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Motivation

Proton Upstream end Downstream 

Cracks 

NT-02 Target: 
Estimated DPA ~ 0.63
(More on this from 
Sujit Bidhar later)

• Determination of the effects of increasing beam power and fluence on target 
materials is essential to avoid component failure.

• High energy proton irradiation presents many difficulties: sample activation, 
high costs, long irradiation times, rigorous planning and sample preparation.

• Low-energy ion irradiations suggest a method of testing new beam designs 
without the costly and time consuming high-energy irradiations commonly 
undertaken while also allowing for faster experiment iteration without sample 
activation.
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Ion irradiation advantages and limitations

High peak DPA achievable in short times
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Very small irradiated volumes compared to HE protons: 
linearity near surface: ~ 10um depth, 800um radius

Highly linear DPA rate near the surface
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HE vs LE irradiations

HE protons
• $420/DPA/mm3

• Very long irradiation 
times (months). 

• BLIP: 0.11DPA/55days
• Rigorous sample 

preparation and testing: 
many people/resources 
required

• Sample activation 
requires special 
shipping & handling 

• Hot cell PIE work

LE ions
• $20000/DPA/mm3

• Short irradiations 
(days)

• MIBL trial: 1DPA/90hrs
• Simple and fast 

sample preparation
• Transport samples in 

my backpack on 
Amtrak

• PIE work at standard 
laboratories
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Trial irradiation objectives
• Attain 3 ion irradiated samples across a range of DPA values 

corresponding to data from existing or upcoming high energy 
studies for preliminary characterization of damage effects.

• Familiarization with ion lab capabilities and procedures: sample 
mounting, temperature control, beam profiling and monitoring, 
measurement of current on target.
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Implementation
Facility: Michigan Ion Beam Laboratory (MIBL)
• 1.7MV Pelletron accelerator with ECR ion 

source: 4.5MeV He++ with ~1-2μA beam current
• 400kV Implanter for future dual beam irradiation
• In lab TEM
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Sample preparation

Encapsulated graphite specimens

Proton 
beam

BLIP Graphite Irradiation 
(2010)MIBL Graphite Irradiation
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Beam control and monitoring

MIBL control room

Digital monitors and controls: 
Slit currents (TOP)
X steerers and ECR (BOTTOM)
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Trial irradiation: beam parameters

Determination of beam FWHM accomplished by fitting 
fluorescences data from ceramic plate dropped into beam

THE ALIGNMENT OF CONVERGENT BEMLINES AT A NEW TRIPLE 

ION BEAM FACILITY 

O. F. Toader,   F.U. Naab, T. Kubley  E. Uberseder,  Michigan Ion Beam Laboratory, University 
of Michigan, Ann Arbor, Michigan, USA 

 

Abstract 

The Michigan Ion Beam Laboratory (MIBL) at the Uni-
versity of Michigan in Ann Arbor Michigan, USA, has re-
cently upgraded its capabilities from a two accelerator to a 
three accelerator operation mode.  The laboratory, 
equipped with a 3 MV Tandem, a 400 kV Ion Implanter 
and a 1.7 MV Tandem, has also increased the number of 
available beamlines from three to seven with two more in 
the planning stages.  Multiple simultaneous ion beam ex-
periments are already in progress and scientists conduct 
state of the art experiments involving light and heavy ions.  
The MIBL staff had to overcome multiple challenges dur-
ing the physical alignment process of the accelerators, 
beamlines and experimental end-stages.  Not only the po-
sition of the accelerators changed, but the target chambers 
were moved into a different room behind a one meter thick 
concrete wall.  At the same time, a beamline from each ac-
celerator had to converge and connect to a single chamber 
at a precise angle.  This paper focuses on the alignment 
process of all the equipment involved in triple ion beam 
experiments and especially on the procedures to align the 
ion beams on a target. 

INTRODUCTION 

Ion beam irradiation experiments, if properly conducted, 
can simulate the radiation damage that occurs in materials 
inside a nuclear reactor.  While radiation effects induced by 
neutrons can be successfully emulated by protons and 
heavy ions irradiations in much shorter times, researchers 
tried to find a way to also simulate the presence of trans-
mutation products in reactors. Building on the successes of 
other facilities (TIARA-Japan and JANNUS-France), the 
Michigan Ion Beam Laboratory (Fig. 1.a,b,c) as part of the 
Department of Nuclear Engineering and Radiological Sci-
ences at the University of Michigan, is now in the position 
to deliver dual and triple ion beam irradiations  experi-
ments.  

THE PARTICLE ACCELERATORS 

The laboratory is equipped with three accelerators: a 3 
MV Tandem, a 1.7 MV Tandem and a 400 kV Implanter.  
The 3 MV Tandem (model 9SDH-2) high current Pelletron 
accelerator (Fig. 2a) was built by National Electrostatics 
Corporation (NEC).  The 1.7 MV accelerator (Fig. 2b) is a 
solid-state, gas insulated, high frequency Tandetron built 
by General Ionex (now HVEE) that operates in the 0.3 MV 
to 1.7 MV range delivering very stable DC beams.   The 
400 kV implanter (Fig. 2c) is an air-insulated device also 
built by NEC that can deliver ion beams from any element 
in the periodic table, with beam fluences of 1 mA or more 

for some gas ions, on an area with a diameter in excess of 
6 inches (15 cm).  The implantation stage can be cooled to 
LN temperatures or heated up to 800 0C. 

 

 

Figure 1: (a) AutoCAD drawing of the lab in the new con-
figuration, (b) Overhead view of the lab (c) View of the 
multiple ion beam chamber designed to simultaneously ac-
commodate up to three ion beams on a target. 

 

 

Figure 2: MIBL particle accelerators: (a) 3 MV Tandem – 
Wolverine (W), (b) 1.7 MV Tandetron – Maize (M), (c) 
400 kV ion implanter – Blue (B) and (d) view of the Con-
trol Room (CR) of the three accelerators that now operate  
in remote control mode. 
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THE ION SOURCES 

The accelerators are equipped with many different types 
of ion sources. Sources for light ions: TORVIS (NEC), 
ECR (Pantechnik) and Alphatross (NEC) that are used for 
the production of protons, alpha particles and deuterium in 
Fig. 3d, 3b and 3f respectively.  The sources for heavy ions 
are of sputter type: PS120 (Peabody Scientific) and MC 
SNICS (NEC) in Fig 3a and 3c respectively.  These sources 
work with Cs as a sputtering element.  The only positive 
ion source in MIBL is Danfyzik 921 shown in Fig 3d. in-
stalled in the Implanter.  This source can operate in gas 
mode, liquid mode and sputter mode.  The sputtering is in-
duced with an Ar beam. 
 

 
Figure 3: The ion sources:   (a) PS 120 (b) ECR (c) SNICS 
(d) Torvis (e) 921 and (f) Alphatross. 

THE BEAMLINES 

The laboratory has two experimental rooms and seven 
active beamlines with two extra beamlines in planning 
stages (Fig 1a).  The North Target Room (NTR) hosts BL1 
used for surface analysis experiments (NRA, RBS, ERD 
and PIXE) and BL2 used in protons and heavy ions irradi-
ation experiments.  The South Target Room (STR) hosts 
BL3 through BL9.  BL3 is used in experiments involving 
simultaneous protons and high temperature, high pressure 
corrosion experiments.  Beamlines 4 (from Wolverine), 5 
(from Blue) and 7 (from Maize) are part of a group that can 
deliver dual and triple ion beams irradiation experiments. 
The first part of BL5, terminated with a chamber in THE 
Accelerator Room, is the ion implantation beamline.  Fu-
ture BL6 and BL8 (in planning stages) will interface with 
a Transmission Electron Microscope (300 kV FEI) for in-
situ observation of radiation damage experiments.  

