -1.20E-01 2.57E-01 4.73E-01 1.70E-01 -3.34E-02 -6.76E-03 -3.01E-02 -8.35E-02 -1.67E-01 -2.80E-01 -2.44E-01 -3.71E-02 1.10E-01 2.62E-02 -1.37E-01 7.94E-02 -2.40E-02 -2.74E-02 2.19E-01

-1.62E-02 2.90E-01 5.77E-01 1.37E-02 -1.10E-01 -1.23E-01 1.74E-01 -3.50E-01 -2.63E-01 -6.17E-01 -4.00E-02 -2.34E-02 -4.27E-01 -2.20E-01 -2.94E-01 -3.97E-01 -1.40E-01 -3.24E-01 -3.71E-02 -1.30E-01 -6.24E-01 -4.47E-01 -2.31E-01 2.60E-02 -5.07E-01 -4.01E-01 -4.54E-01 -1.48E-01 1.69E-01 -4.04E-01 -8.88E-01 -5.81E-01 -6.54E-01 -5.38E-01 -2.91E-01 -2.85E-01 -4.18E-01 -4.71E-01 -5.35E-01 -5.81E-02 2.85E-02 -3.15E-01 -2.88E-01 -3.16E-02 3.95E-01 3.52E-01 -1.79E-03 1.48E-02 2.51E-01 1.48E-01 3.47E-02 -3.89E-01 1.79E-02 1.65E-01 2.81E-01 -5.22E-02 2.74E-01 5.10E-02 -3.42E-01 -3.86E-01 -1.19E-01 -1.43E-01 1.14E-01 5.01E-01 2.57E-01 1.84E-01 4.01E-01 5.97E-01 5.54E-01 6.90E-01 3.07E-01 2.74E-01 4.30E-01 3.67E-01 1.73E-01 3.80E-01 3.87E-01 6.33E-01 5.20E-01 6.55E-03 -6.83E-03 3.98E-02 -8.36E-02 -2.67E-01 2.96E-02 2.62E-02 -1.57E-01 -4.01E-01 1.46E-01 6.93E-01 1.04E+00 8.06E-01 8.83E-01 4.89E-01 3.56E-01 -5.78E-01 -2.71E-01 5.64E-03 -2.48E-01 1.79E-01 5.25E-01 7.92E-01 9.19E-01 4.45E-01 2.52E-01 -2.31E-01 -1.15E-01 -7.82E-02 -3.02E-01 7.50E-02 -4.88E-01 -1.42E-01 -5.11E-03 -4.85E-02 1.18E-01 2.47E-02 -2.99E-01 -7.12E-01 -3.65E-01 -2.09E-01 -8.22E-02 -4.46E-01 -3.49E-01 1.78E-01 3.74E-01 -6.91E-02 -2.32E-01 7.41E-02 5.01E-01 5.27E-01 -5.60E-02 -1.99E-01 8.72E-02 2.74E-01 1.30E-01 1.71E-02 -3.36E-01 9.03E-02 6.97E-01 3.94E-01 1.40E-01 7.68E-02 3.53E-01 6.70E-01 6.27E-01 2.43E-01 2.80E-01 3.26E-01 3.03E-01 3.97E-02

-4.16E-01 1.81E-01 7.48E-01 9.04E-01 1.17E+00 7.47E-01 7.34E-01 2.31E-01 -1.53E-01 -2.16E-01 -4.00E-01 -2.43E-01 -3.56E-01 -2.10E-01 -3.23E-01 -3.36E-01 1.20E-01 1.47E-01 -7.07E-01 -5.60E-01 -6.13E-01 -7.07E-01 -7.40E-01 -5.74E-01 -6.97E-01 -6.80E-01 -3.74E-01 2.63E-01 6.90E-01 -1.44E-01 -2.27E-01 2.39E-01 5.60E-02 1.93E-01 1.19E-01 -2.84E-01 -1.38E-01 -7.51E-01 -4.34E-01 -2.28E-01 1.19E-01 -1.14E-01 -2.28E-01 2.59E-01 5.45E-01 -4.38E-01 -4.71E-01 -6.05E-01 -4.08E-01 1.85E-02 -1.15E-01 1.74E-03 -4.12E-01 -3.15E-01 2.22E-01 2.58E-01 -5.95E-01 -4.69E-01 -8.62E-01 -5.25E-01 -2.79E-01 -4.22E-01 9.45E-02 7.11E-01 2.08E-01 -1.76E-01 -2.19E-01 -4.24E-02 -1.46E-01 -4.99E-01 -3.03E-01 4.41E-02 1.11E-01 7.30E-03 2.24E-01 1.91E-01 3.57E-01 8.38E-02 -1.40E-01 -1.53E-01 -2.36E-01 -8.50E-01 -8.73E-01 -4.97E-01 -3.70E-01 -4.43E-01 -2.77E-01 1.70E-01 5.67E-01 9.73E-01 8.40E-01 5.76E-01 3.63E-01 4.80E-01 6.36E-01 1.63E-01 2.29E-01 5.96E-01 9.53E-01 8.39E-01 4.59E-02 3.26E-02 4.79E-01 6.36E-01 6.92E-01 2.89E-01 -4.04E-01 -2.78E-01 9.89E-02 4.85E-01 4.72E-01 3.99E-01 1.85E-01 4.92E-01 3.09E-01 4.35E-01 -3.68E-01 -8.42E-01 -7.05E-01 -3.18E-01 1.18E-01 3.65E-01 6.15E-02 -1.32E-01 3.05E-01 2.31E-01 -6.20E-02 -4.15E-01 -1.29E-01 -2.52E-01 -1.36E-01 7.11E-02 3.58E-01 3.84E-01 8.09E-02 -2.72E-01 -3.86E-01 -4.29E-01 4.74E-02 4.94E-01 5.61E-01 6.77E-01 3.38E-02 1.50E-01 4.77E-01 4.84E-01 4.30E-01 6.27E-01 4.54E-01 1.50E-01

-6.53E-02 -6.86E-02 -9.20E-02 -3.75E-01 -2.79E-01 -2.92E-01 -4.96E-01 -6.09E-01 -3.92E-01 -2.86E-01 -2.09E-01 -3.02E-01 -4.26E-01 -3.79E-01 5.74E-02 5.40E-02 4.31E-01 1.87E-01 -1.66E-01 -2.00E-01 1.17E-01 5.34E-01 3.00E-01 -7.31E-02 -3.66E-01 -8.20E-01 -7.53E-01 ######## -9.40E-01 -8.13E-01 ######## -5.60E-01 ######## -9.87E-01 -5.90E-01 -1.34E-01 2.63E-01 4.30E-01 -9.38E-02 -4.72E-02 2.49E-01 1.96E-01 -3.87E-01 -7.44E-04 -2.04E-01 -1.75E-02 7.91E-02 -6.43E-02 -4.38E-01 -1.51E-01 -4.43E-03 -2.58E-01 -5.91E-01 ######## ######## -8.71E-01 -2.55E-01 -8.11E-03 -9.15E-02 -3.65E-01 -5.78E-01 -1.72E-01 -4.50E-02 -2.18E-01 -1.80E-03 4.15E-01 6.51E-01 8.98E-01 2.85E-01 2.61E-01 1.58E-01 3.55E-01 -9.89E-02 2.18E-01 4.14E-01 1.81E-01 1.68E-01 1.64E-01 5.01E-01 5.97E-01 -7.59E-02 1.31E-01 3.07E-01 1.34E-01 -6.19E-01 -5.33E-01 -1.86E-01 2.50E-01 7.47E-01 7.74E-01 3.00E-01 1.47E-01 2.03E-01 7.01E-02 5.17E-01 2.63E-01 7.00E-01 8.07E-01 5.32E-02 7.98E-02 1.26E-01 2.93E-01 3.70E-01 5.46E-01 2.63E-01 5.95E-02 4.61E-02 -7.29E-03 3.19E-01 4.86E-01 1.83E-01 3.89E-01 -4.14E-01 -4.18E-01 -8.81E-01 -7.74E-01 -7.68E-01 -4.91E-01 -5.25E-01 -7.18E-01 -6.71E-01 -5.65E-01 -4.48E-01 -1.21E-01 5.19E-03 -4.08E-01 -2.72E-01 -3.35E-01 -1.08E-01 -4.22E-01 -3.35E-01 -4.08E-01 -7.19E-02 -1.45E-01 1.61E-01 1.18E-01 -5.65E-01 -4.49E-01 -7.22E-02 1.64E-01 3.31E-01 3.58E-01 -7.06E-01 -1.59E-01 1.98E-01 4.04E-01 -1.19E-01 -4.33E-01 -6.06E-01 -5.59E-01

5.45E-01 2.42E-01 3.84E-02 -4.95E-01 -3.08E-01 -3.62E-01 3.65E-01 2.12E-01 3.18E-01 2.85E-01 6.61E-01 4.58E-01 -1.25E-01 -2.88E-02 -1.22E-01 -3.56E-01 -5.19E-01 ######## -4.86E-01 -1.79E-01 -5.25E-02 -7.86E-01 -2.49E-01 1.07E-01 1.84E-01 -1.09E-01 -9.28E-02 -5.62E-02 -4.10E-01 -8.29E-02 -1.56E-01 -4.97E-02 2.69E-02 1.94E-01 3.20E-01 3.27E-01 1.34E-02 -3.90E-01 1.37E-01 2.43E-01 5.50E-01 3.76E-01 4.23E-01 8.00E-01 6.46E-01 7.73E-01 2.80E-01 4.16E-01 7.28E-02 1.59E-01 -2.40E-02 1.03E-01 9.93E-02 6.59E-02 2.42E-01 3.91E-02 -4.34E-01 -7.88E-01 -3.31E-01 -7.44E-02 1.22E-02 -8.12E-02 6.54E-02 -1.68E-01 2.69E-01 5.35E-01 7.52E-01 1.09E+00 6.25E-01 3.52E-01 6.78E-01 7.55E-01 7.42E-01 3.28E-01 2.25E-01 4.91E-01 8.68E-01 9.55E-01 8.51E-01 7.08E-01 6.05E-01 4.41E-01 -1.12E-01 -2.26E-01 -8.09E-01 -7.22E-01 -7.06E-01 -1.09E-01 2.97E-01 8.41E-02 -2.69E-01 -2.71E-03 8.39E-02 2.01E-01 -2.63E-01 -1.46E-01 -1.40E-01 5.07E-01 8.74E-01 8.70E-01 8.87E-01 9.83E-01 -1.50E-01 6.67E-02 -1.27E-01 -2.80E-01 9.65E-02 1.23E-01 -3.02E-02 -2.54E-01 -1.47E-01 -2.04E-02 1.96E-01 5.13E-01 2.09E-01 3.16E-01 2.53E-01 -9.07E-02 -2.64E-01 -9.37E-01 -6.61E-01 -6.44E-01 -8.28E-01 -5.81E-01 -5.34E-01 -2.58E-01 -1.11E-02 -1.75E-01 1.32E-01 2.39E-01 4.95E-01 6.82E-01 8.89E-01 5.85E-01 3.52E-01 1.08E-01 -1.15E-01 6.17E-02 1.38E-01 1.15E-01 -8.85E-02 -3.12E-01 -8.35E-01 -6.99E-01 -7.02E-01 -5.75E-01 -2.49E-01 7.82E-03 -8.56E-02 -8.95E-03

2.96E-01 2.02E-01 2.89E-02 -3.55E-01 -3.28E-01 -1.81E-01 1.75E-01 9.20E-02 3.86E-02 5.52E-02 1.92E-01 4.84E-02 -1.95E-01 1.42E-01 1.28E-01 7.49E-02 -1.68E-01 -5.62E-01 -2.53E-02 2.11E-01 3.80E-02 2.75E-01 3.21E-01 8.08E-01 6.54E-01 5.31E-01 1.28E-01 -5.71E-03 -7.39E-01 -8.92E-01 -6.56E-01 -3.49E-01 -6.26E-02 2.54E-01 4.41E-01 3.87E-01 1.14E-01 2.00E-01 6.71E-02 2.54E-01 4.50E-01 6.07E-01 -1.26E-01 -9.50E-01 -9.33E-01 -4.87E-01 -2.40E-01 -7.63E-01 -6.67E-01 -5.40E-01 -6.04E-01 -3.67E-01 -2.30E-01 -1.24E-01 -1.71E-02 -1.50E-01 -4.84E-01 -5.07E-01 -8.81E-01 -4.24E-01 -5.97E-01 -4.31E-01 -3.24E-01 -2.75E-02 -2.21E-01 2.86E-01 7.02E-01 7.09E-01 2.76E-01 2.12E-01 3.59E-01 4.65E-01 7.62E-01 9.49E-01 1.09E+00 1.10E+00 1.38E+00 9.35E-01 1.04E+00 1.03E+00 5.15E-01 5.82E-01 3.48E-01 7.48E-02 4.01E-01 1.28E-01 7.47E-02 3.31E-01 5.68E-01 1.05E-01 1.51E-01 -1.22E-01 -3.36E-01 -1.19E-01 7.76E-02 -1.86E-01 -1.69E-01 -1.33E-01 2.54E-01 1.51E-01 3.67E-01 4.04E-01 1.51E-01 4.67E-01 3.74E-01 2.04E-02 -3.13E-01 -5.56E-01 -5.60E-01 -3.13E-01 -2.87E-01 -3.70E-01 -1.93E-01 2.93E-01 3.80E-01 5.27E-01 6.23E-01 4.00E-01 2.76E-01 2.63E-01 -3.78E-04 2.36E-01 3.03E-01 2.59E-01 5.06E-01 3.13E-01 2.69E-01 3.46E-01 2.83E-01 5.89E-01 1.86E-01 7.24E-02 2.39E-01 -4.44E-02 -1.77E-02 1.59E-01 4.05E-01 4.32E-01 3.89E-01 5.95E-01 7.42E-01 8.29E-01 1.04E+00 5.92E-01 4.78E-01 3.75E-01 -2.84E-02 1.08E-01 4.49E-02 3.01E-01

1.34E+00 1.23E+00 4.29E-01 6.36E-01 7.13E-01 5.79E-01 6.76E-01 2.82E-01 3.69E-01 3.86E-01 3.23E-02 -1.11E-02 -3.25E-01 -4.38E-01 -4.91E-01 -3.45E-01 -3.28E-01 3.86E-02 3.05E-01 5.18E-02 -1.52E-01 -1.55E-01 2.42E-01 2.68E-01 3.49E-02 2.02E-01 -2.62E-01 -2.95E-01 -2.99E-01 3.80E-02 1.46E-02 1.21E-03 -1.22E-01 3.44E-01 9.11E-01 1.20E+00 7.54E-01 4.31E-01 2.28E-01 -3.36E-01 9.08E-02 5.77E-01 6.44E-01 4.21E-01 4.87E-01 3.94E-01 2.90E-01 -2.93E-03 3.34E-01 6.70E-01 5.67E-01 2.54E-01 3.02E-02 -1.13E-01 2.33E-01 3.00E-01 3.37E-01 2.73E-01 2.10E-01 3.96E-01 8.43E-01 8.20E-01 7.06E-01 6.23E-01 8.20E-01 1.24E+00 1.84E+00 1.52E+00 7.06E-01 2.13E-01 3.69E-01 5.59E-02 -5.88E-01 -9.09E-02 7.57E-02 1.02E-01 1.89E-02 -4.04E-01 -1.78E-02 1.49E-01 -3.46E-02 -8.80E-02 2.09E-01 -1.05E-01 2.52E-01 4.58E-01 5.95E-01 4.42E-01 4.48E-01 6.55E-01 6.82E-01 6.78E-01 1.75E-01 5.11E-01 8.38E-01 8.15E-01 6.31E-01 6.08E-01 2.15E-01 4.21E-01 5.78E-01 3.64E-01 2.01E-01 5.18E-01 3.54E-01 5.91E-01 5.57E-01 4.44E-01 3.41E-01 1.17E-01 3.74E-01 1.71E-01 2.57E-01 -9.62E-02 3.04E-02 -6.30E-02 3.61E-03 2.50E-01 5.87E-01 3.73E-01 6.60E-01 7.57E-01 -9.67E-02 -1.00E-01 8.65E-02 -1.07E-01 -2.02E-02 1.86E-01 3.83E-01 3.90E-01 4.26E-01 6.33E-01 9.59E-01 8.06E-01 6.53E-01 3.79E-01 -5.04E-01 -8.74E-02 3.79E-01 9.16E-01 9.22E-01 1.21E+00 1.38E+00 1.52E+00 5.89E-01 9.55E-02 1.22E-01 ######## -5.15E-01 -2.68E-01

1.02E+00 2.33E-01 2.98E-02 8.64E-02 4.33E-01 5.20E-01 6.96E-01 1.63E-01 3.09E-01 6.66E-01 6.73E-01 3.39E-01 -3.14E-01 -2.67E-01 -5.61E-01 -5.14E-01 -6.58E-01 -3.81E-01 -3.94E-01 -6.88E-01 -4.21E-01 -2.45E-02 3.12E-01 7.49E-01 7.35E-01 5.32E-01 6.09E-01 7.45E-01 9.92E-01 7.18E-01 9.55E-01 1.21E+00 1.09E+00 6.45E-01 4.92E-01 4.58E-01 5.75E-01 7.41E-01 5.98E-01 3.75E-01 1.20E-03 2.98E-01 6.54E-01 7.01E-01 4.68E-01 4.54E-01 8.11E-01 -1.12E-01 3.24E-01 -1.29E-01 7.74E-02 3.34E-01 3.81E-01 5.37E-01 8.44E-01 1.70E-01 2.97E-01 7.44E-01 4.10E-01 5.47E-01 5.04E-01 2.20E-01 1.77E-01 3.03E-01 4.20E-01 -3.34E-02 -6.68E-02 2.20E-01 4.56E-01 4.43E-01 -1.00E-01 -1.37E-02 2.43E-01 -1.10E-01 -3.74E-01 7.28E-02 8.94E-02 2.56E-01 7.43E-01 1.13E+00 6.96E-01 6.42E-01 6.39E-01 1.36E-01 2.02E-01 3.19E-01 -1.44E-01 -1.38E-01 2.19E-01 3.25E-01 4.02E-01 8.86E-02 1.53E-02 6.12E-01 1.08E+00 2.05E-01 4.72E-01 4.88E-01 3.75E-01 9.16E-02 4.88E-01 5.85E-01 4.61E-01 -1.20E-02 -2.35E-01 -6.99E-01 -4.22E-01 -2.55E-01 9.11E-02 -1.62E-01 -9.56E-02 9.72E-04 1.98E-01 4.84E-01 5.01E-01 6.57E-01 4.44E-01 1.51E-01 -1.83E-01 8.39E-02 3.21E-01 7.07E-01 3.44E-01 2.70E-01 7.70E-02 1.04E-01 2.20E-01 3.87E-01 6.83E-01 7.70E-01 5.67E-01 5.83E-01 6.20E-01 6.57E-01 5.83E-01 4.10E-01 1.66E-01 3.53E-01 -6.60E-01 -1.84E-01 2.63E-01 5.49E-01 5.46E-01 7.03E-01 1.39E-01 -4.07E-03 -1.57E-01 2.89E-01 6.26E-01 -7.76E-02

-1.30E-02 -3.56E-01 -1.10E-01 7.68E-02 2.35E-02 2.00E-01 6.67E-02 3.53E-01 7.50E-01 7.47E-01 1.08E+00 1.03E+00 8.76E-01 1.22E+00 1.16E+00 8.36E-01 2.93E-01 -3.05E-02 3.61E-02 9.27E-02 1.59E-01 9.59E-02 5.63E-01 1.03E+00 5.26E-01 5.82E-01 6.90E-02 -2.74E-01 1.52E-01 -2.31E-01 3.75E-01 3.62E-01 1.69E-01 4.55E-01 8.20E-02 3.89E-01 7.35E-01 1.00E+00 1.27E+00 1.22E+00 7.42E-01 1.38E-01 2.85E-01 1.52E-01 -5.02E-01 -1.45E-01 -4.86E-02 4.80E-02 2.95E-01 -1.09E-01 1.28E-01 -3.46E-01 1.11E-01 5.48E-01 1.01E+00 1.05E+00 9.48E-01 1.03E+00 6.91E-01 2.27E-01 3.94E-01 5.11E-01 4.67E-01 5.84E-01 5.70E-01 4.07E-01 5.04E-01 7.50E-01 3.37E-01 4.94E-01 1.20E-01 5.07E-01 5.73E-01 2.50E-01 4.87E-01 5.43E-01 3.70E-01 3.26E-01 6.63E-01 8.97E-02 4.46E-01 4.93E-01 5.00E-01 3.56E-01 1.83E-01 4.49E-01 7.66E-01 4.13E-01 4.79E-01 -4.14E-03 3.25E-02 2.49E-01 4.96E-01 5.52E-01 2.69E-01 5.86E-01 9.12E-01 1.18E+00 7.85E-01 3.52E-01 5.79E-01 1.03E+00 9.52E-01 7.88E-01 6.95E-01 7.92E-01 8.48E-01 6.75E-01 7.22E-01 3.28E-01 2.85E-01 6.11E-01 8.98E-01 1.10E+00 6.21E-01 2.08E-01 9.45E-02 1.91E-01 1.98E-01 4.94E-01 -1.89E-01 1.08E-01 9.42E-02 3.31E-01 2.77E-01 1.54E-01 4.07E-02 6.73E-02 3.44E-01 3.21E-01 2.37E-01 5.04E-01 4.10E-01 4.17E-01 2.34E-01 2.16E-04 -6.32E-02 4.34E-02 6.01E-02 4.67E-02 2.33E-01 4.60E-01 8.97E-01 1.27E+00 4.80E-01 3.66E-01 1.83E-01 1.90E-01 -1.64E-01 2.03E-01

8.77E-01 4.94E-01 7.41E-01 9.97E-01 6.24E-01 8.81E-01 1.06E+00 9.64E-01 1.12E+00 1.29E+00 1.69E+00 1.23E+00 7.77E-01 1.27E+00 1.23E+00 2.97E-01 3.33E-01 4.60E-01 5.37E-01 1.32E-02 -3.02E-02 -2.36E-02 4.63E-01 6.10E-01 6.26E-01 1.24E+00 5.89E-01 5.56E-01 2.93E-01 6.09E-01 4.36E-01 3.23E-01 6.19E-01 5.76E-01 3.82E-01 4.19E-01 2.46E-01 4.62E-01 6.29E-01 8.95E-01 6.82E-01 -1.28E-03 1.25E-01 2.62E-01 6.39E-01 8.65E-01 5.22E-01 8.38E-01 7.25E-01 4.82E-01 3.78E-01 4.15E-01 -3.85E-02 1.48E-01 4.85E-01 4.41E-01 4.18E-01 2.95E-01 4.41E-01 2.48E-01 2.14E-01 -9.90E-02 2.98E-01 4.44E-01 9.61E-01 1.15E+00 8.94E-01 5.71E-01 7.37E-01 8.94E-01 8.91E-01 5.27E-01 5.54E-01 5.20E-01 5.37E-01 4.14E-01 3.30E-01 7.07E-01 4.04E-01 5.00E-01 6.68E-02 -1.67E-01 9.99E-03 -3.13E-01 1.23E-01 -3.02E-02 3.96E-01 7.03E-01 7.30E-01 7.26E-01 8.63E-01 5.20E-01 8.66E-01 6.93E-01 -1.06E-02 3.66E-01 1.83E-01 3.59E-01 4.06E-01 7.32E-01 -9.10E-04 3.26E-01 5.52E-01 7.09E-01 5.36E-01 6.12E-01 6.49E-01 8.15E-01 4.02E-01 4.79E-01 5.05E-01 -9.81E-02 5.85E-02 -3.49E-02 1.92E-01 3.98E-01 1.25E-01 -1.88E-01 -1.92E-01 3.05E-01 7.91E-01 5.88E-01 5.35E-01 -5.87E-02 -2.32E-01 9.45E-02 5.41E-01 2.98E-01 3.64E-01 2.61E-01 4.76E-02 1.04E-01 3.21E-01 2.37E-01 4.94E-01 -1.99E-01 -1.53E-01 1.14E-01 4.41E-01 7.97E-01 7.54E-01 9.90E-01 7.97E-01 7.14E-01 -9.98E-02 3.27E-01 2.53E-01 1.20E-01 -3.32E-03 4.73E-01

7.88E-01 4.85E-01 6.71E-01 9.38E-01 9.34E-01 6.21E-01 2.98E-01 5.94E-01 5.51E-01 -4.26E-02 3.94E-01 5.71E-01 3.87E-01 7.39E-02 8.05E-02 6.71E-02 2.94E-01 7.90E-01 1.11E+00 6.94E-01 9.02E-02 4.77E-01 4.83E-01 9.30E-01 1.13E+00 1.47E+00 7.70E-01 4.57E-01 4.63E-01 -1.40E-01 1.06E-01 8.30E-02 1.30E-01 4.06E-01 5.63E-01 6.39E-01 7.16E-01 3.83E-01 2.93E-02 -2.41E-02 2.55E-03 -2.08E-02 -1.04E-01 -1.98E-01 -5.41E-01 -4.24E-01 -3.58E-01 -3.41E-01 2.75E-01 2.62E-01 6.89E-01 3.15E-01 3.42E-01 7.99E-01 1.05E+00 6.92E-01 8.08E-01 4.45E-01 7.12E-01 2.58E-01 -9.51E-02 -3.85E-02 -6.12E-01 -2.25E-01 -3.09E-01 1.58E-01 3.35E-01 5.81E-01 9.78E-01 1.02E+00 9.51E-01 8.98E-01 4.44E-01 6.51E-01 9.98E-01 4.34E-01 5.31E-01 7.47E-01 1.16E+00 1.11E+00 1.09E+00 8.64E-01 6.70E-01 9.17E-01 7.14E-01 6.10E-01 7.27E-01 9.54E-01 1.10E-01 5.27E-01 8.73E-01 6.30E-01 3.27E-01 6.13E-01 7.30E-01 7.96E-01 1.33E-01 -1.80E-01 2.26E-01 6.29E-02 -7.05E-02 1.96E-01 1.93E-01 3.89E-01 6.06E-01 3.13E-01 5.59E-01 7.59E-02 -6.75E-02 -4.91E-01 -2.44E-01 6.23E-02 3.39E-01 6.06E-01 5.12E-01 1.19E-01 6.54E-02 5.20E-02 -4.11E-01 -4.47E-02 2.62E-01 5.38E-01 1.35E-01 -6.83E-02 -1.02E-01 -3.05E-01 1.92E-01 6.28E-01 6.25E-01 4.91E-01 2.48E-01 5.35E-01 8.71E-01 1.14E+00 1.36E+00 9.31E-01 1.09E+00 4.74E-01 4.21E-01 5.28E-01 3.84E-01 6.11E-01 2.27E-01 -5.95E-03 1.31E-01 -7.27E-02 -1.46E-01 1.05E-02 1.57E-01 4.14E-01

