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Project Overview (Part I)

— Funding (DOE $1,535k and Cost Share $487k)
— Overall Project Performance Dates (9/16/21-8/16/24)

— Project Participants (contracted for funding)

University of Utah (UotU), Utah Advanced Materials
Manufacturing Initiative (UAAMMLI), Institute for Advanced
Composites Manufacturing Innovations IACMI) (UAMMI
subcontract), Utah Geological Survey (UGS), Colorado Geological
Survey (CGS) (CSM subcontract), Colorado School of Mines
(CSM), JWP Consulting, LLC (JWP), Utah State University —
Eastern (USUE) Los Alamos National Lab (LANL), Wolverine
Fuels (WF)



Project Overview (Part 1I)

— Overall Project Objectives: The objectives of this
project are to quantify, assess, and plan to enable the
transformation of Uinta Basin region earth resources, such as
coal, oil shale, resin, rare earth elements (REE), critical
minerals (CM), and waste into higher value metal, mineral,
and nonfuel carbon-based products. These objectives will be
accomplished for Phase I by completing /) basinal
assessments and initial planning, 2) a basinal assessment for
waste stream reuse with associated plan development, 3)
basinal strategies development for infrastructure, industries,
and business, 4) a technology assessment, development, and
field-testing plan, 5) a technology innovation center plan,
and 6) a stakeholder outreach and education plan.



Our DOE CORE-CM Project Vision

The Objective: Transform Uinta Basin Resources Into Advanced Products
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Previous Uinta Region data on REE-enriched coal

Sparse previous USGS CoalQual data, only 3 of 88 samples >200 ppm REEs
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Carbonaceous shales adjacent to coal
seams are REE-enriched

The sum of only Ce, La, Nd, Pr, and Y by
XRF analysis averages above 300 ppm

for a 4-feet thick layer.

Near West Elk Mine, Western Colorado
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Carbonaceous shales adjacent to coal
seams in some areas are REE-enriched

The sum of only Ce, La, Nd, Pr, and Y by
XRF analysis averages above 200 ppm
for an 11-feet thick layer.

average 207 ppm
max 723 ppm
min 10 ppm
Near West Elk Mine, Western Colorado cr7s
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Carbonaceous shales adjacent to
some coal seams are REE-enriched

The sum of only Ce, La, Nd, Pr, and Y
by XRF analysis averages above 175
ppm for thick layers (5 ft + 10 ft).

Near Sufco Mine, Wasatch Plateau, Utah
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Igneous dikes in active mines are REE-enriched

Northern Wasatch Plateau, Utah

REE enrichment from ICP-MS, Igneous dike samples
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results

		lab ID		Description		label on sample		ash %		Sc		Y		La		Ce		Pr		Nd		Sm		Eu		Gd		Tb		Dy		Ho		Er		Tm		Yb		Lu		TREE				Ca		Sr

										mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg				mg/kg		mg/kg

		LoD								0.07		0.008		0.02		0.05		0.005		0.0192		0.0032		0.0007		0.003		0.0003		0.002		0.0003		0.005		0.0004		0.001		0.0002						15		0.19

		SRM 1643f								N/A		N/A		N/A		N/A		N/A		N/A		N/A		N/A		N/A		N/A		N/A		N/A		N/A				N/A		N/A						5.3%		1.0%

		ss2181-01		Star Point road, outcrop sample, shale below coal seam		SPRSH		88%		7.65		16.89		27.73		57.49		6.29		23.51		4.24		0.84		3.48		0.52		3.28		0.68		2.04		0.95		2.20		0.33		158				1310		60

		ss2181-02		Star Point road, outcrop sample, coal		SPRC		5%		0.85		4.05		3.72		8.26		0.98		4.04		0.79		0.18		0.73		0.11		0.63		0.12		0.33		0.14		0.29		0.04		25				1888		38

		ss2181-03		Star Point waste pile		SPWP		47%		3.55		7.81		6.17		23.06		1.90		7.81		1.76		0.38		1.53		0.25		1.63		0.34		1.00		0.47		1.10		0.16		59				7754		17

		ss2181-04		Sufco Waste Pile		SFWP		18%		1.51		4.45		6.90		13.20		1.45		5.50		0.98		0.20		0.85		0.13		0.79		0.16		0.47		0.21		0.49		0.07		37				20930		83

		ss2181-05		Sufco Run of Mine		SFRM		3%		0.52		1.58		2.18		3.93		0.42		1.55		0.28		0.06		0.26		0.04		0.28		0.06		0.17		0.07		0.17		0.02		12				763		31

		ss2181-06		Gentry Mtn Low Ash Run of Mine		GMLA		3%		0.35		0.65		1.10		1.95		0.21		0.79		0.14		0.03		0.12		0.02		0.12		0.02		0.07		0.03		0.08		0.01		6				740		16

