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Our DOE CORE-CM Project Vision
The Objective: Transform Uinta Basin Resources Into Advanced Products 
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DOE CORE-CM Uinta Basin Initial Team
• North American Coal Corp
• RAMACO
• Red Leaf Resources Inc.
• Seven County Infrastructure Coalition
• The Graphene Council
• University of Alaska
• UT Gov. Off. Economic Development
• UT Gov. Off. Energy Development
• Vermeer
• Utah Mining Association

• Arcadia Minerals Inc.

• Black Mountain Resources

• Carbon County 

• Ekomatter, LLC

• Emery County

• Energy Fuels

• FGX

• K. Marc LeVier and Associates, LLC

• Monsanto

• Iperion X

• University of Utah
• UAMMI
• IACMI
• Colorado School of Mines
• Los Alamos National Lab
• Wolverine Fuels
• Utah State University
• Energy and Geoscience Institute
• Utah Geological Survey
• Colorado Geological Survey
• JWP Consulting LLC

Main researchers: Lauren Birgenheier, Eric Eddings, Michael Free, Ryan Gall, Rajive Ganguli, Andrew Giebel, 
Tulinda Larsen, Jaeheon Lee, Jan Miller, Swomitra Mohanty, Michael Nigra, Jim Patten, Pratt Rogers, 

Prashant Sarswat, Patrick Taylor, Michael Vanden Berg, Xuming Wang, Jessica Wempen  



• Carbon fiber 
• Polymers
• Graphene
• Resin
• Rare Earth Element Metals
• Critical Materials

The Uinta Basin’s rich 
resources of carbon and 
critical minerals can be 
converted through innovative 
local processing (see figure) 
to nonfuel products such as:

Conceptual Processing Plan
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Uinta Region – geologic setting

Several coal-bearing stratigraphic interv
1) Mesaverde Grp (CO)
2) Blackhawk Fm (UT)
3) Ferron Sst (UT)
4) Naturita (Dakota) Sst (UT)

8 active mines UT & CO



Uinta Region – dataset highlights

>7,778 pXRF analyses
217 ICP-MS analyses

8 active mines (4 underground visits)
3 historic/idle mines
4 waste piles
8 Blackhawk or Mesaverde cores
9 Ferron cores
7 Ferron outcrop/ shallow mine locations
2 power plant ash piles



Methodology highlights

Core description & sampling
Field sampling – mines, waste piles



Methodology
• Olympus Vanta M series portable X-Ray 

Fluorescence (pXRF)
• Short Range REE detection –

La, Sc, Ce, Pr, Y and Nd
• Enrichment = these six elements 

combined >200 ppm. 

• Blackhawk Fm & Mesaverde Grp 
scanned at 0.5 ft intervals, with several 
high resolution 0.1 ft intervals.

• Ferron scanned at 0.1 ft intervals with 
focus through coal zones.

 ALL 
of 
summer 
2022
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Results by lithology, 
All Formations – Blackhawk Fm, Mesaverde Grp, Ferron Sst

Core, mine, outcrop data only 
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Lithologic trends, 
All Formations

REE-enrichment > 200 ppm

Mudstone most commonly 
REE-enriched (29 – 39 % of 
samples)

Coal generally lacks REE-
enrichment



CORE-CM Transforming Uinta Basin Earth Materials Into Advanced Products OverviewCORE-CM Transforming Uinta Basin Earth Materials Into Advanced Products Overview

Results by sublithologies, Ferron Sandstone only



Stratigraphic Trends
Near West Elk Mine, CO

Mesaverde Grp.

Volcanic Tuff

Shale & 
Siltstone

Sandstone

Coal ICP-MS

pXRF ≥50

pXRF ≤2

Min
REEs

Average
REEs

Max
REEs

Shale & siltstone 
beds overlying or 
underlying coal 
seams are REE-
enriched

mined
seam

Y
La
Ce Pr Nd

REEs



Enrichment Trends
Blackhawk Fm & Mesaverde Grp

Shale & siltstone beds overlying or underlying coal seams are REE-enriched.
Uinta Region of western CO (Somerset) is most REE-enriched.

Wasatch Plateau, S to N

Book Cliffs, W to E
Lower White 
River, CO Somerset, CO

Core data

Coe et al. (submitted)
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Stratigraphic Trends
Ferron Sst

ppm

pp
m

A C G I J M
Coal zones1000 ppm

G coal zone is REE-
enriched compared to other 
coal zones

Max value = 4871ppm (C Coal zone)

N = 2249
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Stratigraphic trends
Mesaverde Grp, CO Ferron Sst, UT REE enrichment 

found in mudstone 
units overlying or 
underlying coal 
seams
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Lithologic trends, 
All Formations

REE-enrichment > 200 ppm

Mudstone most commonly 
REE-enriched (29 – 39 % of 
samples)

Coal generally lacks REE-
enrichment



Stratigraphic 
Trends

I coal zone

G coal 
zone

C coal
zone

J coal zone

UURI #2

I coal zone

C coal zone

G coal zone

UURI #1Ferron Sst

Carbonaceous 
shale, claystone & 
mudstone beds 
overlying or 
underlying coal 
seams are REE-
enriched



Beaver Creek No. 8 mine, Castlegate A seam
TREEs: 781 ppm – 934 ppm via ICP-MS

Silicate domains interpreted as volcanic 
ash and debris transported via air fall

Mechanism of REE-enrichment

Backscattered electron (BSE) image
1000x EDS map silica (Si) EDS map REEs 

Sc, Y, La, Ce, Sm
5 cm



Beaver Creek No. 8 mine, Castlegate A seam
TREEs: 781 ppm – 934 ppm via ICP-MS

Backscattered electron (BSE) image
 2000x EDS map REEs 

Y, Sc, La, Ce, 
Sm

Silicate domains interpreted as 
volcanic ash and debris 
transported via air fall

EDS map silica (Si)

Mechanism of REE-enrichment

REE-enriched
volcanic ash fall

Peat swamp



Mechanism of REE-enrichment

1) Volcanic ash in peat

REE-enriched
volcanic ash fall

Peat swamp

Spatial REE-enrichment trends are likely the result of both paleodepositional and 
diagenetic mechanisms.

2) Organic matter uptake of REEs

Peat swamp
Low pH (3 – 5) pore water

REEs

Eskenazy (1998)

HREEs are able to 
form complexes 
with organic 
compounds, 
particularly under 
pH 3 – 5 conditions

Cation exchange 
with Na, K, Ca, and 
Mg

Paleodepositional mechanisms

and/or



Mechanisms of REE-enrichment
Spatial REE-enrichment trends are likely the result of both paleodepositional and 
diagenetic mechanisms.

Diagenetic mechanisms
1) Early diagenesis (eogenesis)

Peat

REEsREEs
REEs

REEs

REEs

REEs

REEs REEs

Clay-rich 
mudstone

2) Burial diagenesis (mesogenesis) 3) Late diagenesis (telogenesis)
Early movement of REEs in 
peat pore waters??

Coal

REEsREEs
REEs

REEs

REEs

REEs

REEs REEs

Clay-rich 
mudstone

Temperature driven REE mobility
REEs fractionate to clays with 
increased coal rank

Meteoric water REE mobility
Paleo or modern erosional surface
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Igneous dikes and waste piles Lithology Analysis

Shale & 
Siltstone

Sandstone

Coal

Igneous 
Dike

ICP-MS

pXRF ≥50

pXRF ≤2

Min
REEs

Average
REEs

Max
REEs

Igneous dikes that cross cut at least one local 
underground mine are REE-enriched, and may be 
very locally significant.
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Waste Pile pXRF

REEs

Waste Pile ICP-MS

REEs

Sc 
Y
La 
Ce 
Pr 
Nd 
S
m 
Eu 
Gd 
Tb 
Dy 
Er 
T
m 
Yb 
Lu

REE

• Waste pile data supports trend of REE-enriched igneous material

Igneous dikes and waste piles

Coe et al. (submitted)



Power plant ash piles
Hunter and Huntington plants
Subset of samples REE-
enriched, total average >250 
ppm REEs
Significant Pr & Nd enrichment



CORE-CM Transforming Uinta Basin Earth Materials Into Advanced Products OverviewCORE-CM Transforming Uinta Basin Earth Materials Into Advanced Products Overview

Geology highlights – Uinta Region
• Collected a powerful geochemical dataset to quantify CM/REE enrichment, in terms 

of both amount and stratigraphic and geographic context.
• Stratigraphic trend: REE-enrichment (>200 ppm) is found largely adjacent to coals, 

in carbonaceous siltstones and shales that directly overlie or underlie coal seams.
• Geographic trend: Find consistently highest REE-enrichment in western Colorado, 

in the Somerset coal field.
• A few percent of coal samples analyzed are REE-enriched, but coals themselves 

are generally not REE-enriched.
• The lateral variability in REE-enrichment, as well as the mineral association of 

REEs, remains relatively unconstrained and is the focus of ongoing investigation.
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Geology highlights – Uinta Region
• Local igneous dikes that cross-cut Skyline Mine (UT) and 

are found in waste piles (e.g., Dugout waste pile) are 
REE-enriched.

• Some samples show relatively high Nd content (~100 
ppm or more) – including from ash plant piles, igneous 
dike samples in waste piles, and volcanic ash beds in the 
Green River Formation oil shale deposits. 
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Project highlights – Uinta Region
Mining implications

• Floor and roof material of active underground mines could be 
REE-enriched, particularly if the floor and roof is shale or 
siltstone.  This should be further explored for quantitative 
resource assessment, mining engineering feasibility and 
economic viability.

• Igneous material in at least one active mine and a few waste 
piles could be of local significance. The volume and regional 
occurrence is small, but the REE-enrichment is high.

• Nd-rich material should be prioritized and leveraged.
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Regular cut (RC)

Feeder-Conveyor (RC)

Critical Minerals cut (CMC)

Feeder-Conveyor (CMC)

Room and Pillar

Section View

Plan View

• Continuous (Room and Pillar) 
– can be applied more readily to 

mineral deposits that are not 
uniform

– coal recovery is typically 
<~50%
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• Extracting non-fuel minerals 
will require selectivity
– Within seam
– Above/below seams

• Highwall miners are used 
extract narrow bands of coal 
from the surface
– They make small cuts 

(holes) into the seam

Selective Mining

youtube.com  and caterpillar.com
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Resource Loss with Highwall Miners
• About half of the resource is lost 

as pillars are left between cuts
• If pillars are not left, strata will 

collapse on the miner as it makes 
the next series of holes

32
youtube.com  and caterpillar.com

Cut in progress

Coal pillar

Miner cut
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• Backfilling is common in metal mines to recover 
all ore
– Pillars are left behind initially, but are mined once 

neighboring backfilled cuts are stable
• A sequence is followed to ensure that cuts are not made in 

between unconsolidated backfill

• Same technique can be used with highwall 
miners to extract the entire resource

Backfilling cuts

Cut in progress

Backfilled cuts

Cut being taken between backfill

Cut to be taken after fill has solidified
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• Highlighted regions show planned mining from 2021 
through 2023 at one Utah mine.

• The thickness of the coal ranges from 10 to more than 
19 ft.

• This mine opens a volume of ~81,000,000 ft3 per year; 
a portion of this volume could be utilized for backfill.

• Backfill is an alternative and productive use for waste 
material and reduces some environmental impacts.

• Currently, backfilling is not practiced in coal mines in 
the U.S.; utilizing waste material for backfill is 
practiced in the coal industry internationally.

Backfill
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• The Yellow Hammer prospect in the Gold Hill district is a 
past producer of Tungsten ores. 

• The prospect is not associated with Carbon ores, but it 
demonstrates the variety of critical minerals in Utah. 

• The data were acquired at ~30 m from the highwall and 
have a spatial resolution of ~0.85 cm2. 

Imaging spectroscopy: Gold Hill, Utah

False Color Image

Alteration Mineral Classification

Classification Legend
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The classification algorithm works by matching absorption 
features in the spectra. 
The comparison above shows the spectrum of actinolite 
from a reference sample and the spectrum of a pixel 
classified as actinolite; both spectra have an absorption 
doublet just below 2,500 nm.

Imaging spectroscopy: Gold Hill, Utah
Classification Statistics

Number 
of Pixels Percent

Epidote 57,596 24.90
Chlorite-hornblende 1,372 0.59
Actinolite_yhrs8 311 0.14
Montmorillonite 99,064 42.83
Phengitic illite 64,493 27.88
Vesuvianite_usgs 319 0.14
Diopside_usgs 5,040 2.18
Zoisite_usgs 75 0.04
Tremolite 21 0.01
Calcite-tourmaline 575 0.25
Andradite-garnet 2 0.00
Nontronite 2,433 1.05

Mineral

Medium Resolution
(0.85 cm2)

Referenced and Measured Spectra

• Imaging spectroscopy 
is a developing 
technology and will be 
useful for
– Identifying REE and 

Critical Mineral 
resources, and 

– ore classification and 
sorting.
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				951.622375		0.410248						350		0.089196		0.2		0.289196