THE ALIGNMENT 

The alignment (of sources, low energy beamlines, accel-
erators and high energy beamlines) was a difficult process 
that presented the lab staff with multiple challenges:  (1) 
three accelerators, nine beamlines, of which three beam-
lines with one common target, four single ion beamlines 
and two beamlines still in planning stages; (2) two different 
center lines, with two accelerators at 56 inches (~1.42m) 
high and one at 68 inches (~1.72 m) from ground;  (3) two 
different rooms with 12 inch (~30 cm) height difference 
(target room lower); (4) four feet (~1.2 m) thick wall be-
tween rooms, with no direct line of sight or overhead crane 
to move heavy components.  The first step in the alignment 
process, consisted of mechanically aligning the ion 

sources, the accelerator and beamlines with a transit scope 
and overlapping crosshairs.  Once the beamlines were un-
der vacuum, a special target or end-station (Fig 4a) was 
used.  A beam fluorescent, ceramic piece was mounted on 
the surface allowing the visualization of both a laser beam 
and an ion beam (beam focused in Fig 4b and rastered in 
Fig 4c).  The green laser beam was focused through a 
quartz port and travelled along the center of each beamline 
(Fig 4d).  Finally, the profile from a BPM (Fig 4e) was used 
to confirm the shape and size of the ion beam.  In order to 
guarantee that the ion beam hits the desired spot on the ex-
perimental stage, the laser beam must perfectly align with 
the ion beam on the target.   During actual experiments the 
target may not be fluorescent to the ion beam and then the 
laser spot is used to confirm the location of the beam.   

  

 

Figure 4: (a) stage, (b) focused beam on the stage, (c) ras-
tered beam on stage, (d) laser light overlap on the ion beam 
and (e) BPM profile of the focused beam. 

   The alignment procedure, repeated for each single ion 
beamline and for the three converging beamlines, consisted 
in the following steps: (a) centering the focused beam and 
the focused laser spot on the ceramic piece (separately and 
overlapped) and (b) rastering the beam and opening the 
beam apertures to different sizes to confirm that the ras-
tered beam and the defocused laser beam spots coincide.  
Examples are shown in Figure 5. 
 

 

Figure 5: laser beam, ion beam and overlapped laser and 
ion beams:  BL4: (a, b and c), BL7: (d, e and f) and BL2: 
(g, h and i). 
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Overview and Commissioning

Ion energy: 4.5MeV
FWHM: ~2.2mm
Beam current: ~1.3μA
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Trial irradiation: Temperature control

Copper

Graphite

Courtesy: S. Bidhar                                               

Gaussian Beam
Sigma : 1.1 mm

10

Heat deposition- axisymmetric model

Temperature monitor showing T~100C with 
~10C drop when measuring beam current



HPT R&D Program Dec. 201911

Trial irradiation: Footprint and DPA

Irradiation plan
• Irradiate Area I ~5hrs
• Open slits to Area II ~40hrs
• Open slits to Area III ~50hrs

MARS simulation of total 
DPA accumulation (NRT w/

Stoller correction)
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0.6
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Trial irradiation: Damage rate

Irradiation Source DPA rate (DPA/s) He gas prod. (appm/DPA) Irradiation Temp (˚C)

Mixed spectrum fission reactor 3 x 10-7 1 x 10-1 200-600

Fusion reactor 1 x 10-6 1 x 101 400-1000

High energy proton beam 6 x 10-3 1 x 103 100-800

Low energy He++ beam 3.25 x 10-4 (Peak) None (implantable) <100-650

Courtesy: P. Huhr                                               
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Trial irradiation: Upcoming PIE work

• TEM at University of 
Michigan Center for 
Materials Characterization 
(MC)2

• AFM profilometry 
measurements of swelling 
above surface at IIT 

• Nano(micro)indentation at 
IIT
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Future PIE work

• X-Ray Diffraction at Argonne National Laboratory 
Sector 10

• Microcantilever testing, facility TBD
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BONUS SLIDES
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Current monitoring and logs
Name for experiment

Beam current samples
Starting Beam Current 335 nA Current (nA) Time Time Diff. (s) Integrated Charge hrs 43

Sample Area 0.06 cm^2 372 11/20/2019 14:45:00 0 0.00E+00 ions 8.75E+15

Charge State 2 372 11/20/2019 14:46:00 60.0 2.23E-05 total ions

Desired Dose 3.50E+18 atoms/cm^2 350 11/20/2019 15:42:00 3360.0 1.21E-03
Start Time 11/20/2019 14:45 300 11/20/2019 16:48:00 3960.0 1.29E-03

283 11/20/2019 17:28:00 2400.0 7.00E-04
Coulombs Needed 6.73609E-02 268 11/20/2019 18:31:00 3780.0 1.04E-03
Coulombs Remaining -1.68564E-04 254 11/20/2019 19:41:00 4200.0 1.10E-03
Last Current 640.00 245 11/20/2019 20:31:00 3000.0 7.48E-04
Last Time 11/22/2019 9:45:00 240 11/20/2019 21:21:00 3000.0 7.27E-04

Stop Time 11/22/2019 9:40:37 240 11/20/2019 22:33:00 4320.0 1.04E-03
236 11/20/2019 23:43:00 4200.0 1.00E-03