		ss2181-07		Gentry Mtn High Ash Run of Mine		GMHA		38%		5.03		10.05		18.40		36.69		3.75		13.62		2.32		0.45		1.93		0.29		1.85		0.39		1.17		0.53		1.22		0.18		98				1925		68

		ss2181-08		Gentry Mtn Lump Coal Run of Mine		GMLC		2%		0.73		1.00		1.73		3.26		0.34		1.28		0.23		0.06		0.21		0.03		0.20		0.04		0.11		0.05		0.12		0.02		9				1000		39

		ss2181-09		Lila Canyon Run of Mine		LCRM		1%		0.53		2.02		1.55		3.51		0.43		1.77		0.36		0.08		0.33		0.05		0.34		0.07		0.22		0.10		0.23		0.03		12				555		8

		ss2181-10		Emery Run of Mine		EMRM		5%		0.92		2.97		4.71		8.91		0.97		3.82		0.71		0.16		0.61		0.09		0.53		0.10		0.29		0.12		0.27		0.04		25				3956		145

		ss2181-11		Dugout waste pile, "igneous"		DGWPI		95%		13.32		47.90		113.61		304.33		40.55		172.41		38.13		9.14		29.00		3.20		13.64		1.92		4.12		1.31		2.55		0.32		795				59183		782

		ss2181-12		Dugout waste pile sandstone		DGWPSS		97%		2.75		9.15		12.28		24.51		2.95		11.61		2.25		0.49		1.97		0.28		1.76		0.35		1.01		0.46		1.08		0.16		73				6335		39

		ss2181-13		Dugout waste pile fines		DGWPF		91%		3.76		18.95		18.48		57.85		5.42		22.04		4.53		0.94		4.02		0.59		3.58		0.71		1.97		0.85		1.93		0.27		146				27909		76

		ss2181-14		Dugout waste pile, coal with "veins"		DGWPCV		48%		<0.1		0.06		0.10		0.23		0.03		0.12		0.02		0.02		0.02		0.00		0.01		0.00		<0.01		0.00		0.00		0.00		1				128779		357

		ss2181-15		Dugout waste pile shale		DGWPSH		34%		5.50		30.15		14.27		26.51		3.06		12.08		2.73		0.68		3.15		0.61		4.64		1.06		3.17		1.44		3.23		0.47		113				620		33

		ss2181-16		Dugout waste pile coal		DGWPC		15%		5.69		16.67		10.56		24.75		2.71		11.03		2.48		0.56		2.54		0.44		2.98		0.62		1.78		0.78		1.73		0.25		86				1159		35

		ss2181-17		Dugout run of mine		DGRM		19%		7.21		20.86		14.04		32.62		3.56		14.42		3.16		0.71		3.23		0.56		3.74		0.79		2.26		0.99		2.21		0.32		111				1398		44

		ss2181-18		Star Point, Wattis seam, 3.5" from top, resin-rich coal		STWT-1A		0%		0.24		3.49		1.44		2.99		0.36		1.54		0.37		0.09		0.42		0.07		0.51		0.11		0.35		0.16		0.36		0.06		13				313		20

		ss2181-19		Star Point, Wattis seam, 3.5" from top, "dike"		STWT-1B		47%		8.22		13.23		39.44		89.55		8.25		29.12		5.10		1.03		3.99		0.55		3.13		0.59		1.63		0.72		1.63		0.23		206				1039		34

		ss2181-20		Star Point, Wattis seam, 5" from top		STWT-2		1%		1.09		8.01		3.33		6.52		0.78		3.41		0.82		0.21		0.96		0.17		1.22		0.27		0.83		0.39		0.91		0.14		29				1217		49

		ss2181-21		Star Point, Wattis seam, 6.5" from top, resin coal		STWT-3A		21%		9.36		14.14		60.06		130.62		12.54		44.07		7.49		1.44		5.57		0.73		3.93		0.71		2.01		0.90		2.09		0.31		296				939		47

		ss2181-22		Star Point, Wattis seam, 6.5" from top, "dike"		STWT-3B		33%		3.80		7.93		58.27		163.41		12.01		40.37		6.25		1.18		4.36		0.51		2.45		0.40		1.10		0.46		1.04		0.14		304				538		28

		ss2181-23		Star Point, Wattis seam, 17" from top		STWT-4		3%		5.25		10.48		7.11		15.03		1.80		7.58		1.83		0.44		1.80		0.32		2.20		0.47		1.41		0.68		1.62		0.24		58				1395		75

		ss2181-24		Star Point, Wattis seam, 22" from top, coal		STWT-5A		1%		5.63		6.12		16.40		24.87		1.89		6.28		1.31		0.31		1.30		0.22		1.48		0.30		0.90		0.42		0.99		0.14		69				613		135