				957.079224		0.407031						351		0.082674		0.2		0.282674

				962.536072		0.409512						352		0.080548		0.2		0.280548		2320		0

				967.99292		0.409518						353		0.083054		0.2		0.283054		2320		1

				973.449707		0.408385						354		0.087452		0.2		0.287452

				978.906555		0.408171						355		0.088806		0.2		0.288806

				984.363403		0.40593						356		0.087281		0.2		0.287281		2400		0

				989.82019		0.408232						357		0.084376		0.2		0.284376		2400		1

				995.277039		0.405857						358		0.082209		0.2		0.282209

				1000.733887		0.406737						359		0.079134		0.2		0.279134

				1006.190674		0.400221						360		0.079307		0.2		0.279307

				1011.647522		0.402064						361		0.083414		0.2		0.283414

				1017.10437		0.402601						362		0.08513		0.2		0.28513

				1022.561218		0.409006						363		0.081249		0.2		0.281249

				1028.018066		0.406301						364		0.077299		0.2		0.277299

				1033.474854		0.403216						365		0.079581		0.2		0.279581

				1038.931641		0.406802						366		0.08675		0.2		0.28675

				1044.38855		0.409907						367		0.086733		0.2		0.286733

				1049.845337		0.403322						368		0.082176		0.2		0.282176

				1055.302124		0.406004						369		0.084231		0.2		0.284231

				1060.759033		0.401686						370		0.085621		0.2		0.285621

				1066.21582		0.406445						371		0.086915		0.2		0.286915

				1071.672607		0.40421						372		0.088554		0.2		0.288554

				1077.129517		0.40378						373		0.089687		0.2		0.289687

				1082.586304		0.40521						374		0.084347		0.2		0.284347

				1088.043091		0.405191						375		0.081528		0.2		0.281528

				1093.5		0.403833						376		0.087591		0.2		0.287591

				1098.956787		0.409063						377		0.09008		0.2		0.29008

				1104.413696		0.406169						378		0.090629		0.2		0.290629

				1109.870483		0.410752						379		0.089634		0.2		0.289634

				1115.327271		0.413839						380		0.087342		0.2		0.287342

				1120.78418		0.408093						381		0.086176		0.2		0.286176

				1126.240967		0.405831						382		0.087424		0.2		0.287424

				1131.697754		0.413676						383		0.089628		0.2		0.289628

				1137.154663		0.40527						384		0.088752		0.2		0.288752

				1142.61145		0.422786						385		0.089117		0.2		0.289117

				1148.068237		0.414634						386		0.089011		0.2		0.289011

				1153.525146		0.417386						387		0.08758		0.2		0.28758

				1158.981934		0.418556						388		0.089324		0.2		0.289324

				1164.438721		0.422958						389		0.090107		0.2		0.290107

				1169.89563		0.422091						390		0.089287		0.2		0.289287

				1175.352417		0.417393						391		0.08804		0.2		0.28804

				1180.809204		0.423367						392		0.088296		0.2		0.288296

				1186.266113		0.424598						393		0.089383		0.2		0.289383

				1191.7229		0.426305						394		0.090487		0.2		0.290487

				1197.179688		0.425438						395		0.090958		0.2		0.290958

				1202.636597		0.425679						396		0.092189		0.2		0.292189

				1208.093384		0.424378						397		0.091206		0.2		0.291206

				1213.550171		0.42675						398		0.087782		0.2		0.287782

				1219.00708		0.430682						399		0.089959		0.2		0.289959

				1224.463867		0.429875						400		0.091709		0.2		0.291709

				1229.920776		0.435511						401		0.091431		0.2		0.291431

				1235.377563		0.432737						402		0.08991		0.2		0.28991

				1240.834351		0.438273						403		0.090517		0.2		0.290517

				1246.29126		0.435427						404		0.090156		0.2		0.290156

				1251.748047		0.441103						405		0.088739		0.2		0.288739

				1257.204834		0.443194						406		0.089534		0.2		0.289534

				1262.661743		0.44689						407		0.090622		0.2		0.290622

				1268.11853		0.448606						408		0.090909		0.2		0.290909

				1273.575317		0.445894						409		0.090164		0.2		0.290164

				1279.032227		0.452971						410		0.089772		0.2		0.289772

				1284.489014		0.448108						411		0.08947		0.2		0.28947

				1289.945801		0.454269						412		0.089527		0.2		0.289527

				1295.40271		0.451949						413		0.090222		0.2		0.290222

				1300.859497		0.455714						414		0.090599		0.2		0.290599

				1306.316284		0.463261						415		0.090257		0.2		0.290257

				1311.773193		0.465971						416		0.089712		0.2		0.289712

				1317.22998		0.4661						417		0.090421		0.2		0.290421

				1322.686768		0.468423						418		0.090581		0.2		0.290581

				1328.143677		0.472054						419		0.090444		0.2		0.290444

				1333.600464		0.478203						420		0.090558		0.2		0.290558

				1339.057373		0.47882						421		0.090949		0.2		0.290949

				1344.51416		0.47978						422		0.091022		0.2		0.291022

				1349.970947		0.484076						423		0.091062		0.2		0.291062

				1355.427856		0.457409						424		0.09165		0.2		0.29165

				1360.884644		0.523159						425		0.091406		0.2		0.291406

				1366.341431		0.483438						426		0.091868		0.2		0.291868

				1371.79834		0.533945						427		0.093186		0.2		0.293186

				1377.255127		0.508234						428		0.093179		0.2		0.293179

				1382.711914		0.42149						429		0.092391		0.2		0.292391

				1388.168823		0.485618						430		0.092579		0.2		0.292579

				1393.62561		0.4719						431		0.094507		0.2		0.294507

				1399.082397		0.460701						432		0.094131		0.2		0.294131

				1404.539307		0.490265						433		0.094121		0.2		0.294121

				1409.996094		0.498313						434		0.094969		0.2		0.294969

				1415.452881		0.510919						435		0.095581		0.2		0.295581

				1420.90979		0.512714						436		0.095347		0.2		0.295347

				1426.366577		0.546305						437		0.095114		0.2		0.295114

				1431.823364		0.534965						438		0.095351		0.2		0.295351

				1437.280273		0.546757						439		0.095508		0.2		0.295508

				1442.737061		0.551492						440		0.095778		0.2		0.295778

				1448.19397		0.542701						441		0.095942		0.2		0.295942

				1453.650757		0.539533						442		0.095763		0.2		0.295763

				1459.107544		0.554911						443		0.095369		0.2		0.295369

				1464.564453		0.545064						444		0.09566		0.2		0.29566

				1470.02124		0.551077						445		0.096301		0.2		0.296301

				1475.478027		0.547923						446		0.096015		0.2		0.296015

				1480.934937		0.558217						447		0.096006		0.2		0.296006

				1486.391724		0.550124						448		0.096066		0.2		0.296066

				1491.848511		0.556699						449		0.096039		0.2		0.296039

				1497.30542		0.557289						450		0.096459		0.2		0.296459

				1502.762207		0.554587						451		0.096728		0.2		0.296728

				1508.218994		0.554103						452		0.096877		0.2		0.296877

				1513.675903		0.555715						453		0.097111		0.2		0.297111

				1519.13269		0.559454						454		0.097075		0.2		0.297075

				1524.589478		0.554284						455		0.097266		0.2		0.297266

				1530.046387		0.558615						456		0.09767		0.2		0.29767

				1535.503174		0.564113						457		0.097675		0.2		0.297675

				1540.959961		0.5644						458		0.098353		0.2		0.298353

				1546.41687		0.567177						459		0.098677		0.2		0.298677

				1551.873657		0.56531						460		0.098087		0.2		0.298087

				1557.330566		0.566101						461		0.09872		0.2		0.29872

				1562.787354		0.56566						462		0.09902		0.2		0.29902

				1568.244141		0.563985						463		0.098974		0.2		0.298974

				1573.70105		0.561477						464		0.099347		0.2		0.299347

				1579.157837		0.564796						465		0.099907		0.2		0.299907

				1584.614624		0.563825						466		0.099966		0.2		0.299966

				1590.071533		0.567235						467		0.09962		0.2		0.29962

				1595.52832		0.569544						468		0.100211		0.2		0.300211

				1600.985107		0.566755						469		0.100454		0.2		0.300454

				1606.442017		0.570183						470		0.100625		0.2		0.300625

				1611.898804		0.575985						471		0.101177		0.2		0.301177

				1617.355591		0.577155						472		0.101495		0.2		0.301495

				1622.8125		0.580115						473		0.101359		0.2		0.301359

				1628.269287		0.581768						474		0.101223		0.2		0.301223

				1633.726074		0.579314						475		0.101941		0.2		0.301941

				1639.182983		0.583459						476		0.102223		0.2		0.302223

				1644.639771		0.586401						477		0.102207		0.2		0.302207

				1650.096558		0.588993						478		0.102223		0.2		0.302223

				1655.553467		0.590331						479		0.102503		0.2		0.302503

				1661.010254		0.595349						480		0.102529		0.2		0.302529

				1666.467163		0.592236						481		0.102544		0.2		0.302544

				1671.92395		0.593895						482		0.102955		0.2		0.302955

				1677.380737		0.595384						483		0.103114		0.2		0.303114

				1682.837646		0.601565						484		0.103009		0.2		0.303009

				1688.294434		0.601994						485		0.102881		0.2		0.302881

				1693.751221		0.603599						486		0.103197		0.2		0.303197

				1699.20813		0.613508						487		0.103287		0.2		0.303287

				1704.664917		0.616092						488		0.103221		0.2		0.303221

				1710.121704		0.610071						489		0.103171		0.2		0.303171

				1715.578613		0.61543						490		0.102979		0.2		0.302979

				1721.0354		0.61694						491		0.10296		0.2		0.30296

				1726.492188		0.61801						492		0.103097		0.2		0.303097

				1731.949097		0.625225						493		0.103141		0.2		0.303141

				1737.405884		0.634513						494		0.102966		0.2		0.302966

				1742.862671		0.631049						495		0.102778		0.2		0.302778

				1748.31958		0.623537						496		0.102755		0.2		0.302755

				1753.776367		0.638559						497		0.102941		0.2		0.302941

				1759.233154		0.636407						498		0.103125		0.2		0.303125

				1764.690063		0.6398						499		0.103282		0.2		0.303282

				1770.146851		0.63972						500		0.103446		0.2		0.303446

				1775.60376		0.639566						501		0.1035		0.2		0.3035

				1781.060547		0.637793						502		0.103567		0.2		0.303567

				1786.517334		0.645523						503		0.103662		0.2		0.303662

				1791.974243		0.644011						504		0.103668		0.2		0.303668

				1797.43103		0.644583						505		0.103685		0.2		0.303685

				1802.887817		0.645128						506		0.103798		0.2		0.303798

				1808.344727		0.63178						507		0.103974		0.2		0.303974

				1813.801514		0.638213						508		0.103793		0.2		0.303793

				1819.258301		0.634467						509		0.103721		0.2		0.303721

				1824.71521		0.600318						510		0.103837		0.2		0.303837

				1830.171997		0.53276						511		0.103947		0.2		0.303947

				1835.628784		0.274088						512		0.10383		0.2		0.30383

				1841.085693		0.214514						513		0.103736		0.2		0.303736

				1846.54248		0.514265						514		0.103809		0.2		0.303809

				1851.999268		0.267868						515		0.103883		0.2		0.303883

				1857.456177		0.620073						516		0.103797		0.2		0.303797

				1862.912964		0.501908						517		0.103651		0.2		0.303651

				1868.369751		0.434606						518		0.103615		0.2		0.303615

				1873.82666		0.204059						519		0.103609		0.2		0.303609

				1879.283447		0.53057						520		0.10359		0.2		0.30359

				1884.740234		0.540619						521		0.103528		0.2		0.303528

				1890.197144		0.525871						522		0.103409		0.2		0.303409

				1895.653931		0.501687						523		0.103466		0.2		0.303466

				1901.11084		0.574288						524		0.10343		0.2		0.30343

				1906.567627		0.444071						525		0.103148		0.2		0.303148

				1912.024414		0.53961						526		0.103195		0.2		0.303195

				1917.481323		0.664275						527		0.103229		0.2		0.303229

				1922.93811		0.685214						528		0.103134		0.2		0.303134

				1928.394897		0.61203						529		0.102965		0.2		0.302965

				1933.851807		0.716761						530		0.102947		0.2		0.302947

				1939.308594		0.684079						531		0.102839		0.2		0.302839

				1944.765381		0.734625						532		0.102583		0.2		0.302583

				1950.22229		0.754698						533		0.102589		0.2		0.302589

				1955.679077		0.722814						534		0.102601		0.2		0.302601

				1961.135864		0.699008						535		0.10254		0.2		0.30254

				1966.592773		0.73362						536		0.102446		0.2		0.302446

				1972.049561		0.743773						537		0.102657		0.2		0.302657

				1977.506348		0.75191						538		0.102841		0.2		0.302841

				1982.963257		0.747437						539		0.102869		0.2		0.302869

				1988.420044		0.731138						540		0.102894		0.2		0.302894

				1993.876831		0.727049						541		0.103135		0.2		0.303135

				1999.33374		0.71873						542		0.103374		0.2		0.303374

				2004.790527		0.690726						543		0.103453		0.2		0.303453

				2010.247437		0.700633						544		0.103764		0.2		0.303764

				2015.704224		0.71974						545		0.104029		0.2		0.304029

				2021.161011		0.735779						546		0.104077		0.2		0.304077

				2026.61792		0.732138						547		0.103858		0.2		0.303858

				2032.074707		0.727631						548		0.10381		0.2		0.30381

				2037.531494		0.717917						549		0.103641		0.2		0.303641

				2042.988403		0.732773						550		0.103165		0.2		0.303165

				2048.445068		0.730956						551		0.102585		0.2		0.302585

				2053.9021		0.720765						552		0.101977		0.2		0.301977

				2059.358887		0.711796						553		0.101312		0.2		0.301312

				2064.815674		0.723292						554		0.100527		0.2		0.300527

				2070.272461		0.730795						555		0.099672		0.2		0.299672

				2075.729248		0.729238						556		0.098744		0.2		0.298744

				2081.186279		0.727908						557		0.09788		0.2		0.29788

				2086.643066		0.726513						558		0.097368		0.2		0.297368

				2092.099854		0.719196						559		0.09707		0.2		0.29707

				2097.556641		0.727571						560		0.097		0.2		0.297

				2103.013428		0.729901						561		0.097182		0.2		0.297182

				2108.470215		0.721186						562		0.097577		0.2		0.297577

				2113.927246		0.734398						563		0.09815		0.2		0.29815

				2119.384033		0.717528						564		0.098914		0.2		0.298914

				2124.84082		0.726337						565		0.09985		0.2		0.29985

				2130.297607		0.725814						566		0.100272		0.2		0.300272

				2135.754395		0.721822						567		0.100351		0.2		0.300351

				2141.211182		0.718404						568		0.100394		0.2		0.300394

				2146.668213		0.734608						569		0.100725		0.2		0.300725

				2152.125		0.734082						570		0.100756		0.2		0.300756

				2157.581787		0.736068						571		0.10049		0.2		0.30049

				2163.038574		0.745877						572		0.100102		0.2		0.300102

				2168.495361		0.744851						573		0.09918		0.2		0.29918

				2173.952393		0.762764						574		0.09848		0.2		0.29848

				2179.40918		0.763547						575		0.098362		0.2		0.298362

				2184.865967		0.759728						576		0.098637		0.2		0.298637

				2190.322754		0.777261						577		0.098799		0.2		0.298799

				2195.779541		0.780276						578		0.098812		0.2		0.298812

				2201.236328		0.781415						579		0.098684		0.2		0.298684

				2206.693359		0.785331						580		0.098057		0.2		0.298057

				2212.150146		0.784409						581		0.09721		0.2		0.29721

				2217.606934		0.779682						582		0.096473		0.2		0.296473

				2223.063721		0.771734						583		0.096175		0.2		0.296175

				2228.520508		0.76848						584		0.09622		0.2		0.29622

				2233.977295		0.749397						585		0.096665		0.2		0.296665

				2239.434326		0.726604						586		0.097394		0.2		0.297394

				2244.891113		0.771991						587		0.097871		0.2		0.297871

				2250.3479		0.748744						588		0.098344		0.2		0.298344

				2255.804688		0.721701						589		0.098777		0.2		0.298777

				2261.261475		0.708833						590		0.09904		0.2		0.29904

				2266.718262		0.703266						591		0.099089		0.2		0.299089

				2272.175293		0.669166						592		0.098952		0.2		0.298952

				2277.63208		0.645287						593		0.098551		0.2		0.298551

				2283.088867		0.636089						594		0.097683		0.2		0.297683

				2288.545654		0.580893						595		0.096497		0.2		0.296497

				2294.002441		0.548548						596		0.095356		0.2		0.295356

				2299.459473		0.531473						597		0.094536		0.2		0.294536

				2304.91626		0.527106						598		0.093859		0.2		0.293859

				2310.373047		0.519702						599		0.093452		0.2		0.293452

				2315.829834		0.506391						600		0.093265		0.2		0.293265

				2321.286621		0.503719						601		0.093119		0.2		0.293119

				2326.743408		0.503981						602		0.093105		0.2		0.293105

				2332.200439		0.500424						603		0.093072		0.2		0.293072

				2337.657227		0.584296						604		0.092943		0.2		0.292943

				2343.114014		0.605756						605		0.092878		0.2		0.292878

				2348.570801		0.64205						606		0.092735		0.2		0.292735

				2354.027588		0.619646						607		0.092537		0.2		0.292537

				2359.484375		0.681775						608		0.092376		0.2		0.292376

				2364.941406		0.661404						609		0.092315		0.2		0.292315