RATIO OF Y UP TO DOWN UP/DOWN 1.86E+01 225 11/21/2019 0:25:00 2520.0 5.81E-04
225 11/21/2019 0:54:00 1740.0 3.92E-04
220 11/21/2019 2:55:00 7260.0 1.62E-03
215 11/21/2019 4:59:00 7440.0 1.62E-03
157 11/21/2019 7:05:00 7560.0 1.41E-03
157 11/21/2019 8:57:00 6720.0 1.06E-03
360 11/21/2019 9:01:00 240.0 6.20E-05
360 11/21/2019 9:02:00 60.0 2.16E-05
420 11/21/2019 9:12:00 600.0 2.34E-04
480 11/21/2019 9:23:00 660.0 2.97E-04
516 11/21/2019 9:47:00 1440.0 7.17E-04
520 11/21/2019 10:12:00 1500.0 7.77E-04
520 11/21/2019 11:43:00 5460.0 2.84E-03
590 11/21/2019 12:53:00 4200.0 2.33E-03
590 11/21/2019 14:09:00 4560.0 2.69E-03
570 11/21/2019 15:33:00 5040.0 2.92E-03
568 11/21/2019 16:29:00 3360.0 1.91E-03
564 11/21/2019 17:55:00 5160.0 2.92E-03
560 11/21/2019 21:21:00 12360.0 6.95E-03
640 11/22/2019 6:02:00 31260.0 1.88E-02
640 11/22/2019 8:32:00 9000.0 5.76E-03
640 11/22/2019 9:45:00 4380.0 2.80E-03
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Current monitoring and logs
Experiment: t
Date and Time Average :IG 4-1 :IG 4-2 :IG MBC :AM 4-1 X+ :AM 4-1 X- :AM 4-1 Y+ :AM 4-1 Y- :AM 4-2 :DPA :Total Charge :Total Slits :Slits + Stage :IG 7-1 :IG 7-2 :IG MBC :AM 7-1 X+ :AM 7-1 X- :AM 7-1 Y+ :AM 7-1 Y- :AM 7-2 :DPA :Total Charge :Total Slits :Slits + Stage :TC MBC-1 TR :TC MBC-2 TR :TC MBC-3 TR :TC MBC-4 TR :TC MBC-5 TR :TC MBC-6 TR :TC MBC-1 k-type :TC MBC-2 k-type :TC MBC-3  k-type :TC MBC-4  k-type :IG 5-0 :IG 5-1 :IG 5-2 :AM 5-1 X+ :AM 5-1 X- :AM 5-1 Y+ :AM 5-1 Y- :AM 5-2 :Total Slits :Slits + Stage
11/25/2019 2:51:53 PM 25.36 25.36 25.29 25.05 0.00E+00 6.07E-09 1.01E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.01E-07 4.19E-07 1.52E-07 1.74E-08 3.91E-08 -2.49E+02 0.00E+00 0.00E+00 6.27E-07 -2.49E+02 22.41 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:52:08 PM 25.38 25.38 25.31 25.07 0.00E+00 6.10E-09 1.01E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.01E-07 4.36E-07 1.44E-07 1.75E-08 3.89E-08 -2.49E+02 0.00E+00 0.00E+00 6.36E-07 -2.49E+02 22.39 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:52:18 PM 25.39 25.39 25.32 25.09 0.00E+00 6.13E-09 1.01E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.01E-07 4.30E-07 1.47E-07 1.76E-08 3.86E-08 -2.49E+02 0.00E+00 0.00E+00 6.33E-07 -2.49E+02 22.38 1381.43 1381.43 1381.43 1381.43 1381.43 2385.59 2385.59 2385.59 2385.59 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:52:28 PM 25.38 25.38 25.3 25.09 0.00E+00 6.13E-09 1.00E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.00E-07 4.34E-07 1.56E-07 1.62E-08 3.65E-08 -2.49E+02 0.00E+00 0.00E+00 6.43E-07 -2.49E+02 22.37 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:52:38 PM 25.36 25.36 25.3 25.07 0.00E+00 6.08E-09 1.00E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.00E-07 2.85E-07 2.67E-07 1.84E-08 4.03E-08 -2.49E+02 0.00E+00 0.00E+00 6.10E-07 -2.49E+02 22.37 1381.43 1381.43 1381.43 1381.43 1381.43 2385.59 2385.59 2385.59 2385.59 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:52:48 PM 31.46 31.46 33.53 33.05 0.00E+00 6.06E-09 1.01E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.01E-07 2.91E-07 2.57E-07 1.79E-08 4.06E-08 -2.49E+02 0.00E+00 0.00E+00 6.06E-07 -2.49E+02 22.37 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:52:58 PM 37.12 37.12 41.03 40.67 0.00E+00 6.05E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 3.15E-07 2.40E-07 1.71E-08 4.19E-08 -2.49E+02 0.00E+00 0.00E+00 6.14E-07 -2.49E+02 22.39 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:53:08 PM 37.5 37.5 41.54 41.18 0.00E+00 6.02E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 2.99E-07 2.60E-07 1.80E-08 4.17E-08 -2.49E+02 0.00E+00 0.00E+00 6.18E-07 -2.49E+02 22.45 1381.44 1381.44 1381.44 1381.44 1381.44 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:53:18 PM 37.46 37.46 41.45 41.11 0.00E+00 6.02E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 3.19E-07 2.35E-07 1.73E-08 4.16E-08 -2.49E+02 0.00E+00 0.00E+00 6.13E-07 -2.49E+02 22.52 1381.44 1381.44 1381.44 1381.44 1381.44 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:53:28 PM 37.61 37.61 41.62 41.26 0.00E+00 6.01E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 3.08E-07 2.45E-07 1.73E-08 4.20E-08 -2.49E+02 0.00E+00 0.00E+00 6.13E-07 -2.49E+02 22.61 1381.44 1381.44 1381.44 1381.44 1381.44 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:53:38 PM 37.66 37.66 41.67 41.31 0.00E+00 6.07E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 3.00E-07 2.55E-07 1.80E-08 4.17E-08 -2.49E+02 0.00E+00 0.00E+00 6.15E-07 -2.49E+02 22.69 1381.44 1381.44 1381.44 1381.44 1381.44 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:53:48 PM 37.56 37.56 41.54 41.19 0.00E+00 6.07E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 2.94E-07 2.58E-07 1.72E-08 4.20E-08 -2.49E+02 0.00E+00 0.00E+00 6.12E-07 -2.49E+02 22.76 1381.44 1381.44 1381.44 1381.44 1381.44 2385.59 2385.59 2385.59 2385.59 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:53:58 PM 37.58 37.58 41.54 41.21 0.00E+00 6.07E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 3.02E-07 2.49E-07 1.71E-08 4.18E-08 -2.49E+02 0.00E+00 0.00E+00 6.10E-07 -2.49E+02 22.83 1381.44 1381.44 1381.44 1381.44 1381.44 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:54:08 PM 37.81 37.81 41.86 41.48 0.00E+00 5.99E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 2.90E-07 2.63E-07 1.78E-08 4.16E-08 -2.49E+02 0.00E+00 0.00E+00 6.13E-07 -2.49E+02 22.91 1381.44 1381.44 1381.44 1381.44 1381.44 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.25E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:54:18 PM 37.93 37.93 41.99 41.61 0.00E+00 5.96E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 2.93E-07 2.62E-07 1.81E-08 4.17E-08 -2.49E+02 0.00E+00 0.00E+00 6.15E-07 -2.49E+02 23 1381.44 1381.44 1381.44 1381.44 1381.44 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:54:28 PM 37.85 37.85 41.88 41.53 0.00E+00 6.04E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 3.09E-07 2.46E-07 1.71E-08 4.24E-08 -2.49E+02 0.00E+00 0.00E+00 6.14E-07 -2.49E+02 23.08 1381.44 1381.44 1381.44 1381.44 1381.44 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:54:38 PM 37.97 37.97 41.99 41.62 0.00E+00 6.04E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 3.01E-07 2.52E-07 1.78E-08 4.17E-08 -2.49E+02 0.00E+00 0.00E+00 6.12E-07 -2.49E+02 23.15 1381.44 1381.44 1381.44 1381.44 1381.44 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:54:48 PM 38 38 42.01 41.63 0.00E+00 6.06E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 2.97E-07 2.53E-07 1.80E-08 4.12E-08 -2.49E+02 0.00E+00 0.00E+00 6.09E-07 -2.49E+02 23.23 1381.44 1381.44 1381.44 1381.44 1381.44 2385.59 2385.59 2385.59 2385.59 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:54:58 PM 38.04 38.04 42.05 41.63 0.00E+00 6.03E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 3.02E-07 2.44E-07 1.82E-08 3.99E-08 -2.49E+02 0.00E+00 0.00E+00 6.04E-07 -2.49E+02 23.29 1381.44 1381.44 1381.44 1381.44 1381.44 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:55:08 PM 38.16 38.16 42.18 41.7 0.00E+00 6.08E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 2.99E-07 2.50E-07 1.94E-08 3.74E-08 -2.49E+02 0.00E+00 0.00E+00 6.05E-07 -2.49E+02 23.63 1381.43 1381.43 1381.43 1381.43 1381.43 2385.59 2385.59 2385.59 2385.59 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:55:18 PM 38.44 38.44 42.53 42.01 0.00E+00 6.07E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 3.12E-07 2.48E-07 1.98E-08 3.77E-08 -2.49E+02 0.00E+00 0.00E+00 6.18E-07 -2.49E+02 25.22 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:55:28 PM 38.54 38.54 42.62 42.19 0.00E+00 6.07E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 3.10E-07 2.50E-07 1.84E-08 4.02E-08 -2.49E+02 0.00E+00 0.00E+00 6.19E-07 -2.49E+02 27.78 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:55:38 PM 39.84 38.58 42.58 42.21 0.00E+00 6.07E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 3.11E-07 2.47E-07 1.73E-08 4.17E-08 -2.49E+02 0.00E+00 0.00E+00 6.17E-07 -2.49E+02 30.86 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:55:48 PM 41.33 38.8 42.79 42.41 0.00E+00 6.05E-09 1.03E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.03E-07 3.11E-07 2.43E-07 1.76E-08 4.13E-08 -2.49E+02 0.00E+00 