		ss2181-25		Star Point, Wattis seam, 22" from top, "dike"		STWT-5B		32%		2.11		3.97		14.32		61.34		3.50		11.63		1.89		0.41		1.43		0.18		1.02		0.19		0.58		0.27		0.66		0.09		104				224		5

		ss2181-26		Beaver Creek #8, Castlegate A, sample 1		BVCA-1		33%		2.77		8.56		36.47		87.43		7.07		24.77		3.94		0.77		2.99		0.38		2.09		0.39		1.11		0.49		1.13		0.16		181				400		10

		ss2181-27		Beaver Creek #8, Castlegate A, sample 2		BVCA-2		11%		13.60		16.58		11.04		22.33		2.57		10.53		2.45		0.60		2.50		0.44		3.20		0.70		2.19		1.07		2.59		0.39		93				2013		31

		ss2181-28		Beaver Creek #8, Castlegate A, sample 3, "dike"		BVCA-3A		35%		9.89		16.56		74.45		164.35		15.25		53.04		8.98		1.73		6.74		0.88		4.60		0.80		2.12		0.90		1.98		0.28		363				1089		29

		ss2181-29		Beaver Creek #8, Castlegate A, sample 3, "dike"		BVCA-3B		26%		11.09		24.91		70.79		147.30		14.27		51.83		9.16		1.83		7.25		1.02		6.06		1.17		3.28		1.45		3.25		0.45		355				942		26

		ss2181-30		Beaver Creek #8, Castlegate A, sample 4		BVCA-4		23%		13.54		43.20		188.30		414.63		43.21		156.77		24.14		4.55		17.53		2.20		11.40		1.97		5.19		2.16		4.66		0.63		934				1783		40

		ss2181-31		Beaver Creek #8, Castlegate A, sample 5		BVCA-5		55%		12.75		24.42		115.69		259.24		27.37		90.69		15.19		2.92		11.05		1.38		6.96		1.19		3.12		1.30		2.86		0.39		576				1412		31

																																										172		average

																																										934		max

																																										1		min





masses

		lab ID		smp		ash in crucible		ash in vial		digest		2o DF		TDF		ash %		% transfer						Coal smpl mass post-ashing (mg)		Teflon vial masses before digest (mg)		Teflon vial masses after digest (g)		OG Coal Smpl Masses (mg)		Dilution from Ash		Final Dilution for conc in ash

				g		g		g		g

		2181-01		0.1679		0.1485		0.0665		3.237		100		4306		88%		45%						148.5		66.5		3.24		167.9		48.7		4868

		2181-02		0.1818		0.0085		0.0074		3.959		100		2501		5%		87%						8.5		7.4		3.96		181.8		535.0		53501

		2181-03		0.1046		0.0492		0.0478		3.290		100		3238		47%		97%						49.2		47.8		3.29		104.6		68.8		6883

		2181-04		0.1205		0.0222		0.0219		3.120		100		2624		18%		99%						22.2		21.9		3.12		120.5		142.4		14245

		2181-05		0.1132		0.0035		0.0030		3.373		100		3477		3%		86%						3.5		3		3.37		113.2		1124.4		112440

		2181-06		0.1065		0.0032		0.0024		2.980		100		3730		3%		75%						3.2		2.4		2.98		106.5		1241.5		124146

		2181-07		0.1074		0.0403		0.0391		3.111		100		2985		38%		97%						40.3		39.1		3.11		107.4		79.6		7956

		2181-08		0.1404		0.0035		0.0035		3.002		100		2138		2%		100%						-2.2		3.5		3.00		140.4		857.6		85760

		2181-09		0.1175		0.0017		0.0017		3.495		100		2975		1%		100%						-3.9		1.7		3.50		117.5		2056.1		205606

		2181-10		0.1447		0.0069		0.0052		3.114		100		2855		5%		75%						6.9		5.2		3.11		144.7		598.8		59875

		2181-11		0.1211		0.1150		0.0587		3.464		100		5603		95%		51%						115		58.7		3.46		121.1		59.0		5901

		2181-12		0.1932		0.1868		0.0381		3.328		100		8446		97%		20%						186.8		38.1		3.33		193.2		87.4		8736

		2181-13		0.1935		0.1761		0.0582		4.217		100		6594		91%		33%						176.1		58.2		4.22		193.5		72.5		7245

		2181-14		0.1251		0.0606		0.0372		3.339		100		4348		48%		61%						60.6		37.2		3.34		125.1		89.8		8975

		2181-15		0.1222		0.0414		0.0279		3.556		100		4318		34%		67%						41.4		27.9		3.56		122.2		127.4		12744

		2181-16		0.1377		0.0208		0.0201		3.269		100		2457		15%		97%						20.8		20.1		3.27		137.7		162.7		16265

		2181-17		0.1332		0.0258		0.0225		3.580		100		3082		19%		87%						25.8		22.5		3.58		133.2		159.1		15912