5.28E-01 5.25E-01 3.92E-01 -3.02E-01 -1.75E-01 7.14E-02 2.48E-01 -3.05E-01 -3.89E-01 -1.32E-01 4.25E-01 4.41E-01 1.78E-01 2.04E-01 -5.90E-02 1.28E-01 -5.58E-02 3.61E-01 5.97E-01 7.04E-01 6.31E-01 9.57E-01 7.24E-01 8.31E-01 9.67E-01 7.14E-01 7.60E-01 8.57E-01 8.94E-01 3.90E-01 4.67E-01 6.83E-01 9.90E-01 8.47E-01 4.73E-01 2.80E-01 5.97E-01 1.43E-01 6.10E-01 7.96E-01 7.13E-01 7.80E-01 7.06E-01 4.83E-01 3.69E-01 7.61E-02 -1.37E-01 -4.07E-02 1.86E-01 1.63E-01 2.89E-01 3.36E-01 9.24E-02 9.90E-02 1.86E-01 3.12E-01 1.99E-01 -3.85E-01 -4.68E-01 -2.41E-01 1.85E-01 3.19E-02 3.59E-01 6.55E-01 6.92E-01 4.68E-01 6.25E-01 5.62E-01 5.78E-01 7.15E-01 7.21E-01 9.68E-01 7.75E-01 5.51E-01 1.88E-01 1.55E-01 1.41E-01 4.88E-01 6.74E-01 9.01E-01 7.38E-01 8.94E-01 9.31E-01 3.28E-01 5.64E-01 4.81E-01 2.57E-01 3.54E-01 6.51E-01 9.97E-01 9.14E-01 1.14E+00 1.12E+00 7.04E-01 8.60E-01 6.17E-01 6.74E-01 9.00E-01 9.57E-01 1.12E+00 1.07E+00 7.67E-01 5.63E-01 6.40E-01 4.36E-01 7.03E-01 6.40E-01 4.76E-01 3.93E-01 3.00E-01 5.16E-01 7.33E-01 6.39E-01 2.76E-01 9.26E-02 -7.08E-02 3.46E-01 5.92E-01 6.19E-01 1.76E-01 5.82E-01 8.89E-01 8.26E-01 9.22E-01 8.99E-01 1.05E+00 5.22E-01 5.99E-01 8.05E-01 9.32E-01 8.85E-02 1.25E-01 ######## -4.32E-01 -1.65E-01 -2.18E-01 8.82E-02 2.25E-01 1.61E-01 4.48E-01 -4.85E-01 -4.87E-02 3.68E-01 4.44E-01 4.81E-01 -2.02E-01 -7.57E-02 2.51E-01 7.08E-01 9.54E-01

8.99E-01 5.15E-01 5.72E-01 6.69E-01 7.65E-01 6.22E-01 4.78E-01 2.35E-01 -9.83E-02 2.98E-01 2.50E-02 2.12E-01 -1.22E-01 -2.75E-01 -3.09E-01 -3.92E-01 1.05E-01 -3.69E-01 -4.21E-02 3.65E-01 5.61E-01 4.78E-01 8.64E-01 8.01E-01 3.98E-01 3.42E-02 -1.09E-01 -1.13E-01 -5.95E-03 6.11E-01 9.77E-01 3.24E-01 4.71E-01 6.47E-01 7.94E-01 7.50E-01 4.07E-01 3.24E-01 5.20E-01 6.67E-01 2.63E-01 2.10E-01 3.77E-01 5.53E-01 5.00E-01 5.87E-01 6.03E-01 2.40E-01 -7.36E-02 1.03E-01 2.96E-02 -4.04E-01 3.28E-02 3.89E-01 6.08E-03 2.03E-01 -5.11E-01 -5.94E-01 -4.17E-01 -1.31E-01 -2.54E-01 -3.38E-01 -7.10E-02 1.56E-02 2.02E-01 1.59E-01 2.25E-01 4.12E-01 3.29E-01 4.15E-01 9.32E-01 1.09E+00 5.15E-01 4.52E-01 6.08E-01 1.35E-01 3.62E-01 7.08E-01 6.25E-01 7.01E-01 3.18E-01 3.15E-01 7.51E-01 -4.20E-02 3.35E-01 2.01E-01 3.98E-01 2.74E-01 2.61E-01 6.77E-02 2.74E-01 3.41E-01 3.68E-01 6.74E-01 8.31E-01 1.12E+00 1.21E+00 1.13E+00 6.37E-01 2.38E-02 3.90E-01 9.71E-02 -4.16E-01 -5.30E-01 -3.31E-02 2.44E-01 4.80E-01 6.57E-01 2.53E-01 3.10E-01 -2.33E-01 -3.57E-01 -1.00E-01 1.96E-01 2.03E-01 3.00E-01 4.76E-01 4.13E-01 3.60E-01 6.06E-01 2.03E-01 3.89E-01 1.66E-01 4.13E-01 4.79E-01 4.36E-01 2.32E-01 5.39E-01 7.86E-01 7.92E-01 6.69E-01 9.36E-01 1.23E+00 1.41E+00 1.37E+00 2.32E-01 9.86E-02 2.95E-01 -4.08E-01 -1.42E-01 5.65E-01 6.92E-01 7.68E-01 1.09E+00 8.72E-01 8.18E-01 3.05E-01 2.11E-01 6.58E-01 7.25E-01

8.09E-01 5.76E-01 2.52E-01 7.09E-01 7.46E-01 1.04E+00 8.39E-01 2.96E-01 2.17E-03 -4.12E-02 -3.65E-01 -2.68E-01 -1.14E-02 1.95E-01 -2.81E-02 -4.15E-02 4.45E-01 4.62E-01 2.78E-01 -2.50E-02 -1.28E-01 -2.18E-02 6.48E-02 4.11E-01 3.78E-01 7.35E-01 7.51E-01 1.38E-01 2.75E-01 6.51E-01 8.88E-01 1.26E+00 6.41E-01 3.88E-01 3.74E-01 1.81E-01 4.17E-01 7.64E-01 7.71E-01 5.87E-01 7.44E-01 7.01E-01 7.71E-02 5.14E-01 2.04E-02 2.07E-01 5.14E-01 3.60E-01 5.97E-01 3.03E-01 1.80E-01 -1.23E-01 -8.67E-02 1.40E-01 3.37E-01 5.31E-02 -5.80E-01 -9.14E-01 -9.07E-01 -3.20E-01 -3.74E-01 3.63E-01 7.99E-01 1.08E+00 8.13E-01 9.39E-01 1.02E+00 1.37E+00 9.29E-01 1.02E+00 7.52E-01 9.59E-01 -4.37E-03 4.22E-02 3.89E-01 4.15E-01 6.62E-01 6.69E-01 7.65E-01 6.32E-01 6.89E-01 3.55E-01 2.72E-01 8.41E-03 2.55E-01 5.22E-01 9.18E-01 5.75E-01 7.51E-01 8.88E-01 9.15E-01 5.91E-01 8.38E-01 1.20E+00 8.51E-01 7.18E-01 6.84E-01 7.10E-02 -2.62E-01 -4.16E-01 -4.91E-02 1.48E-01 3.04E-01 5.51E-01 4.17E-01 7.54E-01 7.81E-01 5.17E-01 4.24E-01 7.04E-02 3.87E-01 4.14E-01 2.60E-01 4.97E-01 6.94E-01 6.40E-01 4.07E-01 4.63E-01 6.10E-01 8.07E-01 5.03E-01 1.40E-01 -9.35E-02 -1.67E-01 2.70E-01 3.46E-01 4.23E-01 4.00E-01 2.06E-01 4.63E-01 5.89E-01 6.96E-01 1.06E+00 1.47E+00 1.47E+00 1.81E+00 1.40E+00 1.11E+00 9.32E-01 8.19E-01 1.03E+00 1.23E+00 7.49E-01 2.05E-01 4.02E-01 5.89E-01 7.25E-01 5.92E-01 5.68E-01 -4.91E-03

9.00E-01 4.06E-01 2.43E-01 3.95E-02 -9.24E-01 -9.67E-01 -4.61E-01 -5.44E-01 -3.17E-01 -3.51E-01 -7.34E-01 -3.68E-01 -1.51E-01 9.57E-02 -2.77E-02 7.89E-02 7.36E-01 1.14E+00 8.29E-01 2.65E-01 5.20E-02 1.29E-01 2.45E-01 -2.81E-02 3.78E-01 2.85E-01 2.42E-01 3.58E-01 6.75E-01 3.62E-01 4.68E-01 4.25E-01 5.91E-01 8.08E-01 9.35E-01 1.00E+00 9.48E-01 9.15E-01 1.21E-01 4.28E-01 4.54E-01 7.41E-01 9.28E-01 4.64E-01 3.61E-01 5.07E-01 4.04E-01 4.51E-01 5.47E-01 4.04E-01 6.21E-01 1.97E-01 -1.76E-01 -5.96E-02 3.87E-01 6.64E-01 8.02E-02 1.27E-01 3.03E-01 3.10E-01 -2.13E-01 1.73E-01 5.90E-01 1.17E-01 4.83E-01 6.00E-01 6.36E-01 5.53E-01 7.80E-01 6.96E-01 7.63E-01 5.79E-01 6.26E-01 7.93E-01 7.69E-01 3.96E-01 2.13E-01 1.39E-01 4.56E-01 7.82E-01 6.69E-01 7.36E-01 1.00E+00 5.69E-01 7.85E-01 1.31E+00 1.60E+00 2.00E+00 1.14E+00 7.79E-01 6.65E-01 8.12E-01 6.08E-01 7.55E-01 -1.58E-01 -5.17E-02 3.05E-01 5.71E-01 7.08E-01 1.14E+00 5.41E-01 9.58E-01 9.35E-01 1.29E+00 8.58E-01 6.04E-01 4.91E-01 3.68E-01 5.14E-01 2.81E-01 2.48E-01 9.41E-02 4.21E-01 8.27E-01 1.08E+00 8.51E-01 8.67E-01 7.34E-01 3.20E-01 1.97E-01 -6.33E-03 2.83E-04 3.77E-01 9.04E-01 9.90E-01 8.77E-01 1.03E+00 6.50E-01 7.17E-01 7.13E-01 8.80E-01 9.66E-01 4.53E-01 7.00E-01 9.86E-01 1.08E+00 5.90E-01 7.56E-01 6.13E-01 9.38E-03 6.60E-02 2.43E-01 -3.08E-02 -5.42E-02 3.12E-01 -1.51E-01 1.96E-01 3.42E-01 5.39E-01 6.16E-01

1.33E+00 1.12E+00 1.12E+00 7.20E-01 4.37E-01 4.33E-01 3.00E-01 3.76E-01 5.63E-01 2.40E-01 3.16E-01 3.93E-01 -7.05E-02 1.16E-01 3.43E-01 5.19E-01 7.46E-01 1.19E+00 1.14E+00 5.26E-01 4.02E-01 2.39E-01 6.86E-01 3.82E-01 3.69E-01 4.76E-01 4.62E-01 7.49E-01 8.35E-01 9.12E-01 1.07E+00 1.47E+00 1.50E+00 1.46E+00 1.22E+00 8.32E-01 7.28E-01 7.35E-01 7.52E-01 3.98E-01 5.05E-01 4.31E-01 2.98E-01 3.95E-01 4.71E-01 8.48E-01 6.44E-01 -7.89E-02 1.48E-01 2.04E-01 -8.90E-02 3.76E-02 3.24E-01 1.51E-01 3.67E-01 8.14E-01 1.41E-01 7.17E-01 4.14E-01 4.31E-01 5.47E-01 7.94E-01 8.10E-01 1.09E+00 4.44E-01 4.10E-01 5.87E-01 7.23E-01 1.02E+00 1.09E+00 5.03E-01 2.50E-01 2.97E-01 7.53E-01 2.60E-01 5.16E-01 4.93E-01 4.20E-01 -1.64E-01 -7.72E-02 -1.01E-01 3.66E-01 7.63E-01 6.89E-01 7.46E-01 1.35E+00 1.80E+00 1.74E+00 9.62E-01 1.41E+00 1.51E+00 9.92E-01 1.09E+00 1.06E+00 8.52E-01 1.13E+00 1.21E+00 7.42E-01 6.39E-01 9.05E-01 8.52E-01 1.05E+00 1.16E+00 1.53E+00 1.47E+00 8.25E-01 5.81E-01 3.38E-01 5.65E-01 8.81E-01 1.15E+00 9.15E-01 1.22E+00 8.08E-01 6.34E-01 5.91E-01 1.18E-01 1.84E-01 -8.29E-01 -2.43E-01 -2.46E-01 -1.59E-01 1.07E-01 4.24E-01 7.01E-01 7.67E-01 6.24E-01 7.60E-01 1.12E+00 1.55E+00 9.90E-01 6.37E-01 5.54E-01 4.60E-01 3.77E-01 3.43E-01 4.20E-01 7.47E-01 8.13E-01 1.03E+00 8.56E-01 8.63E-01 5.30E-01 7.96E-01 6.73E-01 6.30E-01 6.56E-01 3.93E-01 -2.81E-01 -5.40E-02

1.01E+00 7.77E-01 9.54E-01 6.20E-01 5.37E-01 5.54E-01 2.80E-01 1.69E-02 1.04E-01 3.80E-01 3.37E-01 2.53E-01 -7.00E-02 6.61E-03 2.03E-01 -1.30E-01 -2.24E-01 2.23E-01 3.80E-01 3.63E-02 5.33E-01 6.00E-01 1.15E+00 9.43E-01 1.09E+00 1.04E+00 7.13E-01 1.19E+00 1.18E+00 1.53E+00 6.99E-01 1.03E+00 1.04E+00 6.59E-01 6.86E-01 1.11E+00 9.09E-01 7.95E-01 6.72E-01 5.69E-01 2.25E-01 3.02E-01 4.98E-01 5.35E-01 5.22E-01 8.28E-01 2.85E-01 -2.38E-01 2.08E-01 -4.85E-01 ######## -7.82E-01 -3.75E-01 1.41E-01 -1.02E-01 2.54E-01 6.51E-01 -7.23E-02 -5.65E-03 8.01E-01 1.01E+00 7.44E-01 7.11E-01 3.27E-01 -8.60E-02 1.51E-01 3.17E-01 3.89E-03 3.71E-01 5.37E-01 4.24E-01 5.60E-01 5.87E-01 -1.36E-01 2.10E-01 2.17E-01 5.83E-01 7.60E-01 6.57E-01 9.63E-01 8.50E-01 7.87E-01 3.63E-01 5.90E-01 6.16E-01 1.17E+00 1.56E+00 1.20E+00 1.06E+00 1.77E+00 1.98E+00 1.38E+00 1.38E+00 1.63E+00 1.00E+00 8.19E-01 1.17E+00 7.72E-01 7.90E-02 -1.84E-01 -2.58E-01 -2.61E-01 -2.45E-02 3.02E-01 -6.21E-01 -2.75E-01 6.19E-02 -1.51E-01 -1.65E-01 8.18E-02 4.08E-01 5.55E-01 6.62E-01 6.18E-01 -1.55E-01 1.15E-02 8.81E-02 4.47E-02 1.61E-01 3.08E-01 6.45E-01 7.21E-01 5.78E-01 5.54E-01 1.81E-01 2.08E-01 2.54E-01 6.51E-01 5.57E-01 1.02E+00 1.53E+00 1.30E+00 9.04E-01 1.16E+00 9.17E-01 8.54E-01 8.00E-01 8.67E-01 7.14E-01 6.10E-01 3.77E-01 5.74E-01 9.01E-02 3.87E-01 4.73E-01 4.50E-01 4.97E-01 5.13E-01 1.60E-01 4.96E-01

4.41E-01 1.18E-01 2.43E-02 2.09E-02 -3.82E-01 -8.59E-02 1.81E-01 2.37E-01 -1.06E-01 1.01E-01 -1.03E-01 3.84E-01 7.30E-01 5.07E-01 2.54E-01 1.40E-01 3.47E-01 4.94E-01 4.50E-01 4.17E-01 -1.67E-01 -2.60E-01 -1.33E-01 2.03E-01 6.00E-01 3.26E-01 3.43E-01 3.20E-01 2.36E-01 5.13E-01 2.50E-01 4.86E-01 3.93E-01 4.49E-01 5.66E-01 1.10E+00 1.02E+00 1.23E+00 1.05E+00 1.20E+00 8.16E-01 4.32E-01 3.39E-01 4.96E-01 4.62E-01 3.19E-01 -5.46E-02 1.52E-01 8.86E-02 -1.48E-02 3.52E-01 5.85E-02 1.51E-02 -1.58E-01 -4.17E-02 -2.35E-01 -8.84E-02 -8.72E-01 ######## -4.09E-01 1.08E-01 4.85E-01 4.91E-01 3.98E-01 7.94E-01 1.16E+00 1.23E+00 1.15E+00 7.81E-01 8.28E-01 3.14E-01 4.21E-01 7.74E-02 1.84E-01 2.91E-01 3.87E-01 -2.61E-02 1.51E-01 4.57E-01 3.84E-01 4.60E-01 6.97E-01 8.54E-01 1.31E+00 1.34E+00 1.63E+00 1.61E+00 1.32E+00 1.12E+00 1.62E+00 1.82E+00 1.38E+00 1.26E+00 7.56E-01 6.53E-01 1.03E+00 5.66E-01 7.13E-01 5.39E-01 4.86E-01 9.93E-01 6.29E-01 -1.24E-01 -7.37E-01 -2.81E-01 -1.42E-02 3.42E-01 6.19E-01 3.76E-01 5.72E-01 -1.01E-01 4.45E-01 7.62E-01 6.79E-01 6.05E-01 7.72E-01 1.18E+00 1.21E+00 1.14E+00 1.02E+00 9.45E-01 8.72E-01 7.18E-01 8.25E-01 5.61E-01 6.98E-01 9.45E-01 1.07E+00 7.18E-01 1.13E+00 1.66E+00 1.05E+00 8.54E-01 2.21E-01 -8.24E-02 1.34E-01 5.01E-01 8.27E-01 3.04E-01 3.61E-01 -2.43E-01 1.40E-02 -9.42E-03 3.97E-01 2.74E-01 6.10E-01 8.97E-01 4.14E-01 5.00E-01 -1.31E-02

1.69E+00 1.24E+00 6.75E-01 5.31E-01 5.08E-01 -4.54E-02 -1.88E-02 1.18E-01 -3.86E-01 -4.69E-01 -5.23E-02 4.24E-01 9.51E-01 1.15E+00 7.24E-01 2.91E-01 2.74E-02 2.94E-01 4.41E-01 4.07E-01 -2.56E-01 1.30E-01 3.27E-01 4.64E-01 2.90E-01 2.17E-01 -4.76E-01 -5.70E-01 -2.63E-01 1.33E-01 2.80E-01 3.77E-01 5.43E-01 8.50E-01 1.21E+00 1.08E+00 7.60E-01 5.16E-01 5.33E-01 1.00E+00 1.06E+00 4.53E-01 7.69E-01 1.03E+00 1.18E+00 5.39E-01 3.96E-01 1.52E-01 3.39E-01 5.26E-01 8.42E-01 6.69E-01 1.02E+00 8.62E-01 5.09E-01 3.15E-01 -1.98E-01 -4.91E-01 -4.05E-01 -4.48E-01 -2.22E-01 3.45E-01 3.12E-01 6.38E-01 2.15E-01 7.22E-01 7.88E-01 3.75E-01 1.91E-01 6.48E-01 3.75E-01 5.21E-01 2.78E-01 2.54E-01 1.81E-01 3.88E-01 4.14E-01 6.01E-01 5.38E-01 7.24E-01 6.41E-01 5.27E-01 6.64E-01 1.18E+00 1.35E+00 6.74E-01 8.71E-01 7.37E-01 4.14E-01 9.70E-01 9.57E-01 5.44E-01 4.70E-01 7.07E-01 8.13E-01 3.40E-01 1.57E-01 1.73E-01 5.40E-01 1.19E+00 1.33E+00 1.25E+00 1.11E+00 1.09E+00 9.40E-01 5.16E-01 5.83E-01 6.49E-01 -3.04E-01 1.13E-01 6.89E-01 5.66E-01 6.43E-01 9.79E-01 4.36E-01 2.24E-02 2.19E-01 9.06E-01 8.32E-01 6.49E-01 6.85E-01 1.15E+00 8.39E-01 8.55E-01 7.52E-01 6.29E-01 6.15E-01 9.52E-01 6.68E-01 3.45E-01 4.12E-01 7.18E-01 9.05E-01 5.41E-01 4.08E-01 -2.25E-01 -8.87E-02 2.18E-01 3.45E-01 8.31E-01 6.78E-01 7.64E-01 9.31E-01 7.28E-01 7.14E-01 1.01E+00 9.27E-01 7.24E-01 2.21E-01 2.47E-01

1.89E+00 1.34E+00 8.85E-01 1.14E+00 9.58E-01 7.85E-01 1.17E+00 1.09E+00 1.22E+00 7.61E-01 3.28E-01 1.35E-01 6.11E-01 7.08E-01 4.05E-01 4.12E-02 -2.22E-02 -3.56E-02 -2.90E-02 5.98E-01 7.04E-01 2.01E-01 5.78E-01 7.54E-01 4.81E-01 7.37E-01 7.94E-01 6.81E-01 6.47E-01 5.84E-01 1.40E-01 3.37E-01 2.44E-01 6.50E-01 3.97E-01 5.84E-01 4.20E-01 3.37E-01 5.34E-02 6.60E-01 9.07E-01 9.03E-01 1.01E+00 8.66E-01 7.93E-01 3.80E-01 6.06E-01 3.83E-01 3.30E-01 5.61E-02 -1.27E-01 7.94E-02 2.56E-01 1.43E-01 -1.81E-01 -1.34E-01 -2.28E-01 -5.09E-02 -7.43E-02 1.92E-01 -2.41E-01 1.55E-02 -7.84E-03 3.09E-01 2.45E-01 7.72E-01 1.30E+00 8.65E-01 3.72E-01 -6.15E-02 -4.35E-01 -1.48E-01 4.08E-01 6.85E-01 8.32E-01 8.68E-01 2.75E-01 3.41E-01 2.58E-01 5.45E-01 2.51E-01 7.08E-01 9.54E-01 7.61E-01 7.38E-01 1.01E+00 5.51E-01 1.38E-01 2.84E-01 5.21E-01 5.97E-01 8.64E-01 9.11E-01 8.07E-01 7.54E-01 1.00E+00 1.01E+00 1.03E+00 6.90E-01 1.07E+00 1.37E+00 6.10E-01 3.47E-01 4.83E-01 -9.95E-03 3.07E-01 4.13E-01 4.30E-01 5.27E-01 6.63E-01 7.80E-01 7.06E-01 5.43E-01 3.40E-01 2.56E-01 1.83E-01 2.39E-01 3.36E-01 4.93E-01 9.93E-02 4.59E-02 4.33E-01 4.49E-01 5.06E-01 9.62E-01 6.69E-01 -3.44E-02 1.82E-01 3.69E-01 6.45E-01 7.62E-01 1.06E+00 8.05E-01 8.32E-01 5.09E-01 3.75E-01 5.82E-01 9.28E-01 1.09E+00 2.12E-01 4.28E-01 3.85E-01 3.61E-01 2.81E-02 -3.95E-01 -1.87E-02 2.18E-01 8.46E-02 8.12E-02 2.78E-01
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2.75E-01 -3.89E-01 -3.62E-01 -2.96E-01 -2.90E-02 1.18E-01 -3.58E-02 -4.92E-02 7.75E-02 5.41E-02 3.11E-01 8.47E-01 6.44E-01 4.91E-01 6.97E-01 5.84E-01 8.30E-01 4.17E-01 2.34E-01 4.60E-01 8.17E-01 5.83E-01 1.60E-01 4.37E-01 1.63E-01 2.60E-01 -2.73E-01 -2.57E-01 -4.02E-02 2.16E-01 1.13E-01 1.10E-01 4.16E-01 1.73E-01 2.29E-01 -1.24E-01 -4.87E-01 -1.91E-01 3.60E-02 1.63E-01 -9.08E-02 -1.34E-01 1.24E-02 -7.10E-02 7.56E-02 2.42E-01 5.99E-01 9.45E-01 1.06E+00 4.89E-01 4.95E-01 3.52E-01 -3.14E-02 -1.05E-01 -6.82E-02 2.28E-01 1.50E-02 4.52E-01 5.78E-01 4.15E-01 5.42E-01 5.88E-01 1.45E-01 3.14E-02 -1.72E-01 1.75E-01 -4.09E-01 7.78E-02 6.34E-01 7.01E-01 5.98E-01 5.64E-01 4.61E-01 2.18E-01 5.14E-01 3.91E-01 6.07E-01 8.44E-01 9.11E-01 1.11E+00 1.00E+00 1.07E+00 7.77E-01 1.04E+00 1.35E+00 1.61E+00 1.18E+00 8.60E-01 4.37E-01 3.13E-01 4.00E-02 2.77E-01 4.53E-01 5.10E-01 9.16E-01 4.03E-01 4.80E-01 5.86E-01 6.43E-01 2.30E-01 4.46E-01 1.93E-01 6.19E-01 5.06E-01 5.33E-01 8.19E-01 9.86E-01 1.51E+00 1.02E+00 8.86E-01 9.32E-01 4.69E-01 2.76E-01 3.72E-01 3.69E-01 -3.46E-02 ######## -9.31E-01 -9.85E-01 ######## ######## -4.65E-01 -3.78E-01 -3.17E-02 1.35E-01 4.92E-01 8.08E-01 5.75E-01 5.01E-01 4.68E-01 2.05E-01 5.41E-01 8.18E-01 4.95E-01 7.01E-01 7.98E-01 4.64E-01 9.10E-02 1.38E-01 2.44E-01 2.11E-01 4.74E-02 -5.59E-02 -1.19E-01 4.73E-02 2.39E-02 -1.59E-01 -1.93E-01 -2.86E-01 -2.96E-02

