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Overview
AMD Treatment Options

Passive Treatment
• pH >4 <6 - Aerobic Wetlands Typical flows < 100 GPM

• Typically consists of an aerobic wetland system to raise the pH and cattails and other aquatic 
plants to translocate O2 to the subsurface through their roots.  

• pH <4  - Specialized Land Process Typical flows < 100 GPM
For very low pH situations, 

• Anaerobic or “Composted” wetland, or 

• The anaerobic set up has three layers the aerobic layer as above, a composed organic matter layer, 
and a bed of limestone (>90% CaCO3).   The limestone increases the alkalinity and the pH along 
with the process above.

• Anoxic limestone drain (ALD) is used. 

• ALD is a air tight limestone layer with a post treatment settling pond.  All these systems are gravity 
fed.  An aerobic wetland system is typically down stream.



Overview
AMD Treatment Options

Active Treatment
• pH <6 - flows typically > 50 GPM

There are multiple options depending on the feed water chemistry

• Is there selenium?

• What is the alkalinity?

• Is there rare earth elements (REE)?

• Is there other contaminates that need to be treated?



Overview
AMD Treatment Options

What is the feed chemistry?
• What are the cations?
• What are the metals?
• What are the anions?
• What is the Biological Oxygen Demand (BOD)?
• What is the Chemical Oxygen Demand (COD)?
• What is the Oxidation Reduction Potential (ORP)?
• What is the Total Suspended Solids (TSS)?
• What is the pH?
• What is the temperature?
• What is the flow rate (minimum, maximum and average)?
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AMD Treatment Options

Active Treatment Options
• pH 2-6 - flows > 50 GPM

• Selenium less than 10 ppb or state regulations for surface discharge?

• No REE or Low REE

• High Alkaline Water

• Other contaminates below state regulations for surface discharge?

• Traditional lime neutralization 
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AMD Treatment Options

Active Treatment Options
• pH 2-6 - flows > 50 GPM

• Selenium less than 10 ppb or state regulations for surface discharge?

• No REE or Low REE

• Low Alkaline Water

• Other contaminates below state regulations for surface discharge?

• High Density Sludge Process 
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AMD Treatment Options

Active Treatment
• pH <4 - flows typically > 50 GPM

• Selenium less than 10 ppb or state regulations for surface discharge?

• No REE or Low REE

• Low Alkaline Water

• Other contaminates below state regulations for surface discharge?

• Limestone/lime neutralization 
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AMD Treatment Options

Active Treatment - Selenium
• pH <7 - flows > 5 GPM

• Selenium greater than 10 ppb or state regulations for surface discharge?

• No REE or Low REE

• ORP < 300 mv, <150 mv preferred

• Sulfates < 800 ppm

• AMRS – SMI  System 
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Active Treatment - Selenium
• pH <7 - flows > 5 GPM

• Selenium greater than 10 ppb 

• No REE or Low REE

• ORP < 300 mv , <150 mv preferred 

• Sulfates >800 ppm < 5,000 ppm

• AMRS – Ferrolock  ZVI System 
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Active Treatment  - Selenium
• pH 6.5-7.8 - flows > 10 GPM

• Selenium greater than 10 ppb 

• No REE or Low REE

• Sulfates > 3,000 ppm

• FBR System 
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Active Treatment – Rare Earth Elements
• pH <4 - flows typically > 50 GPM

• Total REE >700 ug/l or specific REE that is DOD priority.  

• ORP < 300 mv, <150 mv preferred

• AMRS – SMI  ZVI



Active Treatment
Evaluation of the Options



Active Treatment
Evaluation of the Options

Conventional Lime Neutralization 
Project parameters:
• Flow rate 500 GPM
• Iron  200 mg/l
• Aluminum 15 mg/l
• pH  3.0
• Sulfates 663 mg/l
• Acidity 565 mg/l as CaCO3

Projected Installed Cost
 $3,153,600

Projected Operating Expenses
 $436,358

Process Flow Diagram

Power $0.12/kw hr
Lime $230/ton
Polymer $3/Lb



Active Treatment
Evaluation of the Options

Conventional Lime Neutralization 
• Advantages:

• Simple system
• Least amount of equipment = lowest capital cost

• Disadvantages
• Precipitates are fine solids, lower suspended solids concentrations in clarifier 

underflow, thickener underflow, and more difficult to dewater
• Lime consumption is high (lime adsorbs to precipitate surfaces and is lost with 

sludge).
• Increased solids mass for disposal from lime that is either unreacted or 

adsorbed to particle surface.
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Evaluation of the Options

High Density Sludge Process
Project parameters:
• Flow rate 500 GPM
• Iron  200 mg/l
• Aluminum 15 mg/l
• pH  3.0
• Sulfates 663 mg/l
• Acidity 565 mg/l as CaCO3

Projected Installed Cost
 $3,431,250

Projected Operating Expenses
 $368,484

Process Flow Diagram

Power $0.12/kw hr
Lime $230/ton
Polymer $3/Lb



Active Treatment
Evaluation of the Options

High Density Solids Lime Neutralization
• Advantages:

• Produces denser solids resulting in lower flow of sludge in clarifier underflow, 
thickener underflow. Dewatered cake has a much higher solids concentration.

• Much more efficient use of lime resulting in significant operating savings.
• Lower solids formed through more complete utilization of lime, and formation 

of some FeO(OH) instead of Fe(OH)3.

• Disadvantages
• More equipment than Conventional Lime Neutralization, resulting in slightly 

higher capital cost.



Active Treatment
Evaluation of the Options

Limestone/Lime Neutralization
Project parameters:
• Flow rate 500 GPM
• Iron  200 mg/l
• Aluminum 15 mg/l
• pH  3.0
• Sulfates 663 mg/l
• Acidity 565 mg/l as CaCO3

Projected Installed Cost
 $5,812,700

Projected Operating Expenses
 $435,901

Process Flow Diagram

Power $0.12/kw hr
Limestone $90/ton
Lime $230/ton
Polymer $3/Lb



Active Treatment
Evaluation of the Options

Limestone/Lime Neutralization
• This process involves an initial neutralization to about pH 5 with limestone, 

which is a less expensive reagent than lime.
• Limestone to pH 5, Lime to pH 7+
• Advantages:

• Potentially reduced reagent cost from less expensive reagent
• Sludge recycle to lime neutralization will provide slight improvement to solids density 

over lime neutralization as shown.
• Disadvantages:

• Higher solids production, from impurities in limestone and limestone particles 
coating with precipitates, and sealing off remaining CaCO3

• Higher capital cost, with limestone storage/feed system required.
• Lower sludge density (not conducive to forming dense particles).
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Comparison of Performance Parameters 

Solids

Produced Limestone Lime

(dry wt) Solids Flow Solids Flow Used Used
System Type tons % gpm % gpm % solids wet tons/d tons/d tons/d
Conventional Lime 
Neutralization 4223 2% 17 5% 6.8 25% 8.21 0 3.6
High Density Sludge 2898 20% 1.5 30% 0.88 60% 2.31 0 2.6
Limestone/Lime 4404 4% 7.7 8% 3.9 30% 6.16 2.2 1.8

Dewatered

CakeParameter
Clarifier

Underflow

Thickener

Underflow


Assumptions

		Assumptions

		SMI Capacity		400		mg/g

		Flow rate		500		gpm

		SMI Media Costs		$   6.00		$/lbs		$   13.23		$/kg

		Frt Cost		$   0.14		$/kg SMI		$2,500		TL		17,810		KG/TL

		Op Ex Labor		$   0.20		$/1000 Gal

		Processing Chemical Costs		$   0.34		$/kg SMI

		Processing Labor		$   284,700		per year		$   9,490.00		Per month		$   20.69		$/kg SMI

		Maintenance Site		$   0.10		$/1000 gal

		Site Chemicals		$   1.08		$/gal		NaOH



		Maintenance Process		$   0.03		kg smi

		Building Lease 		$   7,000.00		monthly		$   15.26		kg SMI

		Interest rate		6%

																		KG/gpm

		Empty bed Retention time		10		min		5000		668.449197861		140		93582.8877005347		42448.9193960513		84.8978387921

		Pretreat, Membrane System, Permeate Treatment		$   2,200		$ gpm

		Site Treatment System Capital  cost		$4,500		$/GPM		$2,250,000		Total

		Processing Equipment Capital Est.		$   1,200,000		$		ERROR:#DIV/0!		$/Kg/mo

		years		20

				458.7		KG/mo

		Site Treatment pmt Monthly		($135,000.11)		($4,500.00)		Daily

		Processing Equipment PMT Monthly		($72,000.06)		($156.98)		$/KG SMI

				Annual		Monthly

		SG&A		$   800,000		$   66,666.67		$   145.35		kg SMI

				350000

				($21,000.02)

		Multiplier		10





KA 1 Feed

		Analyte				Units		Feed Total		Stream 1  UF Effluent		Stream 2 
Mambrae Permeate 		Stream 3 Membrane Concentrate		Stream 4 AMRS Effluentl

		Rare Earth Elements (Plus Sc, Y)