		2181-18		0.1240		0.0005		0.0005		3.285		100		2649		0%		100%						-0.5		0.5		3.29		124.0		6570.2		657020

		2181-19		0.1107		0.0518		0.0569		3.670		100		3018		47%		110%						51.8		56.9		3.67		110.7		64.5		6450

		2181-20		0.1071		0.0006		0.0006		3.381		100		3157		1%		100%						-1		0.6		3.38		107.1		5634.8		563483

		2181-21		0.1348		0.0284		0.0284		4.067		100		3017		21%		100%						not measured		28.4		4.07		134.8		143.2		14320

		2181-22		0.1358		0.0442		0.0442		3.780		100		2783		33%		100%						not measured		44.2		3.78		135.8		85.5		8551

		2181-23		0.1421		0.0040		0.0040		4.569		100		3215		3%		100%						not measured		4.0		4.57		142.1		1142.1		114215

		2181-24		0.1387		0.0015		0.0015		3.414		100		2461		1%		100%						not measured		1.5		3.41		138.7		2275.9		227587

		2181-25		0.1043		0.0338		0.0338		3.358		100		3219		32%		100%						not measured		33.8		3.36		104.3		99.3		9933

		2181-26		0.1167		0.0381		0.0381		3.377		100		2894		33%		100%						not measured		38.1		3.38		116.7		88.6		8864

		2181-27		0.1328		0.0141		0.0141		3.854		100		2902		11%		100%						not measured		14.1		3.85		132.8		273.3		27333

		2181-28		0.1065		0.0376		0.0376		3.535		100		3320		35%		100%						not measured		37.6		3.54		106.5		94.0		9402

		2181-29		0.1126		0.0290		0.0290		3.503		100		3111		26%		100%						not measured		29		3.50		112.6		120.8		12078

		2181-30		0.1435		0.0333		0.0333		3.231		100		2251		23%		100%						not measured		33.3		3.23		143.5		97.0		9702

		2181-31		0.1055		0.0577		0.0577		3.913		100		3709		55%		100%						not measured		57.7		3.91		105.5		67.8		6782

						ash mass < 0

						assume 100% ash in crucible was transferred into vial





sample descriptions

		Summary of Mar 2022 CORE-CM Coal mine and waste pile sampling campaign, carried out by Lauren Birgenheier and Mike Vanden Berg

		Collected Mar 15 - 16, 2022

										Location		Location

		Short Sample name		Long Sample name		Mine status		Coal Seam (if applicable)		Lat		Long		ICP-MS		Resin		Notes

		GMHA		Gentry Mtn High Ash Run of Mine		Active		Hiawatha, Blind or both (active 3 mine seams)		N 39.40713°		W 111.09609°		x		x

		GMLA		Gentry Mtn Low Ash Run of Mine		Active		Hiawatha, Blind or both (active 3 mine seams)		N 39.40713°		W 111.09609°		x		x

		GMLC		Gentry Mtn Lump Coal Run of Mine		Active		Hiawatha, Blind or both (active 3 mine seams)		N 39.40713°		W 111.09609°		x		x

		SFRM		Sufco Run of Mine		Active		Upper Hiawatha		N 38.91496°		W 111.41677°		x		x

		SFWP		Sufco Waste Pile		Active		N/A		N 36° 54' 07.3"		W 111° 30' 06.0"		x

		EMRM		Emery Run of Mine		Active		"I" seam		N 38.86284°		W 111.25858°		x		x

		LCRM		Lila Canyon Run of Mine		Active		Sunnyside		N 39.42785°		W 110.35422°		x		x

		DGRM		Dugout run of mine		Idle		Rock Canyon (?) or Gilson (?)		N 39.68348°		W 110.54525°		x		x

		DGWPC		Dugout waste pile coal		Idle		N/A		N 39° 36 '49.0"		W 110° 36' 40.4"		x

		DGWPSS		Dugout waste pile sandstone		Idle		N/A		N 39° 36 '49.0"		W 110° 36' 40.4"		x

		DGWPSH		Dugout waste pile shale		Idle		N/A		N 39° 36 '49.0"		W 110° 36' 40.4"		x

		DGWPF		Dugout waste pile fines		Idle		N/A		N 39° 36 '49.0"		W 110° 36' 40.4"		x

		DGWPCV		Dugout waste pile, coal with "veins"		Idle		N/A		N 39° 36 '49.0"		W 110° 36' 40.4"		x

		DGWPI		Dugout waste pile, "igneous"		Idle		N/A		N 39° 36 '49.0"		W 110° 36' 40.4"		x

		SPWP		Star Point waste pile		Active		N/A		N 39° 31' 48.6"		W 111° 00' 51.3"		x

		SPRSH		Star Point road, outcrop sample, shale below coal seam		N/A		Not sure, Wattis? Hiawatha?		N 39° 31' 48.0"		W 111° 02' 09.6"		x