3.05E-01 -4.68E-01 -3.92E-01 6.48E-02 8.14E-02 3.68E-01 -2.85E-01 -1.19E-01 -5.62E-01 -4.95E-01 -2.89E-02 -2.22E-02 1.44E-01 7.81E-01 1.15E+00 1.43E+00 1.48E+00 1.18E+00 2.64E-01 4.31E-01 6.77E-01 3.94E-01 4.11E-01 2.77E-01 1.84E-01 4.70E-01 4.27E-01 6.34E-01 2.80E-01 -2.03E-01 -1.47E-01 9.01E-02 3.57E-01 -2.77E-01 -6.01E-02 -4.73E-01 -4.57E-01 -1.10E-01 3.56E-01 3.53E-01 2.90E-01 5.76E-01 4.13E-01 1.69E-01 1.46E-01 1.83E-01 3.69E-01 1.46E-01 -3.37E-01 -1.81E-01 -3.44E-01 1.32E-01 -1.91E-01 -3.24E-01 4.12E-01 3.29E-01 4.55E-02 3.62E-01 -2.21E-01 -3.35E-01 -7.08E-01 -2.11E-01 -5.45E-01 -4.08E-01 1.18E-01 1.25E-01 3.02E-01 7.68E-01 1.15E+00 9.02E-01 6.48E-01 2.35E-01 2.51E-01 4.68E-01 7.46E-02 2.12E-02 -1.92E-01 1.64E-01 7.11E-01 8.78E-01 8.14E-01 8.61E-01 2.18E-01 5.74E-01 1.00E+00 1.39E+00 9.04E-01 1.00E+00 8.97E-01 7.14E-01 9.60E-01 8.17E-01 5.54E-01 1.40E-01 2.27E-01 2.04E-01 1.02E-02 2.87E-01 4.03E-01 2.00E-01 4.57E-01 4.33E-01 9.00E-01 8.86E-01 6.33E-01 4.00E-01 3.16E-01 5.43E-01 4.70E-01 -1.94E-01 5.28E-02 3.69E-01 2.96E-01 1.53E-01 -2.07E-02 1.66E-01 4.32E-01 8.59E-01 7.06E-01 2.62E-01 -4.71E-01 -2.74E-01 -8.78E-02 -9.12E-02 2.65E-01 6.52E-01 1.04E+00 4.75E-01 4.22E-01 -1.72E-01 3.51E-02 1.17E-02 4.28E-01 6.25E-01 3.72E-01 1.98E-01 -3.52E-02 2.14E-02 -1.95E-03 2.75E-01 4.91E-01 6.98E-01 2.95E-01 -4.89E-02 -2.52E-01 1.34E-01 4.31E-01 3.88E-01 2.24E-01 -7.92E-02

-3.46E-02 -2.78E-01 -2.13E-02 1.75E-01 4.22E-01 3.09E-01 2.75E-01 4.12E-01 3.68E-01 4.15E-01 -8.84E-02 -2.72E-01 -6.85E-01 -4.79E-01 -1.52E-01 1.55E-01 -5.87E-02 1.78E-01 2.35E-01 1.71E-01 4.78E-02 3.14E-01 2.91E-01 2.76E-02 1.42E-02 -3.92E-02 -1.33E-01 1.74E-01 4.51E-01 4.17E-01 -5.96E-01 ######## -5.13E-01 -1.56E-01 -1.60E-01 3.70E-02 -1.26E-01 1.02E-02 2.17E-01 3.93E-01 1.80E-01 2.77E-01 4.13E-01 -3.50E-01 1.87E-01 5.73E-01 -1.40E-01 -9.14E-01 -9.07E-01 -8.60E-01 ######## -7.77E-01 -7.91E-01 -8.34E-01 -7.27E-01 -5.61E-01 -3.54E-01 -1.77E-01 -4.91E-01 -2.04E-01 7.24E-02 3.79E-01 1.56E-01 1.22E-01 2.89E-01 6.35E-01 -9.79E-02 -2.01E-01 1.95E-01 5.42E-01 4.99E-01 8.52E-02 2.52E-01 4.18E-01 3.50E-02 -3.78E-01 -3.02E-01 -4.95E-01 -5.78E-01 -1.42E-01 2.35E-01 3.01E-01 1.98E-01 -1.65E-01 -1.29E-01 2.18E-01 7.04E-01 8.51E-01 4.68E-01 5.54E-01 7.91E-01 8.38E-01 2.24E-01 -9.24E-03 3.17E-01 4.14E-01 1.91E-01 2.97E-01 3.64E-01 3.00E-01 3.77E-01 5.24E-01 3.90E-01 4.37E-01 7.35E-02 3.90E-01 4.67E-01 3.43E-01 6.00E-01 1.01E+00 6.32E-02 -3.01E-02 3.06E-01 2.53E-01 -3.10E-01 -4.14E-01 -3.77E-01 4.50E-01 3.46E-01 5.23E-01 -6.01E-04 -1.74E-01 6.26E-02 -4.41E-01 -2.04E-01 1.25E-02 1.99E-01 2.26E-01 3.12E-01 5.39E-01 5.06E-01 4.02E-01 7.19E-01 7.75E-01 4.42E-01 2.79E-01 1.53E-02 -3.81E-02 4.85E-02 -2.25E-01 -3.58E-01 -6.17E-02 -3.45E-01 -9.84E-02 -5.18E-02 4.55E-01 6.31E-01 3.48E-01 6.85E-01 3.41E-01

3.86E-01 2.32E-01 4.19E-01 5.26E-01 -8.77E-02 1.49E-01 6.06E-01 1.92E-01 -4.61E-01 -3.45E-01 -1.48E-01 2.29E-01 -3.47E-02 -5.81E-02 -1.01E-01 -2.85E-01 4.17E-02 -4.52E-01 -3.05E-01 1.59E-03 5.82E-02 4.35E-01 2.51E-01 1.28E-01 1.05E-01 2.41E-01 4.48E-01 2.45E-02 -1.69E-01 -3.62E-01 -1.56E-01 9.10E-02 3.78E-01 3.44E-01 2.41E-01 5.37E-01 5.34E-01 9.51E-01 3.87E-01 5.24E-01 2.31E-01 3.47E-01 5.38E-02 6.04E-02 2.47E-01 4.64E-01 5.00E-01 2.77E-01 3.33E-01 1.80E-01 -1.93E-01 -2.07E-01 6.99E-02 4.07E-01 -8.68E-02 1.20E-01 -2.54E-01 -2.47E-01 -8.04E-02 -3.24E-01 -3.27E-01 -3.05E-02 -1.44E-01 1.23E-01 9.93E-02 1.36E-01 2.93E-01 -2.81E-01 -2.04E-01 2.92E-01 9.03E-03 1.16E-01 -4.77E-02 1.69E-01 4.05E-01 3.12E-01 3.89E-01 7.35E-01 9.52E-01 5.89E-01 1.75E-01 1.92E-01 -5.42E-01 ######## -9.88E-01 -5.32E-01 1.65E-01 5.12E-01 7.08E-01 5.35E-01 4.31E-01 2.28E-01 3.25E-01 -1.79E-01 -9.22E-02 2.84E-01 1.81E-01 3.88E-01 5.24E-01 5.81E-01 6.28E-01 6.54E-01 1.91E-01 8.74E-02 9.40E-02 5.06E-02 5.72E-02 -3.62E-02 4.50E-01 4.87E-01 2.54E-01 3.60E-01 4.37E-01 2.94E-01 1.01E-02 5.68E-02 5.73E-01 1.30E-01 9.66E-02 -2.57E-01 -2.02E-02 1.56E-01 3.53E-01 -2.00E-01 5.63E-02 3.29E-02 2.60E-01 8.62E-02 3.93E-01 4.49E-01 1.16E-01 1.33E-01 4.19E-01 3.26E-01 5.82E-01 6.99E-01 7.96E-01 6.82E-01 4.89E-01 4.06E-01 2.72E-01 3.99E-01 2.75E-01 5.82E-01 5.99E-01 9.45E-01 1.25E+00 6.58E-01 5.55E-01 5.42E-01

9.86E-01 6.63E-01 6.80E-01 4.96E-01 6.93E-01 8.79E-01 6.56E-01 5.03E-01 7.49E-01 3.16E-01 2.49E-03 -3.41E-01 -6.44E-01 -7.48E-01 -9.81E-01 -5.34E-01 -5.18E-01 -6.41E-01 -5.55E-01 -3.68E-01 -3.01E-01 -3.95E-01 -1.88E-01 6.85E-02 -9.49E-02 -3.58E-01 -3.62E-01 -1.65E-01 1.62E-01 6.48E-01 2.45E-01 5.31E-01 7.78E-01 6.55E-01 3.31E-01 1.68E-01 3.15E-01 2.31E-01 -1.23E-02 -3.56E-02 -1.29E-01 -1.92E-01 1.24E-01 2.01E-01 -8.26E-02 3.41E-02 -4.39E-01 -5.23E-01 -2.76E-01 -2.09E-01 1.07E-01 1.94E-01 2.90E-01 5.70E-02 -1.46E-01 2.02E-02 -1.53E-01 9.35E-02 2.10E-01 -2.53E-01 -2.07E-01 1.20E-01 9.65E-02 -1.97E-01 1.40E-01 -3.54E-01 1.30E-02 5.96E-02 2.36E-01 4.03E-01 1.09E-01 2.86E-01 3.23E-01 3.29E-01 2.36E-01 -1.74E-02 2.09E-01 4.66E-01 3.02E-01 4.29E-01 3.46E-01 1.02E-01 -8.11E-02 5.49E-03 2.62E-01 -4.71E-01 1.35E-01 4.32E-01 2.49E-01 2.35E-01 -7.08E-01 -6.82E-01 -2.75E-01 7.17E-02 5.83E-02 6.49E-02 5.82E-01 6.48E-01 2.75E-01 2.91E-01 3.68E-01 3.85E-01 6.01E-01 4.78E-01 5.14E-01 7.31E-01 6.88E-01 1.08E+00 1.36E+00 8.58E-01 7.44E-01 4.71E-01 5.87E-01 4.74E-01 5.11E-01 8.47E-01 9.34E-01 6.60E-01 5.17E-01 -1.66E-01 -2.97E-02 -5.31E-02 -2.66E-01 -4.90E-01 -6.43E-01 -5.17E-01 -3.50E-01 1.07E-01 3.23E-03 2.80E-01 6.46E-01 8.33E-01 4.00E-01 2.76E-01 4.53E-01 4.50E-01 5.36E-01 5.03E-01 5.09E-01 3.76E-01 5.83E-01 5.19E-01 1.36E-01 -1.18E-01 -4.09E-02 -5.74E-01 -4.77E-02 -2.91E-01 1.16E-01 6.22E-02

3.77E-01 5.23E-01 2.40E-01 1.77E-01 4.43E-01 6.70E-01 7.66E-01 4.13E-01 6.20E-01 6.76E-01 5.33E-01 2.50E-01 -3.54E-01 -1.67E-01 ######## -9.44E-01 -4.57E-01 -5.31E-01 ######## ######## -8.91E-01 -7.24E-01 -2.88E-01 -1.51E-01 -2.64E-01 -3.78E-02 3.49E-01 6.25E-01 8.12E-01 6.99E-01 8.65E-01 8.82E-01 6.89E-01 7.05E-01 7.32E-01 7.38E-01 6.55E-01 1.92E-01 6.82E-02 -5.75E-01 -5.19E-01 1.08E-01 2.65E-01 2.01E-01 4.88E-01 3.25E-01 5.21E-01 2.08E-01 -8.56E-02 -1.89E-01 -2.12E-01 -3.66E-01 -8.92E-02 -7.33E-01 -3.86E-01 -2.89E-01 -1.63E-01 -1.86E-01 -1.99E-01 -4.29E-02 -8.62E-02 -2.60E-01 -2.13E-01 -2.64E-02 -3.10E-01 -4.83E-01 -9.77E-01 -5.50E-01 -3.83E-01 1.13E-01 7.99E-02 -2.03E-01 2.33E-01 6.20E-01 1.86E-01 -1.97E-01 -3.50E-01 -1.64E-01 6.29E-02 2.99E-01 -3.94E-01 -1.37E-01 -2.61E-01 -2.14E-01 -5.67E-01 -3.01E-01 -4.21E-03 -2.78E-01 -3.11E-01 5.56E-02 2.12E-01 -2.41E-01 -2.45E-01 -2.98E-01 1.87E-02 4.55E-01 8.42E-01 7.39E-01 1.03E+00 1.07E+00 9.88E-01 9.85E-01 9.52E-01 6.88E-01 4.85E-01 5.02E-01 5.88E-01 5.95E-01 7.51E-01 9.18E-01 7.45E-01 6.31E-01 2.98E-01 3.74E-01 -1.59E-01 -3.23E-02 1.44E-01 3.41E-01 5.48E-01 2.14E-01 5.21E-01 3.57E-01 2.54E-01 1.41E-01 3.07E-01 3.24E-01 6.50E-01 5.07E-01 6.14E-01 4.40E-01 6.07E-01 4.24E-01 1.70E-01 4.68E-02 2.33E-01 -5.38E-06 -6.33E-01 -2.37E-01 8.98E-02 4.06E-01 4.83E-01 4.90E-01 5.16E-01 1.83E-01 -4.57E-04 -3.84E-03 -1.72E-02 1.94E-02 -1.54E-01 -4.97E-01

7.47E-01 9.54E-01 1.28E+00 1.19E+00 5.64E-01 3.90E-01 -4.53E-01 -6.65E-02 -6.00E-01 -3.63E-01 1.73E-01 5.80E-01 6.07E-01 5.93E-01 -1.80E-01 -2.84E-01 -2.47E-01 -4.20E-01 -6.37E-02 2.73E-01 2.40E-01 3.86E-01 1.53E-01 -7.06E-02 -2.74E-01 -8.74E-02 -2.61E-01 -2.54E-01 -1.08E-01 2.19E-01 2.56E-01 -1.77E-02 -1.21E-01 -2.44E-01 -5.78E-02 -7.12E-02 2.65E-01 2.62E-01 2.39E-01 -1.55E-01 1.88E-03 2.08E-01 3.25E-01 -2.83E-02 -3.02E-01 1.05E-01 6.52E-01 6.68E-01 -1.35E-01 -3.19E-01 6.80E-02 -1.65E-01 -2.49E-01 -3.42E-01 -9.55E-02 1.11E-01 3.78E-01 -3.16E-01 -1.90E-02 2.78E-01 3.64E-01 2.21E-01 2.67E-01 -5.59E-02 2.11E-01 -2.23E-01 -1.96E-01 1.05E-02 -2.86E-03 4.44E-01 9.90E-01 9.07E-01 3.34E-01 1.40E-01 2.37E-01 1.83E-01 9.01E-02 9.67E-02 -6.97E-01 -2.50E-01 -5.03E-01 -3.77E-01 -1.60E-01 1.06E-01 -4.17E-01 -3.50E-01 2.62E-02 1.83E-01 -6.05E-02 3.16E-01 -6.87E-01 -2.51E-01 -3.74E-01 -1.67E-01 4.92E-02 -4.42E-02 2.72E-01 7.39E-01 1.25E+00 1.09E+00 1.06E+00 1.08E+00 7.02E-01 2.19E-01 7.53E-02 3.52E-01 5.39E-01 7.45E-01 1.04E+00 8.78E-01 1.10E+00 1.28E+00 5.78E-01 5.65E-01 4.01E-01 3.88E-01 4.55E-01 1.31E-01 1.18E-01 3.65E-01 4.31E-01 -2.19E-03 -5.56E-01 -7.69E-01 -5.62E-01 -1.46E-01 1.91E-01 1.75E-02 9.41E-02 -9.26E-03 3.27E-01 3.14E-01 6.01E-01 1.87E-01 3.44E-01 5.50E-01 5.77E-01 1.54E-01 1.70E-01 6.57E-01 9.34E-01 1.01E+00 -3.73E-01 -4.57E-01 -3.20E-01 -3.73E-01 -1.67E-01 -1.10E-01 1.16E-01 -1.17E-01

7.77E-02 ######## ######## ######## ######## ######## ######## -6.16E-01 -7.94E-02 6.72E-02 3.64E-01 4.00E-01 -1.53E-01 -1.86E-01 -1.10E-01 -3.93E-01 1.34E-01 1.60E-01 -3.93E-01 -5.66E-02 -3.10E-01 2.17E-01 9.32E-02 2.00E-01 -2.34E-01 -8.69E-02 1.97E-02 3.56E-01 4.53E-01 3.90E-01 2.76E-01 2.13E-01 -1.06E-02 ######## ######## ######## ######## ######## ######## -9.34E-01 -8.38E-01 -6.01E-01 -3.24E-01 -7.82E-03 -4.21E-01 -3.25E-01 -3.28E-01 -1.31E-01 7.53E-02 7.19E-02 -3.42E-01 -2.49E-02 3.02E-01 4.48E-01 6.55E-01 2.32E-01 -5.92E-01 -5.65E-01 -5.49E-01 -4.32E-01 -1.15E-01 -5.87E-02 -5.22E-01 -5.55E-01 -4.99E-01 -9.23E-02 -3.56E-02 -9.90E-02 -4.12E-01 -1.26E-01 -2.89E-01 -9.26E-02 -8.59E-02 2.81E-01 -3.43E-01 -2.36E-01 1.05E-02 2.27E-01 2.74E-01 5.30E-01 6.37E-01 9.74E-01 6.80E-01 4.47E-01 7.13E-01 6.00E-01 3.87E-01 7.33E-02 2.99E-02 4.37E-01 5.23E-01 3.10E-01 5.56E-01 5.23E-01 6.80E-01 8.06E-01 1.08E+00 1.05E+00 8.86E-01 6.03E-01 4.99E-01 2.96E-01 -3.74E-02 1.89E-01 3.46E-01 7.24E-02 1.09E-01 5.16E-01 9.42E-01 7.39E-01 2.15E-01 9.21E-02 5.87E-02 2.45E-01 3.12E-01 2.86E-02 -5.48E-02 -3.48E-01 -3.72E-01 -4.15E-01 9.16E-02 5.78E-01 2.05E-01 1.81E-01 5.08E-01 4.25E-01 2.81E-01 1.38E-01 -2.75E-01 -4.88E-02 3.48E-01 3.04E-01 2.71E-01 3.98E-01 2.44E-01 4.91E-01 5.38E-01 3.04E-01 3.11E-01 5.67E-01 8.54E-01 8.41E-01 1.10E+00 8.14E-01 2.80E-01 4.47E-01 3.74E-01 5.03E-02 2.69E-02 3.24E-01

-1.42E-01 ######## ######## ######## ######## ######## ######## ######## -9.09E-01 -6.12E-01 -6.46E-01 -2.19E-01 1.08E-01 3.54E-01 -1.19E-01 2.74E-02 -7.60E-02 ######## ######## ######## ######## ######## ######## ######## ######## -9.36E-01 -6.00E-01 -2.83E-01 -7.66E-02 1.00E-01 2.07E-01 -6.77E-03 2.60E-01 ######## ######## ######## ######## ######## ######## ######## ######## -9.11E-01 -5.24E-01 -3.77E-01 -4.51E-01 -4.44E-01 -2.38E-01 -5.01E-01 5.71E-03 ######## ######## ######## ######## ######## ######## ######## ######## ######## -6.08E-01 -2.82E-01 1.45E-01 1.22E-01 -1.66E-03 -2.55E-01 -5.68E-01 -8.22E-01 ######## ######## ######## ######## ######## ######## ######## ######## -8.72E-01 -3.16E-01 -1.99E-01 -4.12E-01 ######## -8.79E-01 -5.13E-01 -6.26E-01 ######## ######## ######## ######## ######## ######## ######## ######## -7.56E-01 -4.10E-01 4.57E-01 1.05E+00 1.03E+00 1.29E+00 1.63E+00 9.30E-01 -8.83E-01 ######## ######## ######## ######## ######## ######## -9.97E-01 -6.31E-01 -4.34E-01 -1.97E-01 1.39E-01 6.56E-01 6.23E-01 3.89E-01 5.96E-01 3.22E-01 ######## ######## ######## ######## ######## ######## ######## -8.65E-01 -5.08E-01 -2.21E-01 7.52E-02 -3.58E-01 -3.12E-01 -4.50E-02 -1.78E-01 -1.72E-01 ######## ######## ######## ######## ######## ######## -6.45E-01 -1.39E-01 9.78E-02 6.14E-01 7.31E-01 4.38E-01 4.04E-01 1.09E-02 1.68E-01 3.14E-01 1.01E-01 1.17E-01 -5.26E-01

7.86E-02 ######## ######## ######## ######## ######## ######## -9.05E-01 -9.78E-01 ######## ######## -3.59E-01 -1.12E-01 1.85E-01 1.81E-01 5.78E-02 2.94E-01 ######## ######## ######## ######## ######## -7.46E-01 -2.29E-01 7.74E-02 -8.60E-02 3.11E-01 7.72E-02 2.34E-01 5.40E-01 1.67E-01 1.74E-01 -2.20E-01 ######## ######## ######## ######## ######## ######## ######## ######## -6.10E-01 -3.35E-02 4.73E-01 8.60E-01 3.96E-01 -1.17E-01 -3.05E-02 -3.64E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## ######## -5.81E-01 -2.34E-01 2.72E-01 4.49E-01 4.85E-01 3.52E-01 -7.14E-02 ######## ######## ######## ######## ######## ######## ######## -8.78E-01 -7.02E-01 -6.65E-01 -3.39E-01 -1.32E-01 -9.53E-02 -2.49E-01 -7.62E-01 -4.25E-01 ######## ######## ######## ######## ######## ######## ######## ######## -9.46E-01 -1.79E-01 3.37E-01 9.04E-01 1.00E+00 1.01E+00 1.09E+00 6.50E-01 -7.03E-01 ######## ######## ######## ######## ######## ######## -9.77E-01 -8.20E-01 -4.93E-01 9.31E-02 -3.00E-01 -4.64E-01 -1.17E-01 -1.10E-01 6.62E-02 -2.27E-01 ######## ######## ######## ######## ######## ######## ######## -7.44E-01 -4.08E-01 -7.10E-02 -9.44E-02 1.22E-01 3.99E-01 4.15E-01 5.72E-01 2.29E-01 ######## ######## ######## ######## ######## ######## ######## -8.58E-01 -6.82E-01 -4.55E-01 3.15E-02 1.18E-01 7.47E-02 1.01E-01 3.88E-01 7.65E-01 -8.99E-01 ######## ########

-7.10E-02 4.86E-01 -2.18E-01 -6.21E-01 -5.15E-01 -3.88E-01 -8.31E-01 ######## -8.88E-01 -8.61E-01 -2.85E-01 -5.28E-01 -2.32E-01 9.50E-02 2.52E-01 4.58E-01 2.45E-01 ######## ######## ######## ######## ######## ######## ######## -8.02E-01 -1.46E-01 1.91E-01 -6.23E-02 2.64E-01 5.01E-01 2.48E-01 5.24E-01 3.31E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## -5.33E-01 6.35E-02 6.80E-01 7.77E-01 2.03E-01 9.00E-02 2.37E-01 ######## ######## ######## ######## ######## ######## ######## ######## -8.44E-01 -4.17E-01 -2.06E-02 6.01E-03 2.73E-01 3.79E-01 2.46E-01 8.25E-02 2.79E-01 ######## ######## ######## ######## ######## ######## ######## ######## -2.91E-01 -1.25E-01 -1.18E-01 -1.15E-02 -1.55E-01 -4.88E-01 -2.22E-01 -4.50E-02 ######## ######## ######## ######## ######## ######## ######## ######## ######## -3.99E-01 3.68E-01 9.44E-01 9.81E-01 7.68E-01 2.04E-01 3.01E-01 ######## ######## ######## ######## ######## ######## ######## ######## -7.10E-01 -6.13E-01 -8.36E-01 -7.30E-01 -6.33E-01 -2.47E-01 -4.20E-01 1.27E-01 3.30E-03 ######## ######## ######## ######## ######## ######## ######## -7.64E-01 -5.67E-01 -2.61E-01 1.76E-01 1.53E-01 -1.41E-01 5.59E-02 1.53E-01 -1.71E-01 ######## ######## ######## ######## ######## ######## ######## -7.28E-01 -6.81E-01 -2.95E-01 1.02E-01 5.09E-01 5.45E-01 1.62E-01 -2.72E-01 -1.55E-01 ######## ######## ########

1.02E+00 1.44E+00 1.63E+00 1.35E+00 8.76E-01 6.63E-01 1.89E-01 3.58E-02 3.92E-01 3.69E-01 3.36E-01 4.12E-01 2.29E-01 -1.15E-01 -2.68E-01 -4.01E-01 -6.55E-01 -1.48E-01 1.99E-01 3.95E-01 2.92E-01 2.68E-01 1.75E-01 -4.18E-01 -3.02E-01 -1.35E-01 -6.19E-01 -3.72E-01 -1.55E-01 1.21E-01 1.28E-01 2.35E-01 4.61E-01 4.08E-01 2.84E-01 2.01E-01 2.18E-01 2.64E-01 2.01E-01 1.48E-01 -2.46E-01 -2.99E-01 1.37E-01 2.24E-01 4.51E-01 7.77E-01 6.94E-01 -6.96E-02 1.71E-02 1.44E-01 2.50E-01 3.69E-02 -3.56E-01 -5.10E-01 -2.43E-01 -2.67E-01 4.90E-01 7.37E-01 5.83E-01 9.80E-01 5.06E-01 -1.37E-01 -1.40E-01 -3.54E-01 -1.87E-01 1.10E-01 2.66E-01 1.83E-01 -5.06E-02 1.56E-01 2.63E-01 4.09E-01 5.86E-01 8.12E-01 1.10E+00 8.36E-01 3.22E-01 -5.21E-01 -9.74E-01 -8.88E-01 ######## -7.25E-01 ######## -8.31E-01 -9.15E-01 -4.28E-01 -3.82E-01 1.51E-02 -4.28E-01 -5.72E-01 -1.55E-01 4.16E-02 3.78E-01 2.75E-01 4.91E-01 4.08E-01 6.25E-01 8.11E-01 -7.92E-01 ######## ######## ######## ######## ######## ######## ######## ######## -6.73E-01 -9.46E-01 -9.39E-01 -6.83E-01 -7.06E-01 -5.19E-01 -6.33E-01 -9.36E-01 ######## ######## ######## ######## ######## ######## ######## ######## -6.57E-01 -2.20E-01 -7.35E-02 -3.47E-01 -3.60E-01 -4.34E-01 -4.87E-01 -5.60E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## -9.54E-01 -6.38E-01 -6.11E-01 -2.74E-01 -2.98E-01 -1.71E-01 -1.55E-01 -5.08E-01 ######## ########