		Ce		Cerium		mg/L		0.532		0.532		1.182E-03		5.30936		0.00106

		Dy		Dysprosium		mg/L		0.184		0.184		4.089E-04		1.83632		0.00367

		Er		Erbium		mg/L		0.068		0.068		1.511E-04		0.67864		0.00136

		Eu		Europium		mg/L		0.0429		0.0429		9.533E-05		0.428142		0.00086

		Gd		Gadolinium		mg/L		0.229		0.229		5.089E-04		2.28542		0.00457

		Ho		Holmium		mg/L		0.0277		0.0277		6.156E-05		0.276446		0.00055

		La		Lanthanum		mg/L		0.134		0.134		2.978E-04		1.33732		0.00267

		Lu		Lutetium		mg/L		0.0062		0.0062		1.378E-05		0.061876		0.00012

		Nd		Neodynium		mg/L		0.589		0.589		1.309E-03		5.87822		0.01176

		Pr		Praseodymium		mg/L		0.103		0.103		2.289E-04		1.02794		0.00206

		Sc		Scandium		mg/L		0.29		0.29		6.444E-04		2.8942		0.00579

		Sm		Samarium		mg/L		0.189		0.189		4.200E-04		1.88622		0.00377

		Tb		Terbium		mg/L		0.0283		0.0283		6.289E-05		0.282434		0.00056

		Tm		Thulium		mg/L		0.008		0.008		1.778E-05		0.07984		0.00016

		Yb		Ytterbium		mg/L		0.0455		0.0455		1.011E-04		0.45409		0.00091

		Y 		Yttrium		mg/L		0.917		0.917		2.038E-03		9.15166		0.01830

		Other elements

		Ag		Silver		mg/L		0		0		0.00		0		0.00000

		Al		Aluminum		mg/L		349		349		7.756E-01		3483.02		3483.02000

		As		Arsenic		mg/L		0		0		0.000E+00		0		0.00000

		Au		Gold		mg/L		0		0		0.00		0		0.00000

		B		Boron		mg/L		0		0		0.000E+00		0		0.00000

		Ba		Barium		mg/L		0		0		0.000E+00		0		0.00000

		Be		Berylium		mg/L		0		0		0.000E+00		0		0.00000

		Bi		Bismuth		mg/L		0		0		0.00		0		0.00000

		Ca		Calcium		mg/L		247		247		5.489E-01		2465.06		2465.06000

		Cd		Cadmium		mg/L		0		0		0.00		0		0.00000

		Co		Cobalt		mg/L		1.37		1.37		0.00		13.6726		0.02735				1370

		Cr		Chromium		mg/L		0		0		0.00		0		0.00000

		Cs		Cesium		mg/L		ND		ND		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!

		Cu		Copper		mg/L		0		0		0.00		0		0.00000

		Fe		Iron		mg/L		1.42		1.42		0.00		14.1716		35014.17

		Ga		Gallium		mg/L		0		0		0.00		0		0.00000

		Hf		Hafnium		mg/L		ND		ND		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!

		In		Indium		mg/L		ND		ND		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!

		Ir		Iridium		mg/L		ND		ND		0.00		ERROR:#VALUE!		ERROR:#VALUE!

		K		Potassium		mg/L		3.77		3.77		4.18		0.0754		0.00015

		Li		Lithium		mg/L		0		0		0.00		0		0.00000

		Mg		Magnesium		mg/L		34.95		34.95		0.08		348.801		348.80100

		Mn		Manganese		mg/L		7.145		7.145		0.02		71.3071		71.30710

		Mo		Molybdenum		mg/L		ND		ND		0.00		ERROR:#VALUE!		ERROR:#VALUE!

		Na		Sodium		mg/L		29.75		29.75		32.73		29.75		29.75000

		Ni		Nickel		mg/L		4.78		4.78		0.01		47.7044		0.09541

		Nb		Niobium		mg/L		ND		ND		0.00		0		0.00000

		Os		Osmium		mg/L		ND		ND		0.00		0		0.00000

		P		Phosphorous		mg/L		0.007		0.007		0.00		0.06986		0.06986

		Pb		Lead		mg/L		0		0		0.00		0		0.00000

		Pd		Palladium		mg/L		0		0		0.00		0		0.00000

		Pt		Platinum		mg/L		ND		ND		0.00		ERROR:#VALUE!		ERROR:#VALUE!

		Rb		Rubidium		mg/L		0		0		0.00		0		0.00000

		Re		Rhenium		mg/L		ND		ND		0.00		ERROR:#VALUE!		ERROR:#VALUE!

		Rh		Rhodium		mg/L		ND		ND		0.00		ERROR:#VALUE!		ERROR:#VALUE!

		S		Sulfur		mg/L		487		487		648.03		4860.26		9.72052

		Sb		Antimony		mg/L		ND		ND		0.00		ERROR:#VALUE!		ERROR:#VALUE!

		Se		Selenium		mg/L		0		0		0.00		0		0.00000

		Si		Silicon		mg/L		16.545		16.545		0.04		165.1191		16.51191

		Sn		Tin		mg/L		ND		ND		0.00		ERROR:#VALUE!		ERROR:#VALUE!

		Sr		Strontium		mg/L		0		0		0.00		0		0.00000

		Ta		Tantalum		mg/L		ND		ND		0.000E+00		ERROR:#VALUE!		ERROR:#VALUE!

		Ti		Titanium		mg/L		0		0		0.00		0		0.00000

		Th		Thorium		mg/L		0.118		0.118		0.00		1.17764		0.00236

		Tl		Thallium		mg/L		0.0001		0.0001		0.00		0.000998		0.00000

		U		Uranium		mg/L		0.466		0.466		0.00		4.65068		0.00930

		V		Vanadium		mg/L		0		0		0.00		0		0.00000

		W		Tungsten		mg/L		ND		ND		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!

		Zn		Zinc		mg/L		0		0		0.00		0		0.00000

		Zr		Zirconium		mg/L		ND		ND		0.000E+00		ERROR:#VALUE!		ERROR:#VALUE!

		SO4		Sulfate		mg/L		1435		1435		1562.56		287		286.7

		pH						2.5-2.8		2.8		1.500E+00		2.7944		5

		TSS						?		?





WS Feed

		Analyte				Units		Feed Total		Stream 1  UF Effluent		Stream 2 
Mambrae Permeate 		Stream 3 Membrane Concentrate		Stream 4 AMRS Effluentl

		Rare Earth Elements (Plus Sc, Y)

		Ce		Cerium		mg/L		0.207		0.207		4.600E-04		2.06586		0.00041

		Dy		Dysprosium		mg/L		0.0747		0.0747		1.660E-04		0.745506		0.00149

		Er		Erbium		mg/L		0.033		0.033		7.333E-05		0.32934		0.00066

		Eu		Europium		mg/L		0.0202		0.0202		4.489E-05		0.201596		0.00040

		Gd		Gadolinium		mg/L		0.114		0.114		2.533E-04		1.13772		0.00228

		Ho		Holmium		mg/L		0.0134		0.0134		2.978E-05		0.133732		0.00027

		La		Lanthanum		mg/L		0.0424		0.0424		9.422E-05		0.423152		0.00085

		Lu		Lutetium		mg/L		0.00313		0.00313		6.956E-06		0.0312374		0.00006

		Nd		Neodynium		mg/L		0.275		0.275		6.111E-04		2.7445		0.00549

		Pr		Praseodymium		mg/L		0.0441		0.0441		9.800E-05		0.440118		0.00088

		Sc		Scandium		mg/L		0.0108		0.0108		2.400E-05		0.107784		0.00022

		Sm		Samarium		mg/L		0.0866		0.0866		1.924E-04		0.864268		0.00173

		Tb		Terbium		mg/L		0.0141		0.0141		3.133E-05		0.140718		0.00028

		Tm		Thulium		mg/L		0.0039		0.0039		8.667E-06		0.038922		0.00008

		Yb		Ytterbium		mg/L		0.0224		0.0224		4.978E-05		0.223552		0.00045

		Y 		Yttrium		mg/L		0.428		0.428		9.511E-04		4.27144		0.00854

		Other elements

		Ag		Silver		mg/L		0		0		0.00		0		0.00000

		Al		Aluminum		mg/L		109		109		2.422E-01		1087.82		1087.82000

		As		Arsenic		mg/L		0		0		0.000E+00		0		0.00000

		Au		Gold		mg/L		0		0		0.00		0		0.00000

		B		Boron		mg/L		0		0		0.000E+00		0		0.00000

		Ba		Barium		mg/L		0		0		0.000E+00		0		0.00000

		Be		Berylium		mg/L		0		0		0.000E+00		0		0.00000

		Bi		Bismuth		mg/L		0		0		0.00		0		0.00000

		Ca		Calcium		mg/L		247		247		5.489E-01		2465.06		2465.06000

		Cd		Cadmium		mg/L		0		0		0.00		0		0.00000

		Co		Cobalt		mg/L		0.387		0.387		0.00		3.86226		0.00772

		Cr		Chromium		mg/L		0		0		0.00		0		0.00000

		Cs		Cesium		mg/L		ND		ND		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!

		Cu		Copper		mg/L		0		0		0.00		0		0.00000

		Fe		Iron		mg/L		228		228		0.51		2275.44		37275.44

		Ga		Gallium		mg/L		0		0		0.00		0		0.00000

		Hf		Hafnium		mg/L		ND		ND		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!

		In		Indium		mg/L		ND		ND		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!

		Ir		Iridium		mg/L		ND		ND		0.00		ERROR:#VALUE!		ERROR:#VALUE!

		K		Potassium		mg/L		3.77		3.77		4.18		0.0754		0.00015

		Li		Lithium		mg/L		0		0		0.00		0		0.00000

		Mg		Magnesium		mg/L		34.95		34.95		0.08		348.801		348.80100

		Mn		Manganese		mg/L		7.145		7.145		0.02		71.3071		71.30710

		Mo		Molybdenum		mg/L		ND		ND		0.00		ERROR:#VALUE!		ERROR:#VALUE!