		SPRC		Star Point road, outcrop sample, coal		N/A		Not sure, Wattis? Hiawatha?		N 39° 31' 48.0"		W 111° 00' 51.3"		x

		Archived coal seam samples from Utah Geological Survey (collected by Dave Tabet, found and archived by Mike Vanden Berg and Ryan Gall

										Location		Location

		Short Sample name		Long Sample name		Mine status		Coal Seam (if applicable)		Lat		Long		ICP-MS		Resin		Notes

		STWT-1		Star Point, Wattis seam 3.5" from top, resin-rich coal and dike		Closed		Wattis		N 39.52849°		W 111.0407°				x

		STWT-1A		Star Point, Wattis seam, 3.5" from top, resin-rich coal		Closed		Wattis		N 39.52849°		W 111.0407°		x

		STWT-1B		Star Point, Wattis seam, 3.5" from top, "dike"		Closed		Wattis		N 39.52849°		W 111.0407°		x

		STWT-4		Star Point, Wattis seam, 17" from top		Closed		Wattis		N 39.52849°		W 111.0407°		x		x

		STWT-5A		Star Point, Wattis seam, 22" from top, coal		Closed		Wattis		N 39.52849°		W 111.0407°		x

		STWT-3B		Star Point, Wattis seam, 6.5" from top, "dike"		Closed		Wattis		N 39.52849°		W 111.0407°		x

		STWT-3A		Star Point, Wattis seam, 6.5" from top, resin coal		Closed		Wattis		N 39.52849°		W 111.0407°		x

		STWT-2		Star Point, Wattis seam, 5" from top		Closed		Wattis		N 39.52849°		W 111.0407°		x

		STWT-5B		Star Point, Wattis seam, 22" from top, "dike"		Closed		Wattis		N 39.52849°		W 111.0407°		x

		BVCA-5		Beaver Creek #8, Castlegate A, sample 5		Closed		Castlegate A		N 39.69291°		W 111.0611°		x

		BVCA-3A		Beaver Creek #8, Castlegate A, sample 3, resin coal		Closed		Castlegate A		N 39.69291°		W 111.0611°		x

		BVCA-4		Beaver Creek #8, Castlegate A, sample 4		Closed		Castlegate A		N 39.69291°		W 111.0611°		x

		BVCA-3B		Beaver Creek #8, Castlegate A, sample 3, "dike"		Closed		Castlegate A		N 39.69291°		W 111.0611°		x

		BVCA-2		Beaver Creek #8, Castlegate A, sample 2		Closed		Castlegate A		N 39.69291°		W 111.0611°		x

		BVCA-1		Beaver Creek #8, Castlegate A, sample 1		Closed		Castlegate A		N 39.69291°		W 111.0611°		x

		Notes about possible ash pile and additional wash pile samples for future for Prashant

		Carbon power plant ash piles in drainage near Panther Tongue outcrop

		Sunnyside power plant ash piles, took photos

		Savage facility coal processing and transport facility, took photos

		Huntington power plant ash pile, took photos

		Sufco high ash pile on SR10, east of Sufco mine





Enriched only

		lab ID		Description		label on sample		ash %		Sc		Y		La		Ce		Pr		Nd		Sm		Eu		Gd		Tb		Dy		Ho		Er		Tm		Yb		Lu		TREE				Ca		Sr

										mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg				mg/kg		mg/kg

		LoD								0.07		0.008		0.02		0.05		0.005		0.0192		0.0032		0.0007		0.003		0.0003		0.002		0.0003		0.005		0.0004		0.001		0.0002						15		0.19

		SRM 1643f								N/A		N/A		N/A		N/A		N/A		N/A		N/A		N/A		N/A		N/A		N/A		N/A		N/A				N/A		N/A						5.3%		1.0%

		ss2181-01		Star Point road, outcrop sample, shale below coal seam		SPRSH		88%		7.65		16.89		27.73		57.49		6.29		23.51		4.24		0.84		3.48		0.52		3.28		0.68		2.04		0.95		2.20		0.33		158				1310		60

		ss2181-11		Dugout waste pile, "igneous"		DGWPI		95%		13.32		47.90		113.61		304.33		40.55		172.41		38.13		9.14		29.00		3.20		13.64		1.92		4.12		1.31		2.55		0.32		795				59183		782

		ss2181-13		Dugout waste pile fines		DGWPF		91%		3.76		18.95		18.48		57.85		5.42		22.04		4.53		0.94		4.02		0.59		3.58		0.71		1.97		0.85		1.93		0.27		146				27909		76

		ss2181-15		Dugout waste pile shale		DGWPSH		34%		5.50		30.15		14.27		26.51		3.06		12.08		2.73		0.68		3.15		0.61		4.64		1.06		3.17		1.44		3.23		0.47		113				620		33