0.00E+00 6.13E-07 -2.49E+02 34.18 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:55:58 PM 41.67 39.17 43.12 42.71 0.00E+00 6.07E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 2.99E-07 2.51E-07 1.83E-08 4.01E-08 -2.49E+02 0.00E+00 0.00E+00 6.09E-07 -2.49E+02 38.04 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:56:08 PM 41.96 39.48 43.39 43.01 0.00E+00 6.04E-09 1.02E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.02E-07 3.03E-07 2.50E-07 1.84E-08 4.03E-08 -2.49E+02 0.00E+00 0.00E+00 6.11E-07 -2.49E+02 43.15 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:56:18 PM 42.51 40.04 43.96 43.54 0.00E+00 6.04E-09 1.03E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.03E-07 3.15E-07 2.37E-07 1.83E-08 4.02E-08 -2.49E+02 0.00E+00 0.00E+00 6.11E-07 -2.49E+02 49.06 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:56:28 PM 43.31 40.83 44.75 44.35 0.00E+00 6.04E-09 1.03E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.03E-07 3.05E-07 2.48E-07 1.83E-08 4.02E-08 -2.49E+02 0.00E+00 0.00E+00 6.11E-07 -2.49E+02 55.31 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:56:38 PM 44.04 41.57 45.46 45.09 0.00E+00 6.00E-09 1.03E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.03E-07 3.13E-07 2.39E-07 1.87E-08 4.01E-08 -2.49E+02 0.00E+00 0.00E+00 6.11E-07 -2.49E+02 61.57 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:56:48 PM 44.84 42.37 46.23 45.91 0.00E+00 6.00E-09 1.03E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.03E-07 3.09E-07 2.46E-07 1.83E-08 4.09E-08 -2.49E+02 0.00E+00 0.00E+00 6.14E-07 -2.49E+02 67.63 1381.43 1381.43 1381.43 1381.43 1381.43 2385.56 2385.56 2385.56 2385.56 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:56:58 PM 45.67 43.21 47.06 46.75 0.00E+00 6.02E-09 1.04E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.04E-07 3.18E-07 2.36E-07 1.78E-08 4.13E-08 -2.49E+02 0.00E+00 0.00E+00 6.13E-07 -2.49E+02 73.32 1381.43 1381.43 1381.43 1381.43 1381.43 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:57:08 PM 46.69 44.24 48.08 47.75 0.00E+00 6.07E-09 1.04E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.04E-07 3.34E-07 2.23E-07 1.76E-08 4.08E-08 -2.49E+02 0.00E+00 0.00E+00 6.15E-07 -2.49E+02 78.72 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:57:18 PM 47.55 45.14 48.91 48.6 0.00E+00 6.11E-09 1.05E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.05E-07 3.53E-07 2.05E-07 1.78E-08 4.05E-08 -2.49E+02 0.00E+00 0.00E+00 6.17E-07 -2.49E+02 83.85 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:57:28 PM 48.95 46.57 50.3 49.99 0.00E+00 6.08E-09 1.05E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.05E-07 2.72E-07 2.86E-07 1.78E-08 3.98E-08 -2.49E+02 0.00E+00 0.00E+00 6.15E-07 -2.49E+02 88.78 1381.42 1381.42 1381.42 1381.42 1381.42 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:57:38 PM 50.47 48.04 51.84 51.53 0.00E+00 6.06E-09 1.06E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.06E-07 3.14E-07 2.46E-07 1.86E-08 3.98E-08 -2.49E+02 0.00E+00 0.00E+00 6.18E-07 -2.49E+02 93.43 1381.42 1381.42 1381.42 1381.42 1381.42 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:57:48 PM 51.69 49.35 53.04 52.69 0.00E+00 6.04E-09 1.07E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.07E-07 3.23E-07 2.36E-07 2.18E-08 3.59E-08 -2.49E+02 0.00E+00 0.00E+00 6.18E-07 -2.49E+02 97.88 1381.42 1381.42 1381.42 1381.42 1381.42 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:57:58 PM 53.03 50.78 54.4 53.92 0.00E+00 6.06E-09 1.07E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.07E-07 3.26E-07 2.28E-07 2.60E-08 2.98E-08 -2.49E+02 0.00E+00 0.00E+00 6.10E-07 -2.49E+02 102.13 1381.42 1381.42 1381.42 1381.42 1381.42 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:58:08 PM 54.45 52.26 55.75 55.36 0.00E+00 6.08E-09 1.08E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.08E-07 2.83E-07 2.69E-07 2.62E-08 2.88E-08 -2.49E+02 0.00E+00 0.00E+00 6.07E-07 -2.49E+02 106.22 1381.42 1381.42 1381.42 1381.42 1381.42 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:58:18 PM 55.93 53.78 57.18 56.84 0.00E+00 6.09E-09 1.09E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.09E-07 2.56E-07 2.92E-07 2.61E-08 2.83E-08 -2.49E+02 0.00E+00 0.00E+00 6.03E-07 -2.49E+02 110.22 1381.42 1381.42 1381.42 1381.42 1381.42 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:58:28 PM 57.44 55.31 58.67 58.34 0.00E+00 6.10E-09 1.10E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.10E-07 2.61E-07 2.92E-07 2.59E-08 2.90E-08 -2.49E+02 0.00E+00 0.00E+00 6.07E-07 -2.49E+02 114.15 1381.42 1381.42 1381.42 1381.42 1381.42 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:58:38 PM 59.43 57.26 60.7 60.32 0.00E+00 6.11E-09 1.11E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.11E-07 2.66E-07 2.92E-07 2.62E-08 2.95E-08 -2.49E+02 0.00E+00 0.00E+00 6.14E-07 -2.49E+02 117.94 1381.43 1381.43 1381.43 1381.43 1381.43 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:58:48 PM 61.09 58.97 62.32 61.99 0.00E+00 6.09E-09 1.12E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.12E-07 2.57E-07 3.00E-07 2.59E-08 2.95E-08 -2.49E+02 0.00E+00 0.00E+00 6.13E-07 -2.49E+02 121.75 1381.43 1381.43 1381.43 1381.43 1381.43 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:58:58 PM 62.85 60.76 64.05 63.73 0.00E+00 6.07E-09 1.13E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.13E-07 2.51E-07 3.04E-07 2.66E-08 2.81E-08 -2.49E+02 0.00E+00 0.00E+00 6.10E-07 -2.49E+02 125.49 1381.43 1381.43 1381.43 1381.43 1381.43 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:59:08 PM 64.53 62.5 65.69 65.41 0.00E+00 6.08E-09 1.15E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.15E-07 2.57E-07 2.94E-07 2.60E-08 2.89E-08 -2.49E+02 0.00E+00 0.00E+00 6.06E-07 -2.49E+02 129.11 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:59:18 PM 66.36 64.38 67.46 67.23 0.00E+00 6.05E-09 1.16E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.16E-07 2.52E-07 3.02E-07 2.59E-08 2.92E-08 -2.49E+02 0.00E+00 0.00E+00 6.09E-07 -2.49E+02 132.63 1381.43 1381.43 1381.43 1381.43 1381.43 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:59:28 PM 68.23 66.28 69.35 69.07 0.00E+00 6.06E-09 1.17E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.17E-07 2.63E-07 2.88E-07 2.63E-08 2.85E-08 -2.49E+02 0.00E+00 0.00E+00 6.06E-07 -2.49E+02 136.06 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:59:38 PM 70.26 68.33 71.37 71.08 0.00E+00 6.04E-09 1.18E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.18E-07 2.68E-07 2.79E-07 2.67E-08 2.78E-08 -2.49E+02 0.00E+00 0.00E+00 6.02E-07 -2.49E+02 139.42 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.25E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:59:48 PM 72.49 70.57 73.61 73.29 0.00E+00 5.97E-09 1.20E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.20E-07 2.66E-07 2.85E-07 2.76E-08 2.76E-08 -2.49E+02 0.00E+00 0.00E+00 6.05E-07 -2.49E+02 142.67 1381.43 1381.43 1381.43 1381.43 1381.43 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 2:59:58 PM 74.52 72.64 75.61 75.31 0.00E+00 6.00E-09 1.22E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.22E-07 2.69E-07 2.79E-07 2.79E-08 2.72E-08 -2.49E+02 0.00E+00 0.00E+00 6.03E-07 -2.49E+02 145.87 1381.43 1381.43 1381.43 1381.43 1381.43 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:00:08 PM 76.51 74.67 77.57 77.29 0.00E+00 6.03E-09 1.23E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.23E-07 2.68E-07 2.79E-07 2.77E-08 2.71E-08 -2.49E+02 0.00E+00 0.00E+00 6.02E-07 -2.49E+02 149.02 1381.43 1381.43 1381.43 1381.43 1381.43 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:00:18 PM 78.54 76.73 79.57 79.31 0.00E+00 6.09E-09 1.24E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.24E-07 2.71E-07 2.79E-07 2.80E-08 2.73E-08 -2.49E+02 0.00E+00 0.00E+00 6.05E-07 -2.49E+02 152.09 1381.43 1381.43 1381.43 1381.43 1381.43 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:00:28 PM 80.58 78.81 81.61 81.31 0.00E+00 6.05E-09 1.26E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.26E-07 2.84E-07 2.64E-07 2.88E-08 2.64E-08 -2.49E+02 0.00E+00 0.00E+00 6.03E-07 -2.49E+02 155.12 1381.43 1381.43 1381.43 1381.43 1381.43 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:00:38 PM 82.63 80.94 83.59 83.36 0.00E+00 