		Na		Sodium		mg/L		29.75		29.75		32.73		29.75		29.75000

		Ni		Nickel		mg/L		0.768		0.768		0.00		7.66464		0.01533

		Nb		Niobium		mg/L		ND		ND		0.00		0		0.00000

		Os		Osmium		mg/L		ND		ND		0.00		0		0.00000

		P		Phosphorous		mg/L		0.007		0.007		0.00		0.06986		0.06986

		Pb		Lead		mg/L		0		0		0.00		0		0.00000

		Pd		Palladium		mg/L		0		0		0.00		0		0.00000

		Pt		Platinum		mg/L		ND		ND		0.00		ERROR:#VALUE!		ERROR:#VALUE!

		Rb		Rubidium		mg/L		0		0		0.00		0		0.00000

		Re		Rhenium		mg/L		ND		ND		0.00		ERROR:#VALUE!		ERROR:#VALUE!

		Rh		Rhodium		mg/L		ND		ND		0.00		ERROR:#VALUE!		ERROR:#VALUE!

		S		Sulfur		mg/L		487		487		648.03		4860.26		9.72052

		Sb		Antimony		mg/L		ND		ND		0.00		ERROR:#VALUE!		ERROR:#VALUE!

		Se		Selenium		mg/L		0		0		0.00		0		0.00000

		Si		Silicon		mg/L		16.545		16.545		0.04		165.1191		16.51191

		Sn		Tin		mg/L		ND		ND		0.00		ERROR:#VALUE!		ERROR:#VALUE!

		Sr		Strontium		mg/L		0		0		0.00		0		0.00000

		Ta		Tantalum		mg/L		ND		ND		0.000E+00		ERROR:#VALUE!		ERROR:#VALUE!

		Ti		Titanium		mg/L		0		0		0.00		0		0.00000

		Th		Thorium		mg/L		0.541		0.541		0.00		5.39918		0.01080

		Tl		Thallium		mg/L		0		0		0.00		0		0.00000

		U		Uranium		mg/L		0.00729		0.00729		0.00		0.0727542		0.00015

		V		Vanadium		mg/L		0		0		0.00		0		0.00000

		W		Tungsten		mg/L		ND		ND		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!

		Zn		Zinc		mg/L		3.57		3.57		0.01		35.6286		0.07126

		Zr		Zirconium		mg/L		ND		ND		0.000E+00		ERROR:#VALUE!		ERROR:#VALUE!

		SO4		Sulfate		mg/L		1435		1435		1562.56		287		286.7

		pH						2.5-2.8		2.5		1.500E+00		2.495		5

		TSS						?		?





ARGO

		Analyte				Units		Feed Total		Stream 1  UF Effluent		Stream 2 
Mambrae Permeate 		Stream 3 Membrane Concentrate		Stream 4 AMRS Effluentl

		Rare Earth Elements (Plus Sc, Y)

		Ce		Cerium		mg/L		0.2458		0.2458		5.462E-04		2.453084		0.00049

		Dy		Dysprosium		mg/L		0.0199		0.0199		4.422E-05		0.198602		0.00040

		Er		Erbium		mg/L		0.0096		0.0096		2.133E-05		0.095808		0.00019

		Eu		Europium		mg/L		0.0048		0.0048		1.067E-05		0.047904		0.00010

		Gd		Gadolinium		mg/L		0.0228		0.0228		5.067E-05		0.227544		0.00046

		Ho		Holmium		mg/L		0.0038		0.0038		8.444E-06		0.037924		0.00008

		La		Lanthanum		mg/L		0.105		0.105		2.333E-04		1.0479		0.00210

		Lu		Lutetium		mg/L		0.0011		0.0011		2.444E-06		0.010978		0.00002

		Nd		Neodynium		mg/L		0.1244		0.1244		2.764E-04		1.241512		0.00248

		Pr		Praseodymium		mg/L		0.0324		0.0324		7.200E-05		0.323352		0.00065

		Sc		Scandium		mg/L		0.001		0.001		2.222E-06		0.00998		0.00002

		Sm		Samarium		mg/L		0.0245		0.0245		5.444E-05		0.24451		0.00049

		Tb		Terbium		mg/L		0.0035		0.0035		7.778E-06		0.03493		0.00007

		Tm		Thulium		mg/L		0.001		0.001		2.222E-06		0.00998		0.00002

		Yb		Ytterbium		mg/L		0.0075		0.0075		1.667E-05		0.07485		0.00015

		Y 		Yttrium		mg/L		0.0991		0.0991		2.202E-04		0.989018		0.00198

		Other elements

		Ag		Silver		mg/L		0		0		0.00		0		0.00000

		Al		Aluminum		mg/L		0		0		0.000E+00		0		0.00000

		As		Arsenic		mg/L		0		0		0.000E+00		0		0.00000

		Au		Gold		mg/L		0		0		0.00		0		0.00000

		B		Boron		mg/L		0		0		0.000E+00		0		0.00000

		Ba		Barium		mg/L		0		0		0.000E+00		0		0.00000

		Be		Berylium		mg/L		0		0		0.000E+00		0		0.00000

		Bi		Bismuth		mg/L		0		0		0.00		0		0.00000

		Ca		Calcium		mg/L		0		0		0.000E+00		0		0.00000

		Cd		Cadmium		mg/L		0		0		0.00		0		0.00000

		Co		Cobalt		mg/L		0		0		0.00		0		0.00000

		Cr		Chromium		mg/L		0		0		0.00		0		0.00000

		Cs		Cesium		mg/L		ND		ND		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!

		Cu		Copper		mg/L		0		0		0.00		0		0.00000

		Fe		Iron		mg/L		0		0		0.00		0		35000.00

		Ga		Gallium		mg/L		0		0		0.00		0		0.00000

		Hf		Hafnium		mg/L		ND		ND		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!

		In		Indium		mg/L		ND		ND		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!

		Ir		Iridium		mg/L		ND		ND		0.00		ERROR:#VALUE!		ERROR:#VALUE!

		K		Potassium		mg/L		0		0		0.00		0		0.00000

		Li		Lithium		mg/L		0		0		0.00		0		0.00000

		Mg		Magnesium		mg/L		0		0		0.00		0		0.00000

		Mn		Manganese		mg/L		0		0		0.00		0		0.00000

		Mo		Molybdenum		mg/L		0		0		0.00		0		0.00000

		Na		Sodium		mg/L		0		0		0.00		0		0.00000

		Ni		Nickel		mg/L		0		0		0.00		0		0.00000

		Nb		Niobium		mg/L		0		0		0.00		0		0.00000

		Os		Osmium		mg/L		0		0		0.00		0		0.00000

		P		Phosphorous		mg/L		0		0		0.00		0		0.00000

		Pb		Lead		mg/L		0		0		0.00		0		0.00000

		Pd		Palladium		mg/L		0		0		0.00		0		0.00000

		Pt		Platinum		mg/L		0		0		0.00		0		0.00000

		Rb		Rubidium		mg/L		0		0		0.00		0		0.00000

		Re		Rhenium		mg/L		0		0		0.00		0		0.00000

		Rh		Rhodium		mg/L		0		0		0.00		0		0.00000

		S		Sulfur		mg/L		0		0		0.00		0		0.00000

		Sb		Antimony		mg/L		0		0		0.00		0		0.00000

		Se		Selenium		mg/L		0		0		0.00		0		0.00000

		Si		Silicon		mg/L		0		0		0.00		0		0.00000

		Sn		Tin		mg/L		0		0		0.00		0		0.00000

		Sr		Strontium		mg/L		0		0		0.00		0		0.00000

		Ta		Tantalum		mg/L		0		0		0.000E+00		0		0.00000

		Ti		Titanium		mg/L		0		0		0.00		0		0.00000

		Th		Thorium		mg/L		0		0		0.00		0		0.00000

		Tl		Thallium		mg/L		0		0		0.00		0		0.00000

		U		Uranium		mg/L		0		0		0.00		0		0.00000

		V		Vanadium		mg/L		0		0		0.00		0		0.00000

		W		Tungsten		mg/L		ND		ND		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!

		Zn		Zinc		mg/L		0		0		0.00		0		0.00000

		Zr		Zirconium		mg/L		0		0		0.000E+00		0		0.00000

		SO4		Sulfate		mg/L		0		0		0.00		0		0.0

		pH						2.5-2.8		2.5		1.500E+00		2.495		5

		TSS						?		?





KA 1 Economic

		Well KA

		Element		Sc		La		Ce		Pr		Nd		Sm		Eu		Gd		Tb		Dy		Y		Ho		Er		Tm		Yb		Lu		TREE		Average		$/mg REE/l		Be		Cd		Co		Cr		Cu		Ga		Li		Ni		Rb		Sr		Ti		Th		Tl		Zn				Fe		AL		Total		Reactive

		Value ug/L		290		134.00		532.00		103.00		589.00		189.00		42.90		229.00		28.30		184.00		917.00		27.70		68.00		8.00		45.50		6.20		3103.60						0		0		1370		0		0		0		0		4780		0		0		0		118		0.1		0				1420		349000		356688.1		6268.1

		Membrane Concentrate 		290.0		134.0		532.0		103.0		589.0		189.0		42.9		229.0		28.3		184.0		917.0		27.7		68.0		8.0		45.5		6.2		3103.6		6497.20				0.0		0.0		1370.0		0.0		0.0		0.0		0.0		4780.0		0.0		0.0		0.0		118.0		0.1		0.0				1420.0		349000.0		356688.1

		% adsorption		99.4%		99.5%		99.4%		99.6%		99.7%		99.8%		99.7%		99.8%		99.8%		99.8%		99.8%		99.8%		99.6%		99.8%		99.8%		99.8%		99.6%		99.7%				99.6%		99.6%		99.6%		99.6%		99.6%		99.6%		20.0%		99.6%		99.6%		99.6%		99.6%		99.6%		99.6%		99.6%				99.6%		99.6%		99.6%