		ss2181-17		Dugout run of mine		DGRM		19%		7.21		20.86		14.04		32.62		3.56		14.42		3.16		0.71		3.23		0.56		3.74		0.79		2.26		0.99		2.21		0.32		111				1398		44

		ss2181-19		Star Point, Wattis seam, 3.5" from top, "dike"		STWT-1B		47%		8.22		13.23		39.44		89.55		8.25		29.12		5.10		1.03		3.99		0.55		3.13		0.59		1.63		0.72		1.63		0.23		206				1039		34

		ss2181-21		Star Point, Wattis seam, 6.5" from top, resin coal		STWT-3A		21%		9.36		14.14		60.06		130.62		12.54		44.07		7.49		1.44		5.57		0.73		3.93		0.71		2.01		0.90		2.09		0.31		296				939		47

		ss2181-22		Star Point, Wattis seam, 6.5" from top, "dike"		STWT-3B		33%		3.80		7.93		58.27		163.41		12.01		40.37		6.25		1.18		4.36		0.51		2.45		0.40		1.10		0.46		1.04		0.14		304				538		28

		ss2181-25		Star Point, Wattis seam, 22" from top, "dike"		STWT-5B		32%		2.11		3.97		14.32		61.34		3.50		11.63		1.89		0.41		1.43		0.18		1.02		0.19		0.58		0.27		0.66		0.09		104				224		5

		ss2181-26		Beaver Creek #8, Castlegate A, sample 1		BVCA-1		33%		2.77		8.56		36.47		87.43		7.07		24.77		3.94		0.77		2.99		0.38		2.09		0.39		1.11		0.49		1.13		0.16		181				400		10

		ss2181-28		Beaver Creek #8, Castlegate A, sample 3, "dike"		BVCA-3A		35%		9.89		16.56		74.45		164.35		15.25		53.04		8.98		1.73		6.74		0.88		4.60		0.80		2.12		0.90		1.98		0.28		363				1089		29

		ss2181-29		Beaver Creek #8, Castlegate A, sample 3, "dike"		BVCA-3B		26%		11.09		24.91		70.79		147.30		14.27		51.83		9.16		1.83		7.25		1.02		6.06		1.17		3.28		1.45		3.25		0.45		355				942		26

		ss2181-30		Beaver Creek #8, Castlegate A, sample 4		BVCA-4		23%		13.54		43.20		188.30		414.63		43.21		156.77		24.14		4.55		17.53		2.20		11.40		1.97		5.19		2.16		4.66		0.63		934				1783		40

		ss2181-31		Beaver Creek #8, Castlegate A, sample 5		BVCA-5		55%		12.75		24.42		115.69		259.24		27.37		90.69		15.19		2.92		11.05		1.38		6.96		1.19		3.12		1.30		2.86		0.39		576				1412		31





Enriched only
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Dike data

		lab ID		Description		label on sample		ash %		Sc		Y		La		Ce		Pr		Nd		Sm		Eu		Gd		Tb		Dy		Ho		Er		Tm		Yb		Lu		TREE				Ca		Sr

										mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg		mg/kg				mg/kg		mg/kg

		ss2181-11		Dugout waste pile, igneous dike		DGWPI		95%		13.32		47.90		113.61		304.33		40.55		172.41		38.13		9.14		29.00		3.20		13.64		1.92		4.12		1.31		2.55		0.32		795				59183		782

		2220-14		Dike 1		Dike 1		97%		11.0		31.7		43.9		122.2		16.3		75.4		15.93		3.87		13.57		1.40		6.02		0.95		1.96		0.55		0.92		0.11		345.8				138669		364

		2220-15		Dike 2		Dike 2		97%		24.6		55.3		182.0		396.4		48.0		201.3		41.65		10.06		32.50		3.58		15.21		2.13		4.56		1.41		2.71		0.36		1021.7				190397		1340

		2220-16		Dike 3		Dike 3		96%		7.8		25.9		93.5		204.5		23.7		99.2		19.32		4.97		14.18		1.57		7.03		1.08		2.43		0.84		1.67		0.22		508.0				77269		1114
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Dike data
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Potential Mining Options
Room and Pillar

Regular cut (RC)

« Continuous (Room and Pillar)

— can be applied more readily to
mineral deposits that are not
uniform

— coal recovery is typically
<~50%



Selective Mining

« 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

youtube.com and caterpillar.com



Imaging spectroscopy to identify alteration minerals in a
tungsten skarn deposit, Gold Hill, Utah

Not classified L

Vesuvianite
Actinolite o

Diopside
Epidote Zoisite
Chlorite-hornblende .