				2370.398193		0.66574						610		0.092315		0.2		0.292315

				2375.85498		0.675246						611		0.092276		0.2		0.292276

				2381.311768		0.613912						612		0.092031		0.2		0.292031

				2386.768555		0.594154						613		0.091957		0.2		0.291957

				2392.225586		0.599147						614		0.091939		0.2		0.291939

				2397.682373		0.565279						615		0.091793		0.2		0.291793

				2403.13916		0.582976						616		0.091624		0.2		0.291624

				2408.595947		0.596302						617		0.091417		0.2		0.291417

				2414.052734		0.621078						618		0.091182		0.2		0.291182

				2419.509521		0.642856						619		0.090952		0.2		0.290952

				2424.966553		0.652463						620		0.090804		0.2		0.290804

				2430.42334		0.669818						621		0.090614		0.2		0.290614

				2435.880127		0.664558						622		0.090337		0.2		0.290337

				2441.336914		0.694962						623		0.090166		0.2		0.290166

				2446.793701		0.665218						624		0.089996		0.2		0.289996

				2452.250488		0.640955						625		0.089786		0.2		0.289786

				2457.70752		0.682376						626		0.089534		0.2		0.289534

				2463.164307		0.669823						627		0.089345		0.2		0.289345

				2468.621094		0.604818						628		0.089138		0.2		0.289138

				2474.077881		0.552161						629		0.088903		0.2		0.288903

				2479.534668		0.638767						630		0.08874		0.2		0.28874

				2484.991455		0.559475						631		0.088547		0.2		0.288547

				2490.448486		0.35298						632		0.088316		0.2		0.288316

				2495.905273		0.48286						633		0.088085		0.2		0.288085

												634		0.087984		0.2		0.287984

												635		0.087833		0.2		0.287833

												636		0.087599		0.2		0.287599

												637		0.087368		0.2		0.287368

												638		0.08717		0.2		0.28717

												639		0.086987		0.2		0.286987

												640		0.0868		0.2		0.2868

												641		0.0866		0.2		0.2866

												642		0.086416		0.2		0.286416

												643		0.086246		0.2		0.286246

												644		0.086074		0.2		0.286074

												645		0.08586		0.2		0.28586

												646		0.085684		0.2		0.285684

												647		0.085546		0.2		0.285546

												648		0.085338		0.2		0.285338

												649		0.08522		0.2		0.28522

												650		0.08509		0.2		0.28509

												651		0.084858		0.2		0.284858

												652		0.084715		0.2		0.284715

												653		0.084561		0.2		0.284561

												654		0.084402		0.2		0.284402

												655		0.084302		0.2		0.284302

												656		0.084105		0.2		0.284105

												657		0.083962		0.2		0.283962

												658		0.083919		0.2		0.283919

												659		0.083724		0.2		0.283724

												660		0.083583		0.2		0.283583

												661		0.083465		0.2		0.283465

												662		0.083291		0.2		0.283291

												663		0.083205		0.2		0.283205

												664		0.083056		0.2		0.283056

												665		0.082849		0.2		0.282849

												666		0.082761		0.2		0.282761

												667		0.082598		0.2		0.282598

												668		0.082466		0.2		0.282466

												669		0.082438		0.2		0.282438

												670		0.082302		0.2		0.282302

												671		0.082131		0.2		0.282131

												672		0.081979		0.2		0.281979

												673		0.081873		0.2		0.281873

												674		0.081735		0.2		0.281735

												675		0.081634		0.2		0.281634

												676		0.081575		0.2		0.281575

												677		0.081441		0.2		0.281441

												678		0.08135		0.2		0.28135

												679		0.081243		0.2		0.281243

												680		0.081064		0.2		0.281064

												681		0.080975		0.2		0.280975

												682		0.080899		0.2		0.280899

												683		0.080804		0.2		0.280804

												684		0.080701		0.2		0.280701

												685		0.080621		0.2		0.280621

												686		0.08052		0.2		0.28052

												687		0.080385		0.2		0.280385

												688		0.080296		0.2		0.280296

												689		0.080242		0.2		0.280242

												690		0.080171		0.2		0.280171

												691		0.080036		0.2		0.280036

												692		0.079942		0.2		0.279942

												693		0.079868		0.2		0.279868

												694		0.079795		0.2		0.279795

												695		0.079717		0.2		0.279717

												696		0.079649		0.2		0.279649

												697		0.079575		0.2		0.279575

												698		0.079494		0.2		0.279494

												699		0.079493		0.2		0.279493

												700		0.079429		0.2		0.279429

												701		0.079325		0.2		0.279325

												702		0.07928		0.2		0.27928

												703		0.079229		0.2		0.279229

												704		0.079106		0.2		0.279106

												705		0.078952		0.2		0.278952

												706		0.078959		0.2		0.278959

												707		0.078942		0.2		0.278942

												708		0.078897		0.2		0.278897

												709		0.078858		0.2		0.278858

												710		0.07881		0.2		0.27881

												711		0.078706		0.2		0.278706

												712		0.078605		0.2		0.278605

												713		0.07862		0.2		0.27862

												714		0.07863		0.2		0.27863

												715		0.078575		0.2		0.278575

												716		0.078459		0.2		0.278459

												717		0.078371		0.2		0.278371

												718		0.078324		0.2		0.278324

												719		0.078314		0.2		0.278314

												720		0.078324		0.2		0.278324

												721		0.078326		0.2		0.278326

												722		0.078252		0.2		0.278252

												723		0.078148		0.2		0.278148

												724		0.078142		0.2		0.278142

												725		0.078109		0.2		0.278109

												726		0.078091		0.2		0.278091

												727		0.078108		0.2		0.278108

												728		0.078094		0.2		0.278094

												729		0.077974		0.2		0.277974

												730		0.077899		0.2		0.277899

												731		0.078008		0.2		0.278008

												732		0.077991		0.2		0.277991

												733		0.077944		0.2		0.277944

												734		0.077887		0.2		0.277887

												735		0.077776		0.2		0.277776

												736		0.077757		0.2		0.277757

												737		0.077797		0.2		0.277797

												738		0.077823		0.2		0.277823

												739		0.077733		0.2		0.277733

												740		0.07773		0.2		0.27773

												741		0.077754		0.2		0.277754

												742		0.077689		0.2		0.277689

												743		0.077609		0.2		0.277609

												744		0.077641		0.2		0.277641

												745		0.077741		0.2		0.277741

												746		0.077728		0.2		0.277728

												747		0.077685		0.2		0.277685

												748		0.077662		0.2		0.277662

												749		0.077676		0.2		0.277676

												750		0.077686		0.2		0.277686

												751		0.077691		0.2		0.277691

												752		0.07769		0.2		0.27769

												753		0.077679		0.2		0.277679

												754		0.077624		0.2		0.277624

												755		0.077605		0.2		0.277605

												756		0.077636		0.2		0.277636

												757		0.07767		0.2		0.27767

												758		0.077667		0.2		0.277667

												759		0.07767		0.2		0.27767

												760		0.077697		0.2		0.277697

												761		0.077702		0.2		0.277702

												762		0.077684		0.2		0.277684

												763		0.077668		0.2		0.277668

												764		0.077687		0.2		0.277687

												765		0.077775		0.2		0.277775

												766		0.077792		0.2		0.277792

												767		0.077755		0.2		0.277755

												768		0.077782		0.2		0.277782

												769		0.077771		0.2		0.277771

												770		0.077777		0.2		0.277777

												771		0.077832		0.2		0.277832

												772		0.077891		0.2		0.277891

												773		0.077923		0.2		0.277923

												774		0.077946		0.2		0.277946

												775		0.077986		0.2		0.277986

												776		0.078035		0.2		0.278035

												777		0.078092		0.2		0.278092

												778		0.078162		0.2		0.278162

												779		0.078245		0.2		0.278245

												780		0.078301		0.2		0.278301

												781		0.078321		0.2		0.278321

												782		0.078319		0.2		0.278319

												783		0.07833		0.2		0.27833

												784		0.078367		0.2		0.278367

												785		0.078456		0.2		0.278456

												786		0.078563		0.2		0.278563

												787		0.078463		0.2		0.278463

												788		0.078515		0.2		0.278515

												789		0.07864		0.2		0.27864

												790		0.078629		0.2		0.278629

												791		0.07867		0.2		0.27867

												792		0.078723		0.2		0.278723

												793		0.078769		0.2		0.278769

												794		0.078815		0.2		0.278815

												795		0.078856		0.2		0.278856

												796		0.078856		0.2		0.278856

												797		0.078837		0.2		0.278837

												798		0.078935		0.2		0.278935

												799		0.078987		0.2		0.278987

												800		0.079022		0.2		0.279022

												801		0.079092		0.2		0.279092

												802		0.079093		0.2		0.279093

												803		0.079132		0.2		0.279132

												804		0.079187		0.2		0.279187

												805		0.079176		0.2		0.279176

												806		0.079209		0.2		0.279209

												807		0.07924		0.2		0.27924

												808		0.079248		0.2		0.279248

												809		0.079258		0.2		0.279258

												810		0.079325		0.2		0.279325

												811		0.079325		0.2		0.279325

												812		0.079226		0.2		0.279226

												813		0.079275		0.2		0.279275

												814		0.07931		0.2		0.27931

												815		0.079295		0.2		0.279295

												816		0.079253		0.2		0.279253

												817		0.079273		0.2		0.279273

												818		0.079296		0.2		0.279296

												819		0.079306		0.2		0.279306

												820		0.079305		0.2		0.279305

												821		0.079164		0.2		0.279164

												822		0.079135		0.2		0.279135

												823		0.079243		0.2		0.279243

												824		0.079213		0.2		0.279213

												825		0.079163		0.2		0.279163

												826		0.079156		0.2		0.279156

												827		0.079185		0.2		0.279185

												828		0.079105		0.2		0.279105

												829		0.07909		0.2		0.27909

												830		0.079093		0.2		0.279093

												831		0.079027		0.2		0.279027

												832		0.07893		0.2		0.27893

												833		0.078893		0.2		0.278893

												834		0.078884		0.2		0.278884

												835		0.078814		0.2		0.278814

												836		0.078772		0.2		0.278772

												837		0.078729		0.2		0.278729

												838		0.078681		0.2		0.278681

												839		0.078657		0.2		0.278657

												840		0.078618		0.2		0.278618

												841		0.07856		0.2		0.27856

												842		0.078489		0.2		0.278489

												843		0.078412		0.2		0.278412

												844		0.078351		0.2		0.278351

												845		0.07831		0.2		0.27831

												846		0.078273		0.2		0.278273

												847		0.078188		0.2		0.278188

												848		0.078092		0.2		0.278092

												849		0.078004		0.2		0.278004

												850		0.07793		0.2		0.27793

												851		0.077843		0.2		0.277843

												852		0.077772		0.2		0.277772

												853		0.077713		0.2		0.277713

												854		0.077639		0.2		0.277639

												855		0.077572		0.2		0.277572

												856		0.077505		0.2		0.277505

												857		0.077416		0.2		0.277416

												858		0.077283		0.2		0.277283

												859		0.077275		0.2		0.277275

												860		0.077228		0.2		0.277228

												861		0.077082		0.2		0.277082

												862		0.077066		0.2		0.277066

												863		0.077007		0.2		0.277007

												864		0.076951		0.2		0.276951

												865		0.076931		0.2		0.276931

												866		0.076748		0.2		0.276748

												867		0.076703		0.2		0.276703

												868		0.076671		0.2		0.276671

												869		0.07647		0.2		0.27647

												870		0.076437		0.2		0.276437

												871		0.076369		0.2		0.276369

												872		0.076277		0.2		0.276277

												873		0.076275		0.2		0.276275

												874		0.076217		0.2		0.276217

												875		0.076072		0.2		0.276072

												876		0.075918		0.2		0.275918

												877		0.075887		0.2		0.275887

												878		0.075789		0.2		0.275789

												879		0.075725		0.2		0.275725

												880		0.075728		0.2		0.275728

												881		0.075694		0.2		0.275694

												882		0.075563		0.2		0.275563

												883		0.075412		0.2		0.275412

												884		0.075324		0.2		0.275324

												885		0.075339		0.2		0.275339

												886		0.075272		0.2		0.275272

												887		0.075178		0.2		0.275178

												888		0.075131		0.2		0.275131

												889		0.075068		0.2		0.275068

												890		0.07495		0.2		0.27495

												891		0.074878		0.2		0.274878

												892		0.07492		0.2		0.27492

												893		0.074845		0.2		0.274845

												894		0.074768		0.2		0.274768

												895		0.074665		0.2		0.274665

												896		0.074501		0.2		0.274501

												897		0.074536		0.2		0.274536

												898		0.074532		0.2		0.274532

												899		0.074452		0.2		0.274452

												900		0.074399		0.2		0.274399

												901		0.074383		0.2		0.274383

												902		0.074336		0.2		0.274336

												903		0.074239		0.2		0.274239

												904		0.074128		0.2		0.274128

												905		0.074083		0.2		0.274083

												906		0.074047		0.2		0.274047

												907		0.074028		0.2		0.274028

												908		0.074096		0.2		0.274096

												909		0.073907		0.2		0.273907

												910		0.073815		0.2		0.273815

												911		0.073891		0.2		0.273891

												912		0.073723		0.2		0.273723

												913		0.073673		0.2		0.273673

												914		0.073721		0.2		0.273721

												915		0.073745		0.2		0.273745

												916		0.073593		0.2		0.273593

												917		0.073576		0.2		0.273576

												918		0.073572		0.2		0.273572

												919		0.073492		0.2		0.273492

												920		0.073502		0.2		0.273502

												921		0.073494		0.2		0.273494

												922		0.073415		0.2		0.273415

												923		0.073304		0.2		0.273304

												924		0.073371		0.2		0.273371

												925		0.073417		0.2		0.273417

												926		0.073384		0.2		0.273384

												927		0.073311		0.2		0.273311

												928		0.073381		0.2		0.273381

												929		0.073297		0.2		0.273297

												930		0.073316		0.2		0.273316

												931		0.073601		0.2		0.273601

												932		0.073417		0.2		0.273417

												933		0.073249		0.2		0.273249

												934		0.073268		0.2		0.273268

												935		0.07342		0.2		0.27342

												936		0.073296		0.2		0.273296

												937		0.073314		0.2		0.273314

												938		0.073324		0.2		0.273324

												939		0.073116		0.2		0.273116

												940		0.073146		0.2		0.273146

												941		0.073207		0.2		0.273207

												942		0.073177		0.2		0.273177

												943		0.073073		0.2		0.273073

												944		0.073281		0.2		0.273281

												945		0.073311		0.2		0.273311

												946		0.073185		0.2		0.273185

												947		0.073157		0.2		0.273157

												948		0.07331		0.2		0.27331

												949		0.073311		0.2		0.273311

												950		0.07322		0.2		0.27322

												951		0.073239		0.2		0.273239

												952		0.073279		0.2		0.273279

												953		0.073432		0.2		0.273432

												954		0.073512		0.2		0.273512

												955		0.073335		0.2		0.273335

												956		0.073275		0.2		0.273275

												957		0.073329		0.2		0.273329

												958		0.07336		0.2		0.27336

												959		0.07326		0.2		0.27326

												960		0.073304		0.2		0.273304

												961		0.073367		0.2		0.273367

												962		0.073376		0.2		0.273376

												963		0.073342		0.2		0.273342

												964		0.073494		0.2		0.273494

												965		0.073458		0.2		0.273458

												966		0.073359		0.2		0.273359

												967		0.073445		0.2		0.273445

												968		0.073533		0.2		0.273533

												969		0.073543		0.2		0.273543

												970		0.073581		0.2		0.273581

												971		0.073712		0.2		0.273712

												972		0.073599		0.2		0.273599