		SMI media 		288.260		133.330		528.808		102.588		587.233		188.622		42.771		228.542		28.243		183.632		915.166		27.645		67.728		7.984		45.409		6.188		3091.186		6473.33				0.000		0.000		1364.520		0.000		0.000		0.000		0.000		4760.880		0.000		0.000		0.000		117.528		0.100		0.000				1414.320		347604.000		355261.348

		Solvation/extraction		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%				98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%				98.6%		98.6%		98.6%

		Net ug/l		284.224		131.463		521.405		101.152		579.012		185.981		42.173		225.342		27.848		181.061		902.354		27.258		66.780		7.872		44.773		6.101		3047.909		6098.48				0.000		0.000		1345.417		0.000		0.000		0.000		0.000		4694.228		0.000		0.000		0.000		115.883		0.098		0.000				1394.520		342737.544		350287.689		6155.625

		ug/gal		1075.789		497.589		1973.517		382.859		2191.559		703.939		159.623		852.921		105.405		685.316		3415.409		103.170		252.762		29.796		169.467		23.092		11536.336						0.000		0.000		5092.402		0.000		0.000		0.000		0.000		17767.652		0.000		0.000		0.000		438.616		0.372		0.000				5278.256		1297261.604		1325838.902

		kg/1000 gal		0.00108		0.00050		0.00197		0.00038		0.00219		0.00070		0.00016		0.00085		0.00011		0.00069		0.00342		0.00010		0.00025		0.00003		0.00017		0.00002		0.01154						0.00000		0.00000		0.00509		0.00000		0.00000		0.00000		0.00000		0.01777		0.00000		0.00000		0.00000		0.00044		0.00000		0.00000				0.00528		1.297262		1.325839

		$/KG		$   4,667.36		$   3.30		$   3.41		$   96.13		$   90.56		$   11.98		$   31.40		$   44.58		$   1,483.80		$   484.15		$   32.74		$   89.86		$   43.58		$   30.00		$   3,000.00		$   773.25		$   643.00				$   678.18		$   857.00		$   2.73		$   32.80		$   9.40		$   6.00		$   687.20		$   45.00		$   13.90		$   15,500.00		$   6.60		$   11.50		$   287.00		$   2.55						$   0.42		$   1.79		1133.87955

		$/1000 gallons		$   5.0211		$   0.0016		$   0.0067		$   0.0368		$   0.1985		$   0.0084		$   0.0050		$   0.0380		$   0.1564		$   0.3318		$   0.1118		$   0.0093		$   0.0110		$   0.0009		$   0.5084		$   0.0179		$   7.4179		$   6.46		ERROR:#DIV/0!		$   - 0		$   - 0		$   0.1670		$   - 0		$   - 0		$   - 0		$   - 0		$   0.2470		$   - 0		$   - 0		$   - 0		$   0.1259		$   0.0000		$   - 0		$   0.5399		$   0.0022		$   2.3221		$   1,503.3416		$   3.40

																																						$   3.88																																$   0.32								$   2.04

				Rate for Mixed TREE		60%																																																																								60%		recovery factor/price discount

				load mg/L		12.254		0.031		g SMI/l treated																																																																				$   2.04		/1000 gal

				load mg/Gal		46.38		0.12		g SMI/Gal treated				83.5		Kg/day																						$   3.34		$/kg SMI/day																																						$   1.76		$/kg SMI/day

								$   0.001		$ SMI/Gal																												$   0.60		Cost SMI/day

								$   0.70		$ SMI/1000 Gal				$   500.92		per day		$   187,114.55

								$   0.02		$ frt/1,000 gal				$   11.72		per day

		Concentration factor		0.1										$   512.64																						128





		EBRT (minutes)		10

				CF SMI		Kg SMI

				668		42448.9		508.45		days		1.5		yrs

				Site Expenses

		Site Treatment System Capital  cost						Capital Cost 												KG/Vessel

		Per treatment		$   15,090.63		$/GPM		$7,545,315		Total

														2504.6		Kg SMI/mo				2546.9

		years		30										90%		% Recovered				1.0		Months Op

		Rate		5.0%		0.42%								2254.2		Kg Fe				30.51		Days to exhaustion

		PMT		($40,504.88)		Montly		($1,350.16)		Daily				$   4,034.94		monthly

														$   48,419.26

		Site Expenses		Equipment pmt		Op Ex/month Ex labor		Total per Month						$   1.92		/1000 gallons

		Non-profit cost		($40,504.88)		$   (20,210.52)		($60,715.40)

		$/1000 gallons SMI Feed		$   (18.75)		$   (9.36)

				opperating days		365

				Flow (gpm)		GPD

		Membrane flow		500		720000		720		/1000 gal/day

		SMI Flow		50		72000		72		/1000 gal/day

				Revenue

				$/1000 gallons		$ per day		OP ex media/day		Op Ex/day		Cap Ex/Day		Op EX Day		GM/day		% GM		Annual rev		Annual GM						Site per occurance		GM

		All metals W/O Capital		$   7.84		$   564.63		$   512.64		$   673.68				$   673.68		$   (109.06)		-19.3%		$   206,089		$   (39,806)						$   6,287,136		$   (1,214,342)

		all Metals W/ Capital								$   673.68		$   1,350.16		$   2,023.85		$   (1,459.22)		-258.4%		$   206,089		$   (532,615)						$   7,501,478

						Annual Op Ex				$   245,894.65		$   492,809.40																$   (8,715,821)

						$   206,089.12

		REE metal only W/O Capital		$   3.88		$   279.23				$   673.68				$   673.68		$   (394.45)		-141.3%		$   101,919		$   (143,976)

		REE metal only W Capital				$   279.23				$   673.68		$   1,350.16		$   2,023.85		$   (1,744.62)		-624.8%		$   101,919		$   (636,785)



























WS Economics

		Well KA2

		Element		Sc		La		Ce		Pr		Nd		Sm		Eu		Gd		Tb		Dy		Y		Ho		Er		Tm		Yb		Lu		TREE		Average		$/mg REE/l		Be		Cd		Co		Cr		Cu		Ga		Li		Ni		Rb		Sr		Ti		Th		Zn				Fe		AL		Total		Reactive

		Value ug/L		10.8		42.40		207.00		44.10		275.00		86.60		20.20		114.00		14.10		74.70		428.00		13.40		33.00		3.90		22.40		3.13		1381.93						0		0		387		0		0		0		0		768		0		0		0		541		3570				228000		109000		342266		5266

		Membrane Concentrate 		10.8		42.4		207.0		44.1		275.0		86.6		20.2		114.0		14.1		74.7		428.0		13.4		33.0		3.9		22.4		3.1		1381.9		2774.66				0.0		0.0		387.0		0.0		0.0		0.0		0.0		768.0		0.0		0.0		0.0		541.0		3570.0				228000.0		109000.0		342266.0

		% adsorption		99.4%		99.5%		99.4%		99.6%		99.7%		99.8%		99.7%		99.8%		99.8%		99.8%		99.8%		99.8%		99.6%		99.8%		99.8%		99.8%		99.6%		99.7%				99.6%		99.6%		99.6%		99.6%		99.6%		99.6%		20.0%		99.6%		99.6%		99.6%		99.6%		99.6%		99.6%				99.6%		99.6%		99.6%

		SMI media 		10.735		42.188		205.758		43.924		274.175		86.427		20.139		113.772		14.072		74.551		427.144		13.373		32.868		3.892		22.355		3.124		1376.402		2764.90				0.000		0.000		385.452		0.000		0.000		0.000		0.000		764.928		0.000		0.000		0.000		538.836		3555.720				227088.000		108564.000		340896.936

		Solvation/extraction		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%				98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%				98.6%		98.6%		98.6%

		Net ug/l		10.585		41.597		202.877		43.309		270.337		85.217		19.857		112.179		13.875		73.507		421.164		13.186		32.408		3.838		22.042		3.080		1357.133		2715.61				0.000		0.000		380.056		0.000		0.000		0.000		0.000		754.219		0.000		0.000		0.000		531.292		3505.940				223908.768		107044.104		336124.379		5171.507

		ug/gal		40.064		157.446		767.891		163.923		1023.224		322.546		75.160		424.598		52.516		278.224		1594.106		49.909		122.664		14.526		83.430		11.658		5136.747						0.000		0.000		1438.511		0.000		0.000		0.000		0.000		2854.719		0.000		0.000		0.000		2010.941		13269.983				847494.687		405161.934		1272230.774

		kg/1000 gal		0.00004		0.00016		0.00077		0.00016		0.00102		0.00032		0.00008		0.00042		0.00005		0.00028		0.00159		0.00005		0.00012		0.00001		0.00008		0.00001		0.00514						0.00000		0.00000		0.00144		0.00000		0.00000		0.00000		0.00000		0.00285		0.00000		0.00000		0.00000		0.00201		0.01327				0.84749		0.405162		1.272231

		$/KG		$   4,667.36		$   3.30		$   3.41		$   96.13		$   90.56		$   11.98		$   31.40		$   44.58		$   1,483.80		$   484.15		$   32.74		$   89.86		$   43.58		$   30.00		$   3,000.00		$   773.25		$   643.00				$   678.18		$   857.00		$   2.73		$   32.80		$   9.40		$   6.00		$   687.20		$   45.00		$   13.90		$   15,500.00		$   6.60		$   11.50		$   287.00		$   2.55				$   0.42		$   1.79		1133.87955