9.20E-01 1.38E+00 1.56E+00 6.60E-01 1.96E-01 -3.87E-01 -7.04E-02 -2.24E-01 3.29E-02 2.09E-01 4.76E-01 2.63E-01 4.93E-02 -2.64E-01 -2.67E-01 -6.91E-01 -6.34E-01 -4.68E-01 -1.71E-01 1.56E-02 -5.68E-01 -4.11E-01 -2.95E-01 -1.98E-01 -3.21E-01 -2.55E-01 -2.98E-01 -2.61E-01 7.52E-02 3.42E-01 5.28E-01 5.45E-01 4.22E-01 4.18E-01 5.05E-01 7.61E-01 7.28E-01 7.05E-01 4.51E-01 2.68E-01 4.75E-01 -2.69E-01 -2.82E-01 -1.96E-01 -4.69E-01 -7.42E-01 -2.36E-01 -3.79E-01 -7.72E-01 ######## -8.49E-01 -2.13E-01 1.54E-01 2.51E-01 4.37E-01 1.84E-01 -1.96E-02 8.71E-02 1.14E-01 2.80E-01 1.07E-01 2.54E-01 1.90E-01 1.67E-01 2.13E-01 5.40E-01 2.37E-01 3.03E-01 9.84E-03 -6.35E-02 3.03E-01 4.00E-01 2.06E-01 6.73E-01 8.20E-01 6.86E-01 3.33E-01 2.89E-01 3.76E-01 2.63E-01 2.49E-01 -4.94E-01 -3.58E-01 -1.71E-01 -5.43E-02 -4.68E-01 -6.71E-01 -8.74E-01 -6.48E-01 -1.81E-01 -2.75E-01 1.12E-01 3.29E-01 7.45E-01 8.32E-01 6.08E-01 3.15E-01 3.92E-01 3.28E-01 2.45E-01 1.72E-01 1.58E-01 -1.45E-01 9.14E-02 2.08E-01 -5.54E-02 -1.69E-01 -4.02E-01 -5.76E-01 -4.39E-01 -7.23E-02 -1.86E-01 -2.59E-01 1.48E-01 2.24E-01 4.31E-01 3.07E-01 1.40E-02 -2.59E-01 -1.23E-01 1.24E-01 5.01E-01 -2.63E-01 -4.56E-01 -6.00E-01 -1.63E-01 4.44E-01 1.40E-01 3.47E-01 5.53E-01 6.20E-01 5.67E-01 8.23E-01 1.00E+00 6.67E-01 7.31E-02 -3.50E-01 -1.14E-01 -4.47E-01 -4.20E-01 -4.14E-01 1.33E-01 9.95E-02 1.06E-01 -5.73E-02 -4.21E-01 -6.04E-01 -3.75E-02 -1.08E-02 2.16E-01

3.10E-01 9.17E-01 1.19E+00 1.41E+00 1.14E+00 7.35E-02 -1.10E-01 -9.33E-02 -1.57E-01 -5.50E-01 ######## ######## -5.30E-01 -1.14E-01 2.03E-01 1.30E-01 1.76E-01 -3.72E-02 -1.91E-01 -4.34E-01 -1.27E-01 4.93E-02 -3.94E-01 -2.57E-01 -1.21E-01 2.46E-01 -7.60E-03 -1.61E-01 -7.44E-02 2.82E-01 1.09E-01 4.05E-01 2.42E-01 4.87E-02 2.35E-01 5.32E-01 5.79E-01 4.75E-01 -3.18E-01 -2.82E-01 5.03E-03 -5.18E-01 -5.12E-01 -3.05E-01 -1.69E-01 1.88E-01 -1.15E-01 7.13E-02 -1.52E-01 -1.54E-02 -4.88E-02 1.38E-01 4.34E-01 -2.90E-02 -2.52E-01 -3.66E-01 -3.89E-01 -2.82E-01 -2.56E-01 -6.93E-02 -2.26E-02 4.34E-01 7.51E-01 8.17E-01 7.64E-01 5.20E-01 5.27E-01 5.44E-01 3.20E-01 3.37E-01 2.44E-01 2.70E-01 5.57E-01 6.93E-01 8.70E-01 3.47E-01 1.23E-01 3.20E-01 -2.64E-01 -5.37E-01 -2.40E-01 -3.74E-01 -2.87E-01 -5.60E-01 -2.64E-01 1.53E-01 5.39E-01 8.76E-01 8.33E-01 4.99E-01 4.66E-01 3.62E-01 4.09E-01 3.16E-01 3.62E-01 8.39E-01 1.27E+00 9.72E-01 9.69E-01 1.34E+00 9.02E-01 6.89E-01 7.35E-01 5.32E-01 3.28E-01 5.65E-01 1.12E-01 -7.17E-02 4.49E-02 2.16E-02 1.18E-01 1.45E-01 4.21E-01 2.88E-01 2.25E-01 5.13E-02 1.18E-01 2.64E-01 -2.19E-01 -3.52E-01 -1.96E-01 -1.89E-01 6.76E-02 7.42E-02 1.21E-01 3.17E-01 2.24E-01 3.41E-01 -1.27E-02 1.34E-01 2.01E-01 3.07E-01 3.94E-01 7.40E-01 5.57E-01 4.64E-01 1.30E-01 6.68E-02 -3.17E-01 -6.20E-01 ######## ######## ######## -7.43E-01 -2.47E-01 -3.02E-02 -2.44E-01 -2.87E-01 -1.50E-01 1.62E-02

1.21E-01 3.77E-01 2.44E-01 4.81E-01 1.17E-01 -3.86E-01 -3.59E-01 ######## -8.16E-01 -3.20E-01 1.67E-01 3.94E-01 5.60E-01 3.07E-01 7.23E-01 5.20E-01 3.07E-01 3.33E-02 -3.01E-02 5.65E-02 3.63E-01 5.70E-01 1.36E-01 1.73E-01 2.10E-01 4.66E-01 6.83E-01 4.59E-01 3.86E-01 6.53E-01 4.39E-01 -4.07E-03 2.55E-03 5.29E-01 4.06E-01 7.22E-01 3.09E-01 5.66E-01 5.82E-01 1.89E-01 2.95E-01 1.42E-01 6.87E-02 -1.65E-01 6.19E-02 -2.51E-01 -3.48E-02 -1.48E-01 -6.02E-01 -5.65E-01 -1.68E-01 -2.52E-01 -5.05E-01 -2.69E-01 3.81E-02 9.47E-02 -5.29E-01 ######## -7.45E-01 -1.49E-01 -6.22E-02 -3.56E-01 2.01E-01 7.08E-01 6.04E-01 3.21E-01 -9.72E-01 -5.86E-01 -4.59E-01 -2.53E-01 3.40E-02 3.11E-01 4.07E-01 6.38E-02 3.10E-01 4.07E-01 4.34E-01 4.80E-01 7.77E-01 -1.16E-01 -9.87E-03 -2.83E-01 -5.57E-01 -4.30E-01 -1.03E-01 2.23E-01 6.70E-01 1.07E+00 1.30E+00 8.10E-01 3.66E-01 5.43E-01 3.00E-01 6.26E-01 9.63E-01 2.49E-01 3.76E-01 5.13E-01 1.89E-01 3.36E-01 6.52E-01 1.06E+00 1.38E+00 9.32E-01 3.39E-01 3.16E-01 -7.78E-02 -1.01E-01 -1.15E-01 -4.58E-01 -5.14E-02 -1.15E-01 1.52E-01 6.58E-01 5.55E-01 6.82E-01 2.78E-01 2.49E-02 1.42E-01 -2.72E-01 -3.25E-01 -6.29E-01 -6.22E-01 -7.54E-02 -4.19E-01 -6.62E-01 -4.96E-01 -1.19E-01 -2.82E-01 -2.76E-01 -2.99E-01 -8.24E-02 -3.36E-01 -3.79E-01 -3.13E-01 -3.66E-01 -1.89E-01 9.73E-02 3.39E-02 3.01E-01 -6.29E-02 -2.76E-01 -3.00E-01 -9.30E-02 -1.16E-01 1.10E-01 2.37E-01 4.43E-01 8.20E-01 4.67E-01

6.91E-01 8.78E-01 1.04E+00 8.21E-01 2.88E-01 -1.36E-01 2.10E-02 3.38E-01 1.94E-01 -5.92E-02 -2.26E-02 -1.26E-01 -4.89E-01 -6.23E-01 -5.66E-01 -6.09E-01 -4.13E-01 -3.36E-01 2.04E-02 -9.30E-02 4.36E-02 -3.20E-01 1.37E-01 -2.66E-02 4.20E-01 -1.03E-01 -3.17E-01 -4.40E-01 -8.53E-01 -5.87E-01 -4.70E-01 -4.04E-01 -2.97E-01 -1.90E-01 2.16E-01 4.23E-01 2.29E-01 8.61E-02 6.27E-02 3.89E-01 4.36E-01 -9.75E-02 -8.08E-02 -3.42E-02 2.82E-01 5.99E-01 3.46E-01 -9.78E-02 -5.71E-01 -3.75E-01 -4.68E-01 -5.11E-01 -6.45E-01 -5.08E-01 -2.91E-01 -6.75E-01 -2.68E-01 -1.22E-01 1.75E-01 3.12E-01 2.18E-01 4.55E-01 6.51E-01 8.48E-01 5.85E-01 3.61E-01 5.88E-01 3.35E-01 4.41E-01 5.68E-01 1.84E-01 2.11E-01 2.28E-01 3.34E-01 4.61E-01 4.38E-01 6.04E-01 -6.93E-02 1.27E-01 1.34E-01 5.31E-01 4.87E-01 1.14E-01 4.00E-01 3.97E-01 2.84E-01 3.50E-01 8.57E-01 7.64E-01 6.00E-01 7.47E-01 4.34E-02 3.60E-01 2.37E-01 2.93E-01 8.98E-02 2.56E-01 5.83E-01 4.00E-01 5.66E-01 5.83E-01 4.80E-01 5.06E-01 1.93E-01 1.09E-01 1.26E-01 2.13E-01 3.09E-01 6.46E-01 1.02E+00 1.06E+00 1.21E+00 5.42E-01 4.39E-01 3.96E-01 7.42E-01 8.78E-03 -4.55E-01 -4.28E-01 -5.61E-01 -6.35E-01 -5.68E-01 -2.92E-01 -4.25E-01 -2.18E-01 -4.82E-01 -3.45E-01 -5.78E-01 -5.22E-01 -5.95E-01 5.14E-02 4.48E-01 2.95E-01 2.21E-01 -2.92E-01 -1.86E-01 2.71E-01 6.28E-01 9.14E-01 3.81E-01 -1.24E-02 -6.76E-01 -8.89E-01 -7.53E-01 -5.46E-01 -2.19E-01 -3.63E-01 -8.66E-01 -7.99E-01 -3.93E-01

1.04E+00 6.48E-01 1.75E-01 1.02E-01 4.88E-01 1.55E-01 1.01E-01 4.58E-01 1.75E-01 2.41E-01 -1.02E-01 -2.76E-01 1.11E-02 1.28E-01 -1.06E-01 -3.09E-01 -4.62E-01 -5.06E-01 -3.99E-01 -1.23E-01 -8.60E-02 4.07E-02 1.97E-01 2.94E-01 3.05E-02 3.67E-01 5.04E-01 1.40E-01 -3.93E-01 -9.16E-01 -5.80E-01 -3.43E-01 -1.77E-01 1.20E-01 7.27E-01 6.53E-01 7.90E-01 6.27E-01 2.43E-01 -9.02E-02 -6.04E-01 -6.47E-01 -4.50E-01 -3.54E-01 -2.17E-01 -7.71E-01 -1.24E-01 9.27E-02 -5.51E-01 -3.14E-01 -3.67E-01 -9.91E-01 -5.64E-01 -6.28E-01 -8.01E-01 -7.94E-01 -3.08E-01 2.49E-01 2.25E-01 -4.88E-01 -4.61E-01 -6.47E-02 -1.58E-01 1.59E-01 -2.48E-02 2.12E-01 5.78E-01 3.25E-01 3.92E-01 6.83E-02 1.25E-01 4.91E-01 3.28E-01 4.25E-01 -2.19E-01 -3.42E-01 -2.75E-01 -2.09E-01 -6.22E-02 -1.86E-01 -8.97E-03 1.98E-01 4.43E-02 4.01E-01 6.08E-01 5.54E-01 2.31E-01 7.35E-03 2.64E-01 3.51E-01 4.27E-01 2.24E-01 3.30E-01 -4.63E-01 -4.16E-01 -3.30E-01 -4.33E-01 -7.65E-02 4.50E-01 8.87E-01 1.22E+00 7.20E-01 5.17E-01 7.32E-02 1.60E-01 4.56E-01 4.31E-02 1.60E-01 2.56E-01 5.29E-02 1.60E-01 2.16E-01 2.63E-01 -2.31E-01 2.16E-01 2.33E-01 -2.41E-01 -3.14E-01 -4.38E-01 -4.11E-01 -3.04E-01 -3.38E-01 -3.21E-01 -3.74E-01 -2.48E-01 4.29E-01 6.05E-01 7.32E-01 3.69E-01 -5.48E-02 -3.58E-01 -4.02E-01 -2.95E-01 3.62E-01 4.08E-01 2.55E-01 1.62E-01 2.08E-01 1.48E-02 -4.39E-01 -7.02E-01 -4.65E-01 -4.99E-01 -3.82E-01 -8.55E-02 -2.89E-01 -5.32E-01 -1.46E-01 -2.19E-01 -1.32E-01
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######## ######## ######## ######## ######## ######## ######## ######## ######## -5.64E-01 -2.68E-01 -4.21E-01 -9.44E-02 -5.28E-01 -9.01E-01 -7.35E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## -7.78E-01 -6.72E-01 -1.95E-01 1.71E-01 1.58E-01 2.35E-01 1.01E-01 1.78E-01 ######## ######## ######## ######## ######## ######## ######## -9.09E-01 -7.43E-01 -3.96E-01 -1.99E-01 -5.93E-01 -6.76E-01 -8.49E-01 -5.03E-01 -1.66E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## ######## -5.23E-01 -3.67E-01 -2.50E-01 -4.34E-01 -4.37E-01 -3.20E-01 -8.14E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## -5.08E-01 -3.61E-01 1.57E-02 -3.88E-01 -2.11E-02 -2.24E-01 -2.28E-01 ######## ######## ######## ######## ######## -3.88E-01 1.88E-01 2.85E-01 4.12E-01 4.78E-01 8.49E-02 -1.18E-01 -2.62E-01 -5.45E-01 -1.89E-01 2.80E-02 ######## ######## ######## ######## ######## ######## ######## ######## ######## -9.56E-01 -5.89E-01 -2.93E-01 -4.96E-01 -5.99E-01 -3.27E-02 2.64E-01 -1.40E-01 ######## ######## ######## ######## ######## ######## ######## -9.57E-01 ######## ######## ######## -8.60E-01 -6.83E-01 -5.47E-01 -7.70E-01 -5.84E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## -8.67E-01 -5.31E-01 -5.14E-01 -8.68E-01 ######## -9.04E-01 -5.08E-01 ######## ######## ########

5.67E-01 3.23E-01 1.70E-01 -5.83E-01 -5.57E-01 -6.20E-01 -5.34E-01 -4.37E-01 -6.80E-01 -2.64E-01 5.28E-02 1.69E-01 7.61E-02 -3.27E-01 -4.51E-01 2.59E-02 -7.75E-02 -4.81E-01 -2.14E-01 2.72E-01 1.89E-01 1.56E-02 -3.08E-01 -1.51E-01 -1.55E-01 -1.08E-01 -8.13E-02 7.53E-02 2.12E-01 -5.15E-02 3.25E-01 2.92E-01 1.18E-01 2.15E-01 -5.84E-02 -9.18E-02 2.05E-01 2.91E-01 7.78E-01 6.95E-01 2.81E-01 1.28E-01 -2.15E-01 -6.88E-02 3.08E-01 2.14E-01 4.10E-02 2.18E-01 7.43E-02 -8.91E-02 -3.53E-01 -2.66E-01 -2.69E-01 -2.93E-01 -1.36E-01 -2.89E-01 -5.03E-01 -6.66E-01 -2.90E-01 -1.63E-01 -2.64E-02 -2.50E-01 1.07E-01 -2.77E-01 -6.99E-02 -2.83E-01 -2.97E-01 -5.40E-01 -2.23E-01 -1.17E-01 -1.50E-01 -7.36E-02 -3.97E-01 -6.40E-01 -9.24E-01 -4.77E-01 -7.05E-02 -1.44E-01 -1.57E-01 1.19E-01 -1.64E-01 -2.74E-02 -3.41E-01 -3.04E-01 -3.28E-01 2.49E-01 7.16E-01 1.10E+00 1.47E+00 1.57E+00 9.12E-01 5.89E-01 7.65E-01 5.52E-01 -2.31E-01 -5.45E-01 -1.48E-01 -1.42E-01 1.51E-02 -1.98E-01 -9.82E-01 -9.45E-01 -2.58E-01 5.82E-02 2.65E-01 1.11E-01 -4.92E-01 -2.54E-02 3.12E-02 1.88E-01 6.14E-01 2.31E-01 1.78E-01 4.54E-01 3.71E-01 ######## ######## ######## ######## ######## ######## -7.03E-01 -1.46E-01 -5.20E-01 -1.93E-01 -2.36E-01 -2.60E-01 -2.30E-02 1.14E-01 3.90E-01 -1.73E-01 ######## ######## ######## ######## ######## ######## ######## -9.10E-01 -4.34E-01 -2.37E-01 -1.80E-01 -5.04E-01 -3.87E-01 -1.11E-01 1.76E-01 4.83E-01 ######## ######## ########

-9.23E-01 -8.06E-01 -5.50E-01 -3.53E-01 -3.16E-01 -1.50E-01 -1.03E-01 -7.66E-02 -3.80E-01 -1.23E-01 1.13E-01 1.30E-01 4.77E-01 8.33E-01 1.90E-01 -3.36E-02 -6.70E-02 2.20E-01 5.76E-01 4.63E-01 6.29E-01 4.96E-01 -1.73E-02 1.29E-01 2.96E-01 -5.75E-02 2.79E-01 3.16E-01 2.32E-01 2.69E-01 -4.54E-01 -9.48E-01 -5.21E-01 5.45E-03 3.82E-01 9.87E-02 -1.75E-01 -1.38E-01 8.54E-03 -1.48E-02 -1.82E-02 -1.12E-01 -3.45E-01 -6.68E-01 -7.22E-01 -6.15E-01 -9.19E-01 -5.62E-01 -8.25E-01 -6.89E-01 -5.72E-01 -1.65E-01 3.31E-01 6.68E-01 4.64E-01 7.11E-01 2.88E-01 -2.16E-01 -3.09E-01 -5.43E-01 -4.16E-01 -4.09E-01 -3.23E-01 -2.76E-01 -3.19E-01 1.17E-01 -3.06E-01 -4.80E-01 4.70E-02 -1.64E-02 2.64E-04 3.69E-02 2.35E-02 -5.50E-01 -4.53E-01 -1.97E-01 -3.50E-01 -2.33E-01 2.32E-02 1.30E-01 -1.24E-01 -4.57E-01 -4.60E-01 -3.34E-01 -1.77E-01 7.95E-02 6.76E-01 7.53E-01 6.29E-01 -7.40E-02 1.63E-01 -2.01E-01 -2.94E-01 1.32E-01 -1.11E-01 -4.43E-02 2.82E-01 2.59E-01 6.06E-01 1.82E-01 -2.12E-02 -6.05E-01 -1.38E-01 -7.14E-02 -8.48E-02 -2.82E-02 1.58E-01 2.55E-01 -1.08E-01 -3.82E-01 -3.45E-01 1.82E-01 -1.12E-01 1.15E-01 4.91E-01 -3.22E-01 -7.54E-02 2.21E-01 3.28E-01 3.94E-01 2.41E-01 4.18E-01 3.44E-01 3.21E-01 4.08E-01 2.44E-01 -8.92E-02 -3.03E-01 -4.36E-01 -1.59E-01 -7.13E-01 -3.56E-01 -4.95E-02 3.47E-01 6.64E-01 1.20E-01 -9.31E-02 4.14E-01 5.40E-01 5.37E-01 3.43E-01 3.60E-01 -3.63E-01 -8.77E-01 -7.30E-01 -3.64E-01 -1.27E-01 -5.03E-02 -3.44E-01 -7.57E-01

-4.62E-01 -6.06E-01 -3.89E-01 -3.93E-01 4.03E-03 -1.89E-01 -1.83E-01 -1.06E-01 -3.10E-01 1.47E-01 -5.63E-02 -2.97E-02 -2.33E-01 -9.64E-02 -5.40E-01 -8.53E-01 -8.47E-01 -9.50E-01 -7.43E-01 -5.97E-01 -5.60E-01 -3.13E-01 -2.67E-01 -4.03E-02 5.64E-02 1.30E-02 -6.04E-02 -2.14E-01 1.13E-01 2.79E-01 2.86E-01 -4.73E-02 1.93E-02 3.56E-01 5.13E-01 5.69E-01 4.56E-01 2.72E-01 -1.31E-01 4.56E-02 -1.78E-01 1.79E-01 2.25E-01 1.32E-01 2.49E-01 3.55E-01 1.92E-01 -9.41E-01 -6.75E-01 -3.18E-01 3.84E-02 1.15E-01 -1.84E-02 -3.32E-01 -1.35E-01 2.41E-01 -4.02E-01 -3.55E-01 -5.29E-01 -1.42E-01 -4.05E-01 -2.59E-01 -4.12E-01 -2.36E-01 1.01E-01 -3.72E-01 -6.46E-01 -1.09E-01 1.87E-01 5.84E-01 1.41E-01 1.67E-01 -2.96E-01 -3.39E-01 -5.53E-01 -7.86E-01 -4.70E-01 6.70E-02 1.94E-01 6.00E-01 -1.63E-01 -2.27E-01 -1.50E-01 -1.33E-02 1.53E-01 1.10E-01 -3.03E-01 -2.27E-01 1.80E-01 3.36E-01 3.33E-01 6.30E-01 4.46E-01 7.83E-01 9.70E-01 1.17E+00 1.18E+00 8.39E-01 5.66E-01 5.93E-01 6.29E-01 4.46E-01 -3.76E-02 -1.71E-01 -2.43E-02 5.12E-01 5.59E-01 5.46E-01 6.21E-02 1.19E-01 -4.75E-01 -2.38E-01 -4.01E-01 -2.95E-01 2.18E-02 -1.82E-01 -1.35E-01 -8.31E-03 1.88E-01 2.55E-01 2.12E-01 4.78E-01 4.05E-01 7.01E-01 1.08E-01 -5.38E-03 -1.59E-01 2.79E-02 -2.56E-01 -5.99E-01 -2.82E-01 1.43E-02 2.71E-01 2.78E-01 2.14E-01 -2.59E-01 -3.26E-02 -5.99E-03 1.51E-01 -9.28E-02 -7.61E-02 -5.00E-01 -2.43E-01 -1.16E-01 -9.67E-03 -2.63E-01 6.36E-02 -1.70E-01 -4.23E-01 1.23E-01

6.28E-01 9.25E-01 1.19E+00 8.48E-01 1.64E-01 -2.79E-01 -7.42E-01 -5.76E-01 -4.79E-01 -3.32E-01 -3.66E-01 -6.92E-02 -8.83E-01 -6.66E-01 -5.89E-01 -6.33E-01 -7.86E-01 -7.00E-01 -1.53E-01 -7.63E-02 -3.40E-01 -6.43E-01 -4.46E-01 -1.40E-01 -8.32E-02 -6.58E-03 3.80E-05 -2.13E-01 -6.67E-02 -9.01E-02 -5.33E-01 4.31E-02 5.97E-02 2.76E-01 1.03E-01 -3.20E-01 -2.64E-01 -4.72E-02 -5.06E-02 1.36E-01 -1.47E-01 -6.01E-01 -8.74E-01 -6.87E-01 -4.01E-01 ######## ######## ######## ######## -9.68E-01 -5.71E-01 -8.46E-02 3.52E-01 2.59E-01 2.15E-01 -1.58E-01 -8.15E-02 -5.25E-01 -6.68E-01 -5.42E-01 -7.05E-01 -5.78E-01 ######## -5.45E-01 -9.85E-02 -3.42E-01 -6.53E-02 -4.39E-01 -1.22E-01 3.45E-01 5.61E-01 5.98E-01 1.44E-02 -1.29E-01 -7.24E-02 -4.96E-01 -5.89E-01 -6.43E-01 -7.76E-01 -5.09E-01 -1.03E-01 -1.06E-01 -8.94E-02 -9.28E-02 1.14E-01 -9.96E-02 -1.43E-01 5.36E-02 3.20E-01 3.67E-01 4.53E-01 6.40E-01 8.47E-01 8.73E-01 1.28E+00 1.37E+00 1.32E+00 7.40E-01 6.66E-01 1.93E-01 3.30E-01 4.16E-01 6.33E-01 9.90E-01 4.46E-01 -4.73E-02 -6.71E-01 -5.24E-01 -1.97E-01 -9.08E-02 -7.24E-01 -5.28E-01 -3.71E-01 -5.74E-01 -2.18E-01 -2.41E-01 -2.04E-01 9.21E-02 3.09E-01 6.75E-01 7.12E-01 5.89E-01 6.55E-01 3.42E-01 -2.42E-01 -3.35E-01 -3.98E-01 -1.62E-01 4.49E-02 -3.18E-01 -1.92E-01 -9.52E-02 -4.59E-01 ######## -6.15E-01 -3.29E-01 8.78E-02 4.46E-03 -3.19E-01 -8.23E-02 1.43E-02 4.11E-01 -1.52E-01 7.42E-02 -2.19E-01 -3.93E-01 -4.36E-01 -3.49E-01 -2.63E-01 -2.76E-01

