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COST TO COMPLETE REFERENCE MANUAL

This Cost to Complete (CTC) Technologies Reference Manual is a technical manual prepared to
support the normalized database (NORM) CTC system.  Gathering information to support technology
selection can require commitment of a considerable amount of time and effort.  This manual is intended to
help remedial project managers (RPMs) streamline the process of reviewing and selecting technologies
that serve as a basis for preparing budgetary cost estimates.  Each technology is described in a concise
format allowing the RPM to quickly and efficiently access information about the operating characteristics,
applications, limitations, maturity status, operation and maintenance duration, cost range, and work
breakdown structure (WBS) correspondence.  A supporting diagram is included with each technology to
clearly illustrate the major inputs, process operations, outputs, and process residuals of typical
applications.  The guidance and supporting information provided in this manual should be used only for
preliminary identification of a range of feasible alternatives.  The manual is not intended to be the sole
basis for final selection of a technology or treatment train to remediate a site.

The technologies are grouped as biological treatment technologies, physical chemical
technologies, combined mechanism technologies, and containment or removal technologies.  Information
is included regarding developmental category (i.e., conventional, innovative, and emerging technologies).
The use of specific trade and vendor names has been avoided where ever possible.  Mention of specific
trademarked products or vendors should not be construed as endorsement or recommendation of the
product or vendor.

The manual provides background information on a wide variety of technologies for remediating
combinations of contaminants and media that occur frequently at Navy sites.  The contaminants
considered are halogenated volatile and semivolatile organic compounds, nonhalogenated volatile and
semivolatile organic compounds, inorganics, ordnance compounds, and polychlorinated biphenyls.  The
media considered are in situ and ex situ groundwater, in situ unsaturated zone soil, in situ sediment,
excavated soil or dredged sediment, and off-gas.

The technology profiles support a technology selection and cost estimating system.  Matrices
showing the technology applicability for various contaminant and media combinations and the approach
to screening to further refine technology lists is presented in a logic diagram summarizing the technology
selection approach.  Background information defining the cost elements included in the Cost Estimating
Relationships (CERs) for 50 technologies also are provided as CER Profiles.

The information in this manual is organized into eight sections as follows:

1. Technology Profile Index and Glossary
2. Remediation Technologies (for Typical Contaminants and Media

at Navy Remediation Sites)
3. Biological Treatment Methods
4.  Physical/Chemical Treatment Methods
5. Combined Mechanism Treatment Methods
6.  Containment or Removal Methods
7. Technology Screening Logic
8. Cost Estimating Relationship Profiles
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Technology Profiles Index

Remediation Technology
Treatment
Method(a) Category(b) Applicability(c)

Technology
Profile

Technology
Page No.

(TP-)

CER
Profile

Page No.
(CER-)(d)

Air Stripping PC C 4, 20 PC2 39 NA
Air Sparging PC I 1, 17, 22 PC1 36 NA
Asphalt/Concrete Cap CR C 27 CR1 166 NA
Base-Catalyzed Decomposition

Process
PC I 9, 14, 40 PC3a 42 57

Bioifilter B I 6b B1 1 102
Biological Barrier B E 1, 7, 12, 17, 22 B2 4 NA
Biopile/Composting (Ordnance) B I 35 B3 6 46, 52
Biopile/Composting (Organics) B C 19, 24 B3 6 46, 52
Bioreactors B I 20, 25 B4 9 48
Bioreactors with Cometabolites B E 4, 10, 15 B4 9 48
Bioreactors with Specially

Adapted Microorganisms
B E 10, 15, 36 B4 9 48

Bioventing B C 18, 23 B6 15 NA
Chemical Leaching PC I 30 PC4 48 65
Chemical Oxidation (Organics) PC C 4, 10, 15, 20, 25,

36
PC6a 53 61

Chemical Reduction/Oxidation
(Inorganics)

PC C 31 PC5 51 NA

Circulating Wells PC E 1, 17 PC7 58 NA
Cometabolic Bioventing B E 2 B6 15 NA
Condensation PC C 6a, 6b PC8 61 108
Confined Disposal Facilities CR C 3, 19, 24 CR2 169 31
Constructed Wetland CM I 4, 20, 25, 31, 36 CM1 154 42
Deep Soil Mixing B E 22 B6 18 NA
Drawdown Pumping CR C 38, 39 CR3 172 NA
Electrokinetic Extraction PC E 28, 29 PC9 63 NA
Enhanced In Situ Aerobic

Bioremediation
B I 22, 23 B5 12 28

Enhanced In Situ Aerobic
Cometabolic Bioremediation

B E 1, 7, 8 B5 12 28

Glycolate Dehalogenation PC I 9, 14, 40 PC3b 45 55
Granular Activated Carbon

Absorption (Liquid Phase)
PC C 4, 10, 15, 20, 25,

36
PC10a 65 NA

Granular Activated Carbon
Adsorption (Vapor Phase)

PC C 6a, 6b PC10b 68 NA

In Situ Capping (Sediment)
Contaminant

CR C 5, 11, 16, 21, 26,
32, 37

CR4 176 NA

In Situ Heating – High
Temperature (>100°C)

PC I 7, 8, 12, 13, 23,
39

PC11 72 82, 88, 91

In Situ Heating – Low
Temperature (<100°C)

PC I 7, 8, 23, 39 PC30 135 84, 86

(a) B= Biological, CM = Combined Mechanism, CR = Containment or Removal, PC = Physical/Chemical.
(b) C = Conventional, E = Emerging, I = Innovative.
(c) Applicability indicated by cross reference to Tables of Remediation Technologies.
(d) NA = CER Profile not available.



Technology Profiles Index (continued)

Final 9/17/99iv

Remediation Technology
Treatment
Method(a) Category(b) Applicability(c)

Technology
Profile

Technology
Page No.

(TP-)

CER
Profile

Page No.
(CER-)(d)

In-Well Air Stripping PC I 1, 17 PC14 88 67
Incineration (On Site) PC C 9, 14, 24, 35, 40 PC15 91 NA
Ion Exchange PC C 31 PC17 97 59
Internal Combustion Engine PC C 6a PC16 95 106
Land Application B C 19, 24 B8 20 NA
Land Tilling B I 23 B9 23 NA
Lasagna Process CM E 1 CM2 157 NA
Membrane Pervaporation

(VOCs)
PC E 4 PC19 103 NA

Membrane Separation (VOCs) PC E 6a, 6b PC19 103 NA
Natural Attenuation CM I 1, 2, 5, 7, 8, 11,

12, 13, 16, 17,
18, 21, 22, 23,
26, 27, 28, 29,
32, 33, 34, 37

CM3 159 NA

Oxygen Release Compounds B E 17, 22 B5 12 28
Off-Site Disposal CR C 3, 9, 14, 19, 24,

30, 35
CR5 179 NA

Physical Separation PC C 30 PC23 114 76, 78
Phytoremediation B I 1, 2, 7, 8, 12, 13,

17, 18, 22, 23,
24, 27, 28, 29,
30, 33, 34

B10 26 44

Precipitation (Hydroxide or
Sulfide)

PC C 31 PC20 105 NA

RCRA Subtitle C and D Caps CR C 27 CR6 182 NA
Reverse Osmosis PC C 31 PC22 111 NA
Sequential Anaerobic/Aerobic

Bioreactors
B E 4, 10, 15, 36 B4 9 NA

Sequential Anaerobic/Aerobic
Slurry-Phase Bioreactors

B E 9, 14, 35 B11 30 50

Skimming CR C 38 CR7 186 69
Slurry-Phase Bioreactors B I 19, 24, 35 B11 30 50
Slurry-Phase Bioreactors with

Cometabolites
B E 3, 9, 14 B11 30 50

Slurry-Phase Bioreactors with
Specially Adapted
Microorganisms

B E 3, 9, 14 B11 30 50

Soil Flushing PC I 8, 13, 23, 29, 34 PC24 117 NA
Soil Vapor Extraction (Ex Situ) PC I 3 PC25b 123 74
Soil Vapor Extraction (In Situ) PC C 2, 18 PC25a 120 NA
Soil Washing PC I 9, 14, 24, 30, 35 PC26 125 NA
Solidification/Stabilization

(Ex Situ)
PC C 30 PC12b 79 100

Solidification/Stabilization
(In Situ)

PC I 29 PC12a 76 94, 96, 98

(a)   B= Biological, CM = Combined Mechanism, CR = Containment or Removal, PC = Physical/Chemical.
(b) C = Conventional, E = Emerging, I = Innovative.
(c) Applicability indicated by cross reference to Tables of Remediation Technologies.
(d)   NA = CER Profile not available.
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Remediation Technology
Treatment
Method(a) Category(b) Applicability(c)

Technology
Profile

Technology
Page No.

(TP-)

CER
Profile

Page No.
(CER-)(d)

Solvent Extraction PC I 9, 14, 24, 35 PC28 130 63
Solvated Electron Treatment

Process
PC E 9, 14, 35, 40 PC27 128 NA

Sprinkler Irrigation PC I 4, 20 PC29 133 80
Surfactant-Enhanced Recovery PC E 1, 39 PC31 139 NA
Synthetic Resin Adsorption

(Liquid Phase)
PC E 4, 10, 20, 25 PC32 141 NA

Synthetic Resin Adsorption
(Vapor Phase)

PC E 6a, 6b PC32 141 NA

Thermal/Catalytic Oxidation PC C 6a, 6b PC33 143 NA
Thermal Desorption PC I 3, 9, 14, 19, 24 PC18 100 NA
Treatment Wall PC I 1, 7, 28, 33 PC21 108 NA
Two-Phase (Dual-Phase)

Extraction
PC I 1, 17 PC34 146 NA

Ultraviolet Light/Chemical
Oxidation (Organics)

PC I 4, 10, 15, 20, 25,
36

PC6b 55 NA

Ultraviolet Light Oxidation
(Vapor Phase)

PC I 6a, 6b PC35 149 104

Use as Aggregate in Asphalt Mix PC C 19, 24, 30 PC36 151 NA
Vacuum-Enhanced Recovery

(Bioslurping)
CM I 38 CM4 162 NA

Vertical Cutoff Wall CR C 1, 7, 12, 17, 22,
27, 28, 33, 38, 39

CR8 189 38, 40

Vitrification (Ex Situ) PC I 30 PC13b 85 NA
Vitrification (In Situ) PC I 29 PC13a 82 NA
Water Harvesting Vegetation

Cover
CR I 27 CR9 192 NA

White-Rot Fungus Treatment B E 9, 14, 34, 35 B12 34 NA
(a) B= Biological, CM = Combined Mechanism, CR = Containment or Removal, PC = Physical/Chemical.
(b) C = Conventional, E = Emerging, I = Innovative.
(c) Applicability indicated by cross reference to Tables of Remediation Technologies.
(d) NA = CER Profile not available.
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GLOSSARY OF ACRONYMS AND ABBREVIATIONS

APEG alkaline polyethylene glycol
ATEG potassium (or sodium) hydroxide tetraethylene glycol

BCD base-catalyzed decomposition (process)
BTEX benzene, toluene, ethylbenzene, and total xylenes

CAA Clean Air Act
CDF confined disposal facility
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CFC chlorofluorocarbon
CVOC chlorinated volatile organic compound
CW circulating well

DCE dichloroethylene
DDT dichlorodiphenyltrichloroethane
DMSO dimethyl sulfoxide
DNAPL dense, nonaqueous-phase liquid

GAC granulated activated carbon

HDPE high-density polyethylene
HE high explosive(s)
HMX high melting (or His Majesty’s) explosive

ICE internal combustion engine
ISV in situ vitrification

JP-4 jet fuel 4
JP-5 jet fuel 5

KPEG potassium polyethylene glycol

LNAPL light, nonaqueous-phase liquid

N/A not applicable
NAPL nonaqueous-phase liquid
NCA Noise Control Act
NPDES National Pollution Discharge Elimination System

O&M operations and maintenance
ORC oxygen release compound

PAH polycyclic aromatic hydrocarbon
PCB polychlorinated biphenyl
PCE perchloroethylene
PCP pentachlorophenol
PEG polyethylene glycol
ppm(v) parts per million (by volume)
PVC polyvinyl chloride
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RBC rotating biological contactor
RCRA Resource Conservation and Recovery Act
RDX research department (or Royal Demolition) explosive
redox reduction/oxidation
RF radiofrequency

SET™ solvated electron treatment
S/S solidification/stabilization
SVE soil vapor extraction
SVOC semivolatile organic compound

TCA trichloroethane
TCE trichloroethylene
TCLP Toxicity Characteristic Leaching Procedure
TI technical impracticability
TNT trinitrotoluene
TPH total petroleum hydrocarbons
TSCA Toxic Substances Control Act

UV ultraviolet

VC vinyl chloride
VOC volatile organic compound

WBS work breakdown structure
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Remediation Technologies for Typical Contaminants
and Media at Navy Remediation Sites

Typical Contaminants and Media at Navy Remediation Sites

(a) Contaminant: Halogenated Volatile Organic Compounds (VOCs)
Media: Groundwater - In Situ (Saturated Zone) (Table 1)

Vadose Zone Soils - In Situ (Table 2)
Excavated Soil and Dredged Sediments - Ex Situ (Table 3)
Groundwater - Ex Situ (Table 4)
Sediment - In Situ (Table 5)
Off-Gases (Table 6a)

(b) Contaminant: Halogenated Semivolatile Organic Compounds (SVOCs) and Pesticides
Media: Groundwater - In Situ (Saturated Zone) (Table 7)

Vadose Zone Soils - In Situ (Table 8)
Excavated Soil and Dredged Sediments - Ex Situ (Table 9)
Groundwater - Ex Situ (Table 10)
Sediment - In Situ (Table 11)

(c) Contaminant: Polychlorinated Biphenyls (PCBs)
Media: Groundwater - In Situ (Saturated Zone) (Table 12)

Vadose Zone Soils - In Situ (Table 13)
Excavated Soil and Dredged Sediments - Ex Situ (Table 14)
Groundwater - Ex Situ (Table 15)
Sediment - In Situ (Table 16)

(d) Contaminant: Nonhalogenated VOCs (includes gasoline and JP-4)
Media: Groundwater - In Situ (Saturated Zone) (Table 17)

Vadose Zone Soils - In Situ (Table 18)
Off-Gases (Table 6b)
Excavated Soil and Dredged Sediments - Ex Situ (Table 19)
Groundwater - Ex Situ (Table 20)
Sediment - In Situ (Table 21)

(e) Contaminant : Nonhalogenated SVOCs (includes diesel, JP-5, and other heavy fuels)
Media: Groundwater - In Situ (Saturated Zone) (Table 22)

Vadose Zone Soils - In Situ (Table 23)
Excavated Soil and Dredged Sediments - Ex Situ (Table 24)
Groundwater - Ex Situ (Table 25)
Sediment - In Situ (Table 26)
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(f) Contaminant: Mixed (Landfill)
Media: Soil and Groundwater (Table 27)

(g) Contaminant: Inorganics
Media: Groundwater - In Situ (Saturated Zone) (Table 28)

Vadose Zone Soils - In Situ (Table 29)
Excavated Soil and Dredged Sediments  - Ex Situ (Table 30)
Groundwater - Ex Situ (Table 31)
Sediment - In Situ (Table 32)

(h) Contaminant: Ordnance Compounds
Media: Groundwater - In Situ (Saturated Zone) (Table 33)

Vadose Zone Soils - In Situ (Table 34)
Excavated Soil and Dredged Sediments - Ex Situ (Table 35)
Groundwater - Ex Situ (Table 36)
Sediment - In Situ (Table 37)

(i) Contaminant: Light, Nonaqueous-Phase Liquid (Free-Phase LNAPL)
Media: Groundwater - In Situ (Saturated Zone) (Table 38)

(j) Contaminant: Dense, Nonaqueous-Phase Liquid (Free-Phase DNAPL)
Media: Groundwater - In Situ (Saturated Zone) (Table 39)

(k) Contaminant: Polycholrinated Biphenyls (PCBs)
Media: PCB Liquids (Table 40)

Technology Categories

Conventional – Technologies are in common use, and design and cost information is available.