												973		0.073658		0.2		0.273658

												974		0.073762		0.2		0.273762

												975		0.073686		0.2		0.273686

												976		0.073499		0.2		0.273499

												977		0.073716		0.2		0.273716

												978		0.073954		0.2		0.273954

												979		0.073847		0.2		0.273847

												980		0.073842		0.2		0.273842

												981		0.073762		0.2		0.273762

												982		0.073807		0.2		0.273807

												983		0.074037		0.2		0.274037

												984		0.074027		0.2		0.274027

												985		0.074028		0.2		0.274028

												986		0.073935		0.2		0.273935

												987		0.073788		0.2		0.273788

												988		0.073977		0.2		0.273977

												989		0.07401		0.2		0.27401

												990		0.074127		0.2		0.274127

												991		0.074354		0.2		0.274354

												992		0.074246		0.2		0.274246

												993		0.074065		0.2		0.274065

												994		0.074117		0.2		0.274117

												995		0.07425		0.2		0.27425

												996		0.073932		0.2		0.273932

												997		0.074004		0.2		0.274004

												998		0.074178		0.2		0.274178

												999		0.074295		0.2		0.274295

												1000		0.074417		0.2		0.274417

												1001		0.074479		0.2		0.274479

												1002		0.07454		0.2		0.27454

												1003		0.07458		0.2		0.27458

												1004		0.074632		0.2		0.274632

												1005		0.074653		0.2		0.274653

												1006		0.074654		0.2		0.274654

												1007		0.074653		0.2		0.274653

												1008		0.074633		0.2		0.274633

												1009		0.074646		0.2		0.274646

												1010		0.074646		0.2		0.274646

												1011		0.07471		0.2		0.27471

												1012		0.074803		0.2		0.274803

												1013		0.074849		0.2		0.274849

												1014		0.074963		0.2		0.274963

												1015		0.07507		0.2		0.27507

												1016		0.075117		0.2		0.275117

												1017		0.075135		0.2		0.275135

												1018		0.075122		0.2		0.275122

												1019		0.075092		0.2		0.275092

												1020		0.075093		0.2		0.275093

												1021		0.075131		0.2		0.275131

												1022		0.075147		0.2		0.275147

												1023		0.075188		0.2		0.275188

												1024		0.075195		0.2		0.275195

												1025		0.075192		0.2		0.275192

												1026		0.075129		0.2		0.275129

												1027		0.075103		0.2		0.275103

												1028		0.07507		0.2		0.27507

												1029		0.075009		0.2		0.275009

												1030		0.07499		0.2		0.27499

												1031		0.074982		0.2		0.274982

												1032		0.074848		0.2		0.274848

												1033		0.074735		0.2		0.274735

												1034		0.074727		0.2		0.274727

												1035		0.07466		0.2		0.27466

												1036		0.074584		0.2		0.274584

												1037		0.07451		0.2		0.27451

												1038		0.074405		0.2		0.274405

												1039		0.074281		0.2		0.274281

												1040		0.074119		0.2		0.274119

												1041		0.074022		0.2		0.274022

												1042		0.073955		0.2		0.273955

												1043		0.07396		0.2		0.27396

												1044		0.074014		0.2		0.274014

												1045		0.074004		0.2		0.274004

												1046		0.073994		0.2		0.273994

												1047		0.074029		0.2		0.274029

												1048		0.074074		0.2		0.274074

												1049		0.074204		0.2		0.274204

												1050		0.074349		0.2		0.274349

												1051		0.074414		0.2		0.274414

												1052		0.074513		0.2		0.274513

												1053		0.074609		0.2		0.274609

												1054		0.074737		0.2		0.274737

												1055		0.074872		0.2		0.274872

												1056		0.075047		0.2		0.275047

												1057		0.075215		0.2		0.275215

												1058		0.075368		0.2		0.275368

												1059		0.075579		0.2		0.275579

												1060		0.075787		0.2		0.275787

												1061		0.076011		0.2		0.276011

												1062		0.076304		0.2		0.276304

												1063		0.076553		0.2		0.276553

												1064		0.07679		0.2		0.27679

												1065		0.077084		0.2		0.277084

												1066		0.077342		0.2		0.277342

												1067		0.077611		0.2		0.277611

												1068		0.077864		0.2		0.277864

												1069		0.078003		0.2		0.278003

												1070		0.078147		0.2		0.278147

												1071		0.078322		0.2		0.278322

												1072		0.078477		0.2		0.278477

												1073		0.078612		0.2		0.278612

												1074		0.078837		0.2		0.278837

												1075		0.079072		0.2		0.279072

												1076		0.079245		0.2		0.279245

												1077		0.079467		0.2		0.279467

												1078		0.079675		0.2		0.279675

												1079		0.079831		0.2		0.279831

												1080		0.079949		0.2		0.279949

												1081		0.080031		0.2		0.280031

												1082		0.080165		0.2		0.280165

												1083		0.080309		0.2		0.280309

												1084		0.080419		0.2		0.280419

												1085		0.080501		0.2		0.280501

												1086		0.08056		0.2		0.28056

												1087		0.080632		0.2		0.280632

												1088		0.080675		0.2		0.280675

												1089		0.080756		0.2		0.280756

												1090		0.080886		0.2		0.280886

												1091		0.080967		0.2		0.280967

												1092		0.08099		0.2		0.28099

												1093		0.080995		0.2		0.280995

												1094		0.080995		0.2		0.280995

												1095		0.081023		0.2		0.281023

												1096		0.081075		0.2		0.281075

												1097		0.081113		0.2		0.281113

												1098		0.081117		0.2		0.281117

												1099		0.081102		0.2		0.281102

												1100		0.081136		0.2		0.281136

												1101		0.081228		0.2		0.281228

												1102		0.081277		0.2		0.281277

												1103		0.081301		0.2		0.281301

												1104		0.081326		0.2		0.281326

												1105		0.081286		0.2		0.281286

												1106		0.081287		0.2		0.281287

												1107		0.081306		0.2		0.281306

												1108		0.081385		0.2		0.281385

												1109		0.081387		0.2		0.281387

												1110		0.081376		0.2		0.281376

												1111		0.081383		0.2		0.281383

												1112		0.081331		0.2		0.281331

												1113		0.081293		0.2		0.281293

												1114		0.081273		0.2		0.281273

												1115		0.081234		0.2		0.281234

												1116		0.0812		0.2		0.2812

												1117		0.081183		0.2		0.281183

												1118		0.081187		0.2		0.281187

												1119		0.081194		0.2		0.281194

												1120		0.081214		0.2		0.281214

												1121		0.081218		0.2		0.281218

												1122		0.081213		0.2		0.281213

												1123		0.0812		0.2		0.2812

												1124		0.081167		0.2		0.281167

												1125		0.081159		0.2		0.281159

												1126		0.081152		0.2		0.281152

												1127		0.081179		0.2		0.281179

												1128		0.081186		0.2		0.281186

												1129		0.081183		0.2		0.281183

												1130		0.081163		0.2		0.281163

												1131		0.081098		0.2		0.281098

												1132		0.081046		0.2		0.281046

												1133		0.081006		0.2		0.281006

												1134		0.08093		0.2		0.28093

												1135		0.080859		0.2		0.280859

												1136		0.080861		0.2		0.280861

												1137		0.080849		0.2		0.280849

												1138		0.080837		0.2		0.280837

												1139		0.080883		0.2		0.280883

												1140		0.08091		0.2		0.28091

												1141		0.080945		0.2		0.280945

												1142		0.080934		0.2		0.280934

												1143		0.080904		0.2		0.280904

												1144		0.080868		0.2		0.280868

												1145		0.080789		0.2		0.280789

												1146		0.080723		0.2		0.280723

												1147		0.080722		0.2		0.280722

												1148		0.080742		0.2		0.280742

												1149		0.080745		0.2		0.280745

												1150		0.080767		0.2		0.280767

												1151		0.080771		0.2		0.280771

												1152		0.080776		0.2		0.280776

												1153		0.080816		0.2		0.280816

												1154		0.080823		0.2		0.280823

												1155		0.080793		0.2		0.280793

												1156		0.080775		0.2		0.280775

												1157		0.08077		0.2		0.28077

												1158		0.080743		0.2		0.280743

												1159		0.080763		0.2		0.280763

												1160		0.080846		0.2		0.280846

												1161		0.080881		0.2		0.280881

												1162		0.080913		0.2		0.280913

												1163		0.080941		0.2		0.280941

												1164		0.080956		0.2		0.280956

												1165		0.080953		0.2		0.280953

												1166		0.080959		0.2		0.280959

												1167		0.08098		0.2		0.28098

												1168		0.081002		0.2		0.281002

												1169		0.08104		0.2		0.28104

												1170		0.081105		0.2		0.281105

												1171		0.081151		0.2		0.281151

												1172		0.081188		0.2		0.281188

												1173		0.081221		0.2		0.281221

												1174		0.081233		0.2		0.281233

												1175		0.081264		0.2		0.281264

												1176		0.081309		0.2		0.281309

												1177		0.08137		0.2		0.28137

												1178		0.081425		0.2		0.281425

												1179		0.081487		0.2		0.281487

												1180		0.081557		0.2		0.281557

												1181		0.081615		0.2		0.281615

												1182		0.081703		0.2		0.281703

												1183		0.081828		0.2		0.281828

												1184		0.081941		0.2		0.281941

												1185		0.082069		0.2		0.282069

												1186		0.082176		0.2		0.282176

												1187		0.082289		0.2		0.282289

												1188		0.082388		0.2		0.282388

												1189		0.082457		0.2		0.282457

												1190		0.082586		0.2		0.282586

												1191		0.08273		0.2		0.28273

												1192		0.082838		0.2		0.282838

												1193		0.083		0.2		0.283

												1194		0.083144		0.2		0.283144

												1195		0.083285		0.2		0.283285

												1196		0.083423		0.2		0.283423

												1197		0.083571		0.2		0.283571

												1198		0.083717		0.2		0.283717

												1199		0.083877		0.2		0.283877

												1200		0.084038		0.2		0.284038

												1201		0.084222		0.2		0.284222

												1202		0.084447		0.2		0.284447

												1203		0.084634		0.2		0.284634

												1204		0.084809		0.2		0.284809

												1205		0.084996		0.2		0.284996

												1206		0.085156		0.2		0.285156

												1207		0.085333		0.2		0.285333

												1208		0.085533		0.2		0.285533

												1209		0.085739		0.2		0.285739

												1210		0.085903		0.2		0.285903

												1211		0.086091		0.2		0.286091

												1212		0.086305		0.2		0.286305

												1213		0.086518		0.2		0.286518

												1214		0.086745		0.2		0.286745

												1215		0.08697		0.2		0.28697

												1216		0.087169		0.2		0.287169

												1217		0.087337		0.2		0.287337

												1218		0.087523		0.2		0.287523

												1219		0.087697		0.2		0.287697

												1220		0.087887		0.2		0.287887

												1221		0.088085		0.2		0.288085

												1222		0.088287		0.2		0.288287

												1223		0.08851		0.2		0.28851

												1224		0.088713		0.2		0.288713

												1225		0.088907		0.2		0.288907

												1226		0.089095		0.2		0.289095

												1227		0.089264		0.2		0.289264

												1228		0.089449		0.2		0.289449

												1229		0.08965		0.2		0.28965

												1230		0.08984		0.2		0.28984

												1231		0.090037		0.2		0.290037

												1232		0.090214		0.2		0.290214

												1233		0.090381		0.2		0.290381

												1234		0.090534		0.2		0.290534

												1235		0.090733		0.2		0.290733

												1236		0.09094		0.2		0.29094

												1237		0.091133		0.2		0.291133

												1238		0.09132		0.2		0.29132

												1239		0.091511		0.2		0.291511

												1240		0.091689		0.2		0.291689

												1241		0.091865		0.2		0.291865

												1242		0.092062		0.2		0.292062

												1243		0.09223		0.2		0.29223

												1244		0.092366		0.2		0.292366

												1245		0.092511		0.2		0.292511

												1246		0.092669		0.2		0.292669

												1247		0.092791		0.2		0.292791

												1248		0.092873		0.2		0.292873

												1249		0.092993		0.2		0.292993

												1250		0.093125		0.2		0.293125

												1251		0.093221		0.2		0.293221

												1252		0.09333		0.2		0.29333

												1253		0.093421		0.2		0.293421

												1254		0.093464		0.2		0.293464

												1255		0.093517		0.2		0.293517

												1256		0.093605		0.2		0.293605

												1257		0.093668		0.2		0.293668

												1258		0.093755		0.2		0.293755

												1259		0.093883		0.2		0.293883

												1260		0.094018		0.2		0.294018

												1261		0.094186		0.2		0.294186

												1262		0.094349		0.2		0.294349

												1263		0.094502		0.2		0.294502

												1264		0.094711		0.2		0.294711

												1265		0.094949		0.2		0.294949

												1266		0.095202		0.2		0.295202

												1267		0.095489		0.2		0.295489

												1268		0.095801		0.2		0.295801

												1269		0.096134		0.2		0.296134

												1270		0.096475		0.2		0.296475

												1271		0.096842		0.2		0.296842

												1272		0.097227		0.2		0.297227

												1273		0.097616		0.2		0.297616

												1274		0.098024		0.2		0.298024

												1275		0.098489		0.2		0.298489

												1276		0.098924		0.2		0.298924

												1277		0.099321		0.2		0.299321

												1278		0.099769		0.2		0.299769

												1279		0.100258		0.2		0.300258

												1280		0.100707		0.2		0.300707

												1281		0.101166		0.2		0.301166

												1282		0.101632		0.2		0.301632

												1283		0.102001		0.2		0.302001

												1284		0.102389		0.2		0.302389

												1285		0.102804		0.2		0.302804

												1286		0.103229		0.2		0.303229

												1287		0.103638		0.2		0.303638

												1288		0.104076		0.2		0.304076

												1289		0.104461		0.2		0.304461

												1290		0.104804		0.2		0.304804

												1291		0.105158		0.2		0.305158

												1292		0.105499		0.2		0.305499

												1293		0.105841		0.2		0.305841

												1294		0.106181		0.2		0.306181

												1295		0.106512		0.2		0.306512

												1296		0.106836		0.2		0.306836

												1297		0.107146		0.2		0.307146

												1298		0.107448		0.2		0.307448

												1299		0.107739		0.2		0.307739

												1300		0.108033		0.2		0.308033

												1301		0.108292		0.2		0.308292

												1302		0.108511		0.2		0.308511

												1303		0.108742		0.2		0.308742

												1304		0.108938		0.2		0.308938

												1305		0.10916		0.2		0.30916

												1306		0.109446		0.2		0.309446

												1307		0.109663		0.2		0.309663

												1308		0.109852		0.2		0.309852

												1309		0.110016		0.2		0.310016

												1310		0.110167		0.2		0.310167

												1311		0.110313		0.2		0.310313

												1312		0.110481		0.2		0.310481

												1313		0.110689		0.2		0.310689

												1314		0.110854		0.2		0.310854

												1315		0.111005		0.2		0.311005

												1316		0.111146		0.2		0.311146

												1317		0.111266		0.2		0.311266

												1318		0.111396		0.2		0.311396

												1319		0.111526		0.2		0.311526

												1320		0.111639		0.2		0.311639

												1321		0.111738		0.2		0.311738

												1322		0.111853		0.2		0.311853

												1323		0.111963		0.2		0.311963

												1324		0.112076		0.2		0.312076

												1325		0.112221		0.2		0.312221

												1326		0.112323		0.2		0.312323

												1327		0.112382		0.2		0.312382

												1328		0.11247		0.2		0.31247

												1329		0.112555		0.2		0.312555

												1330		0.112638		0.2		0.312638

												1331		0.112747		0.2		0.312747

												1332		0.112828		0.2		0.312828

												1333		0.112873		0.2		0.312873

												1334		0.112936		0.2		0.312936

												1335		0.113001		0.2		0.313001

												1336		0.113067		0.2		0.313067

												1337		0.113136		0.2		0.313136

												1338		0.113212		0.2		0.313212

												1339		0.113304		0.2		0.313304