		$/1000 gallons		$   0.1870		$   0.0005		$   0.0026		$   0.0158		$   0.0927		$   0.0039		$   0.0024		$   0.0189		$   0.0779		$   0.1347		$   0.0522		$   0.0045		$   0.0053		$   0.0004		$   0.2503		$   0.0090		$   3.3029		$   0.86		ERROR:#DIV/0!		$   - 0		$   - 0		$   0.0472		$   - 0		$   - 0		$   - 0		$   - 0		$   0.0397		$   - 0		$   - 0		$   - 0		$   0.5771		$   0.0338		$   0.6978		$   0.3559		$   0.7252		$   2.2773		$   1.78

																																						$   0.51																														$   0.42								$   1.07

				Rate for Mixed TREE		60%																																																																						60%		recovery factor/price discount

				load mg/L		7.887		0.020		g SMI/l treated																																																																		$   1.07		/1000 gal

				load mg/Gal		29.85		0.07		g SMI/Gal treated				53.7		Kg/day																						$   0.69		$/kg SMI/day																																				$   1.43		$/kg SMI/day

								$   0.000		$ SMI/Gal																												$   0.60		Cost SMI/day

								$   0.45		$ SMI/1000 Gal				$   322.41		per day		$   120,432.55

								$   0.01		$ frt/1,000 gal				$   7.54		per day

		Concentration factor		0.1										$   329.95																						128





		EBRT (minutes)		10

				CF SMI		Kg SMI

				668		42448.9		789.97		days		2.3		yrs

				Site Expenses

		Site Treatment System Capital  cost						Capital Cost 												KG/Vessel

		Per treatment		$   15,090.63		$/GPM		$7,545,315		Total

														1612.0		Kg SMI/mo				2546.9

		years		30										90%		% Recovered				1.6		Months Op

		Rate		5.0%		0.42%								1450.8		Kg Fe				47.40		Days to exhaustion

		PMT		($40,504.88)		Montly		($1,350.16)		Daily				$   2,597.01		monthly

														$   31,164.09

		Site Expenses		Equipment pmt		Op Ex/month Ex labor		Total per Month						$   1.24		/1000 gallons

		Non-profit cost		($40,504.88)		$   (14,729.81)		($55,234.69)

		$/1000 gallons SMI Feed		$   (18.75)		$   (6.82)

				opperating days		365

				Flow (gpm)		GPD

		Membrane flow		500		720000		720		/1000 gal/day

		SMI Flow		50		72000		72		/1000 gal/day

				Revenue

				$/1000 gallons		$ per day		OP ex media/day		Op Ex/day		Cap Ex/Day		Op EX Day		GM/day		% GM		Annual rev		Annual GM						Site per occurance		GM

		All metals W/O Capital		$   2.82		$   202.96		$   329.95		$   490.99				$   490.99		$   (288.03)		-141.9%		$   74,082		$   (105,131)						$   3,511,345		$   (4,983,005)

		all Metals W/ Capital								$   490.99		$   1,350.16		$   1,841.16		$   (1,638.19)		-807.1%		$   74,082		$   (597,940)						$   8,494,349

						Annual Op Ex				$   179,212.65		$   492,809.40																$   (13,477,354)

						$   74,081.88

		REE metal only W/O Capital		$   0.51		$   37.07				$   490.99				$   490.99		$   (453.92)		-1224.5%		$   13,530		$   (165,682)

		REE metal only W Capital				$   37.07				$   490.99		$   1,350.16		$   1,841.16		$   (1,804.09)		-4866.7%		$   13,530		$   (658,492)



























Argo Economic

		Well KA2

		Element		Sc		La		Ce		Pr		Nd		Sm		Eu		Gd		Tb		Dy		Y		Ho		Er		Tm		Yb		Lu		TREE		Average		$/mg REE/l		Be		Cd		Co		Cr		Cu		Ga		Li		Ni		Rb		Sr		Ti		Th		Zn				Fe		AL		Total		Reactive

		Value ug/L		1		105.00		245.80		32.40		124.40		24.50		4.80		22.80		3.50		19.90		99.10		3.80		9.60		1.00		7.50		1.10		705.20						0		0		0		0		0		0		0		0		0		0		0		0		0				228000		109000		337000		0

		Membrane Concentrate 		1.0		105.0		245.8		32.4		124.4		24.5		4.8		22.8		3.5		19.9		99.1		3.8		9.6		1.0		7.5		1.1		705.2		1411.40				0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0				228000.0		109000.0		337000.0

		% adsorption		99.4%		99.5%		99.4%		99.6%		99.7%		99.8%		99.7%		99.8%		99.8%		99.8%		99.8%		99.8%		99.6%		99.8%		99.8%		99.8%		99.6%		99.7%				99.6%		99.6%		99.6%		99.6%		99.6%		99.6%		20.0%		99.6%		99.6%		99.6%		99.6%		99.6%		99.6%				99.6%		99.6%		99.6%

		SMI media 		0.994		104.475		244.325		32.270		124.027		24.451		4.786		22.754		3.493		19.860		98.902		3.792		9.562		0.998		7.485		1.098		702.379		1405.65				0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000				227088.000		108564.000		335652.000

		Solvation/extraction		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%				98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%		98.6%				98.6%		98.6%		98.6%

		Net ug/l		0.980		103.012		240.905		31.819		122.290		24.109		4.719		22.436		3.444		19.582		97.517		3.739		9.428		0.984		7.380		1.082		692.546		1384.99				0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000				223908.768		107044.104		330952.872		0.000

		ug/gal		3.710		389.902		911.824		120.433		462.869		91.251		17.860		84.920		13.036		74.118		369.103		14.153		35.684		3.725		27.934		4.097		2621.286						0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000				847494.687		405161.934		1252656.621

		kg/1000 gal		0.00000		0.00039		0.00091		0.00012		0.00046		0.00009		0.00002		0.00008		0.00001		0.00007		0.00037		0.00001		0.00004		0.00000		0.00003		0.00000		0.00262						0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000				0.84749		0.405162		1.252657

		$/KG		$   4,667.36		$   3.30		$   3.41		$   96.13		$   90.56		$   11.98		$   31.40		$   44.58		$   1,483.80		$   484.15		$   32.74		$   89.86		$   43.58		$   30.00		$   3,000.00		$   773.25		$   643.00				$   678.18		$   857.00		$   2.73		$   32.80		$   9.40		$   6.00		$   687.20		$   45.00		$   13.90		$   15,500.00		$   6.60		$   11.50		$   287.00		$   2.55				$   0.42		$   1.79		1133.87955

		$/1000 gallons		$   0.0173		$   0.0013		$   0.0031		$   0.0116		$   0.0419		$   0.0011		$   0.0006		$   0.0038		$   0.0193		$   0.0359		$   0.0121		$   0.0013		$   0.0016		$   0.0001		$   0.0838		$   0.0032		$   1.6855		$   0.24		ERROR:#DIV/0!		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   0.3559		$   0.7252		$   2.2423		$   1.08

																																						$   0.14																														$   - 0								$   0.65

				Rate for Mixed TREE		60%																																																																						60%		recovery factor/price discount

				load mg/L		1.385		0.003		g SMI/l treated																																																																		$   0.65		/1000 gal

				load mg/Gal		5.24		0.01		g SMI/Gal treated				9.4		Kg/day																						$   1.09		$/kg SMI/day																																				$   4.95		$/kg SMI/day

								$   0.000		$ SMI/Gal																												$   0.60		Cost SMI/day

								$   0.08		$ SMI/1000 Gal				$   56.62		per day		$   21,148.19

								$   0.00		$ frt/1,000 gal				$   1.32		per day

		Concentration factor		0.1										$   57.94																						128





		EBRT (minutes)		10

				CF SMI		Kg SMI

				668		42448.9		4498.64		days		12.9		yrs

				Site Expenses

		Site Treatment System Capital  cost						Capital Cost 												KG/Vessel

		Per treatment		$   15,090.63		$/GPM		$7,545,315		Total

														283.1		Kg SMI/mo				2546.9

		years		30										90%		% Recovered				9.0		Months Op

		Rate		5.0%		0.42%								254.8		Kg Fe				269.92		Days to exhaustion

		PMT		($40,504.88)		Montly		($1,350.16)		Daily				$   456.04		monthly

														$   5,472.47

		Site Expenses		Equipment pmt		Op Ex/month Ex labor		Total per Month						$   0.22		/1000 gallons

		Non-profit cost		($40,504.88)		$   (6,569.45)		($47,074.33)

		$/1000 gallons SMI Feed		$   (18.75)		$   (3.04)

				opperating days		365

				Flow (gpm)		GPD

		Membrane flow		500		720000		720		/1000 gal/day

		SMI Flow		50		72000		72		/1000 gal/day

				Revenue

				$/1000 gallons		$ per day		OP ex media/day		Op Ex/day		Cap Ex/Day		Op EX Day		GM/day		% GM		Annual rev		Annual GM						Site per occurance		GM

		All metals W/O Capital		$   1.01		$   72.62		$   57.94		$   218.98				$   218.98		$   (146.36)		-201.5%		$   26,506		$   (53,422)						$   7,154,420		$   (14,419,681)

		all Metals W/ Capital								$   218.98		$   1,350.16		$   1,569.14		$   (1,496.53)		-2060.8%		$   26,506		$   (546,232)						$   21,574,100

						Annual Op Ex				$   79,928.29		$   492,809.40																$   (35,993,781)

						$   26,505.88

		REE metal only W/O Capital		$   0.14		$   10.28				$   218.98				$   218.98		$   (208.71)		-2031.0%		$   3,751		$   (76,178)

		REE metal only W Capital				$   10.28				$   218.98		$   1,350.16		$   1,569.14		$   (1,558.87)		-15170.1%		$   3,751		$   (568,987)



