Innovative – Technologies are proven but may not be in common use; however, design and cost
information is available.

Emerging – Technologies are under field- or pilot-scale testing and evaluation, and show a high
potential for advancing to the innovative category.  Design and cost information for these
technologies may not be available.
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Remediation Technologies Tables

1. Contaminant:  Halogenated VOCs
Media:  Groundwater - In Situ (Saturated Zone)

Remediation Technology Category Secondary Process
Biological Treatment

Biological Barrier Emerging NA
Enhanced In Situ Aerobic Cometabolic
Biotreatment

Emerging NA

Phytoremediation Innovative NA
Physical/Chemical Treatment

Air Sparging (with Vapor Extraction) Innovative Off-gas treatment (when required)
Circulating Wells Emerging NA
In-Well Air Stripping Innovative Off-gas treatment (when required)
Treatment Wall Innovative NA
Surfactant-Enhanced Recovery Emerging NA
Two-Phase (Dual-Phase) Extraction Innovative Extracted groundwater and off-gas

treatment
Combined Mechanism Treatment

Lasagna™ Process Emerging NA
Natural Attenuation Innovative Long-term monitoring

Containment or Removal
Vertical Cutoff Wall Conventional NA

2. Contaminant:  Halogenated VOCs
Media:  Vadose Zone Soils - In Situ

Remediation Technology Category Secondary Process
Biological Treatment

Cometabolic Bioventing Emerging NA
Phytoremediation Innovative NA

Physical/Chemical Treatment
Soil Vapor Extraction Conventional Off-gas treatment

Combined Mechanism Treatment
Natural Attenuation Innovative Long-term monitoring
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3. Contaminant:  Halogenated VOCs
Media:  Excavated Soil and Dredged Sediments - Ex Situ

Remediation Technology Category Secondary Process
Biological Treatment

Slurry-Phase Bioreactors with Cometabolites Emerging NA
Slurry-Phase Bioreactors with Specially
Adapted Microorganisms

Emerging NA

Physical/Chemical Treatment
Low-Temperature Thermal Desorption Innovative Off-gas treatment
Vapor Extraction (Ex Situ) Innovative Off-gas treatment

Containment or Removal
Confined Disposal Facilities Conventional NA
Off-Site Disposal Conventional NA

4. Contaminant:  Halogenated VOCs
Media:  Groundwater - Ex Situ

Remediation Technology Category Secondary Process
Biological Treatment

Bioreactor with Cometabolites Emerging NA
Sequential Anaerobic/Aerobic Bioreactors Emerging Sludge disposal

Physical/Chemical Treatment
Air Stripping Conventional Groundwater pretreatment and

off-gas treatment
Chemical Oxidation (Organics) Conventional Groundwater pretreatment
Ultraviolet Light (with Chemical Supplement)
Oxidation (Organics)

Innovative Groundwater pretreatment

Granular Activated Carbon Adsorption (Liquid
Phase)

Conventional Groundwater pretreatment; carbon
disposal or regeneration

Membrane Pervaporation (VOCs) Emerging Groundwater pretreatment
Sprinkler Irrigation Innovative NA
Synthetic Resin Adsorption (Liquid Phase) Emerging Groundwater pretreatment; resin

regeneration
Combined Mechanism Treatment

Constructed Wetland Innovative Long-term monitoring

5. Contaminant:  Halogenated VOCs
Media:  Sediment - In Situ

Remediation Technology Category Secondary Process
Combined Mechanism Treatment

Natural Attenuation Innovative Long-term monitoring
Containment or Removal

In Situ Capping (Sediment) Conventional Long-term monitoring
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6a. Contaminant: Halogenated VOCs, SVOCs, and PCBs
Media:  Off-Gases

Remediation Technology Category Secondary Process
Physical/Chemical Treatment

Condensation Conventional Solvent reuse or disposal
Granular Activated Carbon Adsorption (Vapor
Phase)

Conventional Carbon disposal or regeneration

Membrane Separation (VOCs) Emerging Treatment of concentrated stream
Synthetic Resin Adsorption (Vapor Phase) Emerging Resin regeneration
Thermal/Catalytic Oxidation Conventional NA
Ultraviolet Light Oxidation (Vapor Phase) Innovative NA

6b. Contaminant: Nonhalogenated VOCs and SVOCs
Media:  Off-Gases

Remediation Technology Category Secondary Process
Biological Treatment

Biofilter Innovative NA
Physical/Chemical Treatment

Condensation Conventional Solvent reuse or disposal
Granular Activated Carbon Adsorption (Vapor
Phase)

Conventional Carbon disposal or regeneration

Internal Combustion Engine Conventional NA
Membrane Separation (VOCs) Emerging Treatment of concentrated stream
Synthetic Resin Adsorption (Vapor Phase) Emerging Resin regeneration
Thermal/Catalytic Oxidation Conventional NA
Ultraviolet Light Oxidation (Vapor Phase) Innovative NA

7. Contaminant:  Halogenated SVOCs and Pesticides
Media:  Groundwater - In Situ (Saturated Zone)

Remediation Technology Category Secondary Process
Biological Treatment

Biological Barrier Emerging NA
Enhanced In Situ Aerobic Cometabolic
Biotreatment

Emerging NA

Phytoremediation Innovative NA
Physical/Chemical Treatment

In Situ Heating – High Temperature (>100°C) Innovative Off-gas and water treatment
Treatment Wall Innovative NA
Steam/Water Heating – Low Temperature
(<100°C)

Innovative Off-gas and water treatment

Combined Mechanism Treatment
Natural Attenuation Innovative Long-term monitoring

Containment or Removal
Vertical Cutoff Walls Conventional NA
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8. Contaminant:  Halogenated SVOCs and Pesticides
Media:  Vadose Zone Soils - In Situ

Remediation Technology Category Secondary  Process
Biological Treatment

Enhanced In Situ Aerobic Cometabolic
Biotreatment

Emerging NA

Phytoremediation Innovative NA
Physical/Chemical Treatment

In Situ Heating – High Temperature (>100°C) Innovative Off-gas and water treatment
Soil Flushing Innovative Flushing solution recovery and

treatment
Steam/Water Heating – Low Temperature
(<100°C)

Innovative Off-gas and water treatment

Combined Mechanism Treatment
Natural Attenuation Innovative Long-term monitoring

9. Contaminant:  Halogenated SVOCs and Pesticides
Media:  Excavated Soil and Dredged Sediments - Ex Situ

Remediation Technology Category Secondary Process
Biological Treatment

Sequential Anaerobic/Aerobic Slurry-Phase
Bioreactors

Emerging NA

Slurry-Phase Bioreactors with Cometabolites Emerging NA
Slurry-Phase Bioreactors with Specially
Adapted Microorganisms

Emerging NA

White-Rot Fungus Treatment Emerging NA
Physical/Chemical Treatment

Base-Catalyzed Decomposition Process Innovative Off-gas treatment
Glycolate Dehalogenation Innovative Off-gas treatment
Incineration (On Site) Conventional Off-gas treatment
Thermal Desorption Innovative Off-gas treatment
Soil Washing Innovative Washing solution treatment
Solvated Electron Treatment Process Emerging NA
Solvent Extraction Innovative Solvent treatment

Containment or Removal
Off-Site Disposal Conventional NA
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10. Contaminant:  Halogenated SVOCs and Pesticides
Media:  Groundwater - Ex Situ

Remediation Technology Category Secondary Process
Biological Treatment

Bioreactors with Cometabolites Emerging NA
Bioreactors with Specially Adapted
Microorganisms

Emerging NA

Sequential Anaerobic/Aerobic Bioreactors Emerging Sludge disposal
Physical/Chemical Treatment

Chemical Oxidation (Organics) Conventional Groundwater pretreatment
Ultraviolet Light (with Chemical Supplement)
Oxidation (Organics)

Innovative Groundwater pretreatment

Granular Activated Carbon Adsorption (Liquid
Phase)

Conventional Groundwater pretreatment; carbon
disposal or regeneration

Synthetic Resin Adsorption
(Liquid Phase)

Emerging Groundwater pretreatment; resin
regeneration

11. Contaminant:  Halogenated SVOCs and Pesticides
Media:  Sediment - In Situ

Remediation Technology Category Secondary Process
Combined Mechanism Treatment

Natural Attenuation Innovative Long-term monitoring
Containment or Removal

In Situ Capping (Sediment) Conventional Long-term monitoring

12. Contaminant:  PCBs
Media:  Groundwater - In Situ (Saturated Zone)

Remediation Technology Category Secondary Process
Biological Treatment

Biological Barrier Emerging NA
Phytoremediation Innovative NA

Physical/Chemical Treatment
In Situ Heating – High Temperature (>100°C) Innovative Off-gas and water treatment

Combined Mechanism Treatment
Natural Attenuation Innovative Long-term monitoring

Containment or Removal
Vertical Cutoff Walls Conventional NA
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13. Contaminant:  PCBs
Media:  Vadose Zone Soils - In Situ

Remediation Technology Category Secondary  Process
Biological Treatment

Phytoremediation Innovative NA
Physical/Chemical Treatment

In Situ Heating – High Temperature (>100°C) Innovative Off-gas and water treatment
In Situ Vitrification Innovative Off-gas treatment
Soil Flushing Innovative Flushing solution recovery and

treatment
Combined Mechanism Treatment

Natural Attenuation Innovative Long-term monitoring

14. Contaminant:  PCBs
Media:  Excavated Soil and Dredged Sediments - Ex Situ

Remediation Technology Category Secondary Process
Biological Treatment

Sequential Anaerobic/Aerobic Slurry-Phase
Bioreactors

Emerging NA

Slurry-Phase Bioreactors with Cometabolites Emerging NA
Slurry-Phase Bioreactors with Specially
Adapted Microorganisms

Emerging NA

White-Rot Fungus Treatment Emerging NA
Physical/Chemical Treatment

Base-Catalyzed Decomposition Process Innovative Off-gas treatment
Glycolate Dehalogenation Innovative Off-gas treatment
Incineration (On Site) Conventional Off-gas treatment
Thermal Desorption Innovative Off-gas treatment
Soil Washing Innovative Washing solution treatment
Solvated Electron Treatment Process Emerging NA
Solvent Extraction Innovative Solvent treatment

Containment or Removal
Off-Site Disposal Conventional NA
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15. Contaminant:  PCBs
Media:  Groundwater - Ex Situ

Remediation Technology Category Secondary Process
Biological Treatment

Bioreactors with Cometabolites Emerging NA
Bioreactors with Specially Adapted
Microorganisms

Emerging NA

Sequential Anaerobic/Aerobic Bioreactors Emerging Sludge disposal
Physical/Chemical Treatment

Chemical Oxidation (Organics) Conventional Groundwater pretreatment
Ultraviolet Light (with Chemical Supplement)
Oxidation (Organics)

Innovative Groundwater pretreatment

Granular Activated Carbon Adsorption (Liquid
Phase)

Conventional Groundwater pretreatment; carbon
disposal or regeneration

16. Contaminant:  PCBs
Media:  Sediment - In Situ

Remediation Technology Category Secondary Process
Combined Mechanism Treatment

Natural Attenuation Innovative Long-term monitoring
Containment or Removal

In Situ Capping (Sediment) Conventional Long-term monitoring

17. Contaminant:  Nonhalogenated VOCs (including gasoline and JP-4)
Media:  Groundwater - In Situ (Saturated Zone)

Remediation Technology Category Secondary Process
Biological Treatment

Treatment Barrier Emerging NA
Oxygen Release Compounds Emerging NA
Phytoremediation Innovative NA

Physical/Chemical Treatment
Air Sparging (with Vapor Extraction) Innovative Off-gas treatment (when required)
Circulating Wells Emerging
In-Well Air Stripping Innovative Off-gas treatment (when required)
Two-Phase (Dual-Phase) Extraction Innovative Extracted groundwater and off-gas

treatment
Combined Mechanism Treatment

Natural Attenuation Innovative Long-term monitoring
Containment or Removal

Vertical Cutoff Wall Conventional NA
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18. Contaminant:  Nonhalogenated VOCs (including gasoline and JP-4)
Media:  Vadose Zone Soils - In Situ

Remediation Technology Category Secondary Process
Biological Treatment

Bioventing Conventional NA
Phytoremediation Innovative NA

Physical/Chemical Treatment
Soil Vapor Extraction Conventional Off-gas treatment

Combined Mechanism Treatment
Natural Attenuation Innovative Long-term monitoring

19. Contaminant:  Nonhalogenated VOCs (including gasoline and JP-4)
Media:  Excavated Soil and Dredged Sediments - Ex Situ

Remediation Technology Category Secondary Process
Biological Treatment

Biopile/Composting Conventional Off-gas treatment (when required)
Land Application Conventional NA
Slurry-Phase Bioreactors Innovative NA

Physical/Chemical Treatment
Thermal Desorption Innovative Off-gas treatment
Vapor Extraction (Ex Situ) Innovative Off-gas treatment
Use as Aggregate in Asphalt Mix Conventional NA

Containment or Removal
Confined Disposal Facilities Conventional NA
Off-Site Disposal Conventional NA

20. Contaminant: Nonhalogenated VOCs (including gasoline and JP-4)
Media:  Groundwater - Ex Situ

Remediation Technology Category Secondary Process
Biological Treatment

Bioreactors Innovative NA
Physical/Chemical Treatment

Air Stripping Conventional Groundwater pretreatment and off-
gas treatment

Chemical Oxidation (Organics) Conventional Groundwater pretreatment
Ultraviolet Light (with Chemical Supplement)
Oxidation (Organics)

Innovative Groundwater pretreatment

Granular Activated Carbon Adsorption (Liquid
Phase)

Conventional Groundwater pretreatment; carbon
disposal or regeneration

Sprinkler Irrigation Innovative Air monitoring
Synthetic Resin Adsorption (Liquid Phase) Emerging Groundwater pretreatment; resin

regeneration
Combined Mechanism Treatment

Constructed Wetland Innovative Long-term monitoring
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21. Contaminant:  Nonhalogenated VOCs (including gasoline and JP-4)
Media:  Sediment - In Situ

Remediation Technology Category Secondary Process
Combined Mechanism Treatment

Natural Attenuation Innovative Long-term monitoring
Containment or Removal

In Situ Capping (Sediment) Conventional Long-term monitoring

22. Contaminant:  Nonhalogenated SVOCs (including diesel fuel,
JP-5, and other heavy fuels)
Media:  Groundwater - In Situ (Saturated Zone)

Remediation Technology Category Secondary Process
Biological Treatment

Biological Barrier Emerging NA
Enhanced In Situ Aerobic Biotreatment Innovative NA
Deep Soil Mixing Emerging NA
Oxygen Release Compounds Emerging NA
Phytoremediation Innovative NA