												1340		0.113393		0.2		0.313393

												1341		0.113478		0.2		0.313478

												1342		0.113579		0.2		0.313579

												1343		0.113654		0.2		0.313654

												1344		0.11371		0.2		0.31371

												1345		0.113769		0.2		0.313769

												1346		0.113829		0.2		0.313829

												1347		0.113876		0.2		0.313876

												1348		0.113905		0.2		0.313905

												1349		0.113955		0.2		0.313955

												1350		0.114008		0.2		0.314008

												1351		0.11406		0.2		0.31406

												1352		0.114128		0.2		0.314128

												1353		0.11418		0.2		0.31418

												1354		0.114216		0.2		0.314216

												1355		0.114263		0.2		0.314263

												1356		0.114308		0.2		0.314308

												1357		0.114359		0.2		0.314359

												1358		0.114408		0.2		0.314408

												1359		0.114475		0.2		0.314475

												1360		0.114558		0.2		0.314558

												1361		0.114637		0.2		0.314637

												1362		0.114729		0.2		0.314729

												1363		0.114816		0.2		0.314816

												1364		0.1149		0.2		0.3149

												1365		0.114981		0.2		0.314981

												1366		0.115053		0.2		0.315053

												1367		0.115139		0.2		0.315139

												1368		0.115212		0.2		0.315212

												1369		0.115316		0.2		0.315316

												1370		0.11546		0.2		0.31546

												1371		0.115593		0.2		0.315593

												1372		0.11573		0.2		0.31573

												1373		0.115891		0.2		0.315891

												1374		0.11601		0.2		0.31601

												1375		0.116109		0.2		0.316109

												1376		0.116214		0.2		0.316214

												1377		0.116294		0.2		0.316294

												1378		0.11641		0.2		0.31641

												1379		0.116561		0.2		0.316561

												1380		0.116651		0.2		0.316651

												1381		0.116733		0.2		0.316733

												1382		0.116802		0.2		0.316802

												1383		0.116829		0.2		0.316829

												1384		0.116864		0.2		0.316864

												1385		0.116926		0.2		0.316926

												1386		0.116926		0.2		0.316926

												1387		0.116906		0.2		0.316906

												1388		0.116827		0.2		0.316827

												1389		0.11671		0.2		0.31671

												1390		0.116545		0.2		0.316545

												1391		0.116295		0.2		0.316295

												1392		0.11607		0.2		0.31607

												1393		0.115801		0.2		0.315801

												1394		0.115567		0.2		0.315567

												1395		0.115319		0.2		0.315319

												1396		0.115129		0.2		0.315129

												1397		0.114946		0.2		0.314946

												1398		0.114829		0.2		0.314829

												1399		0.114748		0.2		0.314748

												1400		0.114747		0.2		0.314747

												1401		0.114797		0.2		0.314797

												1402		0.114926		0.2		0.314926

												1403		0.115118		0.2		0.315118

												1404		0.115402		0.2		0.315402

												1405		0.115801		0.2		0.315801

												1406		0.116217		0.2		0.316217

												1407		0.116742		0.2		0.316742

												1408		0.117247		0.2		0.317247

												1409		0.11776		0.2		0.31776

												1410		0.118281		0.2		0.318281

												1411		0.118811		0.2		0.318811

												1412		0.119348		0.2		0.319348

												1413		0.119897		0.2		0.319897

												1414		0.120453		0.2		0.320453

												1415		0.12103		0.2		0.32103

												1416		0.121621		0.2		0.321621

												1417		0.122231		0.2		0.322231

												1418		0.122886		0.2		0.322886

												1419		0.123474		0.2		0.323474

												1420		0.124074		0.2		0.324074

												1421		0.124596		0.2		0.324596

												1422		0.125037		0.2		0.325037

												1423		0.125515		0.2		0.325515

												1424		0.125968		0.2		0.325968

												1425		0.126428		0.2		0.326428

												1426		0.126914		0.2		0.326914

												1427		0.127352		0.2		0.327352

												1428		0.12775		0.2		0.32775

												1429		0.128165		0.2		0.328165

												1430		0.128563		0.2		0.328563

												1431		0.128968		0.2		0.328968

												1432		0.129398		0.2		0.329398

												1433		0.129788		0.2		0.329788

												1434		0.13015		0.2		0.33015

												1435		0.130521		0.2		0.330521

												1436		0.13087		0.2		0.33087

												1437		0.131229		0.2		0.331229

												1438		0.131595		0.2		0.331595

												1439		0.131957		0.2		0.331957

												1440		0.132311		0.2		0.332311

												1441		0.132671		0.2		0.332671

												1442		0.133025		0.2		0.333025

												1443		0.1334		0.2		0.3334

												1444		0.133811		0.2		0.333811

												1445		0.134185		0.2		0.334185

												1446		0.134551		0.2		0.334551

												1447		0.134919		0.2		0.334919

												1448		0.135262		0.2		0.335262

												1449		0.135612		0.2		0.335612

												1450		0.13598		0.2		0.33598

												1451		0.136335		0.2		0.336335

												1452		0.136663		0.2		0.336663

												1453		0.137012		0.2		0.337012

												1454		0.137402		0.2		0.337402

												1455		0.137746		0.2		0.337746

												1456		0.138061		0.2		0.338061

												1457		0.138394		0.2		0.338394

												1458		0.138701		0.2		0.338701

												1459		0.139016		0.2		0.339016

												1460		0.13934		0.2		0.33934

												1461		0.139693		0.2		0.339693

												1462		0.140029		0.2		0.340029

												1463		0.140362		0.2		0.340362

												1464		0.140674		0.2		0.340674

												1465		0.140979		0.2		0.340979

												1466		0.141293		0.2		0.341293

												1467		0.141582		0.2		0.341582

												1468		0.141897		0.2		0.341897

												1469		0.142244		0.2		0.342244

												1470		0.142558		0.2		0.342558

												1471		0.142858		0.2		0.342858

												1472		0.143159		0.2		0.343159

												1473		0.143448		0.2		0.343448

												1474		0.143748		0.2		0.343748

												1475		0.144064		0.2		0.344064

												1476		0.14434		0.2		0.34434

												1477		0.144594		0.2		0.344594

												1478		0.144863		0.2		0.344863

												1479		0.145101		0.2		0.345101

												1480		0.145376		0.2		0.345376

												1481		0.145679		0.2		0.345679

												1482		0.145979		0.2		0.345979

												1483		0.1463		0.2		0.3463

												1484		0.146585		0.2		0.346585

												1485		0.146851		0.2		0.346851

												1486		0.147142		0.2		0.347142

												1487		0.147428		0.2		0.347428

												1488		0.147709		0.2		0.347709

												1489		0.148015		0.2		0.348015

												1490		0.148303		0.2		0.348303

												1491		0.148566		0.2		0.348566

												1492		0.148838		0.2		0.348838

												1493		0.149112		0.2		0.349112

												1494		0.149397		0.2		0.349397

												1495		0.149676		0.2		0.349676

												1496		0.149967		0.2		0.349967

												1497		0.150272		0.2		0.350272

												1498		0.150583		0.2		0.350583

												1499		0.150902		0.2		0.350902

												1500		0.151215		0.2		0.351215

												1501		0.151528		0.2		0.351528

												1502		0.151851		0.2		0.351851

												1503		0.152184		0.2		0.352184

												1504		0.152499		0.2		0.352499

												1505		0.152813		0.2		0.352813

												1506		0.153131		0.2		0.353131

												1507		0.153435		0.2		0.353435

												1508		0.153744		0.2		0.353744

												1509		0.154077		0.2		0.354077

												1510		0.154387		0.2		0.354387

												1511		0.154672		0.2		0.354672

												1512		0.154968		0.2		0.354968

												1513		0.155253		0.2		0.355253

												1514		0.155554		0.2		0.355554

												1515		0.155863		0.2		0.355863

												1516		0.156181		0.2		0.356181

												1517		0.156522		0.2		0.356522

												1518		0.156849		0.2		0.356849

												1519		0.157176		0.2		0.357176

												1520		0.157502		0.2		0.357502

												1521		0.157822		0.2		0.357822

												1522		0.158139		0.2		0.358139

												1523		0.158475		0.2		0.358475

												1524		0.158773		0.2		0.358773

												1525		0.159017		0.2		0.359017

												1526		0.1593		0.2		0.3593

												1527		0.159583		0.2		0.359583

												1528		0.159867		0.2		0.359867

												1529		0.16018		0.2		0.36018

												1530		0.160494		0.2		0.360494

												1531		0.160795		0.2		0.360795

												1532		0.161107		0.2		0.361107

												1533		0.161465		0.2		0.361465

												1534		0.161772		0.2		0.361772

												1535		0.162027		0.2		0.362027

												1536		0.162315		0.2		0.362315

												1537		0.162601		0.2		0.362601

												1538		0.162876		0.2		0.362876

												1539		0.163187		0.2		0.363187

												1540		0.163465		0.2		0.363465

												1541		0.163687		0.2		0.363687

												1542		0.163932		0.2		0.363932

												1543		0.164152		0.2		0.364152

												1544		0.164416		0.2		0.364416

												1545		0.164705		0.2		0.364705

												1546		0.165028		0.2		0.365028

												1547		0.165367		0.2		0.365367

												1548		0.165689		0.2		0.365689

												1549		0.165966		0.2		0.365966

												1550		0.166213		0.2		0.366213

												1551		0.166447		0.2		0.366447

												1552		0.166692		0.2		0.366692

												1553		0.166962		0.2		0.366962

												1554		0.167253		0.2		0.367253

												1555		0.167556		0.2		0.367556

												1556		0.167873		0.2		0.367873

												1557		0.168216		0.2		0.368216

												1558		0.168527		0.2		0.368527

												1559		0.168799		0.2		0.368799

												1560		0.16909		0.2		0.36909

												1561		0.169375		0.2		0.369375

												1562		0.169662		0.2		0.369662

												1563		0.169966		0.2		0.369966

												1564		0.170249		0.2		0.370249

												1565		0.170552		0.2		0.370552

												1566		0.170854		0.2		0.370854

												1567		0.171157		0.2		0.371157

												1568		0.171491		0.2		0.371491

												1569		0.171739		0.2		0.371739

												1570		0.171977		0.2		0.371977

												1571		0.172268		0.2		0.372268

												1572		0.172516		0.2		0.372516

												1573		0.172786		0.2		0.372786

												1574		0.173095		0.2		0.373095

												1575		0.173392		0.2		0.373392

												1576		0.173696		0.2		0.373696

												1577		0.174032		0.2		0.374032

												1578		0.174368		0.2		0.374368

												1579		0.174663		0.2		0.374663

												1580		0.17496		0.2		0.37496

												1581		0.175264		0.2		0.375264

												1582		0.175545		0.2		0.375545

												1583		0.175855		0.2		0.375855

												1584		0.176188		0.2		0.376188

												1585		0.17648		0.2		0.37648

												1586		0.176756		0.2		0.376756

												1587		0.17701		0.2		0.37701

												1588		0.177244		0.2		0.377244

												1589		0.177468		0.2		0.377468

												1590		0.177712		0.2		0.377712

												1591		0.178006		0.2		0.378006

												1592		0.17832		0.2		0.37832

												1593		0.178671		0.2		0.378671

												1594		0.179016		0.2		0.379016

												1595		0.17933		0.2		0.37933

												1596		0.179617		0.2		0.379617

												1597		0.17988		0.2		0.37988

												1598		0.180193		0.2		0.380193

												1599		0.180542		0.2		0.380542

												1600		0.180879		0.2		0.380879

												1601		0.181215		0.2		0.381215

												1602		0.181518		0.2		0.381518

												1603		0.181779		0.2		0.381779

												1604		0.182033		0.2		0.382033

												1605		0.182246		0.2		0.382246

												1606		0.182494		0.2		0.382494

												1607		0.182779		0.2		0.382779

												1608		0.183009		0.2		0.383009

												1609		0.183269		0.2		0.383269

												1610		0.183564		0.2		0.383564

												1611		0.183816		0.2		0.383816

												1612		0.184056		0.2		0.384056

												1613		0.184282		0.2		0.384282

												1614		0.184488		0.2		0.384488

												1615		0.184722		0.2		0.384722

												1616		0.184966		0.2		0.384966

												1617		0.185234		0.2		0.385234

												1618		0.185515		0.2		0.385515

												1619		0.185773		0.2		0.385773

												1620		0.186028		0.2		0.386028

												1621		0.186309		0.2		0.386309

												1622		0.186589		0.2		0.386589

												1623		0.186838		0.2		0.386838

												1624		0.187088		0.2		0.387088

												1625		0.187346		0.2		0.387346

												1626		0.187634		0.2		0.387634

												1627		0.187994		0.2		0.387994

												1628		0.188301		0.2		0.388301

												1629		0.188595		0.2		0.388595

												1630		0.188868		0.2		0.388868

												1631		0.189066		0.2		0.389066

												1632		0.18933		0.2		0.38933

												1633		0.18965		0.2		0.38965

												1634		0.189921		0.2		0.389921

												1635		0.190194		0.2		0.390194

												1636		0.190467		0.2		0.390467

												1637		0.190669		0.2		0.390669

												1638		0.190948		0.2		0.390948

												1639		0.19131		0.2		0.39131

												1640		0.191626		0.2		0.391626

												1641		0.191962		0.2		0.391962

												1642		0.192271		0.2		0.392271

												1643		0.192535		0.2		0.392535

												1644		0.192825		0.2		0.392825

												1645		0.193121		0.2		0.393121

												1646		0.193409		0.2		0.393409

												1647		0.193703		0.2		0.393703

												1648		0.193985		0.2		0.393985

												1649		0.194238		0.2		0.394238

												1650		0.194531		0.2		0.394531

												1651		0.194853		0.2		0.394853

												1652		0.19515		0.2		0.39515

												1653		0.195454		0.2		0.395454

												1654		0.195746		0.2		0.395746

												1655		0.195995		0.2		0.395995

												1656		0.196294		0.2		0.396294

												1657		0.19665		0.2		0.39665

												1658		0.196959		0.2		0.396959

												1659		0.197274		0.2		0.397274

												1660		0.197549		0.2		0.397549

												1661		0.197766		0.2		0.397766

												1662		0.198011		0.2		0.398011

												1663		0.198244		0.2		0.398244

												1664		0.198523		0.2		0.398523

												1665		0.198848		0.2		0.398848

												1666		0.199111		0.2		0.399111

												1667		0.199342		0.2		0.399342

												1668		0.199626		0.2		0.399626

												1669		0.199898		0.2		0.399898

												1670		0.200187		0.2		0.400187

												1671		0.200559		0.2		0.400559

												1672		0.200851		0.2		0.400851

												1673		0.201075		0.2		0.401075

												1674		0.201375		0.2		0.401375

												1675		0.201707		0.2		0.401707

												1676		0.201987		0.2		0.401987

												1677		0.202283		0.2		0.402283

												1678		0.202447		0.2		0.402447

												1679		0.202607		0.2		0.402607

												1680		0.202805		0.2		0.402805

												1681		0.203066		0.2		0.403066

												1682		0.203391		0.2		0.403391

												1683		0.203724		0.2		0.403724

												1684		0.204012		0.2		0.404012

												1685		0.204286		0.2		0.404286

												1686		0.204541		0.2		0.404541

												1687		0.204757		0.2		0.404757

												1688		0.204995		0.2		0.404995

												1689		0.205241		0.2		0.405241

												1690		0.205426		0.2		0.405426

												1691		0.205651		0.2		0.405651

												1692		0.205884		0.2		0.405884

												1693		0.206065		0.2		0.406065

												1694		0.206268		0.2		0.406268

												1695		0.206489		0.2		0.406489

												1696		0.206691		0.2		0.406691

												1697		0.206903		0.2		0.406903

												1698		0.207192		0.2		0.407192

												1699		0.207469		0.2		0.407469

												1700		0.207761		0.2		0.407761

												1701		0.208069		0.2		0.408069

												1702		0.208313		0.2		0.408313

												1703		0.208552		0.2		0.408552

												1704		0.208788		0.2		0.408788

												1705		0.20907		0.2		0.40907