Tremolite
Montmorillonite

. Calcite-tourmaline

Phengitic illite

Andradite garnet
Nontronite




Extraction methods for deep coal seams — Alternative
processing for unminable coal — directional drilling

(Gas Processing facility
>

Oxygen Supply -
by "'

Oxidant Injection Well

> Horizontal Well Drilled in Coal Seam

https://onepetro.org/SPEURCE https://www.rockdrillsales.com/fullpanel/uploads/files/hdd%20pro
/proceedings/13URCE/AIl- duct%20catalogue_us-format.pdf

13URCE/SPE-167025-

MS/178351



Some Carbon Products from Coal

Red Denotes Carbon quantum dots
Current UofU Coal Ch —
Research el ) arl—| carbonanodes |— Super-capacitors
Activities (solid)
~
Carbon electrodes |_, Sodium-ion Batteries
Raw Coal |sotropic Mesophase Graphit
> — | Needle Coke |— i
Coal || Tar Pitch || Pitch Electrodes
N\ Lt >
Hydrogen Carbon fiber
> CO, Adsorbent Binder for Graphite
Electrodes
> Large Scale Nonfuel Organic Materials
» Carbon electrodes — Dye-sensitized solar cells




Coal to polymer building blocks

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

Investigate the composition of the
syngas produced by the Uinta
Basin coal.

Fischer-Tropsch synthesis and
aromatization reactions will
produce monoaromatics.

Opportunities for novel catalyst
design.

Synthesis Gas

!

Polymer Products Monoaromatics



Carbon Ore Low Temperature
Pyrolysis Facility

* Instrumented reactors to test batches
from 10 to 500 pounds

e Extensive expertise in fuel-based organic
chemistry, reactor-based processes,
mathematical modeling and simulation,
process engineering and design

e World-leading expertise in oil-shale;

recently applied to coal

bk

Green Leaf

CARBON TECHNOLOGIES

A Division of Red Leaf Resources




REE/CM
extrction

Leaching reactor shown
above, and small leaching
columns shown on the right.




Ordered Mesoporous Materials for separation

Ordered mesoporous materials (OMMs) structural and
morphological properties, namely high specific surface area,
tunable pore size, large pore size, as well as stable and
interconnected frameworks with active pore surfaces for
functionalization, make them useful for enhanced absorption
with an enhanced reactional interface for guest species and
functionalization.

These properties provide both exchange specificity as well
controlled conditions can be used for selective loading and
stripping of desired species.

Appropriate sequencing of new technologies with existing
technologies has the potential to reduce the number of
separation stages that are needed to produce multiple products



At pH 3: 50% dysprosium is separated 77
and enriched into 93.4% composition
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At 23°C room temperature and 0.00625 mol/L per REEs salt.

The results show that light REEs (Nd & Pr) can be separated from heavy REEs (Dy) using
mesoporous materials



Stainless steel high
pressure column filled by

M th d synthetic REE apatite chips Back pressure regulator
e 0 solution (100 bar)

pH=2;

NaCl = 2000 ppm; — I:_I I
LaCl3 =500 ppm;

NdCI3 = 500 ppm: — [—
ErCI3 =500 ppm HPLC pump

Heating 250 °C ICP-MS

Figure 2. Design of the proof-of-concept experiments mimicking extraction and separation mechanisms illus-
trated in Figure 1.
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Fluorite (CaF,) - filled columns

Weight Percent (REE)F;

2-Theta (deg) .

=
n

55

65

Fluorite Column Operating at 250°C and 686 pore volumes pumped XRE

93.23% 90.19%

89.25%

(chemical
composition)

m LaF; mNdF; mErF;

57.84%

10 —0,05%
0
0-1

CaF,

REE Fluoride

4.43%
—
12

77.25% I
34 45

2.3

5-6

Distance Along Colum (inches)

XRD; SEM

(mineral
composition)

Ti {mnumt

—

CaF; 3

E,— REE Fluoride

REE Fluoride

REE Fluoride

Intensity
(A.U)

17.23%
- 3.38% 0.79%
|
6-7 7-8

8.9 9-10

%~Fractionation of Rare Earths

90%

80%

T0%

™ [ ]

60%

0%

B ]
[\ |

40%

N \

~——/N

30%

20%

10%a

>V\—""\)\/\ ay
NS, S
NS/ R

0%

5 10 15

Distance Across Column (inches)




Precipitation

Initial
precipitate
after
removing
iron shows
enriched rare
earth
elements.
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Electrolytic Processing

Through controlled conditions,
metals can be recovered and
purified through electrolysis.