Physical/Chemical Treatment
Air Sparging Innovative NA

Combined Mechanism Treatment
Natural Attenuation Innovative Long-term monitoring

Containment or Removal
Vertical Cutoff Wall Conventional NA

23. Contaminant:  Nonhalogenated SVOCs (including diesel fuel,
JP-5, and other heavy fuels)
Media:  Vadose Zone Soils - In Situ

Remediation Technology Category Secondary Process
Biological Treatment

Enhanced In Situ Aerobic Biotreatment Innovative NA
Bioventing Conventional NA
Land Tilling (shallow contamination) Innovative NA
Phytoremediation Innovative NA

Physical/Chemical Treatment
In Situ Heating – High Temperature (>100°C) Innovative Off-gas and water treatment
Soil Flushing Innovative Flushing fluid recovery and

treatment
Steam/Water Heating – Low Temperature
(<100°C)

Innovative Off-gas and water treatment

Combined Mechanism Treatment
Natural Attenuation Innovative Long-term monitoring
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24. Contaminant:  Nonhalogenated SVOCs (including diesel fuel,
JP-5, and other heavy fuels)
Media:  Excavated Soil and Dredged Sediments - Ex Situ

Remediation Technology Category Secondary Process
Biological Treatment

Biopile/Composting Conventional Off-gas treatment (when required)
Land Application Conventional NA
Phytoremediation Innovative NA
Slurry-Phase Bioreactors Innovative NA

Physical/Chemical Treatment
Incineration (On site) Conventional NA
Thermal Desorption Innovative Off-gas treatment
Soil Washing Innovative Washing solution treatment
Solvent Extraction Innovative Solvent treatment
Use as Aggregate in Asphalt Mix Conventional NA

Containment or Removal
Confined Disposal Facilities Conventional NA
Off-Site Disposal Conventional NA

25. Contaminant:  Nonhalogenated SVOCs (including diesel fuel,
JP-5, and other heavy fuels)
Media:  Groundwater - Ex Situ

Remediation Technology Category Secondary Process
Biological Treatment

Bioreactors Innovative NA
Physical/Chemical Treatment

Chemical Oxidation (Organics) Conventional Groundwater pretreatment
Ultraviolet Light (with Chemical Supplements)
Oxidation (Organics)

Innovative Groundwater pretreatment

Granular Activated Carbon Adsorption (Liquid
Phase)

Conventional Groundwater pretreatment; carbon
disposal or regeneration

Synthetic Resin Adsorption (Liquid Phase) Emerging Groundwater pretreatment; resin
regeneration

Combined Mechanism Treatment
Constructed Wetland Innovative Long-term monitoring

26. Contaminant:  Nonhalogenated SVOCs (including diesel fuel,
JP-5, and other heavy fuels)
Media:  Sediment - In Situ

Remediation Technology Category Secondary Process
Combined Mechanism Treatment

Natural Attenuation Innovative Long-term monitoring
Containment or Removal

In Situ Capping (Sediment) Conventional Long-term monitoring
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27. Contaminant:  Mixed (Landfill)
Media:  Soil and Groundwater

Remediation Technology Category Secondary Process
Biological Treatment

Phytoremediation Innovative NA
Combined Mechanism Treatment

Natural Attenuation Innovative Long-term monitoring
Water Harvesting Vegetative Cover Emerging Long-term monitoring

Containment or Removal
Asphalt/Concrete Cap Conventional Long-term monitoring
RCRA Subtitle C and D Caps Conventional Long-term monitoring
Vertical Cutoff Walls Conventional NA

28. Contaminant:  Inorganics
Media:  Groundwater - In Situ (Saturated Zone)

Remediation Technology Category Secondary Process
Biological Treatment

Phytoremediation Innovative NA
Physical/Chemical Treatment

Electrokinetic Extraction Emerging Extracted groundwater treatment
Combined Mechanism Treatment

Natural Attenuation Innovative Long-term monitoring
Treatment Wall Innovative NA

Containment or Removal
Vertical Cutoff Wall Conventional NA

29. Contaminant:  Inorganics
Media:  Vadose Zone Soils - In Situ

Remediation Technology Category Secondary Process
Biological Treatment

Phytoremediation Innovative NA
Physical/Chemical Treatment

Electrokinetic Extraction Emerging Extracted groundwater treatment
Solidification/Stabilization (In Situ) Innovative NA
Vitrification (In Situ) Innovative Off-gas treatment
Soil Flushing Innovative Flushing solution recovery and

treatment
Combined Mechanism Treatment

Natural Attenuation Innovative Long-term monitoring
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30. Contaminant:  Inorganics
Media:  Excavated Soil and Dredged Sediments - Ex Situ

Remediation Technology Category Secondary Process
Biological Treatment

Phytoremediation Innovative NA
Physical/Chemical Treatment

Chemical Leaching Innovative Extractant solution treatment
Physical Separation Conventional Treatment of residues
Soil Washing Innovative Washing solution treatment
Solidification/Stabilization (Ex Situ) Conventional NA
Use as Aggregate in Asphalt Mix Conventional NA
Vitrification Innovative Off-gas treatment

Containment or Removal
Off-Site Disposal Conventional NA

31. Contaminant:  Inorganics
Media:  Groundwater - Ex Situ

Remediation Technology Category Secondary Process
Physical/Chemical Treatment

Chemical Reduction/Oxidation  (Inorganics) Conventional NA
Ion Exchange Conventional Disposal of resin or regeneration of

chemicals
Precipitation (Hydroxide or Sulfide) Conventional Coagulation/flocculation; sludge

management
Reverse Osmosis Conventional Treatment of retentate

Combined Mechanism Treatment
Constructed Wetland Innovative Long-term monitoring

32. Contaminant:  Inorganics
Media:  Sediment - In Situ

Remediation Technology Category Secondary Process
Combined Mechanism Treatment

Natural Attenuation Innovative Long-term monitoring
Containment or Removal

In Situ Capping (Sediment) Conventional Long-term monitoring

33. Contaminant:  Ordnance Compounds
Media:  Groundwater - In Situ (Saturated Zone)

Remediation Technology Category Secondary Process
Biological Treatment

Phytoremediation Innovative NA
Combined Mechanism Treatment

Natural Attenuation Innovative Long-term monitoring
Treatment Wall Innovative NA

Containment or Removal
Vertical Cutoff Wall Conventional NA
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34. Contaminant:  Ordnance Compounds
Media:  Vadose Zone Soils - In Situ

Remediation Technology Category Secondary Process
Biological Treatment

Phytoremediation Innovative NA
White-Rot Fungus (shallow contamination) Emerging NA

Physical/Chemical Treatment
Soil Flushing Innovative Flushing solution recovery and

treatment
Combined Mechanism Treatment

Natural Attenuation Innovative Long-term monitoring

35. Contaminant:  Ordnance Compounds
Media:  Excavated Soil and Dredged Sediments - Ex Situ

Remediation Technology Category Secondary Process
Biological Treatment

Biopile/Composting Conventional NA
Sequential Anaerobic/Aerobic Slurry-Phase
Bioreactors

Emerging NA

Slurry-Phase Bioreactors Innovative NA
White-Rot Fungus Treatment Emerging NA

Physical/Chemical Treatment
Incineration (On Site) Conventional Off-gas treatment; ash management
Soil Washing Innovative Washing solution treatment
Solvated Electron Treatment Process Emerging NA
Solvent Extraction Innovative Solvent treatment

Containment or Removal
Off-Site Disposal Conventional NA

36. Contaminant:  Ordnance Compounds
Media:  Groundwater - Ex Situ

Remediation Technology Category Secondary Process
Biological Treatment

Bioreactor with Specially Adapted
Microorganisms

Emerging NA

Sequential Anaerobic/Aerobic Bioreactors Emerging Sludge disposal
Physical/Chemical Treatment

Chemical Oxidation (Organics) Conventional Groundwater pretreatment
Ultraviolet Light (with Chemical Supplements)
Oxidation (Organics)

Innovative Groundwater pretreatment

Granular Activated Carbon Adsorption (Liquid
Phase)

Conventional Groundwater pretreatment; carbon
disposal or regeneration

Combined Mechanism Treatment
Constructed Wetland Innovative Long-term monitoring
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37. Contaminant:  Ordnance Compounds
Media:  Sediment - In Situ

Remediation Technology Category Secondary Process
Combined Mechanism Treatment

Natural Attenuation Innovative Long-term monitoring
Containment or Removal

In Situ Capping (Sediment) Conventional Long-term monitoring

38. Contaminant:  Light, Nonaqueous-Phase Liquid (Free-Phase LNAPL)
Media:  Groundwater - In Situ

Remediation Technology Category Secondary Process
Combined Mechanism Treatment

Vacuum-Enhanced Recovery (Bioslurping) Innovative Extracted groundwater treatment;
off-gas treatment

Containment or Removal
Drawdown Pumping Conventional Extracted groundwater treatment
Skimming Conventional NA
Vertical Cutoff Wall Conventional NA

39. Contaminant:  Dense, Nonaqueous-Phase Liquid (Free-Phase DNAPL)
Media:  Groundwater - In Situ

Remediation Technology Category Secondary Process
Physical/Chemical Treatment

In Situ Heating – High Temperature (>100°C) Innovative Off-gas treatment
Steam/Water Heating – Low Temperature
(<100°C)

Innovative Groundwater treatment

Surfactant-Enhanced Recovery Emerging Groundwater treatment
Containment or Removal

Drawdown Pumping Conventional Extracted groundwater treatment
Vertical Cutoff Wall Conventional NA

40. Contaminant:  Polychlorinated Biphenyls (PCBs)
Media:  PCB Liquids

Remediation Technology Category Secondary Process
Physical/Chemical Treatment

Base-Catalyzed Decomposition Process Innovative PAH oil reuse or disposal
Glycolate Dehalogenation Innovative PAH oil reuse or disposal
Incineration (On Site) Conventional Off-gas treatment
Solvated Electron Treatment Process Emerging NA



Biological Technology Profiles Index

Remediation Technology
Treatment
Method(a) Category(b) Applicability(c)

Technology
Profile

Technology
Page No.

(TP-)

CER
Profile

Page No.
(CER-)(d)

Bioifilter B I 6b B1 1 102
Biological Barrier B E 1, 7, 12, 17, 22 B2 4 NA
Biopile/Composting (Ordnance) B I 35 B3 6 46, 52
Biopile/Composting (Organics) B C 19, 24 B3 6 46, 52
Bioreactors B I 20, 25 B4 9 48
Bioreactors with Cometabolites B E 4, 10, 15 B4 9 48
Bioreactors with Specially

Adapted Microorganisms
B E 10, 15, 36 B4 9 48

Bioventing B C 18, 23 B6 15 NA
Cometabolic Bioventing B E 2 B6 15 NA
Deep Soil Mixing B E 22 B6 18 NA
Enhanced In Situ Aerobic

Bioremediation
B I 22, 23 B5 12 28

Enhanced In Situ Aerobic
Cometabolic Bioremediation

B E 1, 7, 8 B5 12 28

Land Application B C 19, 24 B8 20 NA
Land Tilling B I 23 B9 23 NA
Oxygen Release Compounds B E 17, 22 B5 12 28
Phytoremediation B I 1, 2, 7, 8, 12, 13,

17, 18, 22, 23, 24,
27, 28, 29, 30, 33,
34

B10 26 44

Sequential Anaerobic/Aerobic
Bioreactors

B E 4, 10, 15, 36 B4 9 NA

Sequential Anaerobic/Aerobic
Slurry-Phase Bioreactors

B E 9, 14, 35 B11 30 50

Slurry-Phase Bioreactors B I 19, 24, 35 B11 30 50
Slurry-Phase Bioreactors with

Cometabolites
B E 3, 9, 14 B11 30 50

Slurry-Phase Bioreactors with
Specially Adapted
Microorganisms

B E 3, 9, 14 B11 30 50

White-Rot Fungus Treatment B E 9, 14, 34, 35 B12 34 NA

(a) B = Biological.
(b) C = Conventional, E = Emerging, I = Innovative.
(c) Applicability indicated by cross reference to Tables of Remediation Technologies.
(d) NA = CER Profile not available.
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%�� %LRILOWHU

$EVWUDFW�

%LRILOWUDWLRQ LV D WHFKQRORJ\ LQ ZKLFK YDSRU�SKDVH RUJDQLF FRQWDPLQDQWV LQ DQ DLU VWUHDP DUH SDVVHG
WKURXJK D EHG RI SRURXV VXSSRUW PHGLD ZKHUH WKH\ SDUWLWLRQ LQWR D WKLQ ZDWHU ILOP RQ WKH PHGLD DQG DUH

GHJUDGHG E\ PLFURRUJDQLVPV�

'HVFULSWLRQ�

&RQWDPLQDWHG DLU LV LQWURGXFHG LQWR WKH ERWWRP RI D ELRILOWHU DQG PRYHV XS WKURXJK WKH SRURXV PHGLD WKDW
LV ZHWWHG E\ ZDWHU DGGHG RQ WRS RI WKH PHGLD� 6SHFLILF VWUDLQV RI EDFWHULD PD\ EH LQWURGXFHG LQWR WKH ILOWHU

DQG RSWLPDO FRQGLWLRQV PD\ EH SURYLGHG WR SUHIHUHQWLDOO\ GHJUDGH VSHFLILF FRPSRXQGV� 7KH ELRILOWHU

SURYLGHV VHYHUDO SRWHQWLDO DGYDQWDJHV RYHU FRQYHQWLRQDO DFWLYDWHG FDUERQ DGVRUEHUV� )LUVW�

ELRUHJHQHUDWLRQ NHHSV WKH PD[LPXP DGVRUSWLRQ FDSDFLW\ DYDLODEOH FRQVWDQWO\� WKXV� WKH PDVV WUDQVIHU ]RQH
UHPDLQV VWDWLRQDU\ DQG UHODWLYHO\ VKRUW� 7KH ILOWHU GRHV QRW UHTXLUH UHJHQHUDWLRQ� DQG WKH UHTXLUHG EHG

OHQJWK LV JUHDWO\ UHGXFHG� 7KHVH IHDWXUHV UHGXFH FDSLWDO DQG RSHUDWLQJ H[SHQVHV� $GGLWLRQDOO\�

ELRILOWUDWLRQ ERWK UHPRYHV DQG GHVWUR\V FRQWDPLQDQWV� XQOLNH JUDQXODU DFWLYDWHG FDUERQ �*$&�
WHFKQRORJLHV ZKLFK MXVW UHPRYH FRQWDPLQDQWV�

$SSOLFDELOLW\�

%LRILOWUDWLRQ LV XVHG SULPDULO\ WR WUHDW DHURELFDOO\ ELRGHJUDGHDEOH FRPSRXQGV VXFK DV QRQKDORJHQDWHG

YRODWLOH RUJDQLF FRPSRXQGV �92&V� DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V� LQ D JDV VWUHDP�

+DORJHQDWHG 92&V DQG 692&V DOVR FDQ EH WUHDWHG� EXW WKH SURFHVV PD\ EH OHVV HIIHFWLYH� $GGLWLRQDOO\�
ELRILOWHUV KDYH EHHQ VXFFHVVIXOO\ XVHG WR FRQWURO RGRUV IURP FRPSRVW SLOHV� %LRILOWUDWLRQ W\SLFDOO\ LV

OLPLWHG WR WUHDWLQJ RII�JDV FRQWDLQLQJ EHWZHHQ ��� DQG ����� SSPY RI FRQWDPLQDQWV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 3RWHQWLDO IRU UHOHDVH RI IXJLWLYH IXQJL�

x /RZ DPELHQW DLU WHPSHUDWXUH� ZKLFK PD\ VORZ RU VWRS ELRGHJUDGDWLRQ XQOHVV WKH ELRILOWHU LV FOLPDWH�
FRQWUROOHG�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