KA Combined Eco

		KA Combined

						$ per day		Op Ex/day		Cap Ex/Day		Op EX Day		GM/day		% GM		Annual rev		Annual GM

		All metals W/O Capital Site 1 & 2				$   767.59		$   1,164.68				$   1,164.68		$   (397.09)		-51.7%		$   280,171		$   (144,936)		$   280,171.00

		all Metals W/ Capital 1&2						$   1,164.68		$   3,060.00		$   4,224.68		$   (3,457.09)		-450.4%		$   280,171		$   (1,261,838)		$   859,625.00

						Annual Op Ex		$   425,107.30		$   1,116,901.52



		REE metal only W/O Capital 1&2				$   2,106.69		$   1,164.68				$   1,164.68		$   942.01		44.7%		$   768,940		$   343,833

		REE metal only W Capital 1&2						$   1,164.68		$   3,060.00		$   4,224.68		$   (2,118.00)		-100.5%		$   768,940		$   (773,069)

						Annual Op Ex		$   425,107.30		$   1,116,901.52





System Cost

		AMRS System < 700 SO4

								35%		Margin

		Captial equipment 

		Vendor		Description 		Cost		Price

		ETI 		Feed EQ Tank and pumps		$   35,000		$   53,846																		150		$   722,000.00

		ETI 		UF or MMF/Carbon		$   - 0		$   -																				$   660,630.00		$   4,404.20

		ETI 		AMRS-SMI system		$   874,967		$   1,346,103								300		$   524,980		$   1,749.93

				Equipment total cost		$   909,967		$   1,399,949

		2%		shipping (internal and external)		$   18,199		$   18,199

		0%		Labor		$   - 0		$   -

		2%		escalation		$   18,199		$   27,999

		2%		PIP and Commission		$   13,650		$   13,650

		5%		Contingency (includes risk)		$   45,498		$   45,498



				Total		$   1,005,513		$   1,505,295



				GM		33%		$   499,782



		20%		Installation cost		$   296,246		See Constuction Tab

				Project cost		$   1,801,541





Install Cost

		PID		Line		CLASS		STATUS		BOM ITEM #		QTY		UOM		DESCRIPTION/TASK		Tag No.		WHERE USED		ETI
Part #		MANUFACTURER & MODEL #		Est Unit Cost		Est Total Cost		Est Ship Cost		SHIP		PurchaseResp.		PO Ship To		VALIDITY		PO Delivery Date		SERVICE VENDOR		SPECIAL NOTES		PO#		ACT UNIT COST		ACT TOTAL COST		ACT Ship Cost		Comments and Quote Ref		Working Budget		Fiberglass		Metal		Plastic

																Constuction Estimate				yes								0		0																				$   - 0						0

																Engineer Subcontract										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

												2.0%		LOT		Detailed mechanical, electrical, civil, arch. and structural design by a consulting enginner. All designs to be prepared and sealed pursuant to possible required building permits										$   1,505,294.86		$   30,105.90																				$   - 0		$   - 0						$   30,105.90

												2.0%		LOT		Construction Management of the plant consturction										$   1,505,294.86		$   30,105.90																				$   - 0		$   - 0						$   30,105.90

																										$   - 0		$   - 0																				$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0																				$   - 0		$   - 0						$   - 0

																Construction Sub contractor				Factor Range						$   - 0		$   - 0																				$   - 0		$   - 0						$   - 0

																Individual Construction Disciplines																																$   - 0		$   - 0						$   - 0

												1.0%		LOT		   Site Preparation				.01 to .03						$   1,505,294.86		$   15,052.95																				$   - 0		$   - 0						$   15,052.95

												1.0%		LOT		   Site Improvements				.01 to .03						$   1,505,294.86		$   15,052.95																				$   - 0		$   - 0						$   15,052.95

												2.0%		LOT		   Concrete				.03 to .15						$   1,505,294.86		$   30,105.90																				$   - 0		$   - 0						$   30,105.90

												1.0%		LOT		   Structural Steel, Supports and Bridges				.05 to .15						$   1,505,294.86		$   15,052.95																				$   - 0		$   - 0						$   15,052.95

												0.0%		LOT		   Buildings and roofed structures				.03 to .15						$   1,505,294.86		$   - 0																				$   - 0		$   - 0						$   - 0

												0.0%		LOT		   Underground Piping 				.02 to .05						$   1,505,294.86		$   - 0																				$   - 0		$   - 0						$   - 0

												2.0%		LOT		   Above Ground Piping				.20 to .50						$   1,505,294.86		$   30,105.90																				$   - 0		$   - 0						$   30,105.90

												0.0%		LOT		   Underground Electrical 				.01 to .02						$   1,505,294.86		$   - 0																				$   - 0		$   - 0						$   - 0

												3.0%		LOT		   Above Ground Electrical				.08 to .15						$   1,505,294.86		$   45,158.85																				$   - 0		$   - 0						$   45,158.85

												1.0%		LOT		   Instrumentation and Controls				.05 to .20						$   1,505,294.86		$   15,052.95																				$   - 0		$   - 0						$   15,052.95

												0.0%		LOT		   Insulation				.06 to .10						$   1,505,294.86		$   - 0																				$   - 0		$   - 0						$   - 0

												0.0%		LOT		   Painting				.02 to .05						$   1,505,294.86		$   - 0																				$   - 0		$   - 0						$   - 0

												0.5%		LOT		   Paving 				.01 to .03						$   1,505,294.86		$   7,526.47																				$   - 0		$   - 0						$   7,526.47

												0.0%		LOT		   Proratables				.02 to .03						$   1,505,294.86		$   - 0																				$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0																				$   - 0		$   - 0						$   - 0

																Contractor Indirect Costs										$   - 0		$   - 0																				$   - 0		$   - 0						$   - 0

												5.0%		LOT		   Construction Equipment				0.12 to 0.18						$   173,108.91		$   8,655.45																				$   - 0		$   - 0						$   8,655.45

												20.0%		LOT		   Overheads and Indirects				0.35 to 0.50						$   173,108.91		$   34,621.78																				$   - 0		$   - 0						$   34,621.78

												0.0%		LOT		   Sales tax				0.02 to 0.10						$   173,108.91		$   - 0																				$   - 0		$   - 0						$   - 0

												10.0%		LOT		   Fees and Profits				0.05 to 0.15						$   173,108.91		$   17,310.89																				$   - 0		$   - 0						$   17,310.89

												0.0%		LOT		Other unidentified contractor costs				0.10 to 0.20						$   173,108.91		$   - 0																				$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0																				$   - 0		$   - 0						$   - 0

																Construction Permits										$   - 0		$   - 0																				$   - 0		$   - 0						$   - 0

												1.0%		LOT		   Permitting 				0.01 to 0.20						$   233,697.03		$   2,336.97																				$   - 0		$   - 0						$   2,336.97

																										$   - 0		$   - 0																				$   - 0		$   - 0						$   - 0

																TOTAL										$   - 0		$   296,245.79																				$   - 0		$   - 0						$   296,245.79

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0





Op EX

				cost		HP				kw/hr		per day		per month		per year		Sell Price		per site

		Power		$   0.12		15		0.7457		11.1855		$   32.21		$   966.43		$   11,758.20		$   11,758.20		$   11,758.20		$   23,516.40								Target pH

		Type								Dose 																														$   0.28

		Antiscanlent		15.67		per gallon 				0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		H						4										6.364

		Caustic  AMRS		$   1.78		per gallon 50%				720000		$   26.35		$   790.57		$   9,618.55		$   12,023.19		$   12,023.19		$   24,046.37		0.0015848932		Moles H3O/l				0.0001		0.0014848932		Moles nutralized						$   1.78

		Lime		$   0.11		per lbs				0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		19.1		moles NaOH/l		50% Caustic				0.0000777431		LNaOH/L

		Polymer		$   3.00						0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Equip Maintenance 				2.0%						$   76.71		$   2,301.29		$   27,998.97		$   34,998.72		$   34,998.72		$   69,997.44

		Labor				hours						$   135.28								$   47,021.90

		Manager		$   125.00		0						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Supervisor		$   105.00		0						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Operations - 2 man/shift		$   65.00		2						$   130.00		$   3,900.00		$   47,450.00		$   73,000.00		$   36,500.00		$   73,000.00

												$   130.00				$   47,450.00		$   73,000.00		$   36,500.00		$   73,000.00

		Other Op Expenses										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Operating Expense										$   265.28		$   7,958.28		$   96,825.72		$   131,780.10		$   95,280.10		$   190,560.20

		Commodities Margin		20%

		Labor GM		35%										Labor		per day		$   200.00				$   167,043.81

														Mtl		per day		$   161.04

																per day		$   361.04

						GPD										GM per Site		$   34,954.38				$   93,734.48

		flow rate 		500		720000

		EBRT		10

		media volume		5000		37400		Gallons/BV\

		LBS		700000

		$/LBS		$   6.00		840

				$   4,200,000				Days/vessel		$   737,807.49		$   1,475,614.97										$   1,642,658.78

		BV's		40,000		1496000000		2077.78		0.1756684492





Se assumptions

		Assumptions

		SMI Capacity		74		mg/g		37								49

		Flow rate		500		gpm

		SMI Media Costs		$   6.00		$/lbs		$   13.23		$/kg						0.71		1.59466

		Frt Cost		$   0.14		$/kg SMI		$2,500		TL		17,810		KG/TL

		Op Ex Labor		$   0.20		$/1000 Gal

		Processing Chemical Costs		$   0.34		$/kg SMI

		Processing Labor		$   284,700		per year		$   9,490.00		Per month		$   20.69		$/kg SMI