												1706		0.209362		0.2		0.409362

												1707		0.209615		0.2		0.409615

												1708		0.209829		0.2		0.409829

												1709		0.210068		0.2		0.410068

												1710		0.210315		0.2		0.410315

												1711		0.210559		0.2		0.410559

												1712		0.210817		0.2		0.410817

												1713		0.211041		0.2		0.411041

												1714		0.211229		0.2		0.411229

												1715		0.211461		0.2		0.411461

												1716		0.211695		0.2		0.411695

												1717		0.21196		0.2		0.41196

												1718		0.212263		0.2		0.412263

												1719		0.212512		0.2		0.412512

												1720		0.212752		0.2		0.412752

												1721		0.213009		0.2		0.413009

												1722		0.213242		0.2		0.413242

												1723		0.213483		0.2		0.413483

												1724		0.213751		0.2		0.413751

												1725		0.213976		0.2		0.413976

												1726		0.21424		0.2		0.41424

												1727		0.214534		0.2		0.414534

												1728		0.214762		0.2		0.414762

												1729		0.214948		0.2		0.414948

												1730		0.215138		0.2		0.415138

												1731		0.215363		0.2		0.415363

												1732		0.215611		0.2		0.415611

												1733		0.21584		0.2		0.41584

												1734		0.216058		0.2		0.416058

												1735		0.21631		0.2		0.41631

												1736		0.21659		0.2		0.41659

												1737		0.216889		0.2		0.416889

												1738		0.217184		0.2		0.417184

												1739		0.217426		0.2		0.417426

												1740		0.217628		0.2		0.417628

												1741		0.217866		0.2		0.417866

												1742		0.218117		0.2		0.418117

												1743		0.218341		0.2		0.418341

												1744		0.218559		0.2		0.418559

												1745		0.21872		0.2		0.41872

												1746		0.218928		0.2		0.418928

												1747		0.219229		0.2		0.419229

												1748		0.219432		0.2		0.419432

												1749		0.219638		0.2		0.419638

												1750		0.21988		0.2		0.41988

												1751		0.220063		0.2		0.420063

												1752		0.220259		0.2		0.420259

												1753		0.220529		0.2		0.420529

												1754		0.220669		0.2		0.420669

												1755		0.220817		0.2		0.420817

												1756		0.220947		0.2		0.420947

												1757		0.221058		0.2		0.421058

												1758		0.221233		0.2		0.421233

												1759		0.221435		0.2		0.421435

												1760		0.221605		0.2		0.421605

												1761		0.221867		0.2		0.421867

												1762		0.222197		0.2		0.422197

												1763		0.222433		0.2		0.422433

												1764		0.222704		0.2		0.422704

												1765		0.222973		0.2		0.422973

												1766		0.223148		0.2		0.423148

												1767		0.22332		0.2		0.42332

												1768		0.223511		0.2		0.423511

												1769		0.223738		0.2		0.423738

												1770		0.223938		0.2		0.423938

												1771		0.224077		0.2		0.424077

												1772		0.224235		0.2		0.424235

												1773		0.22441		0.2		0.42441

												1774		0.224585		0.2		0.424585

												1775		0.224865		0.2		0.424865

												1776		0.225162		0.2		0.425162

												1777		0.225351		0.2		0.425351

												1778		0.225538		0.2		0.425538

												1779		0.225711		0.2		0.425711

												1780		0.225854		0.2		0.425854

												1781		0.226077		0.2		0.426077

												1782		0.226287		0.2		0.426287

												1783		0.226513		0.2		0.426513

												1784		0.226756		0.2		0.426756

												1785		0.227007		0.2		0.427007

												1786		0.22729		0.2		0.42729

												1787		0.227614		0.2		0.427614

												1788		0.227885		0.2		0.427885

												1789		0.228084		0.2		0.428084

												1790		0.228252		0.2		0.428252

												1791		0.228399		0.2		0.428399

												1792		0.228576		0.2		0.428576

												1793		0.22884		0.2		0.42884

												1794		0.22905		0.2		0.42905

												1795		0.22922		0.2		0.42922

												1796		0.229419		0.2		0.429419

												1797		0.229573		0.2		0.429573

												1798		0.229812		0.2		0.429812

												1799		0.230012		0.2		0.430012

												1800		0.230162		0.2		0.430162

												1801		0.230311		0.2		0.430311

												1802		0.230627		0.2		0.430627

												1803		0.230913		0.2		0.430913

												1804		0.231255		0.2		0.431255

												1805		0.231673		0.2		0.431673

												1806		0.232019		0.2		0.432019

												1807		0.232323		0.2		0.432323

												1808		0.232685		0.2		0.432685

												1809		0.233056		0.2		0.433056

												1810		0.23343		0.2		0.43343

												1811		0.233757		0.2		0.433757

												1812		0.234105		0.2		0.434105

												1813		0.23445		0.2		0.43445

												1814		0.234709		0.2		0.434709

												1815		0.235043		0.2		0.435043

												1816		0.235495		0.2		0.435495

												1817		0.235858		0.2		0.435858

												1818		0.236211		0.2		0.436211

												1819		0.23652		0.2		0.43652

												1820		0.236804		0.2		0.436804

												1821		0.237021		0.2		0.437021

												1822		0.237288		0.2		0.437288

												1823		0.237538		0.2		0.437538

												1824		0.237812		0.2		0.437812

												1825		0.238115		0.2		0.438115

												1826		0.238412		0.2		0.438412

												1827		0.238726		0.2		0.438726

												1828		0.239019		0.2		0.439019

												1829		0.239304		0.2		0.439304

												1830		0.239566		0.2		0.439566

												1831		0.23988		0.2		0.43988

												1832		0.240221		0.2		0.440221

												1833		0.240529		0.2		0.440529

												1834		0.240885		0.2		0.440885

												1835		0.241182		0.2		0.441182

												1836		0.241382		0.2		0.441382

												1837		0.241652		0.2		0.441652

												1838		0.24195		0.2		0.44195

												1839		0.242215		0.2		0.442215

												1840		0.242546		0.2		0.442546

												1841		0.242953		0.2		0.442953

												1842		0.243292		0.2		0.443292

												1843		0.243656		0.2		0.443656

												1844		0.243972		0.2		0.443972

												1845		0.244231		0.2		0.444231

												1846		0.2445		0.2		0.4445

												1847		0.244764		0.2		0.444764

												1848		0.245002		0.2		0.445002

												1849		0.245225		0.2		0.445225

												1850		0.245505		0.2		0.445505

												1851		0.245757		0.2		0.445757

												1852		0.245991		0.2		0.445991

												1853		0.246249		0.2		0.446249

												1854		0.246526		0.2		0.446526

												1855		0.246784		0.2		0.446784

												1856		0.247038		0.2		0.447038

												1857		0.247313		0.2		0.447313

												1858		0.247577		0.2		0.447577

												1859		0.247871		0.2		0.447871

												1860		0.248158		0.2		0.448158

												1861		0.248457		0.2		0.448457

												1862		0.248753		0.2		0.448753

												1863		0.249046		0.2		0.449046

												1864		0.24932		0.2		0.44932

												1865		0.249641		0.2		0.449641

												1866		0.24988		0.2		0.44988

												1867		0.250066		0.2		0.450066

												1868		0.25026		0.2		0.45026

												1869		0.250355		0.2		0.450355

												1870		0.250422		0.2		0.450422

												1871		0.250595		0.2		0.450595

												1872		0.250793		0.2		0.450793

												1873		0.250996		0.2		0.450996

												1874		0.251274		0.2		0.451274

												1875		0.251504		0.2		0.451504

												1876		0.251716		0.2		0.451716

												1877		0.251911		0.2		0.451911

												1878		0.252066		0.2		0.452066

												1879		0.252303		0.2		0.452303

												1880		0.252515		0.2		0.452515

												1881		0.252695		0.2		0.452695

												1882		0.25293		0.2		0.45293

												1883		0.253124		0.2		0.453124

												1884		0.253257		0.2		0.453257

												1885		0.253346		0.2		0.453346

												1886		0.253409		0.2		0.453409

												1887		0.253408		0.2		0.453408

												1888		0.253404		0.2		0.453404

												1889		0.253437		0.2		0.453437

												1890		0.253405		0.2		0.453405

												1891		0.253326		0.2		0.453326

												1892		0.253301		0.2		0.453301

												1893		0.253226		0.2		0.453226

												1894		0.253132		0.2		0.453132

												1895		0.253072		0.2		0.453072

												1896		0.253051		0.2		0.453051

												1897		0.252984		0.2		0.452984

												1898		0.252897		0.2		0.452897

												1899		0.252832		0.2		0.452832

												1900		0.252751		0.2		0.452751

												1901		0.252734		0.2		0.452734

												1902		0.252742		0.2		0.452742

												1903		0.252766		0.2		0.452766

												1904		0.252822		0.2		0.452822

												1905		0.252861		0.2		0.452861

												1906		0.252933		0.2		0.452933

												1907		0.252976		0.2		0.452976

												1908		0.253132		0.2		0.453132

												1909		0.253356		0.2		0.453356

												1910		0.2536		0.2		0.4536

												1911		0.253902		0.2		0.453902

												1912		0.254316		0.2		0.454316

												1913		0.254641		0.2		0.454641

												1914		0.254963		0.2		0.454963

												1915		0.255347		0.2		0.455347

												1916		0.255674		0.2		0.455674

												1917		0.256022		0.2		0.456022

												1918		0.256376		0.2		0.456376

												1919		0.256762		0.2		0.456762

												1920		0.25715		0.2		0.45715

												1921		0.257586		0.2		0.457586

												1922		0.257983		0.2		0.457983

												1923		0.258396		0.2		0.458396

												1924		0.258809		0.2		0.458809

												1925		0.259197		0.2		0.459197

												1926		0.259644		0.2		0.459644

												1927		0.260079		0.2		0.460079

												1928		0.260515		0.2		0.460515

												1929		0.260984		0.2		0.460984

												1930		0.261397		0.2		0.461397

												1931		0.261783		0.2		0.461783

												1932		0.262146		0.2		0.462146

												1933		0.26247		0.2		0.46247

												1934		0.262756		0.2		0.462756

												1935		0.263051		0.2		0.463051

												1936		0.263424		0.2		0.463424

												1937		0.263865		0.2		0.463865

												1938		0.264252		0.2		0.464252

												1939		0.264625		0.2		0.464625

												1940		0.265056		0.2		0.465056

												1941		0.265398		0.2		0.465398

												1942		0.265679		0.2		0.465679

												1943		0.265909		0.2		0.465909

												1944		0.266202		0.2		0.466202

												1945		0.266456		0.2		0.466456

												1946		0.266738		0.2		0.466738

												1947		0.267123		0.2		0.467123

												1948		0.267442		0.2		0.467442

												1949		0.267702		0.2		0.467702

												1950		0.268015		0.2		0.468015

												1951		0.268369		0.2		0.468369

												1952		0.2687		0.2		0.4687

												1953		0.269043		0.2		0.469043

												1954		0.269375		0.2		0.469375

												1955		0.269684		0.2		0.469684

												1956		0.269902		0.2		0.469902

												1957		0.270185		0.2		0.470185

												1958		0.270553		0.2		0.470553

												1959		0.270876		0.2		0.470876

												1960		0.271314		0.2		0.471314

												1961		0.271675		0.2		0.471675

												1962		0.271904		0.2		0.471904

												1963		0.272212		0.2		0.472212

												1964		0.27245		0.2		0.47245

												1965		0.272667		0.2		0.472667

												1966		0.272848		0.2		0.472848

												1967		0.273119		0.2		0.473119

												1968		0.273362		0.2		0.473362

												1969		0.273584		0.2		0.473584

												1970		0.273866		0.2		0.473866

												1971		0.274125		0.2		0.474125

												1972		0.274381		0.2		0.474381

												1973		0.274689		0.2		0.474689

												1974		0.274963		0.2		0.474963

												1975		0.275251		0.2		0.475251

												1976		0.275513		0.2		0.475513

												1977		0.275737		0.2		0.475737

												1978		0.27589		0.2		0.47589

												1979		0.276104		0.2		0.476104

												1980		0.276343		0.2		0.476343

												1981		0.276594		0.2		0.476594

												1982		0.276858		0.2		0.476858

												1983		0.277086		0.2		0.477086

												1984		0.27725		0.2		0.47725

												1985		0.277403		0.2		0.477403

												1986		0.277571		0.2		0.477571

												1987		0.277706		0.2		0.477706

												1988		0.277908		0.2		0.477908

												1989		0.278136		0.2		0.478136

												1990		0.278327		0.2		0.478327

												1991		0.278483		0.2		0.478483

												1992		0.278669		0.2		0.478669

												1993		0.278862		0.2		0.478862

												1994		0.27902		0.2		0.47902

												1995		0.279215		0.2		0.479215

												1996		0.279542		0.2		0.479542

												1997		0.279789		0.2		0.479789

												1998		0.27993		0.2		0.47993

												1999		0.280199		0.2		0.480199

												2000		0.280447		0.2		0.480447

												2001		0.280713		0.2		0.480713

												2002		0.281099		0.2		0.481099

												2003		0.281435		0.2		0.481435

												2004		0.281777		0.2		0.481777

												2005		0.282047		0.2		0.482047

												2006		0.282254		0.2		0.482254

												2007		0.282472		0.2		0.482472

												2008		0.28275		0.2		0.48275

												2009		0.283017		0.2		0.483017

												2010		0.283395		0.2		0.483395

												2011		0.283785		0.2		0.483785

												2012		0.284049		0.2		0.484049

												2013		0.284335		0.2		0.484335

												2014		0.284608		0.2		0.484608

												2015		0.284802		0.2		0.484802

												2016		0.285057		0.2		0.485057

												2017		0.285338		0.2		0.485338

												2018		0.285652		0.2		0.485652

												2019		0.285997		0.2		0.485997

												2020		0.286329		0.2		0.486329

												2021		0.286696		0.2		0.486696

												2022		0.287051		0.2		0.487051

												2023		0.287261		0.2		0.487261

												2024		0.287466		0.2		0.487466

												2025		0.287769		0.2		0.487769

												2026		0.288057		0.2		0.488057

												2027		0.288411		0.2		0.488411

												2028		0.288818		0.2		0.488818

												2029		0.289166		0.2		0.489166

												2030		0.289456		0.2		0.489456

												2031		0.289755		0.2		0.489755

												2032		0.290045		0.2		0.490045

												2033		0.290364		0.2		0.490364

												2034		0.290769		0.2		0.490769

												2035		0.291033		0.2		0.491033

												2036		0.291273		0.2		0.491273

												2037		0.291608		0.2		0.491608

												2038		0.291834		0.2		0.491834

												2039		0.29211		0.2		0.49211

												2040		0.29248		0.2		0.49248

												2041		0.292744		0.2		0.492744

												2042		0.292997		0.2		0.492997

												2043		0.293233		0.2		0.493233

												2044		0.293539		0.2		0.493539

												2045		0.293822		0.2		0.493822

												2046		0.294132		0.2		0.494132

												2047		0.294574		0.2		0.494574

												2048		0.295011		0.2		0.495011

												2049		0.295348		0.2		0.495348

												2050		0.295651		0.2		0.495651

												2051		0.295888		0.2		0.495888

												2052		0.296034		0.2		0.496034

												2053		0.296171		0.2		0.496171

												2054		0.296373		0.2		0.496373

												2055		0.296545		0.2		0.496545

												2056		0.296687		0.2		0.496687

												2057		0.296858		0.2		0.496858

												2058		0.297059		0.2		0.497059

												2059		0.297235		0.2		0.497235

												2060		0.297398		0.2		0.497398

												2061		0.29759		0.2		0.49759

												2062		0.297808		0.2		0.497808

												2063		0.298023		0.2		0.498023

												2064		0.29825		0.2		0.49825

												2065		0.298459		0.2		0.498459

												2066		0.298661		0.2		0.498661

												2067		0.298985		0.2		0.498985

												2068		0.299293		0.2		0.499293

												2069		0.299537		0.2		0.499537

												2070		0.299736		0.2		0.499736