4.58E-01 7.25E-01 6.22E-01 2.68E-01 4.49E-02 -6.88E-01 -4.52E-01 -2.15E-01 1.21E-01 -8.20E-02 -2.54E-02 -9.88E-02 -8.72E-01 ######## -5.99E-01 -3.92E-01 -4.16E-01 -6.19E-01 -3.02E-01 -5.58E-02 -9.21E-03 -2.33E-01 -5.16E-01 -4.39E-01 -3.13E-01 -6.16E-01 -3.30E-01 1.67E-01 5.64E-01 8.20E-01 7.57E-01 2.04E-01 -1.50E-01 1.07E-01 1.33E-01 -2.50E-01 -8.33E-02 -5.67E-02 9.99E-02 2.17E-01 1.83E-01 -1.70E-01 -2.14E-01 -3.17E-01 -7.04E-02 -5.34E-01 -1.87E-01 ######## ######## ######## ######## -8.64E-01 -8.87E-01 -6.01E-01 -6.74E-01 -6.08E-01 -5.41E-01 -1.94E-01 -4.38E-01 -1.81E-01 -7.46E-02 -6.08E-01 -2.01E-01 1.35E-01 1.19E-02 -3.51E-01 -1.35E-01 4.32E-01 1.01E+00 7.65E-01 3.82E-01 -1.02E-01 3.45E-01 2.71E-01 2.48E-01 1.45E-01 -2.89E-01 -8.22E-01 -8.35E-01 -7.09E-01 -7.32E-01 -6.16E-01 -3.29E-01 -2.02E-01 -3.16E-01 2.09E-02 1.67E-01 4.14E-01 1.21E-01 -1.63E-01 1.34E-01 3.31E-01 1.27E-01 3.94E-01 -2.10E-01 1.77E-01 3.24E-01 -8.97E-02 -1.43E-01 -3.07E-01 -3.10E-01 -1.23E-01 5.33E-02 -9.00E-02 -3.23E-01 -2.97E-01 -1.50E-01 2.26E-01 3.23E-01 4.00E-01 3.96E-01 4.43E-01 1.20E-01 2.36E-01 -4.07E-01 -4.21E-01 -6.40E-02 3.73E-01 5.69E-01 1.86E-01 6.02E-01 3.69E-01 -1.24E-01 -1.98E-01 1.99E-01 2.55E-02 2.12E-01 2.29E-01 2.35E-01 -2.80E-02 -9.14E-02 -4.45E-01 -4.08E-01 -6.22E-01 -6.95E-01 -6.08E-01 -2.12E-01 1.45E-01 1.62E-01 1.81E-02 -2.05E-01 -7.29E-01 ######## ######## -7.19E-01 -5.92E-01 -5.66E-01 -3.09E-01 -2.30E-03 3.84E-01

9.19E-01 7.56E-01 6.02E-01 8.88E-02 2.55E-01 3.22E-01 2.89E-01 -1.35E-01 -3.48E-01 -3.62E-01 -4.05E-01 -1.28E-01 3.68E-01 -1.51E-02 5.12E-01 7.88E-01 3.55E-01 5.31E-01 4.88E-01 -1.95E-01 -4.39E-01 -7.42E-01 -4.26E-01 -2.29E-01 -2.30E-03 3.43E-02 4.61E-01 8.78E-01 1.21E+00 1.04E+00 7.77E-01 7.94E-01 4.01E-01 -3.83E-01 -5.06E-01 -3.95E-02 4.71E-02 4.64E-01 4.80E-01 2.07E-01 -1.06E-01 -7.80E-01 -3.83E-01 -8.07E-01 ######## -5.73E-01 -2.87E-01 ######## ######## ######## -9.30E-01 -6.24E-01 -4.57E-01 -1.40E-01 -5.04E-01 -2.37E-01 -5.06E-02 -6.64E-01 -2.97E-01 2.39E-01 3.96E-01 1.23E-01 -4.41E-01 -3.64E-01 -4.08E-01 -4.51E-01 -2.54E-01 1.72E-01 3.69E-01 4.05E-01 -2.38E-01 -1.11E-01 1.25E-01 9.19E-02 -4.31E-01 ######## -8.18E-01 -6.62E-01 -5.45E-01 -1.28E-01 -3.12E-01 -4.25E-01 -3.69E-01 -3.72E-01 -3.95E-01 -2.09E-01 7.79E-02 5.45E-01 5.71E-01 5.28E-01 1.74E-01 -1.49E-01 -2.42E-01 -2.46E-01 -7.91E-02 -1.33E-01 -3.06E-01 -7.93E-02 -6.43E-01 -4.56E-01 -3.69E-01 -1.63E-01 3.79E-03 1.04E-02 -3.13E-01 -2.86E-01 -3.80E-01 6.87E-03 3.49E-03 -2.50E-01 -7.43E-01 -4.57E-01 -5.30E-01 -5.03E-01 -2.37E-01 -2.80E-01 -3.58E-03 4.93E-01 7.90E-01 3.46E-01 1.33E-01 -2.11E-01 -2.64E-01 -6.87E-01 -2.11E-01 -1.44E-01 -1.97E-01 -1.61E-01 -4.24E-01 -1.48E-01 -7.51E-01 -4.24E-01 -4.78E-01 -1.01E-01 -1.84E-01 ######## -8.01E-01 -9.25E-01 -6.68E-01 -5.61E-01 -5.05E-01 -1.78E-01 -1.16E-02 -2.65E-01 -3.83E-02 -6.17E-02 1.55E-01 -1.88E-01 -6.92E-01 -6.75E-01

1.13E+00 8.06E-01 4.53E-01 5.79E-01 8.86E-01 7.52E-01 -1.09E-02 -1.04E-01 -6.28E-01 ######## -9.74E-01 -8.18E-01 -8.01E-01 -8.45E-01 -9.58E-01 -4.91E-01 -2.15E-01 -6.48E-01 -2.72E-01 -1.35E-01 -3.88E-01 -4.42E-01 -6.25E-01 -8.85E-02 -3.62E-01 -2.25E-01 -4.86E-02 2.88E-01 7.95E-01 9.21E-01 8.88E-01 4.94E-01 4.41E-01 5.58E-01 2.34E-01 -2.69E-01 -5.24E-02 1.34E-01 5.71E-01 7.37E-01 2.54E-01 6.34E-04 1.17E-01 -2.86E-01 -2.30E-01 -2.90E-03 -1.36E-01 -2.60E-01 -7.31E-02 -5.66E-01 -6.30E-01 -5.63E-01 -4.57E-01 -4.30E-01 -1.43E-01 -2.67E-01 -3.70E-01 -5.84E-01 -4.67E-01 -7.70E-01 -4.84E-01 -1.17E-01 -7.04E-02 -1.84E-01 -3.77E-01 -8.11E-01 -6.24E-01 -5.77E-01 -4.01E-01 -3.84E-01 -2.17E-01 9.91E-02 6.57E-02 -4.78E-01 -2.61E-01 -2.64E-01 -2.48E-01 -8.12E-02 -2.46E-02 -1.78E-01 8.87E-02 3.05E-01 -1.48E-01 -3.31E-01 -2.65E-01 -4.38E-01 -9.16E-02 1.85E-01 1.92E-01 8.82E-02 -5.52E-02 -9.85E-02 -6.19E-02 1.47E-02 2.81E-01 8.79E-02 2.65E-01 4.11E-01 2.38E-01 1.14E-01 3.21E-01 1.78E-01 1.34E-01 -6.49E-01 -2.43E-01 -5.56E-01 -5.99E-01 -2.03E-01 -1.36E-01 -1.79E-01 -3.43E-01 -4.56E-01 -4.60E-01 -1.53E-01 1.36E-02 -1.60E-01 -4.93E-01 -2.87E-01 4.01E-02 3.27E-01 2.43E-01 3.00E-01 -1.13E-01 3.73E-01 4.70E-01 2.56E-01 2.23E-01 -3.00E-01 -4.37E-02 2.29E-02 2.09E-01 2.61E-02 -7.73E-02 -2.07E-02 -5.84E-01 -9.07E-01 -4.71E-01 -1.64E-01 -4.48E-01 -5.41E-01 -1.04E-01 -1.58E-01 -3.01E-01 -2.45E-02 -9.79E-02 -4.41E-01 -1.65E-01 2.62E-01 5.19E-01 7.52E-02

5.90E-01 5.66E-01 6.63E-01 6.90E-01 4.06E-01 3.83E-01 5.50E-01 3.46E-01 2.63E-01 -4.31E-01 -1.34E-01 3.53E-01 -7.94E-04 -4.44E-01 -5.18E-01 -3.21E-01 -7.94E-01 -6.38E-01 -3.11E-01 -7.45E-02 -2.78E-01 -7.12E-02 1.05E-01 -8.80E-02 -1.40E-03 3.85E-01 1.12E-01 9.85E-02 1.65E-01 1.62E-01 3.83E-02 -7.51E-02 2.52E-01 7.82E-02 -1.95E-01 1.01E-01 1.38E-01 2.35E-01 1.81E-01 3.79E-02 6.04E-01 4.21E-01 4.78E-01 7.43E-02 -2.09E-01 -1.42E-01 -3.56E-01 -5.09E-01 -4.13E-01 -9.46E-01 -6.29E-01 -4.83E-01 -6.56E-01 -6.90E-01 -5.83E-01 -6.66E-01 -5.70E-01 -5.03E-01 -1.16E-01 -9.98E-02 -1.63E-01 -5.27E-01 -3.90E-01 -1.13E-01 -4.27E-01 ######## ######## -7.87E-01 -2.70E-01 -2.94E-01 -9.87E-01 -8.00E-01 -7.24E-01 -5.97E-01 -3.91E-01 -5.54E-01 -3.17E-01 -1.51E-01 1.46E-01 2.51E-03 -2.91E-01 -9.44E-01 ######## -7.81E-01 -4.04E-01 -2.78E-01 -6.91E-01 -2.45E-01 -1.18E-01 -3.91E-01 -2.95E-01 6.19E-02 8.85E-02 1.15E-01 2.12E-01 4.98E-01 3.85E-01 4.02E-01 -1.72E-01 2.05E-01 1.61E-01 -1.93E-03 -5.65E-01 -3.09E-01 -4.62E-01 -2.75E-01 -1.99E-01 -2.23E-03 -2.76E-01 -6.39E-01 -4.82E-01 -5.66E-01 ######## -8.53E-01 -5.26E-01 -6.69E-01 -5.63E-01 -2.56E-01 -1.49E-01 1.97E-01 -9.62E-02 -1.90E-01 -3.93E-01 8.36E-02 -1.10E-01 -3.63E-01 -2.57E-01 -5.60E-01 -5.83E-01 ######## -9.60E-01 -8.83E-01 ######## ######## ######## -9.77E-01 -5.50E-01 -4.94E-01 7.29E-02 5.69E-01 3.06E-01 2.73E-03 1.59E-01 1.60E-02 -6.37E-01 -4.71E-01 -6.84E-01 -7.78E-01 -4.91E-01 -3.04E-01

4.70E-01 -3.31E-02 -1.07E-01 1.00E-01 3.07E-01 1.93E-01 -2.00E-02 4.66E-02 -8.68E-02 -2.40E-01 -4.44E-01 1.73E-01 4.40E-01 4.16E-01 9.29E-02 1.60E-01 2.46E-01 1.13E-01 2.89E-01 5.26E-01 3.73E-01 4.79E-01 3.06E-01 -4.78E-01 -1.71E-01 2.06E-01 7.22E-01 4.59E-01 4.46E-01 7.22E-01 6.39E-01 5.25E-01 1.20E-02 -3.21E-01 -1.65E-01 -3.18E-01 -6.16E-02 -1.25E-01 3.22E-01 1.88E-01 -1.15E-01 -5.85E-02 1.08E-01 1.85E-01 1.91E-01 2.48E-01 -1.15E-01 1.23E-03 -3.12E-01 -6.46E-01 -8.29E-01 -7.12E-01 -9.76E-01 -7.89E-01 -6.92E-01 -7.96E-01 -8.49E-01 -8.73E-01 -9.56E-01 -8.69E-01 -4.93E-01 -2.56E-01 9.05E-02 7.09E-03 -7.66E-01 -5.50E-01 -1.83E-01 -2.26E-01 -3.70E-01 -2.23E-01 1.73E-01 -7.00E-02 -3.03E-01 -2.97E-01 -4.00E-01 -1.34E-01 -2.07E-01 -1.03E-02 1.36E-01 -2.97E-01 -6.40E-01 -9.54E-01 ######## -5.51E-01 -1.64E-01 -6.97E-01 -7.21E-01 -4.54E-01 -2.75E-02 -3.31E-01 -1.43E-02 2.72E-01 -1.51E-01 -4.54E-01 -3.08E-01 -3.71E-01 -7.46E-02 -2.79E-02 7.87E-02 1.53E-02 1.22E-01 1.89E-01 -2.49E-02 -5.78E-01 -7.12E-01 -6.95E-01 -4.18E-01 -7.12E-01 -5.45E-01 -2.89E-01 -1.72E-01 -5.95E-01 -3.29E-01 -3.02E-01 -4.85E-01 -5.59E-01 -3.02E-01 -7.96E-01 ######## -6.92E-01 -3.26E-01 7.08E-02 -5.25E-02 -4.66E-01 -7.19E-01 -4.03E-01 -3.46E-01 -2.95E-02 -2.53E-01 -6.16E-01 -7.30E-01 -5.53E-01 -6.66E-01 -2.00E-01 -1.63E-01 1.83E-01 2.30E-01 -4.33E-02 3.43E-01 7.90E-01 -1.23E-01 -5.57E-01 -5.10E-01 -8.14E-01 -7.57E-01 -6.00E-01 -5.74E-01 -3.87E-01 -1.71E-01 6.61E-02

4.51E-01 1.17E-01 2.04E-01 -7.94E-02 -1.43E-01 -6.62E-02 -2.10E-01 -1.33E-01 -8.64E-02 2.40E-01 -5.31E-02 -6.51E-03 1.10E-01 -2.93E-01 -2.37E-01 -2.90E-01 -5.33E-01 -4.97E-01 -2.70E-01 6.64E-02 -1.07E-01 -2.03E-02 -1.04E-01 -7.11E-03 6.95E-02 1.36E-01 3.83E-01 8.39E-01 5.96E-01 2.73E-01 2.79E-01 1.36E-01 2.62E-01 -2.09E-02 3.57E-02 1.72E-01 -7.11E-02 -5.04E-01 -2.38E-01 -8.11E-01 ######## ######## -8.61E-01 -5.85E-01 -7.68E-01 -4.82E-01 -5.05E-01 -1.48E-01 3.58E-01 3.05E-01 9.15E-02 1.48E-01 -3.85E-01 -7.19E-01 -5.72E-01 -6.85E-01 -7.19E-01 ######## -8.66E-01 -5.39E-01 -9.52E-01 -7.36E-01 -4.89E-01 -1.72E-01 -7.36E-01 -6.59E-01 -4.33E-01 -5.76E-01 -4.29E-01 -1.73E-01 -4.06E-01 -5.60E-01 -3.33E-01 -2.63E-02 -9.68E-03 4.17E-01 4.14E-01 3.80E-01 6.68E-02 -1.87E-01 -5.20E-01 -7.53E-01 -9.87E-01 ######## -9.84E-01 -5.47E-01 -2.60E-01 -6.94E-01 -3.67E-01 -4.29E-04 2.96E-01 2.80E-03 -5.61E-01 -9.34E-01 -7.07E-01 -4.21E-01 -9.04E-01 -1.97E-01 3.49E-01 7.86E-01 1.07E+00 8.09E-01 -1.44E-02 -7.78E-02 -3.61E-01 -1.25E-01 -5.08E-01 -4.41E-01 -2.75E-01 -1.58E-01 -6.81E-01 -7.55E-01 -7.78E-01 -6.62E-01 -4.55E-01 ######## -7.92E-01 -5.75E-01 -3.49E-01 -1.12E-01 -2.05E-01 -2.19E-01 -3.62E-01 -7.55E-01 -9.39E-01 -9.72E-01 -5.06E-01 -1.59E-01 -2.24E-02 -2.06E-01 -2.79E-01 -4.33E-01 -8.59E-02 -4.93E-02 6.73E-02 -2.46E-01 1.11E-01 3.37E-01 -2.16E-01 4.04E-02 -1.93E-01 -2.06E-01 9.02E-02 -2.23E-01 -1.77E-01 2.40E-01 1.27E-01 -6.67E-03 -1.40E-01 -8.34E-02

4.91E-01 3.48E-01 2.14E-01 -4.49E-01 -5.42E-01 -2.36E-01 9.09E-02 -1.43E-01 -6.26E-01 -4.89E-01 -2.73E-01 2.34E-01 5.71E-01 6.27E-01 4.94E-01 7.04E-02 1.57E-01 -4.76E-01 -7.30E-01 -3.43E-01 -1.57E-01 -7.99E-02 -1.43E-01 1.33E-02 3.80E-01 5.47E-01 3.23E-01 2.30E-01 5.64E-02 3.13E-01 4.20E-01 1.96E-01 -4.71E-02 1.90E-01 4.36E-01 4.03E-01 3.39E-01 3.76E-01 2.23E-01 4.92E-02 -3.42E-02 -1.76E-02 -1.31E-01 1.26E-01 2.92E-01 -1.21E-01 -4.54E-01 -5.18E-01 -4.71E-01 -3.45E-01 -4.28E-01 -4.31E-01 -3.35E-01 -1.08E-01 8.45E-03 -7.49E-02 2.22E-01 8.29E-03 -4.95E-01 -5.28E-01 -5.22E-01 -1.25E-01 5.14E-02 8.80E-02 2.65E-01 -8.39E-01 ######## -7.66E-01 -6.59E-01 -9.62E-01 -2.26E-01 -4.59E-01 -1.32E-01 1.94E-01 5.08E-02 -6.26E-02 4.01E-03 -2.59E-01 -8.13E-01 -8.56E-01 -4.80E-01 -8.73E-01 -8.36E-01 -5.90E-01 ######## ######## -9.70E-01 ######## -8.67E-01 -3.90E-01 -5.33E-01 -5.67E-01 -1.10E-01 2.76E-01 2.53E-01 5.20E-01 1.36E-01 -3.70E-02 6.96E-02 2.36E-01 -1.47E-01 -2.91E-01 -7.14E-01 -5.57E-01 -2.21E-01 -4.94E-01 -6.07E-01 ######## -8.74E-01 -7.08E-01 -5.31E-01 -3.14E-01 -5.58E-01 -1.11E-01 -1.05E-01 -5.48E-01 -5.71E-01 -2.45E-01 1.52E-01 -4.01E-01 -3.15E-01 -6.08E-01 -4.12E-01 -3.55E-01 -1.58E-01 -3.12E-01 -2.35E-01 -1.49E-01 7.81E-02 -2.53E-02 1.13E-02 6.79E-02 -6.55E-02 -5.79E-01 -4.62E-01 -4.56E-01 1.11E-01 2.08E-01 2.84E-01 -3.92E-02 4.75E-02 -4.46E-01 -2.89E-01 -4.33E-01 -5.06E-01 -2.59E-01 -3.83E-01 -8.96E-01 -9.00E-01 ########

1.12E+00 6.88E-01 6.75E-01 9.15E-02 -4.19E-02 -2.95E-01 -2.69E-01 -1.42E-01 1.45E-02 -1.59E-01 -6.32E-01 -2.76E-01 3.01E-01 1.98E-01 1.94E-01 3.51E-01 3.67E-01 2.14E-01 3.61E-01 3.17E-01 2.34E-01 4.01E-01 3.77E-01 2.04E-01 6.04E-02 2.87E-01 2.44E-01 1.60E-01 -1.53E-01 -5.67E-01 -3.90E-01 -1.23E-01 -2.67E-01 -2.01E-02 5.57E-01 4.23E-01 8.00E-01 4.66E-01 3.33E-01 1.60E-01 1.16E-01 2.53E-01 3.99E-01 1.66E-01 -2.17E-01 -4.11E-01 -1.34E-01 -5.77E-01 -3.21E-01 -1.54E-01 2.24E-02 6.90E-02 4.56E-01 1.82E-01 2.89E-01 3.66E-01 -3.79E-02 -4.71E-01 -4.05E-01 9.20E-02 5.79E-01 9.65E-01 1.27E+00 1.09E+00 7.95E-01 -1.18E-01 -1.82E-01 -9.51E-02 -3.85E-02 -1.02E-01 1.75E-01 3.71E-01 6.58E-01 5.15E-01 4.81E-01 -1.72E-01 -6.66E-01 -7.29E-01 -8.32E-01 -8.96E-01 -5.99E-01 -8.42E-01 -6.66E-01 -4.39E-01 -7.53E-01 -7.66E-01 -7.69E-01 -8.03E-01 -6.26E-01 -1.80E-01 1.37E-01 4.94E-01 6.10E-01 9.69E-02 2.36E-02 -4.80E-01 -1.33E-01 4.34E-02 -9.00E-02 -5.13E-01 -6.47E-01 -6.50E-01 -4.84E-01 -3.67E-01 -2.60E-01 -5.14E-01 -4.27E-01 -7.70E-01 -5.24E-01 -3.97E-01 3.94E-02 2.06E-01 -1.67E-01 -1.61E-01 -3.41E-02 -7.75E-02 -2.41E-01 -2.14E-01 -4.08E-01 -6.01E-01 -7.44E-01 -7.28E-01 -6.61E-01 -8.55E-01 -9.48E-01 -4.91E-01 -4.55E-01 -4.08E-01 -6.15E-02 -3.65E-01 -1.88E-01 -5.62E-01 -8.35E-01 -6.78E-01 -4.22E-01 -4.85E-01 -5.59E-01 -4.02E-01 -6.53E-02 2.41E-01 6.79E-02 -1.05E-01 -4.59E-01 -6.22E-01 -5.86E-01 -4.90E-02 4.76E-02 -2.06E-01 -1.59E-01 7.46E-03

3.72E-01 3.29E-01 -8.47E-02 -6.48E-01 ######## -8.05E-01 -5.18E-01 -2.72E-01 4.50E-02 6.16E-02 8.82E-02 -8.52E-02 -2.19E-01 1.78E-01 -9.53E-02 5.13E-02 2.28E-01 1.45E-01 3.71E-01 -2.12E-01 -1.46E-01 -3.99E-01 -2.32E-01 -2.96E-01 ######## ######## ######## -7.79E-01 -4.73E-01 -3.76E-01 1.05E-02 9.72E-02 3.78E-03 2.80E-01 2.87E-01 2.44E-01 2.60E-01 5.67E-01 4.93E-01 6.80E-01 8.67E-02 3.33E-03 8.99E-02 2.17E-01 1.63E-01 -2.00E-01 -4.34E-01 -7.87E-01 -1.80E-01 7.63E-02 1.23E-01 -3.21E-01 -2.14E-01 -5.73E-02 2.09E-01 -2.24E-01 6.26E-02 3.29E-01 -2.64E-01 -2.78E-01 3.89E-01 9.66E-01 1.45E+00 1.62E+00 9.26E-01 2.82E-01 1.39E-01 4.35E-01 4.72E-01 2.79E-01 -2.05E-01 -9.88E-01 -2.82E-01 1.05E-01 5.32E-01 -3.17E-02 -2.95E-01 -2.68E-01 -1.32E-01 1.25E-01 9.14E-02 -2.62E-01 1.35E-01 2.12E-02 6.78E-02 -4.55E-02 6.11E-02 7.77E-02 -2.57E-02 2.21E-01 9.75E-02 -3.06E-01 -8.49E-01 -5.53E-01 -4.86E-01 -4.09E-01 5.72E-02 -2.61E-02 4.05E-02 6.71E-02 3.34E-01 2.50E-01 8.69E-02 -1.96E-01 -3.00E-01 6.68E-02 3.73E-01 7.60E-01 8.97E-01 9.32E-02 2.10E-01 -2.74E-01 -2.17E-01 9.72E-03 -2.94E-01 -1.47E-01 9.56E-03 -4.14E-01 -9.77E-01 -3.61E-01 -1.64E-01 3.33E-01 -8.07E-02 4.59E-02 -5.75E-02 -1.71E-01 -3.74E-01 -2.58E-01 -2.01E-01 1.16E-01 4.22E-02 1.89E-01 3.75E-01 1.12E-01 -2.61E-01 1.65E-01 5.92E-01 6.59E-01 6.05E-01 7.32E-01 3.18E-01 -4.15E-01 -7.28E-01 ######## ######## -7.29E-01 -5.12E-01 -5.95E-01 -4.59E-01 -2.22E-01

######## ######## ######## ######## ######## ######## ######## ######## -7.15E-01 -7.38E-01 -5.31E-01 -7.47E-02 4.42E-01 2.19E-01 -3.49E-02 2.32E-01 -5.42E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## -9.95E-01 -5.89E-01 ######## ######## ######## -6.32E-01 ######## ######## ######## ######## ######## ######## ######## ######## -8.73E-01 -5.46E-01 1.80E-01 3.37E-01 2.64E-01 -1.50E-01 2.07E-01 -2.87E-01 1.60E-01 ######## ######## ######## ######## ######## ######## ######## -7.57E-01 -4.10E-01 -1.94E-01 2.33E-01 7.49E-01 1.17E+00 1.07E+00 9.29E-01 7.86E-01 -2.17E-01 ######## ######## ######## ######## ######## ######## -7.21E-01 -3.74E-01 -4.79E-02 -2.13E-02 -1.45E-01 -6.48E-01 -4.71E-01 -3.95E-01 -2.08E-01 -6.02E-01 -3.05E-01 -6.08E-01 -3.52E-01 -1.25E-01 1.72E-01 1.58E-01 -7.15E-01 -6.69E-01 -4.12E-01 -1.95E-01 -8.78E-03 -1.42E-01 4.45E-02 1.21E-01 2.48E-01 1.44E-01 4.71E-01 6.48E-01 1.44E-01 9.08E-02 -4.63E-01 -1.66E-01 -3.39E-01 -1.03E-01 -3.96E-01 -8.90E-01 -8.03E-01 -3.76E-01 1.03E-02 3.27E-01 6.34E-01 8.90E-01 9.37E-01 5.03E-01 -2.00E-01 -2.53E-01 -5.47E-01 1.70E-01 5.16E-01 -5.69E-02 2.70E-01 2.26E-01 3.03E-01 2.00E-01 -2.64E-01 5.28E-02 -3.11E-01 -1.14E-01 -9.74E-02 -7.07E-02 -2.54E-01 -1.08E-01 2.79E-01 5.16E-01 4.12E-01 1.79E-01 -9.44E-02 8.22E-02 1.29E-01 4.75E-01 3.42E-01 -1.13E-02 -3.35E-01 -6.18E-01 ######## ######## -9.68E-01 -4.22E-01