6.11E-09 1.27E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.27E-07 2.70E-07 2.77E-07 2.92E-08 2.54E-08 -2.49E+02 0.00E+00 0.00E+00 6.01E-07 -2.49E+02 158.08 1381.43 1381.43 1381.43 1381.43 1381.43 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:00:48 PM 74.56 74.74 74.4 74.53 0.00E+00 6.16E-09 1.28E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.28E-07 2.76E-07 2.75E-07 2.94E-08 2.55E-08 -2.49E+02 0.00E+00 0.00E+00 6.06E-07 -2.49E+02 160.97 1381.43 1381.43 1381.43 1381.43 1381.43 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:00:58 PM 86.55 85.07 87.52 87.07 0.00E+00 6.16E-09 1.28E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.28E-07 2.65E-07 2.90E-07 2.98E-08 2.53E-08 -2.49E+02 0.00E+00 0.00E+00 6.10E-07 -2.49E+02 163.84 1381.43 1381.43 1381.43 1381.43 1381.43 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:01:08 PM 88.93 87.43 89.88 89.49 0.00E+00 6.04E-09 1.32E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.32E-07 2.66E-07 2.86E-07 2.99E-08 2.49E-08 -2.49E+02 0.00E+00 0.00E+00 6.07E-07 -2.49E+02 166.67 1381.43 1381.43 1381.43 1381.43 1381.43 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:01:18 PM 91.15 89.66 92.06 91.74 0.00E+00 6.00E-09 1.34E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.34E-07 2.63E-07 2.88E-07 2.95E-08 2.52E-08 -2.49E+02 0.00E+00 0.00E+00 6.05E-07 -2.49E+02 169.47 1381.43 1381.43 1381.43 1381.43 1381.43 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:01:28 PM 93.32 91.87 94.17 93.92 0.00E+00 6.02E-09 1.36E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.36E-07 2.69E-07 2.80E-07 2.88E-08 2.60E-08 -2.49E+02 0.00E+00 0.00E+00 6.04E-07 -2.49E+02 172.27 1381.44 1381.44 1381.44 1381.44 1381.44 2385.56 2385.56 2385.56 2385.56 0.00E+00 0.00E+00 3.25E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:01:38 PM 95.53 94.11 96.37 96.11 0.00E+00 6.01E-09 1.38E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.38E-07 2.73E-07 2.69E-07 2.84E-08 2.56E-08 -2.49E+02 0.00E+00 0.00E+00 5.96E-07 -2.49E+02 175.04 1381.44 1381.44 1381.44 1381.44 1381.44 2385.56 2385.56 2385.56 2385.56 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:01:48 PM 97.78 96.41 98.6 98.35 0.00E+00 5.99E-09 1.40E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.40E-07 2.73E-07 2.66E-07 2.85E-08 2.54E-08 -2.49E+02 0.00E+00 0.00E+00 5.93E-07 -2.49E+02 177.5 1381.44 1381.44 1381.44 1381.44 1381.44 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:01:58 PM 100.24 98.81 101.05 100.87 0.00E+00 5.99E-09 1.43E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.43E-07 2.84E-07 2.67E-07 2.82E-08 2.80E-08 -2.49E+02 0.00E+00 0.00E+00 6.07E-07 -2.49E+02 179.55 1381.44 1381.44 1381.44 1381.44 1381.44 2385.58 2385.58 2385.58 2385.58 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:02:08 PM 102.28 100.87 103.02 102.96 0.00E+00 6.03E-09 1.45E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.45E-07 2.72E-07 2.74E-07 2.55E-08 3.11E-08 -2.49E+02 0.00E+00 0.00E+00 6.03E-07 -2.49E+02 180.98 1381.44 1381.44 1381.44 1381.44 1381.44 2385.56 2385.56 2385.56 2385.56 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:02:18 PM 104.33 102.96 105.02 105.01 0.00E+00 6.14E-09 1.47E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.47E-07 2.73E-07 2.70E-07 2.50E-08 3.15E-08 -2.49E+02 0.00E+00 0.00E+00 6.00E-07 -2.49E+02 180.36 1381.44 1381.44 1381.44 1381.44 1381.44 2385.56 2385.56 2385.56 2385.56 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:02:28 PM 106.22 104.87 106.88 106.91 0.00E+00 6.03E-09 1.49E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.49E-07 2.62E-07 2.84E-07 2.46E-08 3.18E-08 -2.49E+02 0.00E+00 0.00E+00 6.02E-07 -2.49E+02 178.23 1381.44 1381.44 1381.44 1381.44 1381.44 2385.56 2385.56 2385.56 2385.56 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:02:38 PM 107.98 106.67 108.62 108.66 0.00E+00 6.03E-09 1.51E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.51E-07 2.64E-07 2.79E-07 2.43E-08 3.21E-08 -2.49E+02 0.00E+00 0.00E+00 6.00E-07 -2.49E+02 175.94 1381.44 1381.44 1381.44 1381.44 1381.44 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:02:48 PM 109.57 108.31 110.17 110.22 0.00E+00 6.08E-09 1.53E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.53E-07 2.67E-07 2.76E-07 2.45E-08 3.19E-08 -2.49E+02 0.00E+00 0.00E+00 6.00E-07 -2.49E+02 173.83 1381.44 1381.44 1381.44 1381.44 1381.44 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:02:58 PM 111.13 109.87 111.72 111.81 0.00E+00 6.09E-09 1.55E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.55E-07 2.61E-07 2.82E-07 2.41E-08 3.23E-08 -2.49E+02 0.00E+00 0.00E+00 5.99E-07 -2.49E+02 171.81 1381.44 1381.44 1381.44 1381.44 1381.44 2385.56 2385.56 2385.56 2385.56 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:03:08 PM 112.73 111.45 113.32 113.41 0.00E+00 6.07E-09 1.56E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.56E-07 2.73E-07 2.73E-07 2.41E-08 3.27E-08 -2.49E+02 0.00E+00 0.00E+00 6.03E-07 -2.49E+02 169.9 1381.44 1381.44 1381.44 1381.44 1381.44 2385.56 2385.56 2385.56 2385.56 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:03:18 PM 113.99 112.72 114.57 114.69 0.00E+00 6.04E-09 1.57E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.57E-07 2.81E-07 2.67E-07 2.38E-08 3.37E-08 -2.49E+02 0.00E+00 0.00E+00 6.05E-07 -2.49E+02 168.1 1381.44 1381.44 1381.44 1381.44 1381.44 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:03:28 PM 115.13 113.88 115.68 115.82 0.00E+00 6.03E-09 1.59E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.59E-07 2.93E-07 2.55E-07 2.37E-08 3.39E-08 -2.49E+02 0.00E+00 0.00E+00 6.06E-07 -2.49E+02 166.44 1381.44 1381.44 1381.44 1381.44 1381.44 2385.56 2385.56 2385.56 2385.56 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:03:38 PM 116.18 114.95 116.71 116.87 0.00E+00 6.04E-09 1.60E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.60E-07 2.79E-07 2.65E-07 2.41E-08 3.30E-08 -2.49E+02 0.00E+00 0.00E+00 6.01E-07 -2.49E+02 164.94 1381.44 1381.44 1381.44 1381.44 1381.44 2385.57 2385.57 2385.57 2385.57 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:03:48 PM 117.04 115.83 117.54 117.75 0.00E+00 6.08E-09 1.61E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.61E-07 2.71E-07 2.72E-07 2.40E-08 3.29E-08 -2.49E+02 0.00E+00 0.00E+00 6.00E-07 -2.49E+02 163.5 1381.44 1381.44 1381.44 1381.44 1381.44 2385.55 2385.55 2385.55 2385.55 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:03:58 PM 117.12 115.88 117.59 117.87 0.00E+00 6.06E-09 1.62E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.62E-07 2.62E-07 2.80E-07 2.38E-08 3.26E-08 -2.49E+02 0.00E+00 0.00E+00 5.98E-07 -2.49E+02 161.9 1381.44 1381.44 1381.44 1381.44 1381.44 2385.55 2385.55 2385.55 2385.55 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:04:08 PM 116.61 115.34 117.1 117.41 0.00E+00 6.05E-09 1.62E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.62E-07 2.73E-07 2.74E-07 2.33E-08 3.39E-08 -2.49E+02 0.00E+00 0.00E+00 6.04E-07 -2.49E+02 159.89 1381.44 1381.44 1381.44 1381.44 1381.44 2385.56 2385.56 2385.56 2385.56 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:04:18 PM 115.66 114.35 116.15 116.48 0.00E+00 6.05E-09 1.61E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.61E-07 2.73E-07 2.77E-07 2.26E-08 3.49E-08 -2.49E+02 0.00E+00 0.00E+00 6.07E-07 -2.49E+02 157.34 1381.44 1381.44 1381.44 1381.44 1381.44 2385.54 2385.54 2385.54 2385.54 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:04:28 PM 114.5 113.16 115.02 115.31 0.00E+00 6.03E-09 1.61E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.61E-07 2.81E-07 2.70E-07 2.30E-08 3.47E-08 -2.49E+02 0.00E+00 0.00E+00 6.08E-07 -2.49E+02 154.5 1381.44 1381.44 1381.44 1381.44 1381.44 2385.55 2385.55 2385.55 2385.55 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:04:38 PM 113.1 111.76 113.63 113.91 0.00E+00 6.04E-09 1.61E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.61E-07 2.76E-07 2.70E-07 2.33E-08 3.37E-08 -2.49E+02 0.00E+00 0.00E+00 6.04E-07 -2.49E+02 151.61 1381.44 1381.44 1381.44 1381.44 1381.44 2385.55 2385.55 2385.55 2385.55 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:04:48 PM 111.72 110.36 112.26 112.54 0.00E+00 6.09E-09 1.59E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.59E-07 2.75E-07 2.66E-07 