												2071		0.299853		0.2		0.499853

												2072		0.299978		0.2		0.499978

												2073		0.300068		0.2		0.500068

												2074		0.300191		0.2		0.500191

												2075		0.300326		0.2		0.500326

												2076		0.300449		0.2		0.500449

												2077		0.300502		0.2		0.500502

												2078		0.300639		0.2		0.500639

												2079		0.300815		0.2		0.500815

												2080		0.300956		0.2		0.500956

												2081		0.301204		0.2		0.501204

												2082		0.301327		0.2		0.501327

												2083		0.30137		0.2		0.50137

												2084		0.301514		0.2		0.501514

												2085		0.301623		0.2		0.501623

												2086		0.30171		0.2		0.50171

												2087		0.3018		0.2		0.5018

												2088		0.301885		0.2		0.501885

												2089		0.301946		0.2		0.501946

												2090		0.301969		0.2		0.501969

												2091		0.302056		0.2		0.502056

												2092		0.302133		0.2		0.502133

												2093		0.302109		0.2		0.502109

												2094		0.302077		0.2		0.502077

												2095		0.302069		0.2		0.502069

												2096		0.302084		0.2		0.502084

												2097		0.302174		0.2		0.502174

												2098		0.302263		0.2		0.502263

												2099		0.302286		0.2		0.502286

												2100		0.302336		0.2		0.502336

												2101		0.302416		0.2		0.502416

												2102		0.302464		0.2		0.502464

												2103		0.302521		0.2		0.502521

												2104		0.302543		0.2		0.502543

												2105		0.302569		0.2		0.502569

												2106		0.302512		0.2		0.502512

												2107		0.302399		0.2		0.502399

												2108		0.302281		0.2		0.502281

												2109		0.3021		0.2		0.5021

												2110		0.301846		0.2		0.501846

												2111		0.301651		0.2		0.501651

												2112		0.301375		0.2		0.501375

												2113		0.301036		0.2		0.501036

												2114		0.300638		0.2		0.500638

												2115		0.300155		0.2		0.500155

												2116		0.299677		0.2		0.499677

												2117		0.299195		0.2		0.499195

												2118		0.298746		0.2		0.498746

												2119		0.298359		0.2		0.498359

												2120		0.298034		0.2		0.498034

												2121		0.297702		0.2		0.497702

												2122		0.297364		0.2		0.497364

												2123		0.29712		0.2		0.49712

												2124		0.296933		0.2		0.496933

												2125		0.296772		0.2		0.496772

												2126		0.29665		0.2		0.49665

												2127		0.296671		0.2		0.496671

												2128		0.296704		0.2		0.496704

												2129		0.296682		0.2		0.496682

												2130		0.296666		0.2		0.496666

												2131		0.296618		0.2		0.496618

												2132		0.296593		0.2		0.496593

												2133		0.296622		0.2		0.496622

												2134		0.296794		0.2		0.496794

												2135		0.297039		0.2		0.497039

												2136		0.297216		0.2		0.497216

												2137		0.297367		0.2		0.497367

												2138		0.297543		0.2		0.497543

												2139		0.297673		0.2		0.497673

												2140		0.297871		0.2		0.497871

												2141		0.298119		0.2		0.498119

												2142		0.298426		0.2		0.498426

												2143		0.298743		0.2		0.498743

												2144		0.29901		0.2		0.49901

												2145		0.299209		0.2		0.499209

												2146		0.299397		0.2		0.499397

												2147		0.299605		0.2		0.499605

												2148		0.299765		0.2		0.499765

												2149		0.300068		0.2		0.500068

												2150		0.300336		0.2		0.500336

												2151		0.300475		0.2		0.500475

												2152		0.300696		0.2		0.500696

												2153		0.300809		0.2		0.500809

												2154		0.300865		0.2		0.500865

												2155		0.30097		0.2		0.50097

												2156		0.301096		0.2		0.501096

												2157		0.301157		0.2		0.501157

												2158		0.301202		0.2		0.501202

												2159		0.301275		0.2		0.501275

												2160		0.301311		0.2		0.501311

												2161		0.301352		0.2		0.501352

												2162		0.301549		0.2		0.501549

												2163		0.301745		0.2		0.501745

												2164		0.30197		0.2		0.50197

												2165		0.302311		0.2		0.502311

												2166		0.302575		0.2		0.502575

												2167		0.302706		0.2		0.502706

												2168		0.302854		0.2		0.502854

												2169		0.302974		0.2		0.502974

												2170		0.303061		0.2		0.503061

												2171		0.303202		0.2		0.503202

												2172		0.303387		0.2		0.503387

												2173		0.303515		0.2		0.503515

												2174		0.303629		0.2		0.503629

												2175		0.303796		0.2		0.503796

												2176		0.303897		0.2		0.503897

												2177		0.303927		0.2		0.503927

												2178		0.304009		0.2		0.504009

												2179		0.304074		0.2		0.504074

												2180		0.304134		0.2		0.504134

												2181		0.304221		0.2		0.504221

												2182		0.304235		0.2		0.504235

												2183		0.304218		0.2		0.504218

												2184		0.304317		0.2		0.504317

												2185		0.304313		0.2		0.504313

												2186		0.304223		0.2		0.504223

												2187		0.304183		0.2		0.504183

												2188		0.304141		0.2		0.504141

												2189		0.304072		0.2		0.504072

												2190		0.304121		0.2		0.504121

												2191		0.304177		0.2		0.504177

												2192		0.304043		0.2		0.504043

												2193		0.304087		0.2		0.504087

												2194		0.304182		0.2		0.504182

												2195		0.304123		0.2		0.504123

												2196		0.304021		0.2		0.504021

												2197		0.303903		0.2		0.503903

												2198		0.303625		0.2		0.503625

												2199		0.303423		0.2		0.503423

												2200		0.303256		0.2		0.503256

												2201		0.30313		0.2		0.50313

												2202		0.303014		0.2		0.503014

												2203		0.302862		0.2		0.502862

												2204		0.302836		0.2		0.502836

												2205		0.302809		0.2		0.502809

												2206		0.302673		0.2		0.502673

												2207		0.30267		0.2		0.50267

												2208		0.302774		0.2		0.502774

												2209		0.302748		0.2		0.502748

												2210		0.30284		0.2		0.50284

												2211		0.302917		0.2		0.502917

												2212		0.302802		0.2		0.502802

												2213		0.302786		0.2		0.502786

												2214		0.302765		0.2		0.502765

												2215		0.302816		0.2		0.502816

												2216		0.302867		0.2		0.502867

												2217		0.302818		0.2		0.502818

												2218		0.302864		0.2		0.502864

												2219		0.302863		0.2		0.502863

												2220		0.302927		0.2		0.502927

												2221		0.303134		0.2		0.503134

												2222		0.303229		0.2		0.503229

												2223		0.303282		0.2		0.503282

												2224		0.30336		0.2		0.50336

												2225		0.303467		0.2		0.503467

												2226		0.303463		0.2		0.503463

												2227		0.303429		0.2		0.503429

												2228		0.303306		0.2		0.503306

												2229		0.303189		0.2		0.503189

												2230		0.30297		0.2		0.50297

												2231		0.302814		0.2		0.502814

												2232		0.302922		0.2		0.502922

												2233		0.302903		0.2		0.502903

												2234		0.302893		0.2		0.502893

												2235		0.302849		0.2		0.502849

												2236		0.302548		0.2		0.502548

												2237		0.302234		0.2		0.502234

												2238		0.301943		0.2		0.501943

												2239		0.301583		0.2		0.501583

												2240		0.301222		0.2		0.501222

												2241		0.300934		0.2		0.500934

												2242		0.300582		0.2		0.500582

												2243		0.300346		0.2		0.500346

												2244		0.300069		0.2		0.500069

												2245		0.29961		0.2		0.49961

												2246		0.299201		0.2		0.499201

												2247		0.298805		0.2		0.498805

												2248		0.298411		0.2		0.498411

												2249		0.297947		0.2		0.497947

												2250		0.29748		0.2		0.49748

												2251		0.296967		0.2		0.496967

												2252		0.296245		0.2		0.496245

												2253		0.295774		0.2		0.495774

												2254		0.295484		0.2		0.495484

												2255		0.295119		0.2		0.495119

												2256		0.294757		0.2		0.494757

												2257		0.294584		0.2		0.494584

												2258		0.29422		0.2		0.49422

												2259		0.293712		0.2		0.493712

												2260		0.293581		0.2		0.493581

												2261		0.293212		0.2		0.493212

												2262		0.2927		0.2		0.4927

												2263		0.292398		0.2		0.492398
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												2286		0.24113		0.2		0.44113
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												2348		0.215094		0.2		0.415094
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												2352		0.22908		0.2		0.42908
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												2389		0.211917		0.2		0.411917
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												2393		0.205132		0.2		0.405132
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Extraction methods for deep coal seams – Alternative 
processing for unminable coal – directional drilling

https://onepetro.org/SPEURCE/
proceedings/13URCE/All-
13URCE/SPE-167025-
MS/178351

https://www.rockdrillsales.com/fullpanel/uploads/files/hdd%20prod
uct%20catalogue_us-format.pdf
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Examination of Coal Resin Resource 

LCRM(0.95%) DGRM (0.55%) STWT-1 (10.3%), STWT-4 (8.5%)

GMHA (5.5%), GMLA (4.7%), GNLC 6.5%) SFRM (2.4%) EMRM (1.7%)

• Nine coal samples from the Uinta basin, expected to 
contain resin, were received from the geology team. 
The resin content of the samples were analyzed by 
Soxhlet extraction.  

• The samples from Wasatch Plateau coal field give a 
higher resin content as high as 10%. The sample from 
the Book Cliffs coal field has a low resin content (less 
than 1%).

• Resinite resource is about 19.4 million short tons 
(17.6 million metric tons). 
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Evaluation of Process Technology 

• Density separation: Resinite has a lower density(1.03-
1.05 g/cm3) than coal (1.3-1.5 g/cm3) traditional gravity  
separation can be used to produce resin concentrate 

• Flotation technology: Advanced selective resinite 
flotation technologies have been developed at the 
University of Utah using flotation chemistry control. 

• New technology: The tribocharging of resin particles and 
coal particles was evaluated using various tribocharging 
materials. These results provide a foundation for the 
development of dry triboelectrostatic separation. Development of dry 

triboelectrostatic separation
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Review Utilization and Market for the Coal Resin Product
• Resins find wide applications in various industries, including adhesives, binders, plastics, 

pavement, rubber, varnish, paint, coating, and the ink industry.
• The annual U.S. consumption of various resins in black ink production alone is approximately 

750 million pounds (340 million kg) . The coal resin has the potential to capture a portion of this 
market, with up to 15 percent coal resin being used in black ink production, corresponding to 
112.5 million pounds (51 million kg) annually in the U.S. 

• The ink resin market is about $3 billion annually [The 2022 Resin Report, URL: 
https://www.inkworldmagazine.com/issues/2022-04-01/view_features/the-2022-resin-report/ 

• In recent years, there has been a focus on environmentally friendly products, leading to the 
development of biobased and plant-based resins as alternatives to traditional petroleum-based 
resins. 

• Research on the future use of resin to produce high purity nano-graphite, carbon fibers, and/or 
carbon nanotubes.

https://www.inkworldmagazine.com/issues/2022-04-01/view_features/the-2022-resin-report/
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Carbon Products Literature Survey
• Performed review of studies related to carbon products 

that can be derived from coal, which have potential for 
creating a new industry for the Uintah Basin

• A summary of each study with its potential applications 
is included in the Final Report

• General topics included:
– Carbon fiber/carbon nanofibers
– Carbon quantum dots
– Carbon-anode-based materials/applications, e.g.

• Supercapacitors
• Sodium-ion batteries

– Alternative fuel generation (including hydrogen)
– Agricultural applications
– Building materials
– Carbon foams
– Environmental applications (e.g., water treatment, gas purification)

Giraud-Carrier, F., & Barlow, E, “Utah Defense Manufacturing Community C2CF Project Report Coal to Carbon Fiber 
(C2CF) Business Case Analysis Report,” Utah Defense Manufacturing Community C2CF Project Report, September 2022.
 

https://content.fortune.com/wp-
content/uploads/2015/11/vincent-guilly-cea.pnghttps://blogs.3ds.com/biovia/wp-

content/uploads/sites/27/2021/06/AdobeStock_403833723-scaled.jpeg
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Coal to polymer building blocks—

• Coal can be used as a carbon source to 
produce monoaromatics building blocks 
for polymer synthesis.

• Fischer-Tropsch synthesis (FTS) and 
aromatization reactions will produce 
monoaromatics.

• Opportunities for new bifunctional 
catalysts which perform both FTS and 
aromatization reactions.



Carbon Ore Low Temperature Pyrolysis Facility
• Instrumented reactors to test batches 

from 10 to 500 pounds
• Extensive expertise in fuel-based organic 

chemistry, reactor-based processes, 
mathematical modeling and simulation, 
process engineering and design

• World-leading expertise in oil-shale; 
recently applied to coal



Large Column Leaching Results

Element Recirculated Leachate Ferrous Sulfate Pyrite Enriched Ore Control (H2O2)
Aluminum 37.9 44.3 49.2 37.8
Barium 36.5 29.1 50.8 51.2
Cerium 47.4 37.3 40.4 26.5
Cesium 36.1 36.3 37.5 36.3
Chromium 34.8 51.4 58.3 49.0
Cobalt 36.9 65.5 51.5 34.7
Dysprosium 29.0 43.4 43.4 29.2
Gadolinium -36.3 3.7 29.6 -6.5
Gallium 33.7 26.3 52.3 52.9
Iron 16.1 45.1 59.5 56.3
Lanthanum 47.8 40.1 44.2 32.1
Lithium 29.8 41.5 48.0 22.7
Ave 120 Day Recovery 29.1 38.7 47.1 35.2

120-day Column Leaching Recoveries (based on solids analyses)



Large Column Leaching Results

Element Recirculated Leachate Ferrous Sulfate Pyrite Enriched Ore Control (H2O2)
Magnesium 18.3 50.4 58.8 40.4
Manganese 47.4 85.9 84.4 78.2
Neodymium 48.3 35.3 42.2 31.3
Praseodymium 33.8 29.6 37.2 25.5
Rubidium 27.2 23.5 18.3 21.1
Samarium 26.9 59.5 30.4 29.1
Scandium -13.7 50.5 50.5 32.5
Titanium 58.3 20.3 29.0 56.6
Vanadium 32.6 59.0 56.0 46.9
Yttrium 29.8 51.7 48.6 35.1
Zirconium 39.8 43.8 25.9 27.2
Ave 120 Day 
Recovery 31.7 46.3 43.8 38.5

120-day Column Leaching Recoveries (based on solids analyses)



In-House Synthesis of MOF-Coated Nano Metal Oxide Tetrapod Adsorbents

Nanostructures 1 Nanostructures 2 Nanostructures 3 Nanostructures 4

REE-Summary



Batch test results for hybrid Nano Adsorbents
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REE Experiment Feed

		Chemical Name		Chemical Formula		Molecular Weight(gm/mol)		Chemical		Molecular Weight(gm/mol)		Wt% of Column B		How many grams of Chemical		To be _ppm conc of ions below		ppm		Weight(mg) of ions required		Weight(mg) of Chemical Needed				1ppm=1mg/L				To be _ppm conc of ions below		Sample (mg)		ppm

		Praseodymium (III)Chloride hydrate		PrCl3.xH2O		247.27		Pr3+		140.91		56.99%		PrCl3.xH2O		Pr3+		50		10		17.55				Total Solution(ml)		200		Pr3+		25.9		73.8

		Neodymium Chloride Hexahydrate		NdCl3.6H2O		358.69		Nd3+		144.24		40.21%		NdCl3.6H2O		Nd3+		50		10		24.87				Date		2-Feb		Nd3+		26.5		53.3

		Dysprosium Chloride		DyCl3.6H2O		376.95		Dy3+		162.5		43.11%		DyCl3.6H2O		Dy3+		50		10		23.20				Solution pH		2.13		Dy3+		26.9		58.0

		Lithium chloride		LiCl		42.39		Li+		6.99		16.49%		LiCl		Li+		100		20		121.29								Li+		177.8		146.6