######## ######## ######## ######## ######## ######## ######## ######## -6.34E-01 -5.07E-01 -2.51E-01 2.57E-02 2.22E-01 -3.10E-02 -2.14E-01 -1.78E-01 -8.61E-01 ######## ######## ######## ######## ######## ######## -9.95E-01 -7.08E-01 -4.62E-01 -5.25E-01 -2.88E-01 -7.18E-02 1.25E-01 8.14E-02 -2.12E-01 -7.75E-01 ######## ######## ######## ######## ######## ######## ######## ######## -8.56E-01 8.46E-04 -1.13E-01 -1.86E-01 -1.19E-01 2.57E-01 1.94E-01 -1.99E-01 ######## ######## ######## ######## ######## ######## ######## -3.97E-01 6.01E-02 -2.43E-01 -6.67E-03 3.40E-01 5.66E-02 3.03E-01 3.10E-01 1.86E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## -8.67E-01 -3.21E-01 -2.24E-01 -5.48E-01 -2.81E-01 -5.24E-01 -6.88E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## ######## -5.45E-01 -5.58E-01 -3.62E-01 -1.45E-01 1.15E-02 2.28E-01 1.25E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## -7.59E-01 -4.62E-01 -6.36E-01 -2.79E-01 -4.23E-01 -6.60E-02 2.06E-02 ######## ######## ######## ######## ######## ######## ######## ######## ######## ######## ######## -5.90E-01 -2.93E-01 -1.27E-01 -7.01E-02 1.46E-01 -4.77E-01 ######## ######## ######## ######## ######## ######## ######## -4.74E-01 -6.47E-01 -6.51E-01 -1.34E-01 2.62E-01 1.19E-01 -1.04E-01 3.02E-01 -8.51E-01 ######## ######## ########

######## ######## ######## ######## ######## ######## ######## ######## -7.44E-01 -3.87E-01 -1.00E-01 -1.34E-01 -1.17E-01 4.69E-01 3.76E-01 4.43E-01 -2.51E-01 ######## ######## ######## ######## ######## ######## ######## -8.58E-01 -5.01E-01 -8.46E-02 -2.80E-02 -5.13E-02 1.15E-01 -6.88E-01 -3.31E-01 -6.05E-01 ######## ######## ######## ######## ######## ######## ######## -8.22E-01 -5.55E-01 -1.59E-01 4.18E-01 1.01E+00 7.91E-01 1.48E-01 2.44E-01 -1.79E-01 ######## ######## ######## ######## ######## ######## -8.43E-01 -4.26E-01 -5.19E-01 -2.23E-01 1.84E-01 2.40E-01 1.97E-01 3.54E-01 8.02E-02 -1.53E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## -7.27E-01 -2.30E-01 2.26E-01 5.13E-01 6.69E-01 1.61E-02 -1.47E-01 ######## ######## ######## ######## ######## ######## ######## ######## -9.98E-01 -4.71E-01 -7.84E-01 ######## ######## ######## -3.98E-01 1.49E-01 1.65E-01 ######## ######## ######## ######## ######## ######## ######## ######## -9.95E-01 -5.89E-01 -5.62E-01 -5.54E-02 3.91E-01 5.38E-01 -2.06E-01 ######## ######## ######## ######## ######## ######## ######## ######## -9.06E-01 -5.89E-01 -5.33E-01 ######## -6.30E-01 -2.13E-01 -2.16E-01 -6.00E-01 -3.83E-01 -6.76E-01 ######## ######## ######## ######## ######## ######## ######## -6.54E-01 -5.57E-01 -6.20E-01 -3.14E-01 -4.77E-01 -6.20E-01 -6.54E-01 -4.17E-01 -4.31E-01 ######## ######## ########

-2.46E-01 -5.10E-01 -3.83E-01 -1.76E-01 1.10E-01 5.97E-01 4.94E-01 6.70E-01 4.97E-01 5.83E-01 1.50E-01 -1.93E-01 -3.07E-01 -7.20E-01 -5.44E-01 -4.77E-01 -5.03E-02 5.63E-02 -4.07E-01 -3.90E-01 -8.38E-02 1.43E-01 1.49E-01 -7.40E-02 -5.87E-01 -6.81E-01 -2.44E-01 1.02E-01 3.29E-01 -3.44E-01 -5.78E-01 -1.91E-01 1.56E-02 -5.88E-01 ######## ######## -9.28E-01 -3.31E-01 1.05E-01 2.82E-01 3.39E-01 7.15E-01 7.62E-01 8.84E-02 -5.55E-01 -1.98E-01 -2.12E-01 -2.25E-01 -2.39E-01 ######## ######## ######## ######## ######## ######## ######## ######## -8.69E-01 -7.82E-01 -3.36E-01 1.51E-01 -2.23E-01 -1.76E-01 2.31E-01 3.67E-01 -6.56E-01 ######## ######## ######## ######## ######## ######## ######## -5.93E-01 2.35E-02 1.30E-01 5.67E-02 3.03E-01 5.00E-01 -7.34E-02 -1.37E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## ######## -6.24E-01 2.57E-03 5.99E-01 6.06E-01 4.62E-01 5.79E-01 3.26E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## ######## -5.32E-01 -4.95E-03 3.22E-01 3.83E-02 -8.51E-02 3.32E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## -8.02E-01 -4.06E-01 -4.09E-01 -3.62E-01 -5.66E-01 -9.69E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## ######## ######## -9.20E-01 -7.13E-01 -8.47E-01 -5.80E-01 -6.23E-01 -5.97E-01 -4.00E-01 ######## ######## ########

-7.57E-02 -5.91E-02 -3.32E-01 1.42E-02 6.08E-02 -3.33E-01 1.54E-01 3.31E-01 -1.93E-01 -5.61E-02 4.60E-01 3.47E-01 3.37E-02 -7.97E-02 9.69E-02 4.34E-01 5.80E-01 4.47E-01 3.23E-01 4.20E-01 5.27E-01 1.63E-01 1.40E-01 1.86E-01 3.63E-01 5.90E-01 3.76E-01 5.83E-01 2.30E-01 -1.84E-01 -1.77E-01 1.69E-01 4.46E-01 1.03E-01 1.93E-02 -4.14E-01 -4.78E-01 -2.31E-01 2.16E-01 -5.77E-02 7.90E-02 2.86E-01 3.92E-01 3.99E-01 3.95E-01 3.82E-01 4.39E-01 2.95E-01 2.62E-01 -5.15E-02 -1.35E-01 -3.08E-01 -6.52E-01 -4.85E-01 -2.08E-01 ######## -9.05E-01 -7.49E-01 -3.72E-01 -4.65E-01 -3.99E-01 -3.82E-01 -1.45E-01 -1.99E-01 -2.02E-01 -5.56E-02 -1.29E-01 1.68E-01 1.04E-01 -3.09E-01 -4.73E-01 -1.16E-01 -2.69E-01 -2.83E-01 -4.76E-01 1.05E-02 2.72E-02 1.94E-01 -1.50E-01 4.70E-02 1.14E-01 1.60E-01 -3.03E-01 -3.87E-01 ######## -7.63E-01 -6.37E-01 -3.50E-01 -3.73E-01 3.32E-02 3.20E-01 4.64E-02 1.63E-01 4.30E-01 1.06E-01 2.13E-01 5.29E-01 3.46E-01 4.73E-01 5.09E-01 2.16E-01 -2.37E-01 -4.31E-01 -4.54E-01 -5.48E-01 -4.51E-01 -2.04E-01 1.22E-01 1.29E-01 -2.25E-01 -2.79E-02 -8.11E-01 -7.65E-01 -2.80E-02 3.19E-01 -4.65E-01 -4.98E-01 -2.22E-01 -3.65E-01 -5.48E-01 -2.62E-01 -1.55E-01 9.15E-02 3.38E-01 4.75E-01 1.41E-01 7.98E-03 -1.65E-01 3.12E-02 -2.72E-01 -2.36E-01 -2.89E-02 -9.32E-01 -5.06E-01 -1.89E-01 -1.25E-02 -4.96E-01 -8.59E-01 -4.83E-01 -1.56E-01 4.06E-02 2.27E-01 -1.36E-01 -1.90E-01 -8.29E-02 -2.96E-01 -3.50E-01 ######## ######## ########

4.35E-01 1.71E-01 1.38E-01 -1.15E-01 -1.79E-01 -1.02E-01 -1.56E-01 -2.69E-01 -3.23E-02 -1.26E-01 -2.09E-01 -1.42E-01 -5.36E-01 -3.59E-01 -3.73E-01 -6.00E-03 2.41E-01 -1.73E-01 -2.46E-01 -3.00E-01 -2.33E-01 -2.16E-01 -2.50E-01 -1.73E-01 -6.06E-01 -6.40E-01 -5.43E-01 -5.07E-01 -5.50E-01 -1.83E-01 -6.87E-01 -2.40E-01 -2.04E-01 -8.67E-01 -7.20E-01 -3.54E-01 2.43E-01 1.50E-01 6.46E-01 2.23E-01 1.89E-01 -2.84E-01 -4.97E-01 -3.11E-01 1.16E-01 5.72E-01 7.79E-01 9.96E-01 9.62E-01 2.09E-01 1.96E-01 -1.78E-01 -3.51E-01 -1.85E-01 1.32E-01 5.89E-01 7.65E-01 2.72E-01 7.85E-02 2.15E-01 -2.48E-01 -7.82E-01 -2.35E-01 -9.84E-02 8.82E-02 9.48E-02 2.31E-01 1.58E-01 1.55E-01 -1.19E-01 -2.10E-03 1.95E-01 1.91E-01 -2.52E-01 -3.36E-01 -2.19E-01 1.88E-01 3.04E-01 -6.92E-02 -5.43E-01 -6.06E-01 -2.49E-01 -3.27E-02 -2.86E-01 -5.79E-01 -3.63E-01 -1.36E-01 -1.20E-01 -4.43E-01 -2.76E-01 -1.20E-01 2.17E-01 7.23E-01 7.00E-01 6.77E-01 1.09E+00 1.16E+00 1.22E+00 9.33E-01 6.50E-01 3.46E-01 2.83E-01 6.96E-02 3.66E-01 5.03E-01 7.39E-01 4.76E-01 7.83E-01 4.39E-01 -1.94E-01 -5.47E-01 -3.81E-01 9.58E-02 5.82E-01 6.69E-01 5.76E-01 1.22E-01 -2.31E-01 -8.45E-02 1.92E-01 4.99E-01 5.05E-01 -6.80E-02 -2.51E-01 -3.95E-01 -5.58E-01 -3.52E-01 -3.25E-01 -3.78E-01 -1.22E-01 -2.45E-01 -6.58E-01 -6.02E-01 -1.35E-01 5.14E-02 -4.22E-01 -6.25E-01 -9.89E-01 -5.42E-01 9.44E-02 6.11E-02 -2.22E-01 -3.26E-01 -8.69E-01 ######## -8.36E-01 -9.79E-01 -9.63E-01 -5.86E-01 -2.79E-01

8.45E-01 2.42E-01 3.08E-01 -1.35E-01 -2.98E-01 ######## ######## -5.68E-01 -4.72E-01 -8.52E-02 -2.86E-02 -2.20E-02 1.65E-01 2.71E-01 -3.72E-01 -4.26E-01 -4.49E-01 -5.12E-01 -2.76E-01 -3.69E-01 -1.52E-01 -3.56E-01 ######## ######## ######## ######## -7.63E-01 -4.76E-01 -1.70E-01 7.71E-02 2.04E-01 6.70E-01 6.97E-01 6.35E-02 ######## ######## ######## -8.30E-01 -5.63E-01 -4.97E-01 -2.00E-01 9.65E-02 -1.07E-01 2.10E-01 4.26E-01 3.29E-02 4.50E-01 3.36E-01 7.93E-01 6.39E-01 7.76E-01 6.13E-01 5.19E-01 7.66E-01 1.02E+00 1.30E+00 1.55E+00 8.02E-01 -1.81E-01 -1.74E-01 -3.08E-01 -4.41E-01 -2.15E-01 3.12E-01 7.89E-01 5.15E-01 6.12E-01 2.59E-01 1.51E-02 -1.38E-01 -5.42E-01 -4.85E-01 -5.08E-01 -6.82E-01 -3.95E-01 -1.79E-01 -3.72E-01 -2.25E-01 5.13E-02 -2.10E-03 -3.35E-01 -2.59E-01 -4.02E-01 -6.96E-01 -9.89E-01 -9.12E-01 -6.56E-01 -8.09E-01 -5.13E-01 -1.06E-01 2.21E-01 -4.43E-01 -7.26E-01 -3.39E-01 -2.85E-03 2.34E-01 2.60E-01 1.57E-01 2.34E-01 2.10E-01 2.07E-01 1.33E-01 3.01E-02 2.47E-01 2.63E-01 -3.70E-01 -3.03E-01 -4.27E-01 -7.40E-01 -5.64E-01 -7.17E-01 -7.20E-01 -8.54E-01 -6.97E-01 -4.81E-01 -4.64E-01 -6.57E-01 -6.31E-01 -6.14E-01 -7.74E-02 -1.08E-02 5.79E-03 2.24E-02 -5.10E-02 -1.94E-01 9.23E-02 1.59E-01 2.75E-01 5.32E-01 -2.41E-01 -1.55E-01 -5.88E-01 -7.71E-01 -5.65E-01 -6.08E-01 -7.12E-01 -3.85E-01 -4.18E-01 -4.32E-01 -2.51E-02 -2.68E-01 -6.42E-01 -7.85E-01 ######## ######## ######## -4.79E-01 -2.92E-01 -5.16E-01 -2.99E-01

3.86E-01 3.82E-01 1.79E-01 3.36E-01 2.72E-01 1.39E-01 -8.46E-02 -3.88E-01 -3.61E-01 5.52E-02 9.18E-02 1.18E-01 1.05E-01 3.32E-01 -4.52E-01 -4.75E-01 -2.28E-01 -4.19E-02 1.75E-01 -4.09E-01 -4.92E-01 -5.05E-01 -1.69E-01 8.78E-02 3.44E-02 4.61E-01 4.38E-01 5.74E-01 5.51E-01 7.98E-01 9.64E-01 1.19E+00 5.77E-01 4.44E-01 3.31E-01 1.07E-01 1.04E-01 3.70E-01 5.67E-01 5.37E-02 -3.00E-01 -7.13E-01 -8.66E-01 -4.40E-01 -4.83E-01 -7.66E-02 4.00E-02 3.66E-02 7.32E-02 -7.01E-02 -5.74E-01 -3.87E-01 -4.70E-01 -6.37E-02 -1.17E-01 3.00E-01 8.06E-01 8.93E-01 9.94E-02 3.96E-01 2.23E-01 4.19E-01 5.76E-01 1.03E+00 1.07E+00 1.28E+00 1.17E+00 5.79E-01 1.56E-02 -1.78E-02 -2.01E-01 -1.05E-01 -2.78E-01 -3.13E-02 -2.95E-01 -3.58E-01 -2.41E-01 -1.35E-01 -1.68E-01 -1.82E-01 -6.55E-01 -5.18E-01 -5.18E-02 -1.95E-01 -6.09E-01 ######## -5.75E-01 -7.39E-01 -8.92E-01 -6.55E-01 -5.49E-01 -3.02E-01 -2.56E-02 -2.39E-01 -3.92E-01 -1.76E-01 6.08E-02 8.74E-02 2.14E-01 2.91E-01 -1.23E-01 -7.61E-02 -6.09E-01 -6.33E-01 -4.62E-02 -3.96E-02 1.67E-01 3.64E-01 1.90E-01 1.27E-01 -4.67E-01 ######## ######## ######## -8.50E-01 -3.13E-01 1.93E-01 2.50E-01 4.26E-01 7.63E-01 4.10E-01 5.06E-01 4.53E-01 2.29E-01 1.66E-01 -4.17E-01 -1.31E-01 -2.14E-01 7.26E-02 1.99E-01 -2.74E-01 -3.18E-01 -3.10E-02 9.56E-02 2.82E-01 2.29E-01 2.25E-01 -1.68E-01 -4.21E-01 -5.47E-02 4.62E-01 6.79E-01 4.95E-01 2.62E-01 -2.32E-01 2.50E-02 1.82E-01 -6.42E-01 -3.65E-01 -3.28E-01

6.36E-01 2.53E-01 1.69E-01 -6.40E-02 6.26E-02 2.99E-01 6.56E-01 6.92E-01 5.69E-01 4.36E-01 4.42E-01 -7.11E-02 -1.85E-01 -4.98E-01 -3.41E-01 -2.65E-01 -3.88E-01 -6.71E-01 -6.65E-01 -4.48E-01 -3.22E-01 -1.15E-01 -1.08E-01 1.18E-01 2.85E-01 5.22E-01 -4.92E-01 -6.35E-01 -7.79E-01 -4.32E-01 -1.05E-01 1.51E-01 2.98E-01 3.64E-01 4.01E-01 4.58E-01 -1.76E-01 -4.89E-01 -2.12E-01 8.41E-02 -2.49E-01 -6.63E-01 -4.06E-01 -1.79E-01 -8.28E-02 1.14E-01 1.40E-01 -5.29E-02 1.84E-01 -1.40E-01 -5.73E-01 -7.76E-01 -5.20E-01 ######## -9.17E-01 -8.20E-01 -4.63E-01 3.24E-03 3.90E-01 1.56E-01 2.31E-02 -6.03E-02 -2.37E-02 2.63E-01 2.40E-01 6.26E-01 8.28E-02 -1.11E-01 3.16E-01 3.43E-01 4.49E-01 3.59E-02 -1.48E-01 8.91E-02 2.76E-01 -7.66E-03 4.90E-02 -3.44E-02 1.42E-01 -1.71E-01 -7.25E-01 -6.18E-01 -3.81E-01 -3.25E-01 -2.78E-01 -4.15E-02 5.12E-03 -7.83E-02 -3.12E-01 -4.55E-01 -2.78E-01 -1.62E-01 -2.52E-02 1.21E-01 1.98E-01 4.85E-01 7.11E-01 3.38E-01 3.65E-01 3.21E-01 6.88E-01 8.64E-01 3.41E-01 1.76E-02 ######## -9.29E-01 -3.53E-01 -8.59E-02 -4.09E-01 -3.63E-01 -3.76E-01 -5.79E-01 -5.83E-01 ######## ######## -7.83E-01 -6.96E-01 ######## -7.13E-01 -2.97E-01 -1.90E-01 1.47E-01 4.33E-01 3.50E-01 4.37E-01 2.33E-01 2.90E-01 -2.36E-02 -1.97E-01 -2.10E-01 1.62E-02 1.33E-01 -4.21E-01 -2.04E-01 -4.07E-01 -1.81E-01 -3.41E-02 -6.27E-01 -3.11E-01 9.58E-02 4.02E-01 5.09E-01 4.36E-01 6.23E-02 -1.61E-01 2.75E-01 4.82E-01 3.39E-01 1.85E-01 2.22E-01

2.57E-01 4.32E-02 2.50E-01 6.76E-01 8.93E-01 3.96E-02 -1.74E-01 -3.27E-01 -4.41E-01 -7.24E-01 -4.57E-01 -5.07E-02 5.59E-02 1.13E-01 -7.08E-02 1.86E-01 -7.59E-03 -6.10E-02 -3.44E-02 -1.38E-01 -7.11E-02 -1.65E-01 -5.68E-01 -6.41E-01 -5.05E-01 3.20E-02 -3.11E-01 -5.95E-01 ######## ######## -6.85E-01 -8.28E-01 -5.42E-01 -2.25E-01 -6.28E-01 -5.12E-01 -5.65E-01 -3.29E-01 -2.02E-01 -2.25E-01 1.91E-01 5.88E-01 4.64E-01 6.11E-01 7.98E-01 6.64E-01 -6.91E-02 3.75E-02 1.84E-01 3.11E-01 1.77E-01 -2.96E-01 1.51E-01 1.97E-01 2.34E-01 4.56E-04 -4.29E-02 -2.66E-01 1.50E-01 1.07E-01 -1.65E-02 5.30E-01 9.37E-01 5.73E-01 4.60E-01 3.77E-01 5.32E-02 2.00E-01 4.16E-01 2.13E-01 -1.50E-01 2.63E-02 2.33E-01 3.30E-01 1.56E-01 -6.72E-02 1.39E-01 2.86E-01 -1.74E-02 -2.07E-02 -6.41E-02 5.25E-02 9.10E-03 -8.43E-02 -4.38E-01 -3.41E-01 -1.14E-01 -1.68E-01 -2.31E-01 -5.46E-02 1.12E-01 -2.31E-01 1.25E-01 1.72E-01 -1.15E-02 -1.15E-01 -1.08E-01 4.83E-02 3.05E-01 6.52E-01 2.58E-01 3.65E-01 4.91E-01 6.78E-01 4.15E-01 -2.29E-01 7.90E-03 2.65E-01 3.71E-01 -2.42E-01 -8.56E-01 -4.89E-01 -9.92E-01 -6.76E-01 -2.99E-01 -4.03E-01 -3.59E-02 6.51E-01 1.17E+00 6.44E-01 9.05E-02 1.17E-01 2.54E-01 1.90E-01 -2.13E-01 -2.96E-01 -2.60E-01 -4.43E-01 -1.87E-01 -5.10E-01 -9.33E-02 1.93E-01 -1.30E-01 -7.83E-01 -9.07E-01 -5.80E-01 -6.36E-02 -4.57E-01 -1.70E-01 -5.24E-01 -6.67E-01 -7.61E-01 -3.74E-01 -2.77E-01 -6.80E-04 -1.84E-01 2.03E-01 6.09E-01 -1.14E-01 -6.08E-01

5.27E-01 4.24E-01 8.00E-01 1.10E+00 1.43E+00 1.55E+00 1.38E+00 6.03E-01 -2.01E-02 -1.43E-01 -5.07E-01 -6.40E-01 -7.04E-01 -3.47E-01 -8.04E-02 3.62E-02 2.43E-01 2.69E-01 3.96E-01 4.33E-01 3.19E-01 -1.94E-01 -5.27E-01 -4.01E-01 1.66E-01 1.82E-01 -2.81E-01 -2.44E-02 1.62E-01 -1.51E-01 -7.75E-01 -9.28E-01 -7.51E-01 -4.95E-01 -4.78E-01 -4.51E-01 -2.85E-01 -5.58E-01 -6.82E-01 -3.55E-01 2.42E-01 5.08E-01 4.75E-01 2.15E-02 3.48E-01 4.55E-01 8.14E-02 -2.20E-02 -3.75E-01 6.12E-02 7.78E-02 4.94E-01 1.31E-01 4.88E-01 4.29E-03 3.09E-02 1.38E-01 1.64E-01 -1.92E-02 -6.03E-01 -4.76E-01 -1.49E-01 -2.43E-01 -5.26E-01 -5.00E-01 -9.29E-02 1.24E-01 -1.80E-01 -4.31E-02 2.94E-01 2.50E-01 1.67E-01 3.73E-01 6.30E-01 4.57E-01 3.53E-01 -5.01E-02 1.26E-01 -2.17E-01 -4.40E-01 -2.14E-01 -7.97E-01 -3.60E-01 -9.38E-02 -2.47E-01 -8.06E-02 3.26E-01 -2.17E-01 -2.31E-01 -4.44E-01 -1.18E-01 3.59E-01 1.76E-01 -4.88E-01 -1.71E-01 2.96E-01 6.42E-01 8.59E-01 4.95E-01 6.62E-01 -9.14E-02 2.65E-01 8.12E-01 1.15E+00 4.65E-01 4.42E-01 4.08E-01 5.05E-01 4.12E-01 1.88E-01 -1.45E-01 -1.86E-02 1.38E-01 2.15E-01 1.31E-01 3.38E-01 8.15E-01 7.01E-01 2.38E-01 -2.16E-01 -5.90E-02 3.18E-01 3.04E-01 1.71E-01 2.37E-01 -1.36E-01 -1.69E-01 -5.43E-01 -4.46E-01 -8.09E-01 -3.03E-01 8.38E-02 3.20E-01 -1.73E-01 6.36E-02 -9.98E-02 3.77E-01 -1.17E-01 -2.00E-01 1.87E-01 -1.27E-01 -3.20E-01 1.07E-01 7.32E-02 3.98E-02 6.64E-02 -1.70E-02 -4.00E-01 -3.24E-01 -5.97E-01

1.47E-01 2.04E-01 7.71E-01 1.27E+00 1.01E+00 3.11E-01 -3.29E-02 4.04E-01 5.80E-01 9.17E-01 1.25E+00 1.10E+00 5.57E-01 2.13E-01 -5.00E-01 -2.13E-01 2.13E-01 2.10E-01 3.87E-01 3.53E-01 4.98E-02 1.16E-01 1.23E-01 -2.04E-02 -1.34E-01 6.29E-02 2.49E-01 4.06E-01 3.13E-01 -3.11E-01 -4.74E-01 -1.87E-01 -1.51E-01 -2.24E-01 1.12E-01 -6.21E-01 -9.04E-01 -5.08E-01 -7.31E-01 -2.85E-01 -7.58E-01 -3.81E-01 -7.05E-01 -8.80E-02 1.99E-01 -3.45E-01 -2.68E-01 -1.52E-01 -5.50E-02 -1.28E-01 1.88E-01 2.49E-02 6.15E-02 -7.19E-02 -3.45E-01 -2.29E-01 1.88E-01 -6.54E-02 -3.29E-01 -5.32E-01 -3.76E-01 -4.29E-01 -2.12E-01 -2.96E-01 -6.91E-02 1.88E-01 3.74E-01 6.11E-01 1.67E-01 1.64E-01 8.06E-02 5.07E-01 7.34E-01 3.40E-01 3.87E-01 -1.06E-01 -2.00E-01 1.27E-01 1.44E-01 1.01E-02 -3.32E-02 -1.66E-02 4.00E-02 -6.93E-01 -3.97E-01 -5.60E-01 -4.14E-01 -8.17E-01 -5.40E-01 -2.54E-01 -4.67E-01 -7.05E-02 1.46E-01 2.93E-01 2.49E-01 1.06E-01 1.93E-01 3.79E-01 -1.64E-01 -1.08E-01 -2.71E-01 -6.43E-02 1.02E-01 1.89E-02 1.46E-01 -2.18E-01 -1.81E-01 -2.05E-01 -5.58E-01 -7.11E-01 -8.05E-01 -5.08E-01 1.08E-01 1.65E-01 -2.68E-01 -1.66E-03 -2.05E-01 -2.68E-01 -1.32E-01 -1.85E-01 -4.49E-01 -4.72E-01 -2.85E-01 -1.99E-01 -4.12E-01 -3.65E-01 1.11E-01 -5.82E-01 -2.36E-01 -5.39E-01 -4.72E-01 -8.58E-02 -2.99E-01 -1.43E-01 1.44E-01 -3.29E-01 -5.33E-01 -3.26E-01 2.05E-02 -1.23E-01 -5.96E-01 -5.60E-01 -2.23E-01 -6.26E-01 -2.90E-01 -2.32E-02 7.35E-02 2.10E-01 7.47E-01 8.93E-01