2.34E-08 3.35E-08 -2.49E+02 0.00E+00 0.00E+00 5.97E-07 -2.49E+02 148.76 1381.44 1381.44 1381.44 1381.44 1381.44 2385.55 2385.55 2385.55 2385.55 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:04:58 PM 110.29 108.92 110.84 111.13 0.00E+00 6.09E-09 1.58E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.58E-07 2.69E-07 2.72E-07 2.33E-08 3.33E-08 -2.49E+02 0.00E+00 0.00E+00 5.98E-07 -2.49E+02 145.98 1381.44 1381.44 1381.44 1381.44 1381.44 2385.54 2385.54 2385.54 2385.54 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:05:08 PM 108.88 107.5 109.44 109.71 0.00E+00 6.05E-09 1.57E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.57E-07 2.79E-07 2.63E-07 2.37E-08 3.31E-08 -2.49E+02 0.00E+00 0.00E+00 5.99E-07 -2.49E+02 143.22 1381.44 1381.44 1381.44 1381.44 1381.44 2385.54 2385.54 2385.54 2385.54 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:05:18 PM 107.87 106.42 108.46 108.71 0.00E+00 6.04E-09 1.55E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.55E-07 2.85E-07 2.62E-07 2.43E-08 3.32E-08 -2.49E+02 0.00E+00 0.00E+00 6.04E-07 -2.49E+02 140.51 1381.44 1381.44 1381.44 1381.44 1381.44 2385.54 2385.54 2385.54 2385.54 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:05:28 PM 106.47 105.01 107.06 107.33 0.00E+00 6.06E-09 1.53E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.53E-07 2.77E-07 2.69E-07 2.37E-08 3.35E-08 -2.49E+02 0.00E+00 0.00E+00 6.04E-07 -2.49E+02 137.88 1381.44 1381.44 1381.44 1381.44 1381.44 2385.55 2385.55 2385.55 2385.55 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:05:38 PM 105.03 103.56 105.64 105.9 0.00E+00 6.06E-09 1.52E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.52E-07 2.80E-07 2.70E-07 2.34E-08 3.41E-08 -2.49E+02 0.00E+00 0.00E+00 6.08E-07 -2.49E+02 135.31 1381.44 1381.44 1381.44 1381.44 1381.44 2385.54 2385.54 2385.54 2385.54 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:05:48 PM 103.63 102.16 104.2 104.52 0.00E+00 6.09E-09 1.50E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.50E-07 2.82E-07 2.68E-07 2.27E-08 3.47E-08 -2.49E+02 0.00E+00 0.00E+00 6.08E-07 -2.49E+02 132.82 1381.44 1381.44 1381.44 1381.44 1381.44 2385.55 2385.55 2385.55 2385.55 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:05:58 PM 102.31 100.83 102.91 103.2 0.00E+00 6.08E-09 1.48E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.48E-07 2.93E-07 2.55E-07 2.22E-08 3.48E-08 -2.49E+02 0.00E+00 0.00E+00 6.05E-07 -2.49E+02 130.42 1381.44 1381.44 1381.44 1381.44 1381.44 2385.54 2385.54 2385.54 2385.54 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:06:08 PM 100.98 99.5 101.57 101.86 0.00E+00 6.09E-09 1.47E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.47E-07 2.80E-07 2.67E-07 2.15E-08 3.51E-08 -2.49E+02 0.00E+00 0.00E+00 6.03E-07 -2.49E+02 128.15 1381.44 1381.44 1381.44 1381.44 1381.44 2385.54 2385.54 2385.54 2385.54 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:06:18 PM 99.84 98.33 100.46 100.72 0.00E+00 6.04E-09 1.45E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.45E-07 2.97E-07 2.49E-07 2.25E-08 3.43E-08 -2.49E+02 0.00E+00 0.00E+00 6.03E-07 -2.49E+02 126.01 1381.44 1381.44 1381.44 1381.44 1381.44 2385.54 2385.54 2385.54 2385.54 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:06:28 PM 98.87 97.33 99.52 99.76 0.00E+00 6.05E-09 1.43E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.43E-07 3.02E-07 2.50E-07 2.24E-08 3.51E-08 -2.49E+02 0.00E+00 0.00E+00 6.10E-07 -2.49E+02 124.04 1381.44 1381.44 1381.44 1381.44 1381.44 2385.54 2385.54 2385.54 2385.54 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:06:38 PM 97.72 96.18 98.37 98.62 0.00E+00 6.07E-09 1.41E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.41E-07 2.94E-07 2.58E-07 2.30E-08 3.44E-08 -2.49E+02 0.00E+00 0.00E+00 6.09E-07 -2.49E+02 122.26 1381.44 1381.44 1381.44 1381.44 1381.44 2385.53 2385.53 2385.53 2385.53 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:06:48 PM 96.57 95.02 97.22 97.46 0.00E+00 6.08E-09 1.40E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.40E-07 2.90E-07 2.59E-07 2.27E-08 3.43E-08 -2.49E+02 0.00E+00 0.00E+00 6.06E-07 -2.49E+02 121.27 1381.44 1381.44 1381.44 1381.44 1381.44 2385.53 2385.53 2385.53 2385.53 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:06:58 PM 95.57 94 96.26 96.46 0.00E+00 6.23E-09 1.38E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.38E-07 2.96E-07 2.50E-07 2.30E-08 3.41E-08 -2.49E+02 0.00E+00 0.00E+00 6.03E-07 -2.49E+02 121.74 1381.44 1381.44 1381.44 1381.44 1381.44 2385.52 2385.52 2385.52 2385.52 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:07:08 PM 94.61 93.02 95.31 95.49 0.00E+00 6.11E-09 1.36E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.36E-07 2.97E-07 2.46E-07 2.27E-08 3.42E-08 -2.49E+02 0.00E+00 0.00E+00 6.00E-07 -2.49E+02 123.38 1381.44 1381.44 1381.44 1381.44 1381.44 2385.52 2385.52 2385.52 2385.52 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:07:18 PM 93.69 92.11 94.37 94.59 0.00E+00 6.07E-09 1.35E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.35E-07 2.87E-07 2.53E-07 2.27E-08 3.38E-08 -2.49E+02 0.00E+00 0.00E+00 5.96E-07 -2.49E+02 125.7 1381.44 1381.44 1381.44 1381.44 1381.44 2385.52 2385.52 2385.52 2385.52 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:07:28 PM 93.25 91.63 93.97 94.14 0.00E+00 6.10E-09 1.33E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.33E-07 2.89E-07 2.55E-07 2.32E-08 3.38E-08 -2.49E+02 0.00E+00 0.00E+00 6.01E-07 -2.49E+02 128.62 1381.44 1381.44 1381.44 1381.44 1381.44 2385.52 2385.52 2385.52 2385.52 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:07:38 PM 92.77 91.12 93.51 93.69 0.00E+00 6.12E-09 1.32E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.32E-07 2.94E-07 2.55E-07 2.30E-08 3.45E-08 -2.49E+02 0.00E+00 0.00E+00 6.07E-07 -2.49E+02 131.82 1381.44 1381.44 1381.44 1381.44 1381.44 2385.52 2385.52 2385.52 2385.52 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:07:48 PM 92.25 90.61 92.99 93.16 0.00E+00 6.11E-09 1.31E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.31E-07 2.95E-07 2.53E-07 2.25E-08 3.51E-08 -2.49E+02 0.00E+00 0.00E+00 6.06E-07 -2.49E+02 135.13 1381.45 1381.45 1381.45 1381.45 1381.45 2385.52 2385.52 2385.52 2385.52 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:07:58 PM 91.76 90.1 92.51 92.66 0.00E+00 6.10E-09 1.30E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.30E-07 2.85E-07 2.57E-07 2.21E-08 3.48E-08 -2.49E+02 0.00E+00 0.00E+00 5.99E-07 -2.49E+02 138.42 1381.44 1381.44 1381.44 1381.44 1381.44 2385.51 2385.51 2385.51 2385.51 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:08:08 PM 91.44 89.79 92.18 92.34 0.00E+00 6.03E-09 1.30E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.30E-07 2.78E-07 2.64E-07 2.22E-08 3.47E-08 -2.49E+02 0.00E+00 0.00E+00 5.99E-07 -2.49E+02 141.76 1381.45 1381.45 1381.45 1381.45 1381.45 2385.51 2385.51 2385.51 2385.51 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:08:18 PM 91.2 89.57 91.93 92.1 0.00E+00 6.00E-09 1.29E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.29E-07 2.81E-07 2.61E-07 2.26E-08 3.43E-08 -2.49E+02 0.00E+00 0.00E+00 5.99E-07 -2.49E+02 145.15 1381.45 1381.45 1381.45 1381.45 1381.45 2385.51 2385.51 2385.51 2385.51 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:08:28 PM 90.94 89.34 91.67 91.82 0.00E+00 6.04E-09 1.28E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.28E-07 3.02E-07 2.39E-07 2.12E-08 3.54E-08 -2.49E+02 0.00E+00 0.00E+00 5.98E-07 -2.49E+02 148.48 1381.45 1381.45 1381.45 1381.45 1381.45 2385.5 2385.5 2385.5 2385.5 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:08:38 PM 91.3 89.65 92.09 92.17 0.00E+00 6.05E-09 1.28E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.28E-07 3.10E-07 2.39E-07 2.15E-08 3.61E-08 -2.49E+02 0.00E+00 0.00E+00 6.07E-07 -2.49E+02 151.61 1381.45 1381.45 1381.45 1381.45 1381.45 2385.5 2385.5 2385.5 2385.5 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:08:48 PM 91.38 89.73 92.15 92.25 0.00E+00 6.06E-09 1.27E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.27E-07 3.09E-07 2.43E-07 2.18E-08 3.61E-08 -2.49E+02 0.00E+00 0.00E+00 6.09E-07 -2.49E+02 154.55 1381.45 1381.45 1381.45 1381.45 1381.45 2385.5 2385.5 2385.5 2385.5 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:08:58 PM 