		Maintenance Site		$   0.10		$/1000 gal

		Site Chemicals		$   1.08		$/gal		NaOH



		Maintenance Process		$   0.03		kg smi

		Building Lease 		$   7,000.00		monthly		$   15.26		kg SMI

		Interest rate		6%

																		KG/gpm

		Empty bed Retention time		10		min		5000		668.449197861		140		93582.8877005347		42448.9193960513		84.8978387921

		Pretreat, Membrane System, Permeate Treatment		$   2,200		$ gpm

		Site Treatment System Capital  cost		$4,500		$/GPM		$2,250,000		Total

		Processing Equipment Capital Est.		$   1,200,000		$		ERROR:#DIV/0!		$/Kg/mo

		years		20

				458.7		KG/mo

		Site Treatment pmt Monthly		($135,000.11)		($4,500.00)		Daily

		Processing Equipment PMT Monthly		($72,000.06)		($156.98)		$/KG SMI

				Annual		Monthly

		SG&A		$   800,000		$   66,666.67		$   145.35		kg SMI

				350000

				($21,000.02)

		Multiplier		10





SE Economics

				Se Case 1				Case 2

		Value ug/L		30				30				30

		% adsorption		99.4%				99.4%				99.4%

		SMI media 		29.820				29.820				29.820

		Mg/l		0.02982				0.02982				0.02982

		Mg/Gal		0.113				0.113				0.113

		mg/1000 gal		112.869				112.869				112.869



		Feed		500				500				500

		GPD		720000				720000				720000

		mg Se/day		81265.464				81265.464				81265.464

		g/day		1098.2				2196.4				1658.5

		kg/day		1.1				2.2				1.7

		$/day Media		$   6.59				$   29.05				$   2.64

		Op Ex Other		$   128.14				$   128.78				$   128.78

		Op Ex w/o labor		$   134.73				$   157.83				$   131.43

		Annual		$   49,177.35				$   57,609.08				$   47,970.19

		ph		5.5				4.5				4.5

		ORP		<300

		SO4		500				750				1500





SE Op Ex

				cost		HP				kw/hr		per day		per month		per year		Sell Price		per site								Feed pH		5.5

		Power		$   0.12		15		0.7457		11.1855		$   32.21		$   966.43		$   11,758.20		$   11,758.20		$   11,758.20		$   23,516.40								Target pH

		Type								Dose 																														$   0.28

		Antiscanlent		15.67		per gallon 				0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		H						5.9										6.364

		Caustic  AMRS		$   1.78		per gallon 50%				720000		$   0.03		$   1.01		$   12.33		$   15.41		$   15.41		$   30.82		0.0000031623		Moles H3O/l				0.0000012589		0.0000019034		Moles nutralized						$   1.78

		Lime		$   0.11		per lbs				0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		19.1		moles NaOH/l		50% Caustic				0.0000000997		LNaOH/L

		Polymer		$   3.00						0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Equip Maintenance 				2.0%						$   76.71		$   2,301.29		$   27,998.97		$   34,998.72		$   34,998.72		$   69,997.44										0.0717494041		L

		Labor				hours						$   108.96								$   35,014.13												0.0189562494

		Manager		$   125.00		0						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   0.03

		Supervisor		$   105.00		0						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Operations - 2 man/shift		$   65.00		2						$   130.00		$   3,900.00		$   47,450.00		$   73,000.00		$   36,500.00		$   73,000.00

												$   130.00				$   47,450.00		$   73,000.00		$   36,500.00		$   73,000.00

		Other Op Expenses										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Operating Expense										$   238.96		$   7,168.73		$   87,219.50		$   119,772.33		$   83,272.33		$   166,544.65

		Commodities Margin		20%

		Labor GM		35%										Labor		per day		$   200.00				$   143,028.26

														Mtl		per day		$   128.14

																per day		$   328.14

						GPD										GM per Site		$   32,552.83				$   79,325.15

		flow rate 		500		720000

		EBRT		10

		media volume		5000		37400		Gallons/BV\

		LBS		700000

		$/LBS		$   6.00		840

				$   4,200,000				Days/vessel		$   737,807.49		$   1,475,614.97										$   1,618,643.23

		BV's		40,000		1496000000		2077.78		0.1756684492





Op Ex 2

				cost		HP				kw/hr		per day		per month		per year		Sell Price		per site								Feed pH		4.5										Caustic 50%						HCL 30%

		Power		$   0.12		15		0.7457		11.1855		$   32.21		$   966.43		$   11,758.20		$   11,758.20		$   11,758.20		$   23,516.40								Target pH

		Type								Dose 																														$   0.28						0.11

		Antiscanlent		15.67		per gallon 				0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		H						6										6.364		Lbs/Gal				2.877		lbs/gal

		Caustic  AMRS		$   1.78		per gallon 50%				720000		$   0.54		$   16.30		$   198.36		$   247.95		$   247.95		$   495.91		0.0000316228		Moles H3O/l				0.000001		0.0000306228		Moles nutralized						$   1.78						$   0.32

		Lime		$   0.11		per lbs				0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		19.1		moles NaOH/l		50% Caustic				0.0000016033		LNaOH/L

		Polymer		$   3.00						0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Equip Maintenance 				2.0%						$   76.71		$   2,301.29		$   27,998.97		$   34,998.72		$   34,998.72		$   69,997.44										1.1543664478		L

		Labor				hours						$   109.47								$   35,246.67												0.3049845305

		Manager		$   125.00		0						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0										$   0.54

		Supervisor		$   105.00		0						$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Operations - 2 man/shift		$   65.00		2						$   130.00		$   3,900.00		$   47,450.00		$   73,000.00		$   36,500.00		$   73,000.00

												$   130.00				$   47,450.00		$   73,000.00		$   36,500.00		$   73,000.00

		Other Op Expenses										$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Operating Expense										$   239.47		$   7,184.02		$   87,405.53		$   120,004.87		$   83,504.87		$   167,009.74

		Commodities Margin		20%

		Labor GM		35%										Labor		per day		$   200.00				$   143,493.34

														Mtl		per day		$   128.78

																per day		$   328.78

						GPD										GM per Site		$   32,599.33				$   79,604.20

		flow rate 		500		720000

		EBRT		10

		media volume		5000		37400		Gallons/BV\

		LBS		700000

		$/LBS		$   6.00		840

				$   4,200,000				Days/vessel		$   737,807.49		$   1,475,614.97										$   1,619,108.31

		BV's		40,000		1496000000		2077.78		0.1756684492





Ferrolock system

		AMRS System < 700 SO4

								35%		Margin

		Captial equipment 

		Vendor		Description 		Cost		Price

		ETI 		Feed EQ Tank and pumps		$   35,000		$   53,846																		500		$   1,271,467.00

		ETI 		UF or MMF/Carbon		$   - 0		$   -																				$   1,163,392.31		$   2,326.78

		ETI 		AMRS-Ferrolock system		$   1,163,392		$   1,789,834								300		$   524,980		$   1,749.93

				Equipment total cost		$   1,198,392		$   1,843,680

		2%		shipping (internal and external)		$   23,968		$   23,968

		0%		Labor		$   - 0		$   -

		2%		escalation		$   23,968		$   36,874

		2%		PIP and Commission		$   17,976		$   17,976

		5%		Contingency (includes risk)		$   59,920		$   59,920



				Total		$   1,324,223		$   1,982,417



				GM		33%		$   658,194



		20%		Installation cost		$   390,145		See ferro install

				Project cost		$   2,372,562





ferrolock install

		PID		Line		CLASS		STATUS		BOM ITEM #		QTY		UOM		DESCRIPTION/TASK		Tag No.		WHERE USED		ETI
Part #		MANUFACTURER & MODEL #		Est Unit Cost		Est Total Cost		Est Ship Cost		SHIP		PurchaseResp.		PO Ship To		VALIDITY		PO Delivery Date		SERVICE VENDOR		SPECIAL NOTES		PO#		ACT UNIT COST		ACT TOTAL COST		ACT Ship Cost		Comments and Quote Ref		Working Budget		Fiberglass		Metal		Plastic

																Constuction Estimate				yes								0		0																				$   - 0						0

																Engineer Subcontract										$   - 0		$   - 0		$   - 0																		$   - 0		$   - 0						$   - 0

												2.0%		LOT		Detailed mechanical, electrical, civil, arch. and structural design by a consulting enginner. All designs to be prepared and sealed pursuant to possible required building permits										$   1,982,417.42		$   39,648.35																				$   - 0		$   - 0						$   39,648.35

												2.0%		LOT		Construction Management of the plant consturction										$   1,982,417.42		$   39,648.35																				$   - 0		$   - 0						$   39,648.35

																										$   - 0		$   - 0																				$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0																				$   - 0		$   - 0						$   - 0

																Construction Sub contractor				Factor Range						$   - 0		$   - 0																				$   - 0		$   - 0						$   - 0

																Individual Construction Disciplines																																$   - 0		$   - 0						$   - 0

												1.0%		LOT		   Site Preparation				.01 to .03						$   1,982,417.42		$   19,824.17																				$   - 0		$   - 0						$   19,824.17

												1.0%		LOT		   Site Improvements				.01 to .03						$   1,982,417.42		$   19,824.17																				$   - 0		$   - 0						$   19,824.17

												2.0%		LOT		   Concrete				.03 to .15						$   1,982,417.42		$   39,648.35																				$   - 0		$   - 0						$   39,648.35

												1.0%		LOT		   Structural Steel, Supports and Bridges				.05 to .15						$   1,982,417.42		$   19,824.17																				$   - 0		$   - 0						$   19,824.17

												0.0%		LOT		   Buildings and roofed structures				.03 to .15						$   1,982,417.42		$   - 0																				$   - 0		$   - 0						$   - 0