-2.10E-03 4.52E-03 3.11E-01 1.38E-01 -7.56E-02 -4.69E-01 -3.12E-01 2.42E-02 2.81E-01 4.37E-01 9.64E-01 8.91E-01 6.87E-01 4.39E-02 1.91E-01 -3.73E-01 -1.96E-01 -1.96E-02 -3.00E-03 2.14E-01 1.50E-01 -9.32E-02 1.33E-01 -9.00E-01 -7.13E-01 -7.07E-01 -1.00E-01 1.47E-01 3.16E-03 -3.00E-01 -3.36E-02 3.30E-02 4.50E-01 7.36E-01 5.53E-01 8.09E-01 5.46E-01 1.93E-01 -3.91E-01 -2.24E-01 2.43E-01 4.89E-01 8.96E-01 1.20E+00 5.09E-01 2.56E-01 3.42E-01 8.89E-02 -1.45E-02 2.22E-01 2.79E-01 3.35E-01 4.02E-01 -4.21E-01 -3.75E-01 -2.58E-01 -3.52E-01 -2.05E-01 -3.83E-02 1.28E-01 5.49E-02 -6.58E-01 -3.92E-01 -2.05E-01 6.14E-02 7.80E-02 1.85E-01 4.01E-01 6.48E-01 5.84E-01 2.61E-01 3.68E-01 1.44E-01 -1.69E-01 -3.02E-01 -4.16E-01 -1.49E-01 9.74E-02 1.04E-01 1.31E-01 2.47E-01 1.94E-01 -6.40E-01 -5.03E-01 -6.26E-01 -4.80E-01 -2.23E-01 3.53E-03 -5.99E-02 -1.53E-01 9.34E-02 1.40E-01 8.66E-02 4.43E-01 5.90E-01 6.26E-01 6.63E-01 8.00E-01 5.86E-01 6.63E-01 8.20E-01 4.36E-01 4.93E-01 8.59E-01 8.86E-01 5.83E-01 2.69E-01 4.66E-01 -1.48E-01 -1.71E-01 -3.74E-01 -7.38E-01 ######## -8.44E-01 -5.08E-01 -2.12E-02 -7.46E-02 1.02E-01 -2.51E-01 -3.47E-02 -2.98E-01 -7.82E-01 -7.65E-01 -6.48E-01 -8.92E-01 -5.35E-01 -4.68E-01 -5.22E-01 -4.35E-01 -3.09E-01 -1.82E-01 -4.75E-01 -1.09E-01 -5.21E-02 -1.05E-01 -1.59E-01 -3.42E-01 -3.36E-01 -8.90E-02 -5.82E-01 -4.36E-01 -1.19E-01 -2.13E-01 -2.26E-01 -9.93E-02 -4.93E-01 -5.86E-01 ######## -7.93E-01 -7.26E-01

8.28E-01 5.35E-01 1.72E-01 -5.18E-02 2.05E-01 2.11E-01 -1.32E-01 -4.53E-02 -2.19E-01 1.58E-01 8.05E-01 6.21E-01 1.68E-01 3.54E-01 -2.99E-01 -2.72E-01 -4.56E-01 -3.49E-01 -4.26E-02 -3.59E-02 2.11E-01 -6.03E-01 -8.06E-01 ######## ######## ######## -6.80E-01 -4.83E-01 -4.26E-01 -3.98E-02 -1.43E-01 ######## -8.00E-01 -2.43E-01 7.33E-02 9.99E-02 7.65E-02 -5.68E-02 -1.60E-01 1.66E-01 6.43E-01 9.40E-01 7.36E-01 7.83E-01 1.18E+00 4.16E-01 2.03E-01 -1.51E-01 -4.06E-03 4.03E-01 8.59E-01 9.46E-01 4.92E-01 -3.31E-01 6.56E-02 1.42E-01 -9.11E-02 -7.45E-02 -6.79E-02 -2.71E-01 -1.45E-01 1.52E-01 -1.31E-01 1.35E-01 4.12E-01 9.18E-01 1.48E+00 1.24E+00 1.01E+00 1.49E-02 2.15E-02 -2.72E-01 4.73E-03 2.13E-02 9.80E-02 1.15E-01 3.51E-01 3.58E-01 -1.96E-01 -2.59E-01 -6.92E-01 -3.46E-01 -5.89E-01 -2.42E-01 -2.16E-01 2.81E-01 2.77E-01 -1.36E-01 -3.29E-01 -2.79E-03 -2.66E-01 -1.20E-01 -8.29E-02 -5.16E-01 -6.70E-01 -6.73E-01 -2.66E-01 -3.50E-01 1.68E-02 2.53E-01 5.90E-01 8.37E-01 4.93E-01 8.30E-01 3.86E-01 7.53E-01 4.40E-01 1.16E-01 -2.17E-01 -3.70E-01 -4.44E-01 -5.57E-01 -5.41E-01 -4.64E-01 -5.27E-01 ######## ######## -9.18E-01 -7.31E-01 -1.44E-01 2.62E-01 3.89E-02 -1.34E-01 -3.48E-01 -3.41E-01 ######## -7.78E-01 -9.41E-01 -9.35E-01 -4.98E-01 -1.82E-01 1.65E-01 2.72E-01 2.08E-01 -3.50E-02 2.02E-01 4.58E-01 -1.75E-01 3.11E-01 2.08E-01 3.45E-01 1.41E-01 -5.42E-01 -9.05E-01 -6.59E-01 ######## -7.86E-01 -8.39E-01 -7.32E-01 -7.46E-01

3.99E-01 5.54E-02 1.42E-01 1.19E-01 -1.47E-02 7.19E-02 1.58E-01 2.05E-01 2.22E-01 9.83E-02 2.05E-01 3.32E-01 2.28E-01 -1.15E-01 2.51E-01 -4.02E-01 -4.25E-01 -1.69E-01 -2.11E-03 -1.25E-01 -4.09E-01 -4.32E-01 -6.86E-01 ######## ######## ######## -7.19E-01 -4.63E-01 -2.59E-02 2.51E-01 5.73E-02 -6.09E-03 -3.95E-02 1.71E-02 -2.76E-01 -9.90E-01 -4.63E-01 -7.64E-02 -2.60E-01 -7.32E-02 7.35E-02 5.50E-01 2.07E-01 3.53E-01 3.90E-01 -6.35E-02 -6.68E-02 1.80E-01 -2.44E-01 -7.00E-03 -3.04E-02 1.06E-01 -3.37E-01 -7.21E-01 ######## -6.87E-01 -3.41E-01 -3.04E-01 -2.77E-01 1.39E-01 -3.14E-01 -4.08E-01 -9.10E-02 -1.34E-01 1.02E-01 2.89E-02 5.85E-01 2.62E-01 3.89E-01 1.53E-02 -2.28E-01 1.99E-01 3.85E-01 8.62E-01 5.28E-01 4.45E-01 5.72E-01 9.38E-01 1.21E+00 6.51E-01 -1.62E-01 -7.25E-01 -7.39E-01 -3.12E-01 -4.25E-01 5.12E-02 1.98E-01 4.84E-01 1.41E-01 -2.02E-01 -7.57E-02 1.31E-01 5.98E-01 9.64E-01 8.41E-01 4.47E-01 6.04E-01 6.71E-01 5.57E-01 5.74E-01 3.50E-01 1.71E-02 8.37E-02 4.50E-01 2.37E-01 4.24E-01 5.40E-01 2.57E-01 -1.17E-01 1.70E-01 1.77E-01 3.83E-01 2.20E-01 -3.35E-02 3.33E-01 4.70E-01 2.76E-01 1.43E-01 -4.20E-01 -1.04E-01 1.93E-01 3.89E-01 2.36E-01 -1.87E-01 -4.71E-01 -4.64E-01 -3.48E-01 -4.51E-01 -2.94E-01 -4.77E-02 -2.11E-01 -2.24E-01 5.22E-02 2.99E-01 7.65E-01 7.52E-01 6.59E-01 2.45E-01 2.72E-01 4.85E-02 -1.25E-01 -3.83E-02 1.18E-01 -9.50E-02 4.16E-02 1.48E-01 2.35E-01 -1.39E-01 -4.52E-01 -5.15E-01

6.39E-01 7.46E-01 5.82E-01 2.69E-01 -1.34E-01 -1.78E-01 -3.81E-01 -2.44E-01 2.42E-01 -4.12E-02 -7.75E-01 -5.08E-01 -3.21E-01 -1.05E-01 -5.81E-02 2.48E-01 2.25E-01 2.17E-02 -2.92E-01 -4.05E-01 -4.58E-01 -1.72E-01 -5.65E-01 -4.99E-01 -3.12E-01 -2.55E-01 -2.59E-01 -2.62E-01 -6.55E-02 1.31E-01 -3.22E-01 -3.26E-01 -7.90E-02 9.76E-02 1.74E-01 1.61E-01 9.74E-02 3.14E-01 1.91E-01 1.97E-01 4.14E-01 4.41E-01 6.71E-02 -6.62E-02 2.70E-01 3.97E-01 3.64E-01 4.40E-01 -3.32E-02 -2.27E-01 -3.00E-01 -6.83E-01 -4.97E-01 -6.30E-01 -3.43E-01 -2.17E-01 -3.50E-01 -4.04E-01 -4.87E-01 -4.30E-01 6.23E-03 6.29E-02 2.59E-01 -1.74E-01 -1.97E-01 -5.07E-02 3.56E-01 6.26E-02 -8.33E-04 3.36E-01 1.62E-01 -2.01E-01 -7.74E-01 -8.18E-01 -9.51E-01 -8.55E-01 -4.78E-01 -1.01E-01 6.53E-02 -2.08E-01 9.86E-02 2.35E-01 5.52E-01 3.98E-01 3.55E-01 -8.35E-03 2.18E-01 6.55E-01 7.11E-01 6.81E-02 -2.45E-01 1.61E-01 6.58E-01 1.02E+00 8.91E-01 8.58E-01 1.04E+00 1.02E+00 2.58E-01 3.94E-01 3.81E-01 1.58E-01 3.41E-02 2.91E-01 1.74E-02 -4.26E-01 -2.69E-01 -2.13E-01 -1.16E-01 1.04E-02 2.87E-01 3.04E-01 -1.40E-01 -1.43E-01 -2.36E-01 -4.30E-01 -7.33E-01 -6.97E-01 -4.80E-01 -5.53E-01 -5.87E-01 -4.10E-01 -1.54E-01 -3.07E-01 -3.03E-02 7.63E-02 -1.77E-01 -8.05E-02 -2.54E-01 -5.87E-01 -1.51E-01 -5.54E-01 -2.77E-01 1.99E-01 4.06E-01 2.32E-01 -9.09E-02 -1.44E-01 -8.77E-02 -3.61E-01 -5.44E-01 -2.78E-01 -6.71E-01 -5.85E-01 -3.88E-01 8.86E-02 -4.75E-03 -2.08E-01 -2.22E-01 -9.49E-02

######## ######## ######## ######## ######## ######## ######## ######## -7.97E-01 -3.01E-01 -3.24E-01 -1.88E-01 -3.09E-02 1.86E-01 4.22E-01 1.29E-01 -8.84E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## -9.08E-01 -9.42E-01 ######## -6.08E-01 -1.72E-01 2.48E-02 ######## ######## ######## ######## ######## ######## ######## ######## ######## ######## -8.62E-01 -6.46E-01 -3.29E-01 -4.33E-01 -5.66E-01 -8.89E-01 -6.83E-01 ######## ######## ######## ######## ######## ######## -4.86E-01 -4.20E-01 -4.03E-01 -3.77E-01 -8.10E-01 ######## -8.47E-01 -6.70E-01 -1.73E-01 1.63E-01 -4.20E-01 -8.54E-01 ######## ######## ######## -7.17E-01 -5.41E-01 -6.94E-01 -6.77E-01 -1.61E-01 -5.04E-01 -6.77E-01 -4.31E-01 -5.64E-01 -2.38E-01 -5.10E-02 -3.74E-01 -1.98E-01 3.69E-01 8.65E-01 5.12E-01 6.99E-01 4.45E-01 2.42E-01 2.19E-01 -2.85E-01 -1.78E-01 4.78E-01 8.45E-01 8.62E-01 7.78E-01 4.45E-01 6.21E-01 5.48E-01 8.25E-01 2.01E-01 -3.12E-01 1.46E-02 5.91E-01 5.48E-01 -5.58E-03 4.51E-01 7.58E-01 6.64E-01 5.11E-01 2.18E-01 -3.46E-01 -3.99E-01 -3.03E-01 -1.60E-02 -2.19E-01 -6.53E-01 -3.26E-01 2.00E-01 1.87E-01 4.44E-01 2.40E-01 -3.31E-02 -1.86E-01 -1.50E-01 -2.63E-01 -4.67E-01 -4.20E-01 -1.03E-01 -1.87E-01 2.98E-02 1.66E-01 -8.69E-02 2.97E-02 2.36E-01 3.33E-01 4.40E-01 3.46E-01 1.93E-01 -2.81E-01 -5.44E-01 -3.87E-01 -3.91E-01 -1.24E-01 -2.48E-01 -1.81E-01 -1.84E-01 -8.77E-02 4.89E-02 1.06E-01

######## ######## ######## ######## ######## ######## ######## ######## -4.77E-01 -1.20E-01 1.46E-01 -2.07E-01 -8.05E-02 -8.24E-01 -3.27E-01 -5.01E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## ######## -9.48E-01 -7.11E-01 -2.45E-01 -1.28E-01 9.86E-02 9.53E-02 ######## ######## ######## ######## ######## ######## ######## ######## -7.95E-01 -7.59E-01 -3.12E-01 6.47E-02 5.13E-02 -8.12E-01 -7.15E-01 ######## -4.72E-01 ######## ######## ######## ######## ######## ######## ######## ######## -6.43E-01 -5.56E-01 -3.29E-01 -6.29E-02 3.04E-01 2.50E-01 2.70E-02 3.60E-03 ######## ######## ######## ######## ######## ######## ######## ######## ######## ######## -6.44E-01 -2.17E-01 -2.40E-01 3.62E-02 -3.87E-01 -4.61E-01 ######## ######## ######## ######## ######## ######## ######## ######## -9.31E-01 -4.34E-01 4.22E-02 2.49E-01 2.55E-01 3.32E-01 3.89E-01 1.35E-01 -1.38E-01 ######## ######## ######## ######## ######## ######## ######## -7.95E-01 -3.19E-01 1.18E-01 5.95E-01 8.51E-01 8.38E-01 6.95E-01 3.71E-01 5.68E-01 ######## ######## ######## ######## ######## ######## ######## ######## -7.93E-01 -3.36E-01 -5.29E-01 ######## -4.26E-01 1.40E-01 1.27E-01 3.04E-01 ######## ######## ######## ######## ######## ######## ######## -9.83E-01 -4.97E-01 -1.70E-01 -1.74E-01 -2.37E-01 -8.03E-02 2.46E-01 2.23E-01 4.70E-01 -4.74E-01 ######## ######## ########

######## ######## ######## ######## ######## ######## ######## -9.13E-01 -6.86E-01 -3.40E-01 -6.13E-01 -5.07E-01 -3.60E-01 -2.93E-01 1.33E-01 1.50E-01 ######## ######## ######## ######## ######## ######## -7.94E-01 -9.07E-01 -6.81E-01 -3.84E-01 -1.67E-01 -4.81E-01 -5.84E-01 -4.48E-01 -2.61E-01 -5.54E-01 ######## ######## ######## ######## ######## ######## ######## -6.81E-01 -6.95E-01 -5.98E-01 -2.72E-01 -2.95E-01 -3.98E-01 -2.02E-01 8.50E-02 1.32E-01 -8.02E-01 ######## ######## ######## ######## ######## -8.32E-01 -6.85E-01 -3.59E-01 -1.42E-01 -3.36E-01 -6.09E-01 -6.82E-01 -9.36E-01 -9.69E-01 -7.33E-01 -5.36E-01 ######## ######## ######## ######## ######## ######## ######## ######## -7.76E-01 -4.90E-01 -5.93E-01 -3.57E-01 -2.99E-02 4.47E-01 4.13E-01 6.00E-01 -7.13E-01 ######## ######## ######## ######## ######## ######## ######## -8.61E-01 -5.74E-01 -2.87E-01 -3.07E-02 2.56E-01 1.93E-01 4.49E-01 5.46E-01 2.39E-03 ######## ######## ######## ######## ######## -6.58E-01 -6.81E-01 -3.15E-01 -9.81E-02 1.49E-01 4.05E-01 2.52E-01 1.48E-01 -1.35E-01 -5.84E-02 -1.12E-01 ######## ######## ######## ######## ######## ######## ######## ######## -6.62E-01 -4.76E-01 -1.89E-01 2.88E-01 3.54E-01 2.01E-01 -4.12E-01 -2.66E-01 ######## ######## ######## ######## ######## ######## ######## -8.33E-01 -5.66E-01 -6.30E-01 -9.23E-01 -6.76E-01 -2.70E-01 -8.33E-02 -1.97E-01 2.00E-02 -3.83E-01 ######## ######## ########

3.10E-02 1.78E-01 2.43E-02 1.01E-01 -1.02E-01 3.24E-01 -1.09E-01 -3.63E-01 -9.60E-02 -8.79E-01 -4.93E-01 -5.46E-01 -6.70E-01 -3.23E-01 5.37E-02 2.00E-01 2.57E-01 3.54E-01 4.30E-01 4.87E-01 4.83E-01 4.20E-01 1.57E-01 -1.57E-01 -1.59E-04 2.86E-01 1.23E-01 -5.03E-02 -1.04E-01 -1.57E-01 1.40E-01 1.62E-02 -4.17E-01 -6.21E-01 ######## ######## -9.81E-01 -6.24E-01 -2.78E-01 -1.61E-01 -2.94E-01 -3.38E-01 -3.11E-01 -1.44E-01 -1.58E-01 -3.12E-02 2.54E-02 -3.80E-02 1.59E-01 2.53E-02 -4.78E-01 ######## -7.45E-01 -3.18E-01 1.83E-02 2.50E-02 -2.28E-01 -5.82E-01 -4.25E-01 -2.69E-01 -3.52E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## ######## ######## ######## -9.06E-01 -3.79E-01 1.07E-01 1.44E-01 8.05E-02 2.07E-01 3.44E-01 5.50E-01 ######## ######## ######## ######## ######## ######## ######## ######## -8.90E-01 -8.33E-01 -5.77E-01 -4.02E-02 6.16E-01 6.93E-01 4.20E-01 2.76E-01 -7.72E-02 ######## ######## ######## ######## ######## ######## -8.01E-01 -2.74E-01 3.32E-01 1.90E-02 1.96E-01 4.42E-01 2.69E-01 3.05E-01 2.82E-01 -1.29E-03 ######## ######## ######## ######## ######## ######## ######## ######## -8.22E-01 -6.25E-01 -6.79E-01 -6.02E-01 -5.25E-01 -1.99E-01 7.95E-03 3.75E-01 ######## ######## ######## ######## ######## ######## ######## ######## ######## -8.49E-01 -4.73E-01 -2.26E-01 2.31E-01 1.27E-01 8.38E-02 3.04E-02 -6.63E-01 ######## ######## ########

4.61E-01 6.48E-01 5.85E-01 4.51E-01 8.18E-01 6.15E-01 4.51E-01 -1.42E-01 8.44E-02 6.10E-02 -1.02E-01 -3.26E-01 -3.91E-02 8.75E-02 3.04E-01 1.51E-01 -4.03E-01 -6.46E-01 -1.99E-01 -3.03E-01 -6.46E-01 -3.10E-01 6.71E-02 1.94E-01 3.30E-01 -5.73E-01 -5.96E-01 -2.60E-01 -1.93E-01 -2.07E-01 -5.40E-01 -3.23E-01 -9.68E-02 4.50E-01 4.66E-01 5.73E-01 1.22E+00 6.76E-01 3.73E-01 4.50E-01 3.06E-01 2.73E-01 4.69E-01 6.66E-01 1.04E+00 8.49E-01 3.16E-01 1.52E-01 5.69E-01 6.46E-01 9.12E-01 7.19E-01 6.66E-01 4.52E-01 6.39E-01 9.35E-01 4.52E-01 7.86E-02 3.55E-01 4.02E-01 5.85E-02 -4.75E-01 -6.58E-01 -6.42E-01 -4.45E-01 -1.78E-01 -5.22E-01 1.48E-02 6.11E-01 6.28E-01 -2.35E-01 -3.09E-01 -1.92E-01 -2.16E-01 -3.39E-01 2.58E-01 5.24E-01 1.61E-01 -2.24E-02 -3.46E-01 -2.99E-01 -1.33E-01 1.74E-01 6.07E-02 -1.33E-01 -1.16E-01 -3.79E-01 -5.03E-01 -2.66E-01 -1.70E-01 -2.23E-01 -3.96E-01 -1.20E-01 3.17E-01 7.34E-02 -6.99E-02 1.67E-02 2.83E-01 2.30E-01 8.07E-01 8.43E-01 6.50E-01 5.96E-01 3.93E-01 8.30E-01 9.26E-01 4.53E-01 2.59E-01 1.06E-01 3.53E-01 6.59E-01 7.59E-02 2.63E-01 3.99E-01 8.58E-02 1.62E-01 -9.96E-04 -1.94E-01 -3.78E-02 2.39E-01 2.75E-01 1.52E-01 2.89E-01 -4.25E-01 -2.28E-01 -1.21E-01 -7.48E-02 -6.82E-02 2.18E-01 7.05E-01 4.02E-01 -1.22E-01 -6.35E-01 -1.29E-01 2.28E-01 2.35E-01 3.51E-01 -2.02E-01 -3.95E-01 -3.49E-01 -3.22E-02 1.44E-01 3.11E-01 3.38E-01 6.43E-02 -5.89E-01 ######## ######## ######## ########

6.02E-01 5.49E-01 3.25E-01 3.72E-01 2.68E-01 2.50E-02 1.02E-01 1.58E-01 -3.51E-02 2.21E-01 1.88E-01 3.45E-01 3.51E-01 1.88E-01 -8.54E-02 1.01E-01 1.08E-01 -2.56E-02 2.41E-01 9.77E-02 3.74E-01 1.51E-01 -2.12E-01 1.74E-01 2.31E-01 4.27E-01 7.14E-01 3.81E-01 4.47E-01 3.84E-01 5.90E-01 7.17E-01 4.34E-01 1.50E-01 3.17E-01 3.64E-01 5.40E-01 3.97E-01 3.43E-01 1.80E-01 3.37E-01 4.43E-01 5.20E-01 3.66E-01 5.63E-01 8.40E-01 3.46E-01 7.53E-01 6.40E-01 5.46E-01 1.11E+00 1.09E+00 9.36E-01 7.53E-01 4.19E-01 4.96E-01 7.82E-01 9.59E-01 5.26E-01 6.42E-01 3.29E-01 1.66E-01 1.62E-01 -1.11E-01 1.95E-01 1.22E-01 2.99E-01 8.55E-01 1.31E+00 7.78E-01 -2.85E-01 -6.48E-01 -7.52E-01 ######## -6.88E-01 -2.42E-01 9.48E-02 -2.79E-01 -3.02E-01 1.65E-01 3.01E-01 9.79E-02 2.14E-01 -3.19E-01 -3.92E-01 -2.36E-01 1.41E-01 6.68E-01 2.44E-01 2.08E-02 -6.26E-02 -1.46E-01 -1.49E-01 1.73E-02 5.24E-01 8.91E-01 1.18E+00 1.24E+00 6.20E-01 5.37E-01 7.94E-01 1.02E+00 1.08E+00 1.24E+00 1.29E+00 6.17E-01 1.63E-01 2.80E-01 6.52E-03 1.33E-01 4.70E-01 4.16E-01 1.43E-01 -2.50E-01 -1.84E-01 -4.27E-01 -2.21E-01 -1.34E-01 -4.67E-01 -1.61E-01 -2.64E-01 -1.77E-01 2.92E-02 -3.04E-01 -9.76E-02 9.00E-03 -1.34E-01 9.22E-02 6.89E-02 2.55E-01 -8.79E-02 8.70E-03 -9.47E-02 1.52E-01 3.49E-01 3.05E-01 2.92E-01 -1.02E-01 -1.95E-01 -6.68E-01 -7.32E-01 ######## -8.29E-01 -6.92E-01 -4.45E-01 -1.29E-01 -3.22E-01 4.46E-02 5.31E-01 7.68E-01