91.52 89.89 92.28 92.38 0.00E+00 6.08E-09 1.26E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.26E-07 3.06E-07 2.42E-07 2.22E-08 3.51E-08 -2.49E+02 0.00E+00 0.00E+00 6.06E-07 -2.49E+02 157.26 1381.45 1381.45 1381.45 1381.45 1381.45 2385.5 2385.5 2385.5 2385.5 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:09:08 PM 91.65 90.06 92.38 92.51 0.00E+00 5.99E-09 1.25E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.25E-07 3.03E-07 2.45E-07 2.15E-08 3.54E-08 -2.49E+02 0.00E+00 0.00E+00 6.05E-07 -2.49E+02 159.68 1381.45 1381.45 1381.45 1381.45 1381.45 2385.5 2385.5 2385.5 2385.5 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:09:18 PM 91.88 90.31 92.62 92.71 0.00E+00 5.96E-09 1.25E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.25E-07 3.06E-07 2.41E-07 2.09E-08 3.58E-08 -2.49E+02 0.00E+00 0.00E+00 6.04E-07 -2.49E+02 161.76 1381.45 1381.45 1381.45 1381.45 1381.45 2385.5 2385.5 2385.5 2385.5 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:09:28 PM 92.22 90.67 92.96 93.04 0.00E+00 5.95E-09 1.25E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.25E-07 2.94E-07 2.49E-07 2.15E-08 3.50E-08 -2.49E+02 0.00E+00 0.00E+00 5.99E-07 -2.49E+02 163.65 1381.45 1381.45 1381.45 1381.45 1381.45 2385.5 2385.5 2385.5 2385.5 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:09:38 PM 92.68 91.14 93.43 93.49 0.00E+00 5.99E-09 1.24E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.24E-07 3.04E-07 2.38E-07 2.14E-08 3.51E-08 -2.49E+02 0.00E+00 0.00E+00 5.98E-07 -2.49E+02 165.39 1381.45 1381.45 1381.45 1381.45 1381.45 2385.49 2385.49 2385.49 2385.49 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:09:48 PM 93.34 91.75 94.11 94.16 0.00E+00 6.05E-09 1.24E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.24E-07 3.07E-07 2.44E-07 2.20E-08 3.57E-08 -2.49E+02 0.00E+00 0.00E+00 6.09E-07 -2.49E+02 167.01 1381.45 1381.45 1381.45 1381.45 1381.45 2385.5 2385.5 2385.5 2385.5 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:09:58 PM 93.87 92.29 94.62 94.69 0.00E+00 6.00E-09 1.23E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.23E-07 2.95E-07 2.54E-07 2.23E-08 3.50E-08 -2.49E+02 0.00E+00 0.00E+00 6.07E-07 -2.49E+02 168.52 1381.45 1381.45 1381.45 1381.45 1381.45 2385.49 2385.49 2385.49 2385.49 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:10:08 PM 94.35 92.79 95.11 95.15 0.00E+00 6.03E-09 1.23E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.23E-07 2.92E-07 2.56E-07 2.25E-08 3.43E-08 -2.49E+02 0.00E+00 0.00E+00 6.05E-07 -2.49E+02 169.94 1381.45 1381.45 1381.45 1381.45 1381.45 2385.48 2385.48 2385.48 2385.48 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:10:18 PM 94.86 93.31 95.61 95.65 0.00E+00 6.07E-09 1.22E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.22E-07 2.93E-07 2.52E-07 2.26E-08 3.42E-08 -2.49E+02 0.00E+00 0.00E+00 6.02E-07 -2.49E+02 171.3 1381.45 1381.45 1381.45 1381.45 1381.45 2385.5 2385.5 2385.5 2385.5 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:10:28 PM 95.32 93.81 96.04 96.12 0.00E+00 6.09E-09 1.22E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.22E-07 2.97E-07 2.45E-07 2.28E-08 3.34E-08 -2.49E+02 0.00E+00 0.00E+00 5.98E-07 -2.49E+02 172.63 1381.45 1381.45 1381.45 1381.45 1381.45 2385.49 2385.49 2385.49 2385.49 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:10:38 PM 95.69 94.2 96.37 96.49 0.00E+00 6.03E-09 1.22E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.22E-07 3.18E-07 2.24E-07 2.15E-08 3.42E-08 -2.49E+02 0.00E+00 0.00E+00 5.98E-07 -2.49E+02 173.83 1381.45 1381.45 1381.45 1381.45 1381.45 2385.48 2385.48 2385.48 2385.48 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:10:48 PM 96.55 95.02 97.29 97.34 0.00E+00 6.02E-09 1.22E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.22E-07 3.05E-07 2.42E-07 2.19E-08 3.49E-08 -2.49E+02 0.00E+00 0.00E+00 6.04E-07 -2.49E+02 174.94 1381.45 1381.45 1381.45 1381.45 1381.45 2385.49 2385.49 2385.49 2385.49 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:10:58 PM 97.05 95.5 97.81 97.86 0.00E+00 6.02E-09 1.21E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.21E-07 3.10E-07 2.42E-07 2.15E-08 3.57E-08 -2.49E+02 0.00E+00 0.00E+00 6.09E-07 -2.49E+02 176.05 1381.45 1381.45 1381.45 1381.45 1381.45 2385.47 2385.47 2385.47 2385.47 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:11:08 PM 97.47 95.92 98.2 98.3 0.00E+00 6.04E-09 1.21E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.21E-07 3.13E-07 2.40E-07 2.12E-08 3.61E-08 -2.49E+02 0.00E+00 0.00E+00 6.10E-07 -2.49E+02 177.06 1381.45 1381.45 1381.45 1381.45 1381.45 2385.48 2385.48 2385.48 2385.48 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:11:18 PM 97.98 96.46 98.67 98.79 0.00E+00 6.09E-09 1.21E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.21E-07 3.10E-07 2.41E-07 2.07E-08 3.63E-08 -2.49E+02 0.00E+00 0.00E+00 6.09E-07 -2.49E+02 178 1381.45 1381.45 1381.45 1381.45 1381.45 2385.48 2385.48 2385.48 2385.48 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:11:28 PM 98.46 96.94 99.16 99.29 0.00E+00 6.11E-09 1.21E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.21E-07 3.03E-07 2.40E-07 1.98E-08 3.62E-08 -2.49E+02 0.00E+00 0.00E+00 5.99E-07 -2.49E+02 178.92 1381.45 1381.45 1381.45 1381.45 1381.45 2385.48 2385.48 2385.48 2385.48 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:11:38 PM 99.06 97.55 99.77 99.87 0.00E+00 6.08E-09 1.21E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.21E-07 2.94E-07 2.51E-07 2.08E-08 3.58E-08 -2.49E+02 0.00E+00 0.00E+00 6.02E-07 -2.49E+02 179.87 1381.45 1381.45 1381.45 1381.45 1381.45 2385.48 2385.48 2385.48 2385.48 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:11:48 PM 99.59 98.1 100.27 100.4 0.00E+00 6.06E-09 1.21E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.21E-07 3.04E-07 2.43E-07 2.07E-08 3.62E-08 -2.49E+02 0.00E+00 0.00E+00 6.03E-07 -2.49E+02 180.81 1381.45 1381.45 1381.45 1381.45 1381.45 2385.48 2385.48 2385.48 2385.48 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:11:58 PM 100.49 98.95 101.23 101.29 0.00E+00 6.08E-09 1.21E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.21E-07 3.08E-07 2.43E-07 2.13E-08 3.61E-08 -2.49E+02 0.00E+00 0.00E+00 6.09E-07 -2.49E+02 181.53 1381.45 1381.45 1381.45 1381.45 1381.45 2385.48 2385.48 2385.48 2385.48 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:12:08 PM 100.94 99.41 101.66 101.75 0.00E+00 6.03E-09 1.21E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.21E-07 3.24E-07 2.26E-07 2.11E-08 3.59E-08 -2.49E+02 0.00E+00 0.00E+00 6.07E-07 -2.49E+02 182.1 1381.45 1381.45 1381.45 1381.45 1381.45 2385.48 2385.49 2385.49 2385.49 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:12:18 PM 101.52 100.02 102.24 102.3 0.00E+00 6.02E-09 1.22E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.22E-07 3.07E-07 2.40E-07 2.22E-08 3.49E-08 -2.49E+02 0.00E+00 0.00E+00 6.04E-07 -2.49E+02 182.65 1381.45 1381.45 1381.45 1381.45 1381.45 2385.48 2385.48 2385.48 2385.48 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:12:28 PM 102.13 100.63 102.86 102.9 0.00E+00 6.02E-09 1.22E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.22E-07 2.96E-07 2.50E-07 2.27E-08 3.41E-08 -2.49E+02 0.00E+00 0.00E+00 6.03E-07 -2.49E+02 183.15 1381.45 1381.45 1381.45 1381.45 1381.45 2385.48 2385.48 2385.48 2385.48 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:12:38 PM 102.61 101.11 103.31 103.39 0.00E+00 6.05E-09 1.22E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.22E-07 2.97E-07 2.48E-07 2.27E-08 3.39E-08 -2.49E+02 0.00E+00 0.00E+00 6.02E-07 -2.49E+02 183.6 1381.45 1381.45 1381.45 1381.45 1381.45 2385.48 2385.48 2385.48 2385.48 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11/25/2019 3:12:48 PM 103.02 101.56 103.7 103.81 0.00E+00 6.09E-09 1.22E-07 1.69E-08 -3.58E-09 1.00E-07 6.15E-10 2.00E-12 0.00E+00 0.00E+00 1.14E-07 1.14E-07 3.47E-12 1.46E-07 1.22E-07 2.98E-07 2.45E-07 2.29E-08 3.35E-08 -2.49E+02 0.00E+00 0.00E+00 6.00E-07 -2.49E+02 183.77 1381.45 1381.45 1381.45 1381.45 1381.45 2385.47 2385.47 2385.47 2385.47 0.00E+00 0.00E+00 3.24E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Rastered beam analysis
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• Predicted total activity after 1d irradiation, 
15min cooling = 3.91*10-9 mSv/hr