Our DOE CORE-CM TIC Vision
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Outreach, stakeholder engagement, workforce development
Utah Advanced Materials and Manufacturing Initiative (UAMMI)

Stakeholder/Community Outreach
— Partnerships & operations
— Local and state governments
— Indigenous communities
— Coal community
— Local industry |
— Webinars, workshops, listening sessions, etc.
« Workforce Development
— Assessment and profile of workforce in Uinta Basin
— ldentification of skills and qualification for new industries

— Education, training and other programs to support transition to
new jobs




Website

Presentations Technology Discussions

uammi .org/core-cm Workforce Development

www.uammi.org

Dr. Michael Free, University of Utah and Dr. Tulinda Larsen, UAMMI

April 21,2022

CEEEN

Coal mine waste usage

CORE-CM
GEO Team update (Task 2)

MARCH 2022 UPDATE CORE-CM GEO TEAM UPDATE (TASK 2)

Dr. Lauren Birgenheier, U of Utah
Ryan Gall & Mike Vanden Berg, Utah Geological Survey

Andrew Giebel & Karen Berry, Colorado Geological Surve

Join the CORE-CM Stakeholders

Utah's CORE-CM

Stakeholder Outreach - 01 2022 - Q2 2022
Technology Discussions — Coming Soon

Warkforce Development — Coming Soon

THE -
UNIVERSITY uammi
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Stakeholder Breakdown
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Social/lEnvironmental Justice

Quintile growth rates

B 10.4% to 57.3%

[ 8.3% to 10.4%
[]7.0%to08.3%

[[]5.5%to 7.0%

[]-18.9% to 5.5%
U.S. growth rate = 6.6%

https://www.bea.gov/system/files/lapi1121.png

New industries and expanded educational opportunities could
help to reverse declining income trends in the region.



Summary Slide

Uinta Basin REE/CM resources are more abundant
than previously known.

Integrated methodologies using existing technologies
can be used to: locate, assess, mine, process, recover,
and purify Uinta Basin REE/CM/Carbon materials
from Uinta Basin into value added products including
resin, polymers, carbon fiber, rare earth elements, and
critical metals/minerals.
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Organization Chart

Team Leader

MG: Mining CD:Carbon CM:Critical STG: Strategies EQ: Education & TIC:Techn.
Technologies Derivatives Materials/REES Infr /ind /Bus. Quireach Innov. Center

UofU
RL UAMMI
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Task (T) or Milestone (M) Name 1D Mo 21Q4 22Q1 22Q2 22Q3 22Q4 23Q1 23Q2 23Q3

Project Management Plan T1.0
Summary of Environmental Justice ConsideraT1.1
Summary Econ., Revit. & Job Creation OutconT1.2
Environmental, Safety, &Health Analysis for PT1.3

Project Management T1.4 24
Interim Report T1.5
Basinal Assessment of CORE-CM Resources T2.0
Basinal Resource Assessment T2.1
Review/Assess SOTA REE and CM Data T2.1.1
Complete REE/CM Data Assessment M2.1.1 12

Identification and quantification of carbon re T2.1.2
Identification & quantification of coal waste sT2.1.3
Gap Analysis/potential need for field samplinT2.1.4

Description of field testing requirements T2.1.5
Geological Deposition Model for REE/CM T2.1.6
Development of Geological Model M2.1.6 24
Characterization & Data Acquisition Plan T2.2
Description - data needed for geo. model T2.2.1
Description sampling method/location T2.2.2

Description of methods/accuracy of techniqu T2.2.3
Basinal Strategies for Reuse of Waste Stream T3.0
Plan to engage state/Fed entities regarding w T3.1
Plan to identify partnerships T3.2
Plan for ash REE/CM/cement coproducts T3.3
Plan for acid from pyrite for REE/CM extracticT3.4
Plan to address reuse challenges/solutions T3.5

Complete waste reuse assessment M3.0 24
Assessm. of acid use for REE/CM extract. M3.4 12
Basinal Strategies - Infrastruct., Industries & T4.0
Identify industry energy/infrastr. needs T4.1

Identify mine access/transp./refining Infrastr T4.2
Identify other needs for feedstock mat. Prod. T4.3
Technology Assessment, Developm. & Field TT5.0

Innovative/sustainable mining T5.1
REE/CM Processes for purification T5.2
Incorporation REE/CM Carbon in products T5.3
Identify SOTA and existing basinal techn. T5.4
Assess techn mining, sep. purif of resources T5.5
Identify env. Friendly tech/ex: horiz. Drill. T5.6
Integr SOTA with ind. Proc. (CO2/ or on site) T5.7
Alternative processing for unminable coal T5.8
Complete Tech. Assessm./Developm./Field Te.M5.0 24
Technology Innovation Center T6.0
Development and Operation/Partnerships T6.1
Accel. Res, Support Ind, Educ./Train T6.2
Support research for related technologies T6.3
Complete Techn. Innov. Center Plan M6.0 24
Stakeholder Outreach and Education Plan T7.0
Workforce training and education T7.1

Open Broad Topic Workshops and Forums T7.2
Open Techn. Transfer Workshops/Forums T7.3
Information Sharing and Engagement T7.4
Complete Education and Outreach Plan MZ7.0 24

Timeline in years and quarters

Gantt
Chart
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