%LRILOWUDWLRQ LV XVHG WR WUHDW RII�JDV IURP D SULPDU\ WUHDWPHQW SURFHVV� 7KH RSHUDWLRQ DQG PDLQWHQDQFH

GXUDWLRQ GHSHQGV RQ WKH GXUDWLRQ RI WKH SULPDU\ SURFHVV RSHUDWLRQ�

&RVW 5DQJH� ����� WR ������ SHU SRXQG RI RUJDQLF UHPRYHG

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU D ELRILOWHU DUH GHVLJQDWHG LQ 7DEOH %����
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7DEOH %���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW D %LRILOWHU

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

%LRILOWHU LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦%LRILOWHU§�
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)LJXUH %�� %LRILOWHU

Nutrients

Porous MediaPorous MediaPorous Media

Contaminated
or Clean Water

Contaminated
Off-Gas

Treated
Off-Gas

Treated
Water

BIOFILTER.CDR
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%�� %LRORJLFDO %DUULHU

$EVWUDFW�

%LRORJLFDO EDUULHU WHFKQRORJ\ LV DQ LQ VLWX JURXQGZDWHU WUHDWPHQW PHWKRG WKDW LQYROYHV LQVWDOOLQJ D VRUEHQW
PHGLD WKDW UHWDLQV FRQWDPLQDQWV DQG DOORZV ELRGHJUDGDWLRQ LQ D WUHQFK SRVLWLRQHG WR LQWHUFHSW DQG

UHPHGLDWH D FRQWDPLQDQW SOXPH�

'HVFULSWLRQ�

7KH ELRORJLFDO EDUULHU LV LQVWDOOHG DFURVV WKH IORZ SDWK RI D SOXPH RI FRQWDPLQDWHG JURXQGZDWHU� VR WKDW
WKH SOXPH PRYHV WKURXJK WKH EDUULHU� 7KH EDUULHU FRQVLVWV RI DQ H[FDYDWHG WUHQFK ILOOHG ZLWK D VRUEHQW

PHGLD WKDW UHWDUGV WKH PRYHPHQW RI RUJDQLFV DQG VXSSRUWV PLFUREHV WKDW ELRGHJUDGH WKH VRUEHG RUJDQLFV�

7KH EDUULHU YROXPH SURYLGHV ORFDOL]HG FRQWURO RI WKH LQ VLWX HQYLURQPHQW� E\ WKH DGGLWLRQ RI QXWULHQWV� FR�

VXEVWUDWHV� DQG�RU HOHFWURQ GRQRUV RU DFFHSWRUV� WR RSWLPL]H ELRGHJUDGDWLRQ�

$SSOLFDELOLW\�

7KH WDUJHW FRQWDPLQDQW JURXSV IRU ELRORJLFDO EDUULHUV DUH DHURELFDOO\ DQG DQHURELFDOO\ ELRGHJUDGHDEOH

FRPSRXQGV VXFK DV KDORJHQDWHG DQG QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V� DQG

VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V� DQG SRO\FKORULQDWHG ELSKHQ\OV �3&%V��

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 9HU\ KLJK FRQWDPLQDQW FRQFHQWUDWLRQV PD\ EH WR[LF WR PLFURRUJDQLVPV�

x 3UR[LPLW\ RI WKH SOXPH WR VLWH ERXQGDULHV RU UHFHSWRUV�

x 'HSWK DQG ZLGWK RI WKH FRQWDPLQDQW SOXPH�

x &RVW RI WUHDWPHQW PHGLXP�

x *HQHUDWLRQ RI ELRPDVV� ZKLFK PD\ OLPLW WKH SHUPHDELOLW\ RI WKH WUHDWPHQW EDUULHU�

x +HDY\ PHWDOV DUH QRW WUHDWHG E\ WKLV PHWKRG DQG FDQ EH WR[LF WR PLFURRUJDQLVPV�

6WDWXV� (PHUJLQJ

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ� 1�$

&RVW 5DQJH� 1�$

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU D ELRORJLFDO EDUULHU DUH GHVLJQDWHG LQ 7DEOH

%����
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7DEOH %���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW D %LRORJLFDO %DUULHU

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

%DUULHU WUHQFK H[FDYDWLRQ 6LWH VXSHUYLVLRQ

0HGLD LQVWDOODWLRQ 6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

6DPSOLQJ ZHOO LQVWDOODWLRQ 6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�VLWH GLVSRVDO RI VRLO H[FDYDWHG WR IRUP PHGLD WUHQFK

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�
SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦%LRORJLFDO %DUULHUV§�

)LJXUH %�� &URVV�6HFWLRQDO 9LHZ RI D %LRORJLFDO %DUULHU
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%�� %LRSLOH�&RPSRVWLQJ

$EVWUDFW�

&RPSRVWLQJ LV D FRQWUROOHG� H[ VLWX� VROLG�SKDVH ELRORJLFDO SURFHVV IRU FRQYHUWLQJ FRQWDPLQDQWV WR ORZ�
WR[LFLW\ E\SURGXFWV�

'HVFULSWLRQ�

7KH FRPSRVWLQJ V\VWHP LV GHVLJQHG WR SURYLGH RSWLPXP WHPSHUDWXUH� PRLVWXUH FRQWHQW� DHUDWLRQ� DQG

QXWULHQW FRQGLWLRQV WR SURPRWH UDSLG ELRGHJUDGDWLRQ� ,Q PRVW FDVHV� GHJUDGDWLRQ LV DFKLHYHG E\
LQGLJHQRXV PLFURRUJDQLVPV� 7KH FRPSRVW V\VWHP W\SLFDOO\ LV RSHUDWHG VR WKDW PDWHULDO WHPSHUDWXUH ULVHV

DV D UHVXOW RI KHDW UHOHDVHG E\ ELRGHJUDGDWLRQ� :DWHU FRQWHQW VKRXOG EH VXIILFLHQWO\ KLJK WR VXSSRUW

ELRORJLFDO DFWLYLW\� EXW QRW VR KLJK DV WR FRPSOHWHO\ ILOO SRUHV DQG EORFN DLU PRYHPHQW� %LRSLOHV VKRXOG EH

RSHUDWHG DW D ORZHU WHPSHUDWXUH WKDQ FRPSRVWLQJ� %LRSLOHV W\SLFDOO\ RSHUDWH LQ WKH PHVRSKLOLF UDQJH
�����& >����)@�� ZKHUHDV FRPSRVW SLOHV W\SLFDOO\ RSHUDWH LQ WKH WKHUPRSKLOOLF UDQJH ��� WR ���& >��� WR

����)@�� 7KH PDWHULDO VKRXOG KDYH JRRG VWUXFWXUH DQG SRURVLW\ WR SURYLGH D KLJK SHUFHQWDJH RI YRLGV� WR

DOORZ HIILFLHQW DLU PRYHPHQW� )HUWLOL]HU LV DGGHG WR WKH VRLO WR SURYLGH DQ RSWLPXP EDODQFH RI FDUERQ�
QLWURJHQ� DQG SKRVSKRURXV� %XONLQJ DJHQWV PD\ EH UHTXLUHG LI WKH VRLO SRURVLW\ LV ORZ RU UHFDOFLWUDQW

FRQWDPLQDQWV �VXFK DV KLJK H[SORVLYH >+(@ FRPSRXQGV� DUH EHLQJ WUHDWHG�

&RPSRVWLQJ FDQ EH SHUIRUPHG XVLQJ ZLQGURZV� DHUDWHG VWDWLF SLOHV� RU VSHFLDOO\ GHVLJQHG FRPSRVWLQJ

YHVVHOV� $ ZLQGURZ SURFHVV LQYROYHV IRUPLQJ ORQJ SLOHV �ZLQGURZV� WXUQHG E\ VSHFLDOO\ GHVLJQHG

PDFKLQHV� 7HPSHUDWXUH DQG DHUDWLRQ DUH FRQWUROOHG E\ WKH QDWXUDO FRQYHFWLRQ FXUUHQWV LQ WKH ZLQGURZ DQG

WKH IUHTXHQF\ RI WXUQLQJ� 7KH DHUDWHG VWDWLF SLOH LV FRQVWUXFWHG WR DOORZ IRUFHG DLU IORZ VR WKDW WKH R[\JHQ
VXSSO\ FDQ EH PRUH DFFXUDWHO\ FRQWUROOHG� 7KH PDWHULDO LV SLOHG RYHU SHUIRUDWHG SLSHV FRQQHFWHG WR D

EORZHU WR ZLWKGUDZ DLU IURP WKH SLOH� &RQWDLQHG YHVVHO FRPSRVWLQJ V\VWHPV DUH WDQNV� ER[HV� RU VLORV

SURYLGHG ZLWK HTXLSPHQW WR DHUDWH DQG PL[ WKH PDWHULDO� 7KH FRQWDLQHG V\VWHPV W\SLFDOO\ DOORZ WUHDWPHQW
WR EH FRPSOHWHG LQ OHVV WLPH WKDQ WKH ZLQGURZ RU DHUDWHG SLOH E\ SURYLGLQJ EHWWHU FRQWURO RI FRPSRVWLQJ

FRQGLWLRQV� 5DSLG WUHDWPHQW WLPH LV RIIVHW E\ WKH KLJK LQLWLDO FRVW RI WKH FRPSRVWLQJ UHDFWRU�

$SSOLFDELOLW\�

&RPSRVWLQJ LV XVHG SULPDULO\ WR WUHDW DHURELFDOO\ ELRGHJUDGDEOH RUJDQLF FRPSRXQGV VXFK DV

QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V� DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V��
2UGQDQFH FRPSRXQGV DOVR FDQ EH WUHDWHG ZKHQ WKH VRLO RU VHGLPHQW LV PL[HG ZLWK D EXONLQJ DJHQW�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 9HU\ KLJK FRQWDPLQDQW FRQFHQWUDWLRQV PD\ EH WR[LF WR PLFURRUJDQLVPV�

x $LU SROOXWLRQ FRQWUROV PD\ EH QHHGHG WR UHGXFH HPLVVLRQV RI YRODWLOH FRPSRXQGV IURP WKH FRPSRVW

SLOH�

x 6XEVWDQWLDO VSDFH PD\ EH UHTXLUHG IRU VWDWLF SLOH RU ZLQGURZ FRPSRVWLQJ�

x /RZ DPELHQW WHPSHUDWXUHV FDQ GHFUHDVH ELRGHJUDGDWLRQ UDWHV�

x &RPSRVWLQJ PD\ UHVXOW LQ D YROXPHWULF LQFUHDVH LI VLJQLILFDQW DPRXQWV RI EXONLQJ DJHQW DUH QHHGHG�

x +HDY\ PHWDOV DUH QRW WUHDWHG E\ WKLV PHWKRG DQG FDQ EH WR[LF WR PLFURRUJDQLVPV�

x 'HEULV JUHDWHU WKDQ �� PP LQ GLDPHWHU W\SLFDOO\ PXVW EH UHPRYHG SULRU WR SURFHVVLQJ�
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6WDWXV� &RQYHQWLRQDO IRU QRQKDORJHQDWHG 692&V DQG 92&V� LQQRYDWLYH IRU RUGQDQFH FRPSRXQGV�

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

%LRSLOH�FRPSRVWLQJ LV D VKRUW�WHUP WHFKQRORJ\� 7\SLFDO RSHUDWLQJ GXUDWLRQV DUH � WR � PRQWKV SHU EDWFK RI
FRQWDPLQDWHG VRLO� 7KH VL]H RI WKH EDWFK WUHDWHG GHSHQGV RQ WKH IDFLOLW\ XVHG� $ WHPSRUDU\ ELRSLOH

W\SLFDOO\ FDQ SURFHVV DERXW ��� FXELF \DUGV RI PDWHULDO SHU EDWFK� 3HUPDQHQW IDFLOLWLHV SURFHVV PXFK

ODUJHU EDWFKHV� 7KH GXUDWLRQ RI RSHUDWLRQ DQG PDLQWHQDQFH IRU D EDWFK LV GHSHQGHQW RQ WKH IROORZLQJ
FRQGLWLRQV�

x &OHDQXS JRDOV

x &RQFHQWUDWLRQ RI FRQWDPLQDQWV
x 3URSHU WHPSHUDWXUH FRQWURO� QXWULHQW FRQFHQWUDWLRQV� DQG PRLVWXUH FRQWHQW

x (YHQ GLVWULEXWLRQ RI DLU�

&RVW 5DQJH� ��� WR ��� SHU FXELF \DUG IRU WUHDWLQJ 92&V DQG 692&V
���� WR ���� SHU FXELF \DUG IRU WUHDWLQJ RUGQDQFH FRPSRXQGV

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU ELRSLOH�FRPSRVWLQJ DUH GHVLJQDWHG LQ 7DEOH
%����

7DEOH %���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW %LRSLOH�&RPSRVWLQJ 7UHDWPHQW

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

6FUHHQLQJ WR UHPRYH GHEULV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

%DVH DQG YHQW V\VWHP LQVWDOODWLRQ
�D�

6RLO H[FDYDWLRQ

%ORZHU DQG RII�JDV WUHDWPHQW V\VWHP LQVWDOODWLRQ
�D�

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

%DVH FRQVWUXFWLRQ
�E�

8WLOLWLHV

:LQGURZ WXUQHU SXUFKDVH
�E�

1XWULHQWV DQG DPHQGPHQWV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW&RPSRVWLQJ YHVVHO LQVWDOODWLRQ
�F�

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2Q�VLWH GLVSRVDO RI WUHDWHG VRLO� VHGLPHQW� RU VOXGJH

'LVSRVDO RI FRQGHQVDWH WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

�D� ,WHPV DSSOLFDEOH IRU ELRSLOH RU FRPSRVW SLOH V\VWHP�

�E� ,WHPV DSSOLFDEOH IRU ZLQGURZ V\VWHP�
�F� ,WHPV DSSOLFDEOH IRU LQ�YHVVHO FRPSRVWLQJ V\VWHP�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV ;������

¦%LRSLOH§ DQG ;������ ¦&RPSRVWLQJ§�
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)LJXUH %�� %LRSLOH�&RPSRVWLQJ

BIOPILE/COMPOSTING ORDNANCE.CDR
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%�� %LRUHDFWRUV� %LRUHDFWRUV ZLWK &RPHWDEROLWHV� %LRUHDFWRUV ZLWK 6SHFLDOO\ $GDSWHG

0LFURRUJDQLVPV� DQG 6HTXHQWLDO $QDHURELF�$HURELF %LRUHDFWRUV

$EVWUDFW�

%LRUHDFWRUV DUH H[ VLWX ELRFKHPLFDO�SURFHVVLQJ V\VWHPV GHVLJQHG WR GHJUDGH FRQWDPLQDQWV LQ SXPSHG
JURXQGZDWHU RU ZDVWHZDWHU XVLQJ PLFURRUJDQLVPV�

'HVFULSWLRQ�

%LRUHDFWRU WUHDWPHQW PD\ EH SHUIRUPHG XVLQJ PLFURRUJDQLVPV JURZLQJ LQ VXVSHQVLRQ LQ WKH IOXLG RU

DWWDFKHG RQ D VROLG JURZWK VXSSRUW PHGLXP� ,Q VXVSHQGHG JURZWK V\VWHPV� VXFK DV IOXLGL]HG EHGV RU

VHTXHQFLQJ EDWFK UHDFWRUV� FRQWDPLQDWHG JURXQGZDWHU LV FLUFXODWHG LQ DQ DHUDWLRQ EDVLQ ZKHUH D PLFURELDO
SRSXODWLRQ DHURELFDOO\ GHJUDGHV RUJDQLF PDWWHU DQG SURGXFHV FDUERQ GLR[LGH� ZDWHU� DQG ELRPDVV� 7KH