• Peak DPA/s ~ 5*10-4

• Time to 1 DPA (near surface) ~ 65hrs

• Linearity near surface: ~ 10um depth, 

800um radius

5 10 15 20 25 30
z(µm)

0.0001

0.0002

0.0003

0.0004

DPA/s
r=75.µm

0 5 10 15 20 25 30
z(µm)

0.00001

0.00002

0.00003

0.00004

0.00005
DPA/s

r=75.µm

Ion Irradiation Simulations: DPA/activation

0

0.01

0.02

0.03



HPT R&D Program Dec. 2019

To determine whether neutrino degradation was a result of radiation damage
• Measure bulk swelling
• Evaluate fracture surfaces
• Evaluate microstructural conditions and extent of radiation damage

Dimensional measurements
US Half Fin US Full 

Fin
DS Half 

Fin
DS Full 

Fin

Avg. End Thickness (mm) 6.54 6.57 6.55 6.55

Avg. Middle Thickness (mm) 6.67 6.64 6.60 6.57

Relative Swelling (%) (Middle-to-end) 2.0 1.1 0.7 0.2

Absolute Swelling (%) (Middle-to-ref*) 4.3 3.8 3.1 2.6

• Greater swelling in middle vs. ends
• Greater swelling upstream vs. downstream of target
• Greater swelling in half fins vs. full fins

Results are self-consistent and provide indication of bulk 
swelling

*Ref thickness = 6.4 mm

20

Post-Irradiation-Examination of Target Fins
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Graphite Results – X-ray diffraction of NuMI graphite 
fin shows lattice growth and amorphitization at beam 

center

Simos et al

Graphite Results – X-ray diffraction of NuMI graphite fin shows lattice 
growth and amorphitization at beam center
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W. Bollmann. “Electron-microscopic observations on radiation damage in graphite” Phil. 
Mag., 5(54):621-624, June 1960. 

22

Simos et al

XRD on BLIP irradiated POCO 
graphite indicates agreement with 
c-axis lattice growth results from 
neutron irradiation

Graphite Results – X-ray diffraction
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Simos et al

Graphite Results –Tensile Properties Partially Recover When 
Annealed