		Cobalt(II) Chloride Hexahydrate		CoCl2.6H2O		237.93		Co2+		58.933		24.77%		CoCl2.6H2O		Co2+		100		20		80.75								Co2+		79.3		98.2

		Nickel Chloride Hexahydrate		NiCl2.6H2O		237.69		Ni2+		58.693		24.69%		NiCl2.6H2O		Ni2+		100		20		80.99								Ni2+		83.8		103.5

		Iron(III) chloride		FeCl3		162.21		Fe3+		55.895		34.46%		FeCl3		Fe3+		100		20		58.04								Fe3+		99.1		170.7

		Copper (II) Chloride		CuCl2.2H2O		170.48		Cu2+		63.546		37.27%		CuCl2.2H2O		Cu2+		100		20		53.66								Cu2+		54.1		100.8

		Chemical Name		Chemical Formula		Molecular Weight(gm/mol)		Chemical		Molecular Weight(gm/mol)		Wt% of Column B		How many grams of Chemical		To be _ppm conc of ions below		ppm		Weight(mg) of ions required		Weight(mg) of Chemical Needed				1ppm=1mg/L				To be _ppm conc of ions below		Sample (mg)		ppm

		Praseodymium (III)Chloride hydrate		PrCl3.xH2O		247.27		Pr3+		140.91		56.99%		PrCl3.xH2O		Pr3+		50		10		17.55				Total Solution(ml)		200		Pr3+		25.7		73.2

		Neodymium Chloride Hexahydrate		NdCl3.6H2O		358.69		Nd3+		144.24		40.21%		NdCl3.6H2O		Nd3+		50		10		24.87				Date		3-Feb		Nd3+		24.9		50.1

		Dysprosium Chloride		DyCl3.6H2O		376.95		Dy3+		162.5		43.11%		DyCl3.6H2O		Dy3+		50		10		23.20				Solution pH		2.39		Dy3+		27		58.2

		Lithium chloride		LiCl		42.39		Li+		6.99		16.49%		LiCl		Li+		100		20		121.29								Li+		175.4		144.6

		Cobalt(II) Chloride Hexahydrate		CoCl2.6H2O		237.93		Co2+		58.933		24.77%		CoCl2.6H2O		Co2+		100		20		80.75								Co2+		79.3		98.2

		Nickel Chloride Hexahydrate		NiCl2.6H2O		237.69		Ni2+		58.693		24.69%		NiCl2.6H2O		Ni2+		100		20		80.99								Ni2+		83.3		102.8

		Iron(III) chloride		FeCl3		162.21		Fe3+		55.895		34.46%		FeCl3		Fe3+		100		20		58.04								Fe3+		97.6		168.2

		Copper (II) Chloride		CuCl2.2H2O		170.48		Cu2+		63.546		37.27%		CuCl2.2H2O		Cu2+		100		20		53.66								Cu2+		53.4		99.5





Experiments 

		Sample Code		Solution Date		pH		Feed Eh(mv)		Adsorption Time(hrs)		REE Solution(ml)		Volume of Solution left for adsorbtion after 2mins (ml)		Dwater added to sample for dilution (ml)		Total volume of product solution (ml)		Weight of Each Sample(gm)		Pr3+ (ppm)		Pr3+ (M)		Nd3+ (ppm)		Nd3+ (M)		Dy3+ (ppm)		Dy3+ (M)		Li+ (ppm)		Li+ (M)		Co2+ (ppm)		Co2+ (M)		Ni2+ (ppm)		Ni2+ (M)		Fe3+ (ppm)		Fe3+ (M)		Cu2+ (ppm)		Cu2+ (M)

		Calcuated feed concentrations		2/2/2023 & 2/3/2023 (1:1)		1.53		633.14		24		20						20				73.512		0.000522		51.674		0.000358		58.090		0.000357		145.604		0.020830		98.209		0.001666		103.155		0.001758		169.449		0.003032		100.176		0.001576

		Experimented feed concentrations		2/2/2023 & 2/3/2023 (1:1)		1.53		633.14		24		20						20				44.301		0.000314		46.299		0.000321		57.612		0.000355		126.784		0.018138		107.391		0.001822		92.355		0.001574		143.374		0.002565		90.321		0.001421

		REE-1A		2/2/2023 & 2/3/2023 (1:1)		1.53		633.14		24		20		18		10		28		1g of Fine Vermiculite		0.886		0.000004		0.832		0.000004		3.191		0.000014		70.302		0.007184		44.114		0.000535		33.586		0.000409		1.646		0.000021		36.673		0.000412

		% of Ion adsrobed onto adsorbent																				98.000		98.571666		98.202		98.715755		94.462		96.044107		44.549		60.392443		58.922		70.658386		63.634		74.024313		98.852		99.180180		59.397		70.998170

		REE-2A		2/2/2023 & 2/3/2023 (1:1)		1.53		633.14		24		20		18		2		20		1g of Coarse Vermiculite		0.600		0.000004		0.572		0.000004		1.847		0.000011		115.280		0.016492		43.363		0.000736		30.289		0.000516		5.213		0.000093		44.590		0.000702

		% of Ion adsrobed onto adsorbent																				98.645		98.644553		98.764		98.764069		96.793		96.793387		9.074		9.073709		59.621		59.621401		67.204		67.203648		96.364		96.364325		50.632		50.631899

		REE-3A		2/2/2023 & 2/3/2023 (1:1)		1.53		633.14		24		20		18		2		20		1g of Clay Kaolin		33.105		0.000235		34.381		0.000238		44.785		0.000276		112.064		0.016032		92.285		0.001566		79.470		0.001354		91.687		0.001640		79.340		0.001249

		% of Ion adsrobed onto adsorbent																				25.272		25.272374		25.741		25.741450		22.265		22.264558		11.610		11.609812		14.066		14.065689		13.952		13.952351		36.050		36.050288		12.158		12.158159

		REE-4A		2/2/2023 & 2/3/2023 (1:1)		1.53		633.14		24		20		18		1		19		0.2017g of Zn-TP		18.512		0.000138		16.507		0.000120		11.993		0.000078		106.888		0.016096		89.669		0.001602		76.956		0.001380		0.007		0.000000		0.912		0.000015

		% of Ion adsrobed onto adsorbent																				58.214		56.015259		64.347		62.470583		79.184		78.088238		15.693		11.255405		16.502		12.107814		16.674		12.288735		99.995		99.995029		98.990		98.937184

		REE-5A		2/2/2023 & 2/3/2023 (1:1)		1.53		633.14		24		20		18		2		20		0.2020g of Zn-Sn-TP		11.675		0.000083		9.885		0.000069		6.057		0.000037		96.103		0.013749		78.736		0.001336		65.995		0.001124		0.004		0.000000		0.591		0.000009

		% of Ion adsrobed onto adsorbent																				73.646		73.646196		78.649		78.648865		89.487		89.487044		24.199		24.199465		26.682		26.682465		28.542		28.542170		99.997		99.997210		99.345		99.345196

		REE-6A		2/2/2023 & 2/3/2023 (1:1)		1.53		633.14		24		20		18		2		20		0.2038g of Zn-Mg-TP		0.002		0.000000		0.003		0.000000		0.003		0.000000		105.054		0.015029		0.063		0.000001		0.020		0.000000		0.004		0.000000		0.121		0.000002

		% of Ion adsrobed onto adsorbent																				99.995		99.995485		99.994		99.993520		99.995		99.994793		17.140		17.139638		99.941		99.941124		99.978		99.978344		99.997		99.997210		99.867		99.866515





Analysis

		Sample		A% for Pr3+ (ppm)		A% for Nd3+ (ppm)		A% for Dy3+ (ppm)		A% for Li+ (ppm)		A% for Co2+ (ppm)		A% for Ni2+ (ppm)		A% for Fe3+ (ppm)		A% for Cu2+ (ppm)

		REE-1A		98.0003		98.2021		94.4617		44.5494		58.9217		63.6340		98.8523		59.3974

		REE-2A		98.6446		98.7641		96.7934		9.0737		59.6214		67.2036		96.3643		50.6319

		REE-3A		25.2724		25.7415		22.2646		11.6098		14.0657		13.9524		36.0503		12.1582

		REE-4A		58.2145		64.3471		79.1838		15.6926		16.5024		16.6743		99.9953		98.9903

		REE-5A		73.6462		78.6489		89.4870		24.1995		26.6825		28.5422		99.9972		99.3452

		REE-6A		99.9955		99.9935		99.9948		17.1396		99.9411		99.9783		99.9972		99.8665





Analysis
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Analysis based on Dilution
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Clay mineral analysis

		Sample		A% for Pr3+ (ppm)		A% for Nd3+ (ppm)		A% for Dy3+ (ppm)		A% for Li+ (ppm)		A% for Co2+ (ppm)		A% for Ni2+ (ppm)		A% for Fe3+ (ppm)		A% for Cu2+ (ppm)

		REE-1A		98.5717		98.7158		96.0441		60.3924		70.6584		74.0243		99.1802		70.9982

		REE-2A		98.6446		98.7641		96.7934		9.0737		59.6214		67.2036		96.3643		50.6319

		REE-3A		25.2724		25.7415		22.2646		11.6098		14.0657		13.9524		36.0503		12.1582

		REE-4A		56.0153		62.4706		78.0882		11.2554		12.1078		12.2887		99.9950		98.9372

		REE-5A		73.6462		78.6489		89.4870		24.1995		26.6825		28.5422		99.9972		99.3452

		REE-6A		99.9955		99.9935		99.9948		17.1396		99.9411		99.9783		99.9972		99.8665





Clay mineral analysis
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		ICP-MS Analysis				Element concentration in (mg/L) or ppm																		Experiment Condtions

						Li		Fe		Co		Ni		Cu		Pr		Nd		Dy				Set. No		Test No		Wt. of Clay(gm)		Vol. of REE Solution(ml)		pH of REE Solution		Clay/REE Solution Ratio		Time for Adsorption(hrs)		Sample Code		REE Solution Code				Sample Code		Clay/REE Solution Ratio		pH of REE Solution		R%		Li		Fe		Co		Ni		Cu		Pr		Nd		Dy

		Feed ID		REE-1		143.54		168.16		98.21		102.23		99.52		72.66		49.26		57.34				Set-1		1		1		20		1.44		0.05		24		REE-Clay-1		REE-1				REE-Clay-1		0.05		1.44		R%		49.59%		41.17%		32.82%		42.69%		44.23%		67.26%		48.81%		46.44%

		Sample ID		REE-Clay-1		72.36		98.93		65.97		58.59		55.51		23.79		25.22		30.71						2		2		20		1.44		0.1		24		REE-Clay-2		REE-1				REE-Clay-4		0.2		1.44		R%		57.36%		70.52%		44.60%		53.84%		54.36%		81.67%		71.36%		67.92%

		% of reduction in ion concentration of solution or adsorption on to adsorbate		R%		49.59%		41.17%		32.82%		42.69%		44.23%		67.26%		48.81%		46.44%						3		3		20		1.44		0.15		24		REE-Clay-3		REE-1				REE-Clay-8		0.2		6.91		R%		27.85%		98.21%		34.40%		48.99%		98.96%		97.90%		96.75%		98.07%

		Feed ID		REE-1		143.54		168.16		98.21		102.23		99.52		72.66		49.26		57.34						4		4		20		1.44		0.2		24		REE-Clay-4		REE-1				REE-Clay-12		0.2		10.32		R%		27.40%		98.21%		99.49%		99.88%		99.70%		99.92%		99.88%		99.90%

		Sample ID		REE-Clay-4		61.21		49.56		54.40		47.19		45.43		13.32		14.11		18.40				Set-2		5		1		20		6.91		0.05		24		REE-Clay-5		REE-2

		% of reduction in ion concentration of solution or adsorption on to adsorbate		R%		57.36%		70.52%		44.60%		53.84%		54.36%		81.67%		71.36%		67.92%						6		2		20		6.91		0.1		24		REE-Clay-6		REE-2

		Feed ID		REE-2		143.71		167.81		100.69		102.23		101.01		72.66		49.26		57.34						7		3		20		6.91		0.15		24		REE-Clay-7		REE-2

		Sample ID		REE-Clay-8		103.68		3.00		66.05		52.14		1.05		1.53		1.60		1.11						8		4		20		6.91		0.2		24		REE-Clay-8		REE-2

		% of reduction in ion concentration of solution or adsorption on to adsorbate		R%		27.85%		98.21%		34.40%		48.99%		98.96%		97.90%		96.75%		98.07%				Set-3		9		1		20		10.32		0.05		24		REE-Clay-9		REE-2

		Feed ID		REE-2		143.71		167.81		100.69		102.23		101.01		72.66		49.26		57.34						10		2		20		10.32		0.1		24		REE-Clay-10		REE-2

		Sample ID		REE-Clay-12		104.34		3.00		0.51		0.12		0.30		0.06		0.06		0.06						11		3		20		10.32		0.15		24		REE-Clay-11		REE-2

		% of reduction in ion concentration of solution or adsorption on to adsorbate		R%		27.40%		98.21%		99.49%		99.88%		99.70%		99.92%		99.88%		99.90%						12		4		20		10.32		0.2		24		REE-Clay-12		REE-2
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REE-Adsorption Preliminary Tests
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• Data presented here is the % of REEs left in the solution after one round of adsorption test
• From the data, it can be viewed that REE-6A(WCZMO hybrid nanostructure) and REE-11A(ZM hybrid nanostructure with 

MOF coating) is suitable for separation of Li from the rest

Li separation

99% removal of Cu and Fe

Co and Ni removal 
by MIL 101 

REE-Summary



Selective Separation of Gd from Non-REE using MOF type adsorbent[37]

• This is a Chromium based Metal organic framework type 
adsorbent with PMIDA (N-(phosphonomethyl)iminodiacetic 
acid hydrate) embedded in the structure 

• The specialty in these type of adsorbent is: it’s high affinity for 
Gd adsorption when compared to other ions and have high 
separation efficiency for REEs than Non-REEs

• It has nearly 80% regeneration efficiency

Structure SEM image Selectivity in separation

REE-Summary
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REE/CM separation and recovery technologies Los 
Alamos National Laboratory (LANL)
• Hydrothermal REE separation Technology based on natural ore-forming 

processes that concentrate REE using hot water and ligands (phosphate, 
fluoride)

• Hydrothermal-based technology (with fluorite) extracts from aqueous 
feedstock M/HREE selectively

• Hydrothermal approach permits to avoid extracting and concentrating U and 
Th (radioactive contaminants)

• U.S. provisional patent application No. 62/859,428
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Titanium, stainless steel or monel high

apatite or fluorite

(LANL) Method
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HAMR of Y2O3 



Draft copy of 
final flow sheet 
for producing 

20 
REE/REO/RES
/CM materials 

from feed 
material
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Our DOE CORE-CM TIC Vision

Technology 
Innovation Center 

Web Platform
Information Sharing
Stakeholder Access

Web and In Person 
Stakeholder 
Engagement

Web and On-Site 
Workforce 

Development

Research Development and 
Testing Facilities 



Stakeholder Outreach
• Objective: Engage Stakeholders

• UAMMI grew the stakeholder base to 
258 individuals representing 154 
organizations

Individuals Industry Education Gov/
Civic

Service 
Provider

Association Native 
American 
Nations

Community 
members

1Q2021 77 14 4 7 1 3 0 0
2023 258 26 16 38 10 16 3 45



Information Sharing & Engagement
• Communication with the 

Stakeholders was through emails 
and Eventbrite registration for 
meetings and events. 
Additionally, a tutorial on Critical 
Materials we developed and 
shared with Stakeholder to further 
understanding. (See Appendix)
– Working with the team 

executing 6.0 – Creation of 
Innovation Century, UAMMI 
set up a webpage as a central 
source of information about 
the CORE-CM programs. 
https://www.uammi.org/core-
cm

https://www.uammi.org/core-cm
https://www.uammi.org/core-cm
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Thank You!
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