ELRPDVV LV VHWWOHG RXW LQ D FODULILHU� WKHQ HLWKHU UHF\FOHG EDFN WR WKH DHUDWLRQ EDVLQ RU GLVSRVHG RI DV

VOXGJH� ,Q DWWDFKHG JURZWK V\VWHPV� VXFK DV XSIORZ IL[HG ILOP ELRUHDFWRUV� URWDWLQJ ELRORJLFDO FRQWDFWRUV
�5%&V�� DQG WULFNOLQJ ILOWHUV� PLFURRUJDQLVPV DUH JURZQ DV D ELRILOP RQ D VROLG JURZWK VXSSRUW PDWUL[ DQG

ZDWHU FRQWDPLQDQWV DUH GHJUDGHG DV WKH\ GLIIXVH LQWR WKH ELRILOP� 6XSSRUW PHGLD LQFOXGH VROLGV WKDW KDYH

D ODUJH VXUIDFH DUHD IRU EDFWHULDO DWWDFKPHQW� &RPPRQO\� WKH VXSSRUW PDWUL[ LV DQ DGVRUSWLYH PHGLXP�
VXFK DV DFWLYDWHG FDUERQ� WKDW FDQ DGVRUE FRQWDPLQDQWV DQG VORZO\ UHOHDVH WKHP WR WKH PLFURRUJDQLVPV IRU

GHJUDGDWLRQ� 2WKHU VXSSRUW PHGLD LQFOXGH SODVWLF RU FHUDPLF SDFNLQJ DQG HYHQ VDQGV DQG JUDYHOV KDYH

EHHQ XVHG� 7KH PLFURELDO SRSXODWLRQ PD\ EH GHULYHG IURP QDWXUDO VHOHFWLRQ LQ WKH UHDFWRU� IURP DQ

HQULFKPHQW IURP WKH FRQWDPLQDWHG PHGLD� RU IURP DQ LQRFXOXP RI RUJDQLVPV ZLWK VSHFLILF FRQWDPLQDQW�
GHJUDGLQJ FDSDELOLWLHV�

$SSOLFDELOLW\�

%LRUHDFWRUV DUH XVHG SULPDULO\ WR WUHDW QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V� DQG

VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V�� LQFOXGLQJ JDVROLQH� GLHVHO IXHO� -3��� -3��� DQG KHDY\ IXHO RLO

LQ H[WUDFWHG JURXQGZDWHU� )RU PRUH VSHFLDOL]HG DSSOLFDWLRQV VXFK DV WUHDWPHQW RI SRO\FKORULQDWHG
ELSKHQ\OV �3&%V�� KDORJHQDWHG 92&V� DQG KDORJHQDWHG 692&V LQ H[WUDFWHG JURXQGZDWHU� DGGLWLRQ RI

FRPHWDEROLWHV PD\ EH UHTXLUHG WR SURYLGH WKH PLFURRUJDQLVPV ZLWK D JURZWK VXEVWUDWH DQG�RU HQ]\PH

LQGXFHU� %LRUHDFWRUV HPSOR\LQJ VSHFLDOO\ DGDSWHG PLFURRUJDQLVPV FDQ EH XVHG WR WUHDW KDORJHQDWHG
692&V� SHVWLFLGHV� 3&%V� DQG RUGQDQFH FRPSRXQGV� 6HTXHQFLQJ DQDHURELF�DHURELF ELRUHDFWRUV LV DQ

LQQRYDWLYH DSSURDFK IRU WUHDWLQJ KDORJHQDWHG 92&V� 692&V� SHVWLFLGHV� 3&%V� DQG RUGQDQFH FRPSRXQGV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 5HVLGXDO ELRPDVV �VOXGJH� PD\ UHTXLUH DGGLWLRQDO WUHDWPHQW DQG�RU VSHFLDOL]HG GLVSRVDO�

x 9HU\ KLJK FRQWDPLQDQW FRQFHQWUDWLRQV PD\ EH WR[LF WR PLFURRUJDQLVPV�

x $LU SROOXWLRQ FRQWUROV PD\ EH QHHGHG WR UHGXFH HPLVVLRQ RI YRODWLOH FRPSRXQGV IURP DHUDWHG DQG�RU
ZHOO PL[HG ELRUHDFWRU V\VWHPV�

x /RZ DPELHQW WHPSHUDWXUHV FDQ GHFUHDVH ELRGHJUDGDWLRQ UDWHV�

x %LRUHDFWRUV FDQ EH SURQH WR XSVHW DQG QXLVDQFH PLFURRUJDQLVPV FDQ SUHGRPLQDWH DQG UHGXFH

WUHDWPHQW HIIHFWLYHQHVV�
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x )L[HG ILOP ELRUHDFWRUV PD\ QRW EH DSSOLFDEOH IRU FRQWDPLQDQWV ZLWK ORZ GLIIXVLYLWLHV GXH WR PDVV

WUDQVIHU OLPLWDWLRQV�

x +HDY\ PHWDOV DUH QRW WUHDWHG E\ WKLV PHWKRG DQG FDQ EH WR[LF WR PLFURRUJDQLVPV�
6WDWXV� &RQYHQWLRQDO �ELRUHDFWRUV�� HPHUJLQJ �ELRUHDFWRUV ZLWK FRPHWDEROLWHV� ELRUHDFWRUV ZLWK DGDSWHG
PLFURRUJDQLVPV� DQG VHTXHQWLDO DQDHURELF�DHURELF ELRUHDFWRUV�

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

%LRUHDFWRUV DUH XVHG WR WUHDW SXPSHG JURXQGZDWHU RU ZDVWHZDWHU UHVLGXDO IURP D WUHDWPHQW SURFHVV� 7KH
RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ WKH GXUDWLRQ RI WKH SULPDU\ SURFHVV RSHUDWLRQ�

&RVW 5DQJH�

&DSLWDO� LQVWDOODWLRQ DQG VHWXS� VWDUWXS� DQG RSHUDWLRQ DQG PDLQWHQDQFH FRVWV DVVRFLDWHG ZLWK ELRUHDFWRUV
FDQ EH VLJQLILFDQW DQG WKH HFRQRP\ RI VFDOH PXVW EH WDNHQ LQWR DFFRXQW ZKHQ FRQVLGHULQJ XVLQJ WKHVH
WHFKQRORJLHV IRU WUHDWLQJ FRQWDPLQDWHG JURXQGZDWHU� %LRUHDFWRUV DUH PRUH DSSURSULDWH IRU WUHDWLQJ ODUJHU
YROXPHV RI ZDWHU ZKHQ FRQWDPLQDQW GHVWUXFWLRQ� QRW VLPSO\ WUDQVIHU WR DQRWKHU PHGLXP� LV UHTXLUHG�
&RVWV IRU ELRUHDFWRU WUHDWPHQW VKRXOG EH FRPSHWLWLYH ZLWK DOWHUQDWLYH SK\VLFDO�FKHPLFDO WUHDWPHQW
WHFKQRORJLHV DQG VKRXOG IDOO LQ WKH UDQJH RI ����� WR ����� SHU ����� JDOORQV IRU PDWXUH ELRUHDFWRU
WHFKQRORJ\ DSSOLFDWLRQV DQG ����� WR ������ SHU ����� JDOORQV IRU HPHUJLQJ ELRUHDFWRU WHFKQRORJ\
DSSOLFDWLRQV�

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU ELRUHDFWRU WUHDWPHQW DUH GHVLJQDWHG LQ
7DEOH %����

7DEOH %���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW %LRUHDFWRU 7UHDWPHQW

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

%LRUHDFWRU LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

&ODULILHU LQVWDOODWLRQ 8WLOLWLHV

1XWULHQWV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW
2II�JDV WUHDWPHQW V\VWHP LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�VLWH GLVSRVDO RI VOXGJH

'LVSRVDO RI WUHDWHG ZDWHU WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH
VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;������ ¦&RPHWDEROLF 7UHDWPHQW§� ;������ ¦5RWDWLQJ %LRORJLFDO &RQWUDFWRUV§�

;������ ¦7ULFNOLQJ )LOWHU§� DQG ;������ ¦%LRORJLFDO /DJRRQV§�
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)LJXUH %�� %LRUHDFWRUV
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%�� (QKDQFHG ,Q 6LWX $HURELF %LRUHPHGLDWLRQ�(QKDQFHG ,Q 6LWX $HURELF &RPHWDEROLF
%LRUHPHGLDWLRQ�2[\JHQ 5HOHDVH &RPSRXQGV

$EVWUDFW�

(QKDQFHG LQ VLWX DHURELF ELRUHPHGLDWLRQ LV WKH SURFHVV RI VWLPXODWLQJ LQGLJHQRXV PLFURRUJDQLVPV WR

GHJUDGH FRQWDPLQDQWV LQ VRLO RU JURXQGZDWHU�

'HVFULSWLRQ�

7\SLFDOO\� WKH SURFHVV LQYROYHV GHOLYHU\ RI R[\JHQ WR WKH DTXLIHU DQG PD\ UHTXLUH WKH DGGLWLRQ RI RWKHU
QXWULHQWV DQG�RU FRPHWDEROLWHV� 7KH DPHQGPHQWV DUH FLUFXODWHG WKURXJK WKH FRQWDPLQDWHG ]RQH WR SURYLGH

PL[LQJ DQG LQWLPDWH FRQWDFW EHWZHHQ WKH R[\JHQ� QXWULHQWV� FRQWDPLQDQW� DQG PLFURRUJDQLVPV� 7KLV

FRQWDFW LV UHTXLUHG WR HQKDQFH WKH UDWH RI DHURELF ELRGHJUDGDWLRQ RI WKH RUJDQLF FRQWDPLQDQWV E\ WKH

PLFURRUJDQLVPV GLVWULEXWHG WKURXJKRXW WKH FRQWDPLQDWHG YROXPH LQ WKH DTXLIHU�

&RPPRQ PHWKRGV IRU R[\JHQ GHOLYHU\ LQFOXGH DLU RU R[\JHQ VSDUJLQJ� LQMHFWLRQ RI D GLOXWH VROXWLRQ RI

K\GURJHQ SHUR[LGH� RU XVH RI R[\JHQ UHOHDVH FRPSRXQGV �25&V� VXFK DV PDJQHVLXP R[LGHV� 6RPH
DPHQGPHQWV VXFK DV WKH 25&V FDQ EH SDVVLYHO\ LQWURGXFHG LQ ZHOOV RU WUHQFKHV� &RPHWDEROLF

ELRWUHDWPHQW LV XQLTXH LQ WKDW D SULPDU\ VXEVWUDWH PXVW EH DGGHG WR VXSSRUW WKH JURZWK RI WKH

PLFURRUJDQLVPV DQG SURPRWH GHJUDGDWLRQ RI FRQWDPLQDQWV�

$SSOLFDELOLW\�

(QKDQFHG LQ VLWX DHURELF ELRUHPHGLDWLRQ LV XVHG SULPDULO\ WR WUHDW QRQKDORJHQDWHG VHPLYRODWLOH RUJDQLF
FRPSRXQGV �692&V� VXFK DV GLHVHO IXHO DQG KHDY\ IXHO RLO� 7KHVH FRQWDPLQDQWV UHDGLO\ DQG GLUHFWO\

PHWDEROL]DEOH DQG RIWHQ UHTXLUH RQO\ R[\JHQ DGGLWLRQ WR VWLPXODWH ELRGHJUDGDWLRQ� &RPHWDEROLF WUHDWPHQW

LV SULPDULO\ XVHG IRU FKORULQDWHG YRODWLOH RUJDQLF FRPSRXQG �92&� DQG 692& FRQWDPLQDWLRQ� 7UHDWPHQW
RI FKORULQDWHG VROYHQWV VXFK DV WULFKORURHWK\OHQH �7&(� UHTXLUHV WKH DGGLWLRQ RI D FRVXEVWUDWH VXFK DV

PHWKDQH� SURSDQH� RU WROXHQH� &RPHWDEROLF WUHDWPHQW RI RWKHU 692&V FDQ UHTXLUH VWUXFWXUDO DQDORJV IRU

VWLPXODWLRQ RI FRQWDPLQDQW GHJUDGDWLRQ� 7KH WHFKQRORJ\ LV DSSOLFDEOH DW VLWHV ZKHUH WKH DTXLIHU

FKDUDFWHULVWLFV DUH VXFK DV WR DOORZ HIIHFWLYH GHOLYHU\ DQG PL[LQJ RI WKH DPHQGPHQWV� DQG ZKHUH
UHJXODWRU\ FRQVWUDLQWV GR QRW SUHFOXGH WKH WHFKQRORJ\�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH HQKDQFHG LQ VLWX ELRWUHDWPHQW�

x 9HU\ KLJK FRQWDPLQDQW FRQFHQWUDWLRQV� ZKLFK PD\ EH WR[LF WR PLFURRUJDQLVPV�

x &RQFHQWUDWLRQV RI K\GURJHQ SHUR[LGH JUHDWHU WKDQ ��� WR ��� SSP LQ JURXQGZDWHU LQKLELW WKH DFWLYLW\
RI PLFURRUJDQLVPV�

x 7UHDWPHQW IOXLG IORZ PXVW EH FRQWUROOHG WR DYRLG FRQWDPLQDQW HVFDSH IURP ]RQHV RI DFWLYH

ELRGHJUDGDWLRQ�

x 6XEVXUIDFH KHWHURJHQHLW\ FDQ PDNH LW GLIILFXOW WR GHOLYHU DPHQGPHQWV WKURXJKRXW WKH GLIIHUHQW ]RQHV

RI FRQWDPLQDWLRQ� UHVXOWLQJ LQ UDSLG UHPHGLDWLRQ RI WKH KLJKHU SHUPHDEOH ]RQHV DQG PXFK VORZHU

UHPHGLDWLRQ RI WKH WLJKWHU ]RQHV ZKHUH DGYHFWLYH IORZ LV OLPLWHG�

x /RZ�SHUPHDELOLW\ VRLOV DUH GLIILFXOW WR WUHDW�

x %RWK ELRWLF DQG DELRWLF VLQNV IRU R[\JHQ FDQ LQFUHDVH FRVWV DQG RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ�

x ,URQ SUHFLSLWDWLRQ DQG�RU RWKHU FKDQJHV LQ JURXQGZDWHU FKHPLVWU\ FDQ FDXVH SHUPHDELOLW\ UHGXFWLRQV
DQG UHVXOW LQ UHGXFHG DELOLW\ WR GHOLYHU DPHQGPHQWV�
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x $PHQGHG R[\JHQ FDQ EH FRQVXPHG YHU\ UDSLGO\ QHDU WKH LQMHFWLRQ ZHOO� ZKLFK FUHDWHV WZR VLJQLILFDQW

SUREOHPV� ELRORJLFDO JURZWK FDQ EH OLPLWHG WR WKH UHJLRQ QHDU WKH LQMHFWLRQ ZHOO� OLPLWLQJ DGHTXDWH
FRQWDPLQDWLRQ�PLFURRUJDQLVP FRQWDFW WKURXJKRXW WKH FRQWDPLQDWHG ]RQH� DQG ELRIRXOLQJ RI ZHOOV FDQ