4.82E-01 1.69E-01 -1.44E-02 2.22E-02 -1.11E-01 -2.75E-01 ######## ######## -8.25E-01 -6.38E-01 -3.61E-01 -2.25E-01 -2.68E-01 -1.42E-01 -4.25E-01 -2.08E-01 -2.52E-01 -2.45E-01 -3.85E-02 -1.92E-01 -5.25E-01 -2.79E-01 -6.92E-01 -7.55E-01 -5.59E-01 -1.42E-01 2.34E-01 2.91E-01 2.78E-01 -8.57E-02 1.41E-01 2.68E-01 7.41E-02 1.11E-01 1.47E-01 5.34E-01 2.41E-01 1.77E-01 3.94E-01 3.10E-01 1.47E-01 7.14E-01 8.40E-01 9.27E-01 5.64E-01 1.40E-01 8.68E-02 3.53E-01 4.80E-01 6.47E-01 1.83E-01 3.90E-01 2.66E-01 -2.27E-01 -4.30E-01 -5.94E-01 -5.67E-01 -7.10E-01 -6.24E-01 -6.27E-01 4.94E-02 4.46E-01 2.93E-01 5.92E-02 -2.14E-01 -3.08E-01 -4.61E-01 -1.34E-01 -7.69E-03 9.89E-02 4.56E-01 2.12E-01 1.88E-02 2.05E-01 -3.28E-01 -9.14E-02 1.65E-01 -8.14E-03 -2.82E-01 -1.55E-01 3.92E-01 3.28E-01 1.35E-01 2.52E-01 -1.72E-01 -5.21E-03 3.11E-01 2.78E-01 9.46E-02 3.31E-01 3.68E-01 9.45E-02 -1.59E-01 -3.23E-02 2.54E-01 2.41E-01 3.88E-01 5.94E-01 7.51E-01 6.47E-01 8.54E-01 7.71E-01 6.37E-01 3.44E-01 4.31E-01 -2.88E-03 -2.66E-01 -4.00E-01 -9.13E-01 ######## ######## -7.73E-01 ######## ######## -6.03E-01 -5.67E-02 4.20E-01 2.97E-01 -1.67E-01 -5.70E-01 -7.74E-01 -4.97E-01 -3.50E-01 -1.84E-01 -7.87E-01 -5.11E-01 -3.24E-01 -1.87E-01 -1.71E-01 -4.08E-03 -3.17E-01 -1.61E-01 -2.44E-01 2.52E-01 5.19E-01 2.96E-01 -1.08E-01 -4.51E-01 -2.65E-01 -2.78E-01 -6.21E-01 -6.55E-01 -4.48E-01 -6.11E-01 -2.55E-01 1.62E-01 1.48E-01 2.05E-01 6.12E-01 5.78E-01

5.43E-01 3.59E-01 1.26E-01 1.63E-01 9.93E-02 -1.74E-01 -1.87E-01 -2.41E-01 -1.64E-01 -5.76E-02 -3.51E-01 1.56E-02 -1.98E-01 -1.41E-01 3.55E-02 -2.58E-01 -6.13E-02 -1.15E-01 1.42E-01 1.49E-01 3.25E-01 2.02E-01 -1.02E-01 4.50E-02 1.62E-01 1.38E-01 -6.51E-02 4.61E-01 3.78E-01 2.35E-01 3.71E-01 5.58E-01 2.05E-01 -3.39E-01 -4.82E-01 1.44E-01 5.11E-01 1.68E-01 5.54E-01 1.01E-01 2.58E-01 7.64E-01 3.91E-01 -1.33E-01 -5.16E-01 -4.09E-01 -3.13E-01 1.64E-01 1.90E-01 1.07E-01 3.74E-01 2.20E-01 1.27E-01 -6.48E-03 6.01E-02 -1.33E-02 -7.87E-01 -4.50E-01 -3.33E-01 -1.17E-01 1.60E-01 4.56E-01 5.53E-01 -2.10E-01 1.66E-01 1.73E-01 4.60E-01 6.46E-01 7.33E-01 8.99E-01 9.26E-01 9.83E-01 9.29E-01 9.58E-02 -3.75E-02 -2.09E-02 2.46E-01 4.42E-01 5.19E-01 -2.94E-01 -4.48E-01 -2.21E-01 5.39E-03 8.20E-02 2.59E-01 4.15E-01 2.92E-01 3.78E-01 4.65E-01 9.17E-02 -2.17E-02 -7.51E-02 -4.88E-01 -1.42E-01 7.48E-02 4.01E-01 6.08E-01 4.45E-01 1.21E-01 2.28E-01 -8.55E-02 1.71E-01 3.58E-01 4.24E-01 3.91E-01 6.38E-01 4.24E-01 9.08E-02 1.47E-01 -5.96E-01 -9.39E-01 -6.43E-01 -3.26E-01 -1.99E-01 -6.33E-01 -6.56E-01 -3.80E-01 -5.23E-01 -2.26E-01 7.02E-02 -2.23E-01 -7.37E-01 -3.30E-01 -6.33E-01 -2.57E-01 -1.60E-01 -1.63E-01 9.31E-02 3.40E-01 5.26E-01 7.63E-01 4.50E-01 5.16E-01 3.03E-01 9.45E-03 1.36E-01 2.68E-03 -1.01E-01 -4.09E-03 6.25E-02 -4.91E-01 -3.84E-01 -2.28E-01 -3.01E-01 -9.44E-02 -1.68E-01 -2.12E-02 -2.45E-01 -2.58E-01 -2.81E-01

4.93E-01 5.40E-01 2.57E-01 1.73E-01 2.40E-01 -4.64E-01 -4.47E-01 -2.80E-01 -3.78E-03 -7.16E-03 7.95E-02 -4.64E-01 -1.37E-01 -8.41E-01 -5.94E-01 -3.57E-01 -3.91E-01 -6.14E-01 -5.18E-01 -8.71E-01 -3.94E-01 -2.98E-01 -3.41E-01 -2.25E-01 -1.18E-01 1.99E-01 -1.95E-01 -4.18E-01 -5.11E-01 -3.15E-01 -1.88E-01 8.84E-02 4.15E-01 7.42E-01 6.28E-01 7.75E-01 -4.85E-02 -3.02E-01 -1.85E-01 1.81E-01 -1.22E-01 -6.15E-01 -4.19E-01 -5.92E-01 -4.46E-01 -5.90E-02 1.76E-02 1.14E-01 1.51E-01 2.58E-01 2.64E-01 4.01E-01 4.67E-01 3.14E-01 3.31E-01 4.07E-01 2.94E-01 2.30E-01 2.67E-01 6.74E-01 1.20E-01 2.67E-01 2.44E-01 3.50E-01 5.17E-01 4.63E-01 3.20E-01 3.67E-01 6.03E-01 4.20E-01 4.16E-01 6.83E-01 9.70E-01 1.03E+00 1.01E+00 9.10E-01 1.10E+00 1.03E+00 8.79E-01 6.36E-01 -1.47E-01 -2.81E-01 -4.16E-03 1.02E-01 -2.71E-01 -1.84E-01 2.42E-01 2.79E-01 2.46E-01 1.82E-01 1.89E-01 -4.46E-02 -4.80E-02 -1.81E-01 1.05E-01 5.52E-01 5.68E-01 5.25E-01 3.52E-01 1.18E-01 -1.51E-02 2.72E-01 7.48E-01 4.55E-01 3.01E-01 1.98E-01 4.65E-01 2.11E-01 1.48E-01 1.45E-02 -2.49E-01 -1.52E-01 -3.56E-01 -2.59E-01 3.76E-02 -7.58E-02 -1.29E-01 7.74E-02 -1.46E-01 2.01E-01 1.97E-01 -8.61E-02 -2.89E-01 -2.73E-01 -5.96E-01 -6.60E-01 -2.63E-01 -3.64E-02 -7.98E-02 6.68E-02 3.53E-01 7.10E-01 5.47E-01 6.53E-01 1.30E-01 3.67E-01 1.33E-01 8.97E-02 3.96E-01 6.23E-01 1.00E+00 6.06E-01 3.03E-01 1.09E-01 -2.39E-02 7.27E-02 1.99E-01 -8.64E-01 -5.67E-01 -3.41E-01

5.37E-02 1.60E-01 6.07E-01 7.44E-01 5.30E-01 -2.03E-01 -1.17E-01 -2.90E-01 -2.43E-01 -6.27E-01 -7.40E-01 -4.33E-01 -2.07E-01 -4.00E-01 -2.44E-01 1.13E-01 -6.04E-02 -1.94E-01 3.93E-01 2.69E-01 -2.94E-01 -2.17E-01 8.93E-02 2.16E-01 4.33E-01 4.39E-01 1.06E-01 9.24E-02 2.59E-01 4.16E-01 5.92E-01 5.09E-01 5.35E-01 5.62E-01 2.89E-01 3.05E-01 -9.81E-02 1.09E-01 -1.25E-01 -9.82E-02 -5.42E-01 -4.85E-01 -4.98E-01 -3.42E-01 8.49E-02 -4.29E-01 -2.42E-01 3.65E-01 3.31E-01 -2.05E-03 -9.54E-02 -2.49E-01 -4.22E-01 -1.86E-01 1.01E-01 4.08E-01 5.84E-01 5.91E-01 7.37E-01 8.04E-01 5.31E-01 5.27E-01 5.24E-01 3.61E-01 5.17E-01 8.64E-01 1.27E+00 1.25E+00 1.10E+00 6.70E-01 -8.31E-02 -3.46E-01 -1.90E-01 -5.23E-01 -3.97E-01 -4.00E-01 -3.23E-01 -4.68E-02 5.00E-01 6.56E-01 6.63E-01 3.20E-01 -1.74E-01 -5.47E-01 -6.70E-01 -4.64E-01 -5.37E-01 -3.81E-01 -2.04E-01 -3.37E-01 -4.51E-01 -6.84E-01 -1.98E-01 1.49E-01 2.57E-02 2.42E-01 2.69E-01 7.56E-01 3.62E-01 1.99E-01 6.75E-01 9.52E-01 6.59E-01 1.95E-01 8.19E-02 3.08E-01 4.15E-01 5.92E-01 4.68E-01 2.65E-01 1.72E-01 4.58E-01 3.45E-01 -8.60E-03 -2.12E-01 -2.45E-01 -2.87E-02 -2.92E-01 -2.26E-01 -3.09E-01 -3.72E-01 -1.46E-01 -1.39E-01 -3.02E-01 -3.26E-01 3.08E-02 2.17E-01 5.24E-01 3.81E-01 5.77E-01 8.34E-01 8.90E-01 3.67E-01 5.54E-01 5.20E-01 4.07E-01 2.94E-01 -1.50E-01 -2.32E-02 -4.87E-01 -2.70E-01 -5.33E-02 2.83E-01 1.70E-01 -1.83E-01 -6.67E-01 ######## -8.64E-01 -7.57E-01 -3.60E-01

8.64E-01 4.71E-01 8.74E-02 4.24E-01 7.01E-01 4.87E-01 1.39E-02 -4.95E-02 4.07E-01 7.37E-02 3.90E-01 2.07E-01 -6.41E-03 1.10E-01 8.68E-02 3.34E-02 1.30E-01 3.67E-01 1.43E-01 -3.60E-01 -1.63E-01 2.73E-01 -5.02E-02 -3.54E-01 -1.97E-01 3.10E-01 7.06E-01 7.63E-01 5.79E-01 8.16E-01 7.63E-01 5.29E-01 3.26E-01 4.25E-02 -7.08E-02 4.58E-02 2.38E-03 -1.71E-01 3.56E-02 3.62E-01 1.39E-01 -5.45E-02 3.22E-01 2.69E-01 3.53E-02 6.19E-02 1.99E-01 2.35E-01 -1.82E-02 2.48E-01 6.55E-01 5.72E-01 3.68E-01 1.05E-01 2.51E-01 2.38E-01 4.05E-01 6.91E-01 4.18E-01 -1.35E-01 1.31E-01 -2.20E-03 2.44E-02 1.31E-01 2.38E-01 -5.76E-01 -6.99E-01 -3.63E-01 2.41E-02 2.31E-01 -9.27E-02 2.74E-01 4.71E-01 3.47E-01 5.34E-01 4.80E-01 3.37E-01 1.04E-01 1.60E-01 2.37E-01 7.35E-02 3.10E-01 3.17E-01 1.43E-01 -2.40E-01 -1.83E-01 -7.67E-01 -5.50E-01 -3.14E-01 -2.37E-01 -2.80E-01 6.63E-02 -1.87E-01 1.10E-01 4.61E-02 1.28E-02 3.29E-01 6.86E-01 7.23E-01 8.39E-01 5.96E-01 1.72E-01 -1.09E-02 -4.31E-03 2.12E-01 2.79E-01 6.55E-02 1.82E-01 1.49E-01 -1.25E-01 -1.58E-01 -1.31E-01 -4.77E-03 -2.08E-01 7.85E-02 2.95E-01 3.02E-01 -2.22E-01 6.49E-02 -1.48E-01 -3.82E-01 -3.05E-01 -1.29E-01 7.80E-02 -2.54E-02 2.12E-02 4.79E-02 3.14E-01 1.71E-01 3.08E-01 4.74E-01 2.81E-01 5.98E-01 6.74E-01 7.01E-01 2.74E-02 -5.97E-03 -5.59E-01 -2.03E-01 4.64E-01 4.40E-01 3.57E-01 -2.63E-02 1.90E-01 8.70E-02 -6.42E-03 -2.50E-01 -5.43E-01 -4.07E-01 2.00E-02

1.04E+00 4.41E-01 3.28E-01 3.44E-01 2.71E-01 4.48E-01 4.84E-01 2.01E-01 1.98E-01 -7.58E-02 -1.39E-01 -5.43E-01 -5.56E-01 -3.89E-01 -8.27E-02 2.94E-01 4.31E-01 5.27E-01 7.14E-01 4.50E-01 1.17E-01 -2.36E-01 -4.00E-01 -1.93E-01 -4.66E-02 4.01E-02 2.17E-01 5.83E-01 5.80E-01 9.37E-01 6.23E-01 4.40E-01 2.66E-01 6.30E-02 1.50E-01 -5.14E-01 -5.47E-01 -1.01E-01 1.96E-01 6.27E-02 3.93E-02 3.66E-01 5.63E-01 2.91E-02 6.58E-02 -4.08E-01 -1.81E-01 1.46E-01 9.22E-02 -9.12E-02 -1.05E-01 -2.79E-02 1.79E-01 1.95E-01 2.52E-01 5.39E-01 5.45E-01 2.22E-01 -1.02E-01 1.15E-01 -1.88E-01 -4.82E-01 -4.65E-01 -2.49E-01 -4.19E-02 -2.15E-01 -3.89E-01 -5.32E-01 -8.05E-01 -2.59E-01 -1.22E-02 -1.06E-01 -1.99E-01 -2.72E-01 -7.57E-02 4.41E-01 6.97E-01 8.74E-01 9.11E-01 1.21E+00 9.64E-01 2.31E-01 1.27E-01 -6.62E-02 -1.90E-01 -1.33E-01 1.44E-01 2.70E-01 1.57E-01 3.54E-01 1.40E-01 7.67E-02 -9.66E-02 -4.50E-01 -1.23E-01 8.32E-02 2.70E-01 3.46E-01 -6.95E-03 -1.40E-01 6.63E-02 -1.27E-01 -2.10E-01 -2.14E-01 2.23E-01 5.39E-01 4.96E-01 3.93E-01 4.09E-01 7.86E-01 2.82E-01 3.39E-01 3.86E-01 2.82E-01 1.59E-01 2.16E-01 1.92E-01 2.59E-01 6.45E-01 4.32E-01 3.89E-01 1.25E-01 1.02E-01 1.38E-01 7.51E-02 -3.83E-02 -8.17E-02 -1.75E-01 -4.88E-01 -3.02E-01 -2.25E-01 9.14E-02 1.48E-01 3.55E-01 7.51E-01 7.48E-01 2.44E-01 -4.89E-02 1.77E-02 4.74E-01 8.71E-01 2.68E-01 2.04E-01 4.01E-01 3.97E-01 1.34E-01 -2.29E-01 -1.23E-01 -4.36E-01 -4.30E-01

1.09E+00 8.72E-01 2.68E-01 2.65E-01 8.16E-02 1.18E-01 -1.75E-01 5.14E-02 4.08E-01 4.75E-01 7.01E-01 6.88E-01 2.94E-01 -1.29E-01 7.72E-03 -2.16E-01 -9.90E-02 4.88E-01 7.44E-01 5.31E-01 3.57E-01 5.64E-01 8.01E-01 5.67E-01 -6.11E-03 1.81E-01 -3.29E-02 1.84E-01 4.40E-01 3.67E-01 4.74E-01 2.90E-01 2.77E-01 2.33E-01 5.70E-01 2.87E-01 4.13E-01 5.60E-01 4.67E-01 3.63E-01 3.60E-01 7.64E-02 3.03E-01 4.60E-01 -3.24E-01 5.28E-02 7.94E-02 2.56E-01 4.93E-01 3.99E-01 4.59E-02 1.53E-01 4.69E-01 3.76E-01 -9.76E-02 1.49E-01 2.56E-01 3.62E-01 5.88E-02 1.85E-01 3.12E-01 2.29E-01 7.53E-02 -3.08E-01 -8.15E-02 -3.48E-02 3.12E-01 3.58E-01 1.75E-01 2.02E-01 1.48E-01 8.49E-02 -2.85E-02 -1.82E-01 -6.53E-02 6.13E-02 3.48E-01 9.46E-02 -5.49E-01 -6.12E-01 -4.46E-01 -5.89E-01 -4.24E-02 1.04E-01 2.21E-01 4.47E-01 2.94E-01 -2.69E-01 -2.66E-03 2.54E-01 3.06E-02 -3.83E-01 -2.16E-01 -1.96E-02 1.07E-01 5.14E-01 3.50E-01 1.27E-01 4.24E-01 2.60E-01 3.17E-01 8.63E-01 1.35E+00 8.77E-01 6.93E-01 8.00E-01 5.86E-01 6.53E-01 3.80E-01 2.26E-01 3.93E-01 4.20E-01 5.06E-01 4.03E-01 3.49E-01 4.66E-01 -9.74E-02 -4.01E-01 -2.64E-01 -5.68E-01 -3.21E-01 -5.44E-01 -4.18E-01 -2.01E-01 -1.14E-01 2.02E-01 4.29E-01 1.15E-01 2.72E-01 -1.91E-01 -1.25E-01 2.02E-01 -2.22E-01 -2.35E-01 1.32E-01 3.88E-01 4.95E-01 1.82E-01 2.18E-01 2.65E-01 1.71E-01 -3.02E-01 -6.54E-02 3.11E-01 1.38E-01 1.44E-01 6.11E-02 -1.23E-02 2.14E-01 7.09E-02
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APPENDIX D 

 

 

Due to the large volume of data for permeability on all the samples please contact for the excel file. 

An example of one set of data for 10 minutes on 7 days hydrated neat sample is provided above.  

There is data for at least 7 to 48 hours on each sample. Three sets of cores were tested for 

permeability on each mix design.  

 

 

 

 

 

Sample: NC71

Diam,cm: 2.545

Length,cm: 5.388

Baro mmHg: 760

Visc, cp: 0.017569

Time,sec DT Pres,inH20Flow_cc/s P1,psi Perm_md              Timestamp

19 0 0.037 1.23E-05 2.025 0.001559 4/1/2022 3:58:07 PM 0.00199656216672769 0 0.0379346811678261 19

39 20 0.067 1.07E-05 2.033 0.001346 4/1/2022 3:58:27 PM 0.00173067779113085 0 0.0674964338541031 39

59 40 0.142 1.49E-05 2.04 0.00187 4/1/2022 3:58:47 PM 0.00241349378632287 0 0.142396133393049 59

79 60 0.287 2.25E-05 2.048 0.002804 4/1/2022 3:59:07 PM 0.00363477805181395 0 0.287147466093302 79

99 80 0.522 3.26E-05 2.056 0.004052 4/1/2022 3:59:27 PM 0.00527448880702558 0 0.522174391895533 99

119 100 0.841 4.37E-05 2.063 0.005413 4/1/2022 3:59:47 PM 0.00707100372479743 0 0.841449443250895 119

139 120 1.279 5.69E-05 2.071 0.00702 4/1/2022 4:00:07 PM 0.00920772555170299 0 1.27987385168672 139

159 140 1.797 6.99E-05 2.079 0.008583 4/1/2022 4:00:27 PM 0.0113041821000336 0 1.79736495390534 159

179 160 2.39 8.25E-05 2.088 0.010092 4/1/2022 4:00:47 PM 0.0133528456549738 0 2.3901593722403 179

199 180 3.044 9.46E-05 2.098 0.011505 4/1/2022 4:01:07 PM 0.0153004392494808 0 3.04478741064668 199

219 200 3.761 0.000106 2.107 0.012856 4/1/2022 4:01:27 PM 0.0171763211250577 0 3.76161432638764 219

239 220 4.489 0.000116 2.115 0.014002 4/1/2022 4:01:47 PM 0.0187825478426333 0 4.48902893438935 239

261 242 1.336 0.000486 2.101 0.059006 4/1/2022 4:02:09 PM 0.0785933702307589 0.0188429375644773 1.3360872939229 17

281 262 2.574 0.00043 2.11 0.051993 4/1/2022 4:02:29 PM 0.0695679463647507 0.0188429375644773 2.57401401549578 37

301 282 3.671 0.000398 2.119 0.047919 4/1/2022 4:02:49 PM 0.0644098218334349 0.0188429375644773 3.67135984450579 57

323 304 0.192 0.000595 1.953 0.078064 4/1/2022 4:03:11 PM 0.0961979795247316 0.0620460878700426 0.192395959049463 2

343 324 1.88 0.000528 1.96 0.069095 4/1/2022 4:03:31 PM 0.0854702600362626 0.0620460878700426 1.88034572079778 22

363 344 3.227 0.000475 1.959 0.062143 4/1/2022 4:03:51 PM 0.076829053550249 0.0620460878700426 3.22682024911046 42

383 364 4.445 0.000443 1.959 0.057994 4/1/2022 4:04:11 PM 0.0716997234210853 0.0620460878700426 4.44538285210729 62

404 385 1.561 0.000603 1.96 0.078868 4/1/2022 4:04:32 PM 0.0975598951335996 0.0715412831613942 1.56095832213759 16

424 405 3.035 0.000521 1.96 0.068154 4/1/2022 4:04:52 PM 0.084305761485464 0.0715412831613942 3.03500741347671 36

444 425 4.352 0.00048 1.961 0.062799 4/1/2022 4:05:12 PM 0.0777238894120923 0.0715412831613942 4.35253780707717 56

466 447 1.496 0.000617 1.961 0.080594 4/1/2022 4:05:34 PM 0.0997483332951864 0.0769023440020569 1.4962249994278 15

486 467 2.994 0.000529 1.961 0.069132 4/1/2022 4:05:54 PM 0.085562150818961 0.0769023440020569 2.99467527866364 35

506 487 4.327 0.000486 1.961 0.063577 4/1/2022 4:06:14 PM 0.078687258200212 0.0769023440020569 4.32779920101166 55

529 510 1.497 0.000617 1.961 0.080659 4/1/2022 4:06:37 PM 0.0998288450141748 0.0778295068905271 1.49743267521262 15

549 530 3.052 0.000539 1.961 0.070469 4/1/2022 4:06:57 PM 0.0872172993208681 0.0778295068905271 3.05260547623038 35

569 550 4.38 0.000492 1.958 0.064448 4/1/2022 4:07:17 PM 0.079635855758732 0.0778295068905271 4.37997206673026 55

591 572 1.597 0.000617 1.956 0.080852 4/1/2022 4:07:39 PM 0.0997971736360341 0.0791398113626137 1.59675477817655 16

611 592 3.125 0.000536 1.953 0.070437 4/1/2022 4:07:59 PM 0.086799955719875 0.0791398113626137 3.1247984059155 36

631 612 4.458 0.000492 1.951 0.064675 4/1/2022 4:08:19 PM 0.0796118397930903 0.0791398113626137 4.45826302841306 56
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Tables 1: Summarized data for porosity values comparing previous works related to wellbore 

cementing with thermal cyclic loading and static temperature to that of the current work 

done. 

1a:  (K. S. Bello & Radonjic, 2014) measured     1b: (Massion et al., 2021) measured porosity                      

porosity using a Helium-porosimeter.                      at 90 oC using Helium gas-porosimeter. 

 

 Sample 

identification 

for average 

Porosity (%) 

(K. S. Bello & 

Radonjic, 2014) after 

100 thermal cycles 

between 40 oC and 90 
oC each cycle running 

for 12 hours 

Neat Cement 57.41 

Steel Fiber 54.36 

Silica Sand 56.56 

Calcined Clay 55.63 

Glass Fiber 56.97 

 

1c: Porosity values on the currently worked samples undergone thermal cycling.  

Sample identification 

for average Porosity 

(%) 

Current work after 21 thermal 

cycles between 20 oC and 110 oC 

running each cycle for 8 hours 

Current work after 84 thermal 

cycles between 20 oC and 110 oC 

running each cycle for 8 hours 

Neat Cement 27.5 21.6 

0.008% LG 29.55 27.93 

0.008% PG 29.63 25.93 

0.1% LG 28.76 24.16 

0.1% PG 29.78 24.17 

 

 

Sample 

identification for 

average Porosity 

(%) 

(Massion et al., 2021) 

at static 90 oC 

Neat Cement 25.64 

0.008% PG 25.57 

0.016% PG 27.10 

0.05% PG 27.06 
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Tables 2: Summarized data for permeability values comparing current work of examining 

wellbore cementing with graphene and previous works that have used graphene and other 

materials as mentioned below.  

2a: (K. S. Bello & Radonjic, 2014) measured   2b:(Massion et al., 2021) measured permeabilty                    

using liquid pulse pressure decay                          using helium gas permeameter. 

permeameter; fluid used is water.                          

                                                                              

  

2c: Permeability values measured using helium gas permeameter for the current samples. 

Sample 

identification for 

average 

Permeability (µD) 

Current work after 21 thermal 

cycles between 20 oC and 110 oC 

running each cycle for 8 hours 

Current work after 84 thermal 

cycles between 20 oC and 110 oC 

running each cycle for 8 hours 

Neat Cement 82.87 58.41 

0.008% LG 89.10 74.47 

0.008% PG 87.11 69.23 

0.1% LG 91.58 52.24 

0.1% PG 94.28 47.65 

 

Sample identification 

for average 

Permeability (µD) 

(Massion et al., 

2021) at static 90 oC 

Neat Cement 44.48 

0.008% PG 50.16 

0.016% PG 56.05 

0.05% PG 50.99 

Sample 

identification 

for average 

Permeability 

(µD) 

(K. S. Bello & 

Radonjic, 2014) after 

100 thermal cycles 

between 40 oC and 90 
oC each cycle running 

for 12 hours 

  Neat Cement 0.31 

Steel Fiber 0.26 

Silica Sand 0.39 

 Calcined Clay 0.29 

Glass Fiber 0.05 
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