												0.0%		LOT		   Underground Piping 				.02 to .05						$   1,982,417.42		$   - 0																				$   - 0		$   - 0						$   - 0

												2.0%		LOT		   Above Ground Piping				.20 to .50						$   1,982,417.42		$   39,648.35																				$   - 0		$   - 0						$   39,648.35

												0.0%		LOT		   Underground Electrical 				.01 to .02						$   1,982,417.42		$   - 0																				$   - 0		$   - 0						$   - 0

												3.0%		LOT		   Above Ground Electrical				.08 to .15						$   1,982,417.42		$   59,472.52																				$   - 0		$   - 0						$   59,472.52

												1.0%		LOT		   Instrumentation and Controls				.05 to .20						$   1,982,417.42		$   19,824.17																				$   - 0		$   - 0						$   19,824.17

												0.0%		LOT		   Insulation				.06 to .10						$   1,982,417.42		$   - 0																				$   - 0		$   - 0						$   - 0

												0.0%		LOT		   Painting				.02 to .05						$   1,982,417.42		$   - 0																				$   - 0		$   - 0						$   - 0

												0.5%		LOT		   Paving 				.01 to .03						$   1,982,417.42		$   9,912.09																				$   - 0		$   - 0						$   9,912.09

												0.0%		LOT		   Proratables				.02 to .03						$   1,982,417.42		$   - 0																				$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0																				$   - 0		$   - 0						$   - 0

																Contractor Indirect Costs										$   - 0		$   - 0																				$   - 0		$   - 0						$   - 0

												5.0%		LOT		   Construction Equipment				0.12 to 0.18						$   227,978.00		$   11,398.90																				$   - 0		$   - 0						$   11,398.90

												20.0%		LOT		   Overheads and Indirects				0.35 to 0.50						$   227,978.00		$   45,595.60																				$   - 0		$   - 0						$   45,595.60

												0.0%		LOT		   Sales tax				0.02 to 0.10						$   227,978.00		$   - 0																				$   - 0		$   - 0						$   - 0

												10.0%		LOT		   Fees and Profits				0.05 to 0.15						$   227,978.00		$   22,797.80																				$   - 0		$   - 0						$   22,797.80

												0.0%		LOT		Other unidentified contractor costs				0.10 to 0.20						$   227,978.00		$   - 0																				$   - 0		$   - 0						$   - 0

																										$   - 0		$   - 0																				$   - 0		$   - 0						$   - 0

																Construction Permits										$   - 0		$   - 0																				$   - 0		$   - 0						$   - 0

												1.0%		LOT		   Permitting 				0.01 to 0.20						$   307,770.31		$   3,077.70																				$   - 0		$   - 0						$   3,077.70

																										$   - 0		$   - 0																				$   - 0		$   - 0						$   - 0

																TOTAL										$   - 0		$   390,144.71																				$   - 0		$   - 0						$   390,144.71
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		Parameter		Solids		Clarifier				Thickener				Dewatered

				Produced		Underflow				Underflow				Cake				Limestone		Lime

				(dry wt)		Solids		Flow		Solids		Flow						Used		Used

		System Type		tons		%		gpm		%		gpm		% solids		wet tons/d		tons/d		tons/d

		Conventional Lime Neutralization		4223		2%		17		5%		6.8		25%		8.21		0		3.6

		High Density Sludge		2898		20%		1.5		30%		0.88		60%		2.31		0		2.6

		Limestone/Lime		4404		4%		7.7		8%		3.9		30%		6.16		2.2		1.8







Active Treatment
Evaluation of the Options

AMRS – SMI System – Selenium 
Project parameters:
• Flow rate 500 GPM
• pH  4.5
• Selenium 30 ug/l
• Sulfates 500
• ORP <300

Projected Installation Cost
 $2,709,651

Projected Operating Expenses w/o Labor
 $83,876 per Year

Power $0.12/kw hr
Media $8.00/lbs



Active Treatment
Evaluation of the Options

AMRS – SMI System – Selenium 
• Advantages:

• Simple system
• PH typically rises 1.5-2 pH units in the reactor not requiring 

additional chemical usage.
• Telemetry via cellular interface (If possible)
• Limited operator interface required.
• Selenium treatment < 5 ug/l, typically Non-Detect.
• Install in Connex Box or Building 

• Disadvantages
• Iron in the effluent ~40-60 mg/l requiring post treatment 

or aeration settling ponds.  
• Media Replacement – This is the major operating expense.  



Active Treatment
Evaluation of the Options

AMRS- Ferrolock ZVI System - Selenium
Project parameters:
• Flow rate 500 GPM
• pH  4.5
• Selenium 30 ug/l
• Sulfates 1,500 mg/l
• ORP  <300

Projected Installed Cost
 $3,330,802

Projected Operating Expenses w/o Labor 
 $78,190 per year

Power $0.12/kw hr
Media $0.92/lbs



Active Treatment
Evaluation of the Options

AMRS- Ferrolock ZVI System - Selenium
• Advantages:

• Simple system
• PH typically rises 1.5 pH units not requiring additional 

chemical usage.
• Telemetry via cellular interface (If possible)
• Limited operator interface required.
• Selenium treatment < 5 ug/l, typically Non-Detect.
• Install in building/pole barn

• Disadvantages
• Iron in the effluent ~5-10 mg/l requiring post treatment 

or aeration settling ponds.  
• Higher capital cost
• Media Replacement
• Install in building/pole barn



Active Treatment
Evaluation of the Options

AMRS – SMI REE System – Case 1
Project parameters:
• Flow rate 500 GPM
• pH  2.5
• Total REE 3,104 ug/l
• Sulfate 1,435

Projected Installed Cost
 $3,827,867
DOD Grant Funding 80-100%

Projected Operating Cost W/O Labor Expenses is $480,512
Value of ore sold at 30% of total market metal value is estimated at $776,051. 
The estimated positive cash flow is $295,539 per year.

Power  $0.12/kw hr
Media $8.00/lbs
Caustic $0.28/lbs



Active Treatment
Evaluation of the Options

AMRS – SMI REE System – Case 2
Project parameters:
• Flow rate 500 GPM
• pH  2.5
• Total REE 1,382 ug/l
• Sulfate 1,650 mg/l

Projected Installed Cost
 $ $2,854,119
DOD Grant Funding may be available.

Projected Operating Cost W/O Labor Expenses is $352,399
Value of ore sold at 30% of total market metal value is estimated at $120,955. 
The estimated negative cash flow is <$231,394> per year.

Power  $0.12/kw hr
Media $8.00/lbs
Caustic $0.28/lbs



Active Treatment
Evaluation of the Options

AMRS – SMI REE System 
• This system requires the pH to be raised to ~4 before AMRS reactor.
• Advantages:

• Simple system
• 99+% of REE captured.
• Reaction typically rises 1.5-2 pH units to ~5.5-6.
• Telemetry via cellular interface (If possible)
• Limited operator interface required.
• Install in Connex Box or Building 
• US Department of Defense Critical Materials Program may provide grant funds for capital.
• Value of the spent media (ORE) may off set the operating costs.

• Disadvantages
• Chemical addition to raise pH to ~4.  
• Iron in the effluent ~40-60 mg/l requiring post treatment or aeration settling ponds.  
• Higher capital cost
• Media Replacement



Active Treatment
Evaluation of the Options - Summary

• Active Treatment systems will require 
$2.8-3.8M capital to install.

• The HDS process has a lower life cycle 
cost versus the alternatives. 

• AMRS system can be cost effective for 
Selenium treatment.

• AMRS-SMI system can capture REE, 
and may offset operating expenses or 
provide revenue.  

• The Operating expense can be 
significant (~$370K)/yr for low pH 
streams (<4). 

System Type
Projected 
Installed 

Cost

Projected Net 
Operating 

Cost

Conventional Lime $        3,153,600 $             (436,358)

HDS Lime $        3,431,250 $             (368,484)

Limestone/Lime $        5,812,700 $             (435,091)

AMRS -SMI Se $        2,709,651 $               (83,876)

AMRS - Ferrolock-Se $        3,330,802 $               (78,190)

AMRS - REE Case 1 $        3,827,867 $               295,539 

AMRS- REE Case 2 $        2,854,119 $             (231,394)



Conclusion
AMD Treatment Options

• Neutralization of low pH (<5) can be achieved with lime or through 
the AMRS process.

• The HDS lime process has a better life cycle cost versus traditional or 
limestone/lime process.

• AMRS process is good solution for selenium applications
• AMRS-SMI process is good for REE capture and is a viable option for 

active treatment.  
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UK HEADQUARTERS
Envirogen Group
Unit 9, Wimsey Way, Alfreton Trading Estate
Alfreton, Derbyshire, DE55 4LS
T: +44 (0) 1773 441029
E: enquiries@envirogengroup.com

EUROPEAN HEADQUARTERS
Envirogen Technologies bv
Penningweg 71, 1507 DG Zaandam,
The Netherlands
T: +31 75 204 7200
E: NLinfo@envirogengroup.com 

NORTH AMERICAN HEADQUARTERS
Envirogen Technologies
Two Kingwood Place, Suite 100
700 Rockmead
Kingwood, TX 7733
T: 713.979.9142
E: info@envirogen.com

We have a network of regional sales and 
service teams worldwide:
UK and Europe: UK, The Netherlands, 
Germany, France, Italy.
USA: Texas, Tennessee, New Jersey, 
California, Nevada.

www.envirogengroup.com

Questions

mailto:enquiries@envirogengroup.com
mailto:NLinfo@envirogengroup.com
mailto:info@envirogen.com


Process Flow Diagram – AMRS- SMI System
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