UHWDUG WKH LQSXW RI QXWULHQWV�

x $ VXUIDFH WUHDWPHQW V\VWHP� VXFK DV DLU VWULSSLQJ RU FDUERQ DGVRUSWLRQ� PD\ EH UHTXLUHG WR WUHDW

H[WUDFWHG JURXQGZDWHU SULRU WR UH�LQMHFWLRQ RU GLVSRVDO

x +HDY\ PHWDOV DUH QRW WUHDWHG E\ WKLV PHWKRG DQG FDQ EH WR[LF WR PLFURRUJDQLVPV�

6WDWXV� &RQYHQWLRQDO �ELRWUHDWPHQW RI GLUHFWO\ PHWDEROL]DEOH FRQWDPLQDQWV�� (PHUJLQJ �FRPHWDEROLF

ELRWUHDWPHQW��

2SHUDWLRQV DQG 0DLQWHQDQFH 'XUDWLRQ�

7KH OHQJWK RI WLPH UHTXLUHG IRU WUHDWPHQW FDQ UDQJH IURP � PRQWKV WR � \HDUV DQG LV GHSHQGHQW RQ PDQ\
VLWH�VSHFLILF IDFWRUV� LQFOXGLQJ WKH IROORZLQJ�

x &OHDQXS JRDOV

x 7KH YROXPH RI LQ VLWX PHGLD UHTXLULQJ WUHDWPHQW

x $FKLHYDEOH ELRGHJUDGDWLRQ UDWHV

x &RQWDPLQDQW FRQFHQWUDWLRQV DQG GLVWULEXWLRQ

x ,Q VLWX FKDUDFWHULVWLFV LQFOXGLQJ SHUPHDELOLW\ DQG DQLVRWURS\

x 3UHVHQFH RI QRQFRQWDPLQDQW R[\JHQ VLQNV

x $PHQGPHQW GHOLYHU\ FDSDFLWLHV�

&RVW 5DQJH�

,Q PDQ\ FDVHV� HQKDQFHG LQ VLWX WUHDWPHQW FDQ SURYLGH D PRUH FRVW�HIIHFWLYH DOWHUQDWLYH WR SXPS�DQG�WUHDW
PHWKRGV WKDW HPSOR\ WHFKQRORJLHV WR DFKLHYH DERYHJURXQG WUHDWPHQW� 7KH FRVWV DUH GHSHQGHQW RQ WKH
VSHFLILF UHTXLUHPHQWV RI LQVWDOODWLRQ VXFK DV WKH GHSWK WR� DQG WKH ODWHUDO H[WHQW RI� WKH FRQWDPLQDQW SOXPH�
7KH WHFKQRORJ\ EHFRPHV PRUH FRVW FRPSHWLWLYH ZLWK ODUJHU PRUH FRQFHQWUDWHG SOXPHV DQG ZKHQ
DPHQGPHQW GHOLYHU\ LV QRW LPSHGHG E\ VLWH FRQVWUDLQWV VXFK DV K\GURJHRORJLF FRQVLGHUDWLRQV DQG�RU
VXUIDFH ORJLVWLFDO FRQFHUQV VXFK DV EXLOGLQJV RU RWKHU LQIUDVWUXFWXUH� 7KH FRVW IRU HQKDQFHG LQ VLWX
ELRWUHDWPHQW FDQ UDQJH EHWZHHQ �� DQG ��� SHU SRXQG RI FRQWDPLQDQW UHPRYHG�

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU HQKDQFHG LQ VLWX DHURELF ELRUHPHGLDWLRQ DUH
GHVLJQDWHG LQ 7DEOH %����
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7DEOH %���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW (QKDQFHG ,Q 6LWX $HURELF %LRUHPHGLDWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

,QMHFWLRQ DQG H[WUDFWLRQ ZHOO DQG SXPS LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

6DPSOLQJ ZHOO LQVWDOODWLRQ 8WLOLWLHV

1XWULHQWV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW
1XWULHQW PL[LQJ HTXLSPHQW LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦&RPHWDEROLF 7UHDWPHQW§ DQG ;������ ¦(QKDQFHG %LRUHPHGLDWLRQ§�

Nutrient
Solution

Preparation

IN SITU AEROBIC BIOTREATMENT.CDR

Ground Surface

Contaminated
Soil

Contaminated
Soil

Contaminated
Soil

Nutrient

Solution Flow
Nutrient

Solution Flow
Nutrient

Solution Flow

Nutrients

Water

Submersible
Pump

Mixer

Water Recycle
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)LJXUH %�� (QKDQFHG ,Q 6LWX $HURELF %LRUHPHGLDWLRQ

%�� %LRYHQWLQJ DQG &RPHWDEROLF %LRYHQWLQJ

$EVWUDFW�

%LRYHQWLQJ LV DQ LQ VLWX VRLO WUHDWPHQW WHFKQRORJ\ WKDW LQYROYHV VWLPXODWLQJ WKH QDWXUDO LQ VLWX

ELRGHJUDGDWLRQ RI SHWUROHXP K\GURFDUERQV LQ VRLO E\ SURYLGLQJ R[\JHQ WR H[LVWLQJ VRLO PLFURRUJDQLVPV�

'HVFULSWLRQ�

'XULQJ ELRYHQWLQJ WKH R[\JHQ FRQFHQWUDWLRQ LQ WKH VRLO JDV LV LQFUHDVHG E\ LQMHFWLQJ DLU LQWR WKH

FRQWDPLQDWHG ]RQH WKURXJK GULOOHG ZHOOV� ,Q D IHZ FDVHV VRPH DLU H[WUDFWLRQ ZHOOV PD\ EH XVHG WR FRQWURO

YDSRU PLJUDWLRQ� ,Q FRQWUDVW WR VRLO YDSRU H[WUDFWLRQ� ELRYHQWLQJ XVHV ORZ DLUIORZ UDWHV WR SURYLGH RQO\

HQRXJK R[\JHQ WR VXVWDLQ PLFURELDO DFWLYLW\� 2[\JHQ LV PRVW FRPPRQO\ VXSSOLHG E\ GLUHFWLQJ DLU IORZ
WKURXJK UHVLGXDO FRQWDPLQDWLRQ LQ VRLO� ,Q DGGLWLRQ WR GHJUDGDWLRQ RI DGVRUEHG IXHO UHVLGXDOV� YRODWLOH

FRPSRXQGV DUH ELRGHJUDGHG DV YDSRUV PRYH VORZO\ WKURXJK ELRORJLFDOO\ DFWLYH VRLO� *DVHRXV VXEVWUDWHV

FDQ EH DGGHG ZLWK WKH DLU WR SURPRWH FRPHWDEROLF GHJUDGDWLRQ RI UHFDOFLWUDQW FRPSRXQGV�

$SSOLFDELOLW\�

&RQYHQWLRQDO ELRYHQWLQJ WHFKQLTXHV DUH XVHG SULPDULO\ WR WUHDW DHURELFDOO\ ELRGHJUDGDEOH FRPSRXQGV

VXFK DV QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V� DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV

�692&V�� &RPSRXQGV WKDW KDYH EHHQ VXFFHVVIXOO\ UHPHGLDWHG LQFOXGH SHWUROHXP K\GURFDUERQV�

QRQFKORULQDWHG VROYHQWV� VRPH SHVWLFLGHV� DQG ZRRG SUHVHUYDWLYHV�

&RPHWDEROLF ELRYHQWLQJ LV DSSOLFDEOH WR FRQWDPLQDQWV VXFK DV WULFKORURHWK\OHQH �7&(�� WULFKORURHWKDQH

�7&$�� HWK\OHQH GLEURPLGH� DQG GLFKORURHWK\OHQH �'&(� WKDW UHVLVW GLUHFW DHURELF GHJUDGDWLRQ�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 9HU\ KLJK FRQWDPLQDQW FRQFHQWUDWLRQV PD\ EH WR[LF WR PLFURRUJDQLVPV�

x 6XEVXUIDFH KHWHURJHQHLW\ FDQ LQWHUIHUH ZLWK HIILFLHQW DHUDWLRQ RI WKH FRQWDPLQDWHG ]RQH�

x /RZ�SHUPHDELOLW\ VRLOV DUH GLIILFXOW WR WUHDW�

x 7KH SUHVHQFH RI WKH ZDWHU WDEOH ZLWKLQ VHYHUDO IHHW RI WKH VXUIDFH FDQ UHGXFH ELRYHQWLQJ SHUIRUPDQFH�

x 9DSRUV FDQ EXLOG XS LQ EDVHPHQWV ZLWKLQ WKH UDGLXV RI LQIOXHQFH RI DLU LQMHFWLRQ ZHOOV� D SUREOHP WKDW

FDQ EH DOOHYLDWHG E\ H[WUDFWLQJ DLU QHDU WKH VWUXFWXUH RI FRQFHUQ�

x /RZ VRLO PRLVWXUH FRQWHQW PD\ OLPLW ELRGHJUDGDWLRQ DQG WKH HIIHFWLYHQHVV RI ELRYHQWLQJ� ZKLFK WHQGV

WR GU\ RXW WKH VRLOV�

x 2II�JDV PRQLWRULQJ DW WKH VRLO VXUIDFH PD\ EH UHTXLUHG ZKHQ VRLOV DUH DHUDWHG WKURXJK DLU LQMHFWLRQ�

x $HURELF ELRGHJUDGDWLRQ RI PDQ\ FKORULQDWHG FRPSRXQGV PD\ QRW EH HIIHFWLYH XQOHVV HLWKHU D FR�
PHWDEROLWH LV SUHVHQW RU DQ DQDHURELF F\FOH LV XVHG�

x /RZ DPELHQW WHPSHUDWXUHV FDQ VLJQLILFDQWO\ GHFUHDVH ELRGHJUDGDWLRQ UDWHV�

x +HDY\ PHWDOV DUH QRW WUHDWHG E\ WKLV PHWKRG DQG FDQ EH WR[LF WR PLFURRUJDQLVPV�

6WDWXV� &RQYHQWLRQDO IRU ELRYHQWLQJ� HPHUJLQJ IRU FRPHWDEROLF ELRYHQWLQJ�
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2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

%LRYHQWLQJ LV D PHGLXP� WR ORQJ�WHUP WHFKQRORJ\� &OHDQXS UDQJHV IURP � PRQWKV WR � \HDUV� 7KH
GXUDWLRQ RI RSHUDWLRQ DQG PDLQWHQDQFH LV GHSHQGHQW RQ WKH IROORZLQJ FRQGLWLRQV�

x &OHDQXS JRDOV
x 7KH YROXPH RI LQ VLWX PHGLD UHTXLULQJ WUHDWPHQW

x &RQWDPLQDQW FRQFHQWUDWLRQV DQG GLVWULEXWLRQV

x $FKLHYDEOH ELRGHJUDGDWLRQ UDWHV
x ,Q VLWX FKDUDFWHULVWLFV LQFOXGLQJ SHUPHDELOLW\ DQG DQLVRWURS\�

&RVW 5DQJH� ��� WR ��� SHU FXELF \DUG

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU ELRYHQWLQJ DQG FRPHWDEROLF ELRYHQWLQJ DUH
GHVLJQDWHG LQ 7DEOH %����

7DEOH %���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW %LRYHQWLQJ DQG &RPHWDEROLF ELRYHQWLQJ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

$LU LQMHFWLRQ ZHOOV DQG EORZHUV LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

6XEVWUDWH LQMHFWLRQ V\VWHP LQVWDOODWLRQ
�D�

8WLOLWLHV

&RPHWDEROLF VXEVWUDWH
�D�

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW
0RQLWRULQJ SRLQW LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH
VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

�D� ,WHPV DSSOLFDEOH WR FRPHWDEROLF ELRYHQWLQJ RQO\�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV ;������

¦%LRYHQWLQJ§�
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)LJXUH %�� %LRYHQWLQJ
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%�� 'HHS 6RLO 0L[LQJ

$EVWUDFW�

'HHS VRLO PL[LQJ LV DQ LQ VLWX VRLO ELRWUHDWPHQW WHFKQRORJ\ WKDW LQYROYHV DJJUHVVLYH PL[LQJ RI ELRORJLFDO
WUHDWPHQW DJHQWV ZLWK WKH FRQWDPLQDWHG PHGLD�

'HVFULSWLRQ�

7KH GHHS VRLO PL[LQJ SURFHVV XVHV DQ DXJHU V\VWHP WR GULOO GRZQ LQWR WKH FRQWDPLQDWHG VRLO� 7KH DXJHUV

DUH HTXLSSHG ZLWK QR]]OHV WKDW LQMHFW D VROXWLRQ LQWR WKH VRLO ZKLOH EUHDNLQJ XS DQG PL[LQJ WKH VRLO� 7KH

VROXWLRQ FRQWDLQV ELRWUHDWPHQW DJHQWV� VXFK DV R[\JHQ UHOHDVH FRPSRXQGV �25&V�� QXWULHQWV� DQG
PLFURRUJDQLVPV� 2[\JHQ� ZDWHU� QXWULHQWV� DQG�RU QDWXUDO EDFWHULD� LI UHTXLUHG� DUH PL[HG LQWR WKH

FRQWDPLQDWHG VRLO DV GHWHUPLQHG E\ D VLWH�VSHFLILF ODERUDWRU\ SURJUDP� 7KH VRLO DQG IOXLG DUH

KRPRJHQL]HG E\ WKH VLPXOWDQHRXV PL[LQJ DQG GULOOLQJ� 6RLO VWUDWD DQG SRFNHWV RI FRQWDPLQDWHG VRLO WKDW
ZRXOG RWKHUZLVH UHPDLQ XQWUHDWHG DUH EURNHQ XS� 'ULOOLQJ HTXLSPHQW FDQ UHDFK D GHSWK RI ��� IW RU PRUH�

7KH GHHS VRLO PL[LQJ WHFKQRORJ\ LQFUHDVHV WKH TXDOLW\ DQG DFFHOHUDWLRQ RI ELRGHJUDGDWLRQ LQ GHHS

FRQWDPLQDWHG VRLOV ZLWKRXW WKH QHHG IRU H[FDYDWLRQ DQG GLVSRVDO RI H[FDYDWHG PDWHULDO�

$SSOLFDELOLW\�

'HHS VRLO PL[LQJ FDQ EH XVHG WR WUHDW D ZLGH YDULHW\ RI ZDVWH W\SHV LQ D QXPEHU RI GLIIHUHQW PHGLD� 7KH
GLIIHUHQW W\SHV RI PHGLD FXUUHQWO\ WUHDWHG LQFOXGH LQ VLWX VRLO DQG VOXGJH� 7KH GHHS VRLO PL[LQJ WHFKQRORJ\

SRWHQWLDOO\ PD\ EH DSSOLHG LQ QDWXUDO VHGLPHQW� LQ VLWX JURXQGZDWHU� LQ VLWX GHQVH� QRQDTXHRXV�SKDVH

OLTXLG �'1$3/�� DQG LQ VLWX OLJKW� QRQDTXHRXV�SKDVH OLTXLG �/1$3/�� 7KH GLIIHUHQW W\SHV RI
FRQWDPLQDQW JURXSV SUHVHQWO\ WUHDWHG ZLWK WKH GHHS VRLO PL[LQJ WHFKQRORJ\ LQFOXGH KDORJHQDWHG YRODWLOHV�

KDORJHQDWHG VHPLYRODWLOHV� QRQKDORJHQDWHG YRODWLOHV� QRQKDORJHQDWHG VHPLYRODWLOHV� RUJDQLF SHVWLFLGHV�

KHUELFLGHV� VROYHQWV� DQG EHQ]HQH� WROXHQH� HWK\OEHQ]HQH� DQG WRWDO [\OHQHV �%7(;�� 7KLV WHFKQRORJ\

PD\ SRWHQWLDOO\ EH DSSOLHG WR GLR[LQV�IXUDQV� SRO\FKORULQDWHG ELSKHQ\OV �3&%V�� SRO\QXFOHDU DURPDWLF
K\GURFDUERQV �3$+V�� DQG RUJDQRPHWDOOLF SHVWLFLGHV�KHUELFLGHV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 9HU\ KLJK FRQWDPLQDQW FRQFHQWUDWLRQV PD\ EH WR[LF WR PLFURRUJDQLVPV�

x /DUJH EXULHG REMHFWV �L�H�� ODUJH FRQFUHWH VODEV DQG ODUJH URFNV RYHU �� LQFKHV� PD\ OLPLW WKH SURFHVV©V
DELOLW\ WR WUHDW ��� SHUFHQW RI D FRQWDPLQDWHG DUHD�

x 7UHDWPHQW IOXLG LQMHFWLRQ DQG PL[LQJ PXVW EH FRQWUROOHG WR PLQLPL]H WKH VSUHDG RI FRQWDPLQDQWV WR

FOHDQ DUHDV�

x +HDY\ PHWDOV DUH QRW WUHDWHG E\ WKLV PHWKRG DQG FDQ EH WR[LF WR PLFURRUJDQLVPV�

6WDWXV� (PHUJLQJ

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ� 1�$

&RVW 5DQJH� 1�$
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:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;�����; ¦2WKHU§�

)LJXUH %�� 'HHS 6RLO 0L[LQJ
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%�� /DQG $SSOLFDWLRQ

$EVWUDFW�

/DQG DSSOLFDWLRQ LV DQ H[ VLWX� VROLG�SKDVH ELRWUHDWPHQW WHFKQRORJ\ WKDW LQYROYHV XVLQJ DJULFXOWXUDO
SUDFWLFHV WR SURPRWH ELRGHJUDGDWLRQ RI RUJDQLF FRQWDPLQDQWV�

'HVFULSWLRQ�

7KH SULQFLSOH EHKLQG ODQG DSSOLFDWLRQ WHFKQRORJ\ LV VLPSOH� :DVWH WKDW FRQWDLQV ORZ FRQFHQWUDWLRQV RI

RUJDQLF FRQWDPLQDQWV LV VSUHDG RYHU D ODUJH DUHD DQG LV DOORZHG WR LQWHUDFW ZLWK WKH VRLO DQG FOLPDWH DW WKH
VLWH� 7KH VRLO LV WXUQHG SHULRGLFDOO\ XVLQJ HTXLSPHQW VXFK DV D SORZ RU GLVN WR H[SRVH QHZ VXUIDFHV DQG

DHUDWH WKH PDWUL[� :DVWH� VRLO� FOLPDWH� DQG ELRORJLFDO DJHQWV LQWHUDFW G\QDPLFDOO\ DV D V\VWHP WR GHJUDGH�

WUDQVIRUP� DQG LPPRELOL]H ZDVWH FRQVWLWXHQWV�

$Q\ ODQG DSSOLFDWLRQ VLWH PXVW EH PDQDJHG SURSHUO\ WR SUHYHQW ERWK RQ�VLWH DQG RII�VLWH SUREOHPV ZLWK

FRQWDPLQDWLRQ RI JURXQGZDWHU� VXUIDFH ZDWHU� DLU� RU WKH IRRG FKDLQ� /HDFKDWH FROOHFWLRQ� IXJLWLYH GXVW

HPLVVLRQ FRQWURO� DGHTXDWH PRQLWRULQJ� DQG HQYLURQPHQWDO VDIHJXDUGV DUH UHTXLUHG�

$SSOLFDELOLW\�

/DQG DSSOLFDWLRQ LV XVHG SULPDULO\ WR WUHDW DHURELFDOO\ ELRGHJUDGDEOH FRPSRXQGV VXFK DV QRQKDORJHQDWHG

YRODWLOH RUJDQLF FRPSRXQGV �92&V� DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V��

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 9HU\ KLJK FRQWDPLQDQW FRQFHQWUDWLRQV PD\ EH WR[LF WR PLFURRUJDQLVPV�

x 7KH PHWKRG LV QRW VXLWDEOH IRU WUHDWLQJ KLJK KD]DUG RU WR[LF FRQWDPLQDQWV�

x $ ODUJH DPRXQW RI VSDFH LV UHTXLUHG�

x 5XQRII FROOHFWLRQ IDFLOLWLHV PXVW EH FRQVWUXFWHG DQG PRQLWRUHG�

x )LQH SDUWLFXODWH LQ WKH VRLO PD\ FDXVH GXVW JHQHUDWLRQ ZKHQ WLOOLQJ GU\ VRLO�

x 7RSRJUDSK\� HURVLRQ� FOLPDWH� VRLO VWUDWLJUDSK\� DQG SHUPHDELOLW\ RI WKH VRLO DW WKH VLWH PXVW EH
HYDOXDWHG WR GHWHUPLQH WKH RSWLPXP GHVLJQ RI WKH IDFLOLW\�

x +HDY\ PHWDOV DUH QRW WUHDWHG E\ WKLV PHWKRG DQG FDQ EH WR[LF WR PLFURRUJDQLVPV�

x 'HEULV JUHDWHU WKDQ �� PP LQ GLDPHWHU W\SLFDOO\ PXVW EH UHPRYHG SULRU WR SURFHVVLQJ�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

/DQG DSSOLFDWLRQ LV D PHGLXP� WR ORQJ�WHUP WHFKQRORJ\� 2SHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ IRU ODQG
DSSOLFDWLRQ UDQJHV IURP � PRQWKV WR � \HDUV� 7KH GXUDWLRQ RI RSHUDWLRQ DQG PDLQWHQDQFH LV GHSHQGHQW RQ

WKH IROORZLQJ FRQGLWLRQV�

x &OHDQXS JRDOV

x &RQFHQWUDWLRQ DQG W\SHV RI FRQWDPLQDQWV
x &OLPDWH �L�H�� WHPSHUDWXUH� ZLQGV� DQG UDLQ�



)LQDO �������73���

x 'HJUDGDWLRQ UDWHV
x 7LOOLQJ IUHTXHQF\�

&RVW 5DQJH� ��� WR ��� SHU FXELF \DUG ZLWK PLQLPDO OHDFKDWH FRQWURO
���� WR ���� SHU FXELF \DUG ZLWK H[WHQVLYH OHDFKDWH FRQWURO DQG WUHDWPHQW

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU ODQG DSSOLFDWLRQ DUH GHVLJQDWHG LQ
7DEOH %����

7DEOH %���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW /DQG $SSOLFDWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

6FUHHQLQJ WR UHPRYH GHEULV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

7LOOLQJ DQG IHUWLOL]LQJ HTXLSPHQW SXUFKDVH 6RLO H[FDYDWLRQ

/DQG DFTXLVLWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

,UULJDWLRQ ZDWHU

1XWULHQWV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

/HDFKDWH FROOHFWLRQ V\VWHP LQVWDOODWLRQ �LI UHTXLUHG�

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�
SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV LQ SDUW WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦/DQG )DUPLQJ§�
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)LJXUH %�� /DQG $SSOLFDWLRQ
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%�� /DQG 7LOOLQJ

$EVWUDFW�

/DQG WLOOLQJ LV DQ LQ VLWX VRLO ELRWUHDWPHQW WHFKQRORJ\ WKDW LQYROYHV XVLQJ DJULFXOWXUDO SUDFWLFHV WR SURPRWH

ELRGHJUDGDWLRQ RI RUJDQLF FRQWDPLQDQWV�

'HVFULSWLRQ�

/DQG WLOOLQJ LV D IXOO�VFDOH ELRUHPHGLDWLRQ WHFKQRORJ\ LQ ZKLFK VKDOORZ OD\HUV RI FRQWDPLQDWHG VRLOV�

VHGLPHQWV� RU VOXGJHV DUH SHULRGLFDOO\ WXUQHG RYHU RU WLOOHG WR DHUDWH WKH ZDVWH PDWULFHV� 7KH FRQGLWLRQV RI

WKH ZDVWH PDWULFHV DUH RIWHQ FRQWUROOHG WR RSWLPL]H WKH ELRGHJUDGDWLRQ UDWH RI DVVRFLDWHG FRQWDPLQDQWV�

&RQGLWLRQV QRUPDOO\ FRQWUROOHG LQFOXGH WKH IROORZLQJ�

x 0RLVWXUH FRQWHQW �XVXDOO\ E\ LUULJDWLRQ RU VSUD\LQJ�

x 2[\JHQ OHYHO �E\ PL[LQJ WKH VRLO XVLQJ WLOOLQJ RU DHUDWLQJ�

x 1XWULHQWV� SULPDULO\ QLWURJHQ DQG SKRVSKRUXV �E\ IHUWLOL]LQJ�

x S+ �LQFUHDVHG VOLJKWO\ E\ DGGLQJ OLPH�

x 6RLO EXONLQJ �E\ DGGLQJ VRLO DPHQGPHQWV DQG E\ PL[LQJ XVLQJ WLOOLQJ RU DHUDWLQJ��

$SSOLFDELOLW\�

/DQG WLOOLQJ LV XVHG SULPDULO\ WR WUHDW DHURELFDOO\ ELRGHJUDGDEOH FRPSRXQGV VXFK DV QRQKDORJHQDWHG

VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V��

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 9HU\ KLJK FRQWDPLQDQW FRQFHQWUDWLRQV PD\ EH WR[LF WR PLFURRUJDQLVPV�

x 7KH PHWKRG LV QRW VXLWDEOH IRU WUHDWLQJ GHHS FRQWDPLQDWLRQ�

x 7KH PHWKRG LV QRW VXLWDEOH IRU WUHDWLQJ KLJK KD]DUG RU WR[LF FRQWDPLQDQWV�

x &RQGLWLRQV DGYDQWDJHRXV IRU ELRORJLFDO GHJUDGDWLRQ RI FRQWDPLQDQWV DUH ODUJHO\ XQFRQWUROOHG� ZKLFK

LQFUHDVHV WKH OHQJWK RI WLPH WR FRPSOHWH UHPHGLDWLRQ� SDUWLFXODUO\ IRU UHFDOFLWUDQW FRPSRXQGV�

x /RZ DPELHQW WHPSHUDWXUHV FDQ GHFUHDVH ELRGHJUDGDWLRQ UDWHV�

x 5HGXFWLRQ RI 92& FRQWDPLQDQW FRQFHQWUDWLRQV PD\ EH FDXVHG PRUH E\ YRODWLOL]DWLRQ WKDQ

ELRGHJUDGDWLRQ�

x )LQH SDUWLFXODWH LQ WKH VRLO PD\ FDXVH GXVW JHQHUDWLRQ ZKHQ WLOOLQJ GU\ VRLO�

x +HDY\ PHWDOV DUH QRW WUHDWHG E\ WKLV PHWKRG DQG FDQ EH WR[LF WR PLFURRUJDQLVPV�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

/DQG WLOOLQJ LV D PHGLXP� WR ORQJ�WHUP WHFKQRORJ\� 2SHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ IRU ODQG WLOOLQJ

ZLOO YDU\ IURP � PRQWKV WR � \HDUV� 7KH GXUDWLRQ RI RSHUDWLRQ DQG PDLQWHQDQFH LV GHSHQGHQW RQ WKH
IROORZLQJ FRQGLWLRQV�
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x &OHDQXS JRDOV

x 7KH YROXPH RI LQ VLWX PHGLD UHTXLULQJ WUHDWPHQW

x &RQWDPLQDQW FRQFHQWUDWLRQV DQG GLVWULEXWLRQ

x $FKLHYDEOH ELRGHJUDGDWLRQ UDWH� ZKLFK LV GHSHQGHQW RQ PRLVWXUH FRQWHQW� R[\JHQ FRQFHQWUDWLRQ DQG

GLVWULEXWLRQ� QXWULHQW FRQFHQWUDWLRQ� DQG S+

x 7LOOLQJ IUHTXHQF\

x &OLPDWH �L�H�� WHPSHUDWXUH� ZLQGV� DQG UDLQ��

&RVW 5DQJH� ��� WR ��� SHU FXELF \DUG

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU ODQG WLOOLQJ DUH GHVLJQDWHG LQ 7DEOH %����

7DEOH %���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW /DQG 7LOOLQJ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

,UULJDWLRQ ZDWHU

1XWULHQWV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

7LOOLQJ DQG IHUWLOL]LQJ HTXLSPHQW SXUFKDVH

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�
SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦/DQG 7UHDWPHQW§�
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)LJXUH %�� /DQG 7LOOLQJ

LAND TILLING.CDR

Water

Shallow In Situ
Contamination

Nutrients
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%��� 3K\WRUHPHGLDWLRQ

$EVWUDFW�

3K\WRUHPHGLDWLRQ LV D VRLO DQG JURXQGZDWHU WUHDWPHQW WHFKQRORJ\ WKDW XVHV YHJHWDWLRQ DQG LWV DVVRFLDWHG
PLFURELRWD� VRLO DPHQGPHQWV� DQG DJURQRPLF WHFKQLTXHV WR UHPRYH� FRQWDLQ� RU UHGXFH WKH WR[LFLW\ RI

HQYLURQPHQWDO FRQWDPLQDQWV� ,W LV JHQHUDOO\ XVHG DV DQ LQ VLWX WHFKQRORJ\� EXW FDQ DOVR EH XVHG H[ VLWX�

'HVFULSWLRQ�

3K\WRUHPHGLDWLRQ LV LPSOHPHQWHG E\ HVWDEOLVKLQJ D SODQW RU FRPPXQLW\ RI SODQWV WKDW KDYH EHHQ VHOHFWHG
WR SURYLGH WKH UHTXLUHG UHPHGLDWLRQ PHFKDQLVPV� 7KH WHFKQRORJ\ H[SORLWV WKH QDWXUDO K\GUDXOLF DQG

PHWDEROLF SURFHVVHV RI SODQWV� DQG WKXV LV SDVVLYH DQG VRODU GULYHQ� 7KH WHFKQRORJ\ FDQ EH XVHG LQ

FRPELQDWLRQ ZLWK PHFKDQLFDO WUHDWPHQW PHWKRGV RU DV D ¦VWDQG DORQH§ WUHDWPHQW PHWKRG�

7\SHV RI 3K\WRUHPHGLDWLRQ�

6WDELOL]DWLRQ 3URFHVVHV

x 3K\WRVWDELOL]DWLRQ � 7KH XVH RI SODQWV WR LQFUHDVH VHTXHVWUDWLRQ RI FRQWDPLQDQWV �XVXDOO\ PHWDOV� LQ
WKH VRLO� 6RLO VHTXHVWUDWLRQ RFFXUV DV SODQWV DOWHU ZDWHU IOX[ DQG UHGXFH FRQWDPLQDQW PRELOLW\� 3ODQWV

DQG PLFURELDO HQ]\PHV ELQG FRQWDPLQDQWV LQWR VRLO �KXPLILFDWLRQ�� 3ODQWV DOVR LQFRUSRUDWH IUHH

FRQWDPLQDQWV LQWR SODQW URRWV �OLJQLILFDWLRQ� DQG SUHYHQW ZLQG DQG ZDWHU HURVLRQ�

5HPRYDO 3URFHVVHV

x 3K\WRDFFXPXODWLRQ�3K\WRH[WUDFWLRQ � 6SHFLILF VSHFLHV RI SODQWV DUH XVHG WR DEVRUE XQXVXDOO\ ODUJH
DPRXQWV RI PHWDOV IURP WKH VRLO DQG DUH VXEVHTXHQWO\ KDUYHVWHG IURP WKH JURZLQJ DUHD� 7KH ELRPDVV
LV FRPSRVWHG WR UHF\FOH WKH PHWDOV RU LQFLQHUDWHG DQG WKH DVK LV VHQW WR D ODQGILOO� 7\SLFDOO\ XVHG IRU

UHPHGLDWLRQ RI PHWDOV�FRQWDPLQDWHG VRLOV� VHGLPHQWV� DQG JURXQGZDWHU�

x 5KL]RILOWUDWLRQ � 6LPLODU WR SK\WRH[WUDFWLRQ� KRZHYHU� SODQW URRW V\VWHPV XVXDOO\ DUH ILUVW GHYHORSHG
WR PDWXULW\ LQ DQ DTXHRXV HQYLURQPHQW ZLWKLQ D JUHHQ KRXVH� :KHQ WKH URRW V\VWHP LV GHYHORSHG�

FRQWDPLQDWHG ZDWHU �JHQHUDOO\ ZLWK PHWDO FRQWDPLQDWLRQ� LV EURXJKW WR WKH SODQWV DQG FLUFXODWHG
WKURXJK WKHLU ZDWHU VXSSO\�

x 3K\WRGHJUDGDWLRQ � 7KH SURFHVV ZKHUH SODQW HQ]\PHV FRPSOHWHO\ PLQHUDOL]H RU SDUWLDOO\ EUHDN GRZQ
FRQWDPLQDQW FRPSRXQGV�

x 5KL]R�VSKHUH�GHJUDGDWLRQ � 7KH V\PELRWLF UHODWLRQVKLS WKDW RFFXUV EHWZHHQ SODQW URRW V\VWHPV DQG
PLFURRUJDQLVPV LQ WKH URRW ]RQH� 3ODQW URRWV H[FUHWH VXJDUV� DFLGV� DQG DOFRKROV WKDW FRQWDLQ RUJDQLF

FDUERQ WKDW PLFURRUJDQLVPV XVH DV D IRRG VRXUFH� 7KLV SURYLVLRQ HQKDQFHV PLFURELDO DFWLYLW\ LQ WKH
URRW ]RQH� UHVXOWLQJ LQ D PLFURELDO FRQWULEXWLRQ WR VRLO FRQWDPLQDQW GHJUDGDWLRQ�

x 2UJDQLF 3XPSV � 7KH XVH RI SODQWV WR FRQWURO WKH PLJUDWLRQ RI FRQWDPLQDQWV LQ WKH JURXQGZDWHU E\
H[SORLWLQJ WKHLU QDWXUDO K\GUDXOLF SURSHUWLHV� 8VLQJ WUHHV IRU ZDWHU FRQWURO LV HVWLPDWHG WR FRVW

DSSUR[LPDWHO\ RQH KDOI WKH FRVW RI WUDGLWLRQDO SXPS�DQG�WUHDW V\VWHPV�

x 3K\WRYRODWLOL]DWLRQ � 7KH XVH RI SODQWV WR UHPRYH FRQWDPLQDQWV IURP WKH VXEVXUIDFH DQG HYDSRUDWH RU
YRODWLOL]H WKH FRQWDPLQDQWV IURP WKH OHDI VXUIDFH RI WKH SODQW RQFH LW KDV WUDYHOHG WKURXJK WKH SODQW©V

V\VWHP�
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$SSOLFDELOLW\�

3K\WRUHPHGLDWLRQ FDQ EH XVHG WR WUHDW D ZLGH UDQJH RI RUJDQLF DQG LQRUJDQLF FRQWDPLQDQWV�

3K\WRUHPHGLDWLRQ KDV EHHQ HIIHFWLYH IRU WKH UHPRYDO RI QLWUDWHV DQG DPPRQLXP IURP WKH JURXQGZDWHU�

$OO SODQWV UHTXLUH D QLWURJHQ VRXUFH WR JURZ� 6RPH QLWURJHQ�FRQWDLQLQJ FRQWDPLQDQWV FDQ EH XVHG E\ WKH
SODQWV IRU SODQW JURZWK�

6LWHV FRQWDPLQDWHG ZLWK KHDY\ PHWDOV FDQ EH UHPHGLDWHG XVLQJ SK\WRUHPHGLDWLRQ� $FFXPXODWLRQ XVXDOO\
UHVXOWV LQ �� &X DQG &R DQG �� =Q� 1L� 0Q RQ D GU\ ZHLJKW EDVLV� 7KH XVH RI K\SHUDFFXPXODWLQJ SODQWV

LV LQ WKH EHJLQQLQJ VWDJHV DQG IXUWKHU UHVHDUFK LV UHTXLUHG WR GHYHORS SODQWV ZLWK JUHDWHU ELRPDVV�

3K\WRUHPHGLDWLRQ PD\ EH XVHIXO LQ WUHDWLQJ YRODWLOH RUJDQLF FRPSRXQGV �92&V�� FKORULQDWHG 92&V

�&92&V�� DQG WULQLWURWROXHQH �717�� 7KH WHFKQRORJ\ LV LQ LWV LQIDQF\ IRU WKH WUHDWPHQW RI FRQWDPLQDQWV

RI WKHVH W\SHV� 3URMHFWV WKDW WDUJHW RUJDQLF FRQWDPLQDQWV� VXFK DV WULFKORURHWK\OHQH �7&(� DQG 717� LQ WKH

ZDWHU SKDVH KDYH VKRZQ VRPH SURPLVH� KRZHYHU� PRUH UHVHDUFK LV QHHGHG IRU WKH OHVV�PRELOH
FRQWDPLQDQWV� VXFK DV SRO\FKORULQDWHG ELSKHQ\OV �3&%V� DQG SRO\QXFOHDU DURPDWLF K\GURFDUERQV �3$+V��

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x (PSOR\LQJ VSHFLILF SODQW VSHFLHV WR WDUJHW SDUWLFXODU FRQWDPLQDQWV DW D VLWH FDQ EH GLIILFXOW EHFDXVH RI

DGDSWDELOLW\ SUREOHPV�

x &OLPDWLF RU VHDVRQDO FRQGLWLRQV PD\ LQWHUIHUH ZLWK RU LQKLELW SODQW JURZWK� VORZ UHPHGLDWLRQ HIIRUWV�

RU LQFUHDVH WKH OHQJWK RI WKH WUHDWPHQW SHULRG�
x 3K\WRUHPHGLDWLRQ ZLOO OLNHO\ UHTXLUH D ODUJH DUHD RI ODQG VXUIDFH IRU UHPHGLDWLRQ�

x *HQHUDOO\� SK\WRUHPHGLDWLRQ PD\ RQO\ EH HPSOR\HG LQ DUHDV ZLWK ORZHU OHYHOV RI FRQWDPLQDWLRQ GXH

WR SODQW WR[LFLW\ HIIHFWV�
x 7KH XVH RI SK\WRUHPHGLDWLRQ LV OLPLWHG E\ FRQWDPLQDWLRQ GHSWK� DOWKRXJK WKHUH DUH FXUUHQWO\ VWXGLHV

XQGHU ZD\ ZKLFK DUH GHWHUPLQLQJ WKH SRWHQWLDO IRU IDVW JURZLQJ� GHHS�URRWHG WUHHV WR UHPHGLDWH

FRQWDPLQDWHG JURXQGZDWHU�

x 0RUH UHVHDUFK LV QHHGHG WR GHWHUPLQH WKH IDWH RI YDULRXV FRPSRXQGV LQ WKH SODQW PHWDEROLF F\FOH WR
HQVXUH WKDW SODQW GURSSLQJV DQG SURGXFWV PDQXIDFWXUHG E\ SODQWV GR QRW FRQWULEXWH WR[LF RU KDUPIXO

FKHPLFDOV LQWR WKH IRRG FKDLQ RU LQFUHDVH ULVN H[SRVXUH WR WKH JHQHUDO SXEOLF�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

2SHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ IRU SK\WRUHPHGLDWLRQ ZLOO UDQJH IURP � WR �� \HDUV� 7KH GXUDWLRQ RI

RSHUDWLRQ DQG PDLQWHQDQFH LV GHSHQGHQW RQ WKH IROORZLQJ FRQGLWLRQV�

x &OHDQXS JRDOV

x 7KH YROXPH RI LQ VLWX PHGLD UHTXLULQJ WUHDWPHQW

x &RQWDPLQDQW FRQFHQWUDWLRQV DQG GLVWULEXWLRQ

x *URZWK UDWH DQG FKDUDFWHULVWLFV RI WKH UHPHGLDWLRQ SODQWLQJV

x 'HSWK RI FRQWDPLQDWLRQ

x &OLPDWH �L�H�� WHPSHUDWXUH� ZLQGV� DQG UDLQ��

&RVW 5DQJH� ������� WR �������� SHU DFUH
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7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU SK\WRUHPHGLDWLRQ DUH GHVLJQDWHG LQ 7DEOH
%�����

7DEOH %����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 3K\WRUHPHGLDWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

,UULJDWLRQ ZDWHU

1XWULHQWV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

3ODQWLQJ RI VHOHFWHG VSHFLHV

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

+DUYHVWLQJ DQG GLVSRVDO RI ELRPDVV
�D�

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�
SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

�D� ,WHP DSSOLFDEOH WR SK\WRDFFXPXODWLRQ� SK\WRH[WUDFWLRQ� DQG UKL]RILOWUDWLRQ RQO\�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;������ ¦3K\WRUHPHGLDWLRQ§�
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)LJXUH %��� 3K\WRUHPHGLDWLRQ

Uptake

Phytodegradation

Phytoaccumulation/
Phytoextraction

Rhizo(sphere) Degradation

Phytostabilization

Phytovolatilization
Evapotranspiration
H O + VOCs

PHYTOREMEDIATION.CDR

M+
M+

M+

M+

2
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%��� 6OXUU\�3KDVH %LRUHDFWRUV� 6HTXHQWLDO $QDHURELF�$HURELF 6OXUU\�3KDVH %LRUHDFWRUV� 6OXUU\�
3KDVH %LRUHDFWRUV ZLWK &RPHWDEROLWHV� DQG 6OXUU\�3KDVH %LRUHDFWRUV ZLWK 6SHFLDOO\ $GDSWHG

0LFURRUJDQLVPV

$EVWUDFW�

6OXUU\�SKDVH ELRORJLFDO WUHDWPHQW LQYROYHV WKH FRQWUROOHG WUHDWPHQW RI D IOXLG PL[WXUH RI ZDWHU DQG

H[FDYDWHG VRLO LQ D ELRUHDFWRU�

'HVFULSWLRQ�

7R SHUIRUP VOXUU\�SKDVH ELRWUHDWPHQW WKH VRLO PXVW EH SURFHVVHG WR SURYLGH D ORZ YLVFRVLW\ VOXUU\� 7KH

H[FDYDWHG VRLO LV SURFHVVHG WR SK\VLFDOO\ VHSDUDWH VWRQHV DQG UXEEOH� WKHQ PL[HG ZLWK D SUHGHWHUPLQHG

DPRXQW RI ZDWHU WR IRUP WKH VOXUU\� 7KH DPRXQW RI ZDWHU UHTXLUHG LV D IXQFWLRQ RI WKH FRQFHQWUDWLRQ RI WKH

FRQWDPLQDQWV� WKH UDWH RI ELRGHJUDGDWLRQ� DQG WKH SK\VLFDO QDWXUH RI WKH VRLO� 7\SLFDOO\� WKH VOXUU\
FRQWDLQV �� WR ��� VROLGV E\ ZHLJKW� 6RPHWLPHV WKH VRLO LV SUHSURFHVVHG WR FRQFHQWUDWH WKH FRQWDPLQDQWV

DQG UHGXFH WKH YROXPH RI PDWHULDO SODFHG LQ WKH ELRUHDFWRU� 3UHSURFHVVLQJ XVXDOO\ LQYROYHV VLHYLQJ WR

UHPRYH ODUJHU VRLO SDUWLFOHV KDYLQJ D VPDOO VXUIDFH�WR�YROXPH UDWLR� DQG WKDW DUH FRQWDPLQDWHG DW RU EHORZ
WKH WDUJHW FOHDQXS FRQFHQWUDWLRQ� 7KLV ¦FOHDQ§ VRLO LV UHPRYHG IRU GLVSRVDO� OHDYLQJ RQO\ FRQWDPLQDWHG

ILQHV DQG ZDVKZDWHU IRU ELRWUHDWPHQW�

7KH VRLO LV PDLQWDLQHG LQ VXVSHQVLRQ LQ WKH UHDFWRU YHVVHO DQG PL[HG ZLWK QXWULHQWV� ,I QHFHVVDU\� DQ DFLG

RU DQ DONDOL PD\ EH DGGHG WR FRQWURO S+� 0LFURRUJDQLVPV DOVR PD\ EH DGGHG LI D VXLWDEOH SRSXODWLRQ ZLWK

WKH GHVLUHG GHJUDGLQJ FDSDELOLWLHV LV QRW SUHVHQW� :KHQ ELRGHJUDGDWLRQ LV FRPSOHWH� WKH VRLO VOXUU\ LV

UHPRYHG IURP WKH UHDFWRU DQG GHZDWHUHG XVLQJ FODULILHUV� SUHVVXUH ILOWHUV� YDFXXP ILOWHUV� VDQG GU\LQJ
EHGV� DQG�RU FHQWULIXJHV� 7KH VRLO LV GLVSRVHG RI DQG WKH IOXLGV DUH HLWKHU UHF\FOHG EDFN WR WKH UHDFWRU RU

WUHDWHG IRU GLVSRVDO�

$SSOLFDELOLW\�

6OXUU\�SKDVH ELRUHDFWRUV DUH DSSURSULDWH IRU WUHDWLQJ H[FDYDWHG VRLOV DQG VOXGJHV DW VLWHV ZKHUH D UHODWLYHO\

VPDOO YROXPH RI PDWHULDO UHTXLUHV WUHDWPHQW� RU DW VLWHV ZKHUH PDWHULDOV IRU WUHDWPHQW DUH VWDJHG DQG UDSLG
WKURXJKSXW LV QRW UHTXLUHG� 7KH WHFKQRORJ\ PD\ EH IDYRUHG RYHU LQ VLWX ELRWUHDWPHQW IRU KHWHURJHQHRXV

VRLOV� ORZ�SHUPHDELOLW\ VRLOV� DUHDV ZKHUH XQGHUO\LQJ JURXQGZDWHU ZRXOG EH GLIILFXOW WR FDSWXUH� RU ZKHQ

PRUH UDSLG WUHDWPHQW LV UHTXLUHG�

7UHDWPHQW RI DHURELFDOO\ GHJUDGDEOH FRPSRXQGV VXFK DV XQKDORJHQDWHG VHPLYRODWLOH RUJDQLF FRPSRXQGV

�692&V� XVLQJ VOXUU\�SKDVH ELRUHDFWRUV LV D PDWXUH WHFKQRORJ\� &KORULQDWHG VROYHQWV� SHVWLFLGHV�
H[SORVLYHV� ZRRG SUHVHUYDWLYHV� DQG RWKHU RUJDQLF FKHPLFDOV FDQ EH WUHDWHG EXW UHTXLUH PRUH VSHFLDOL]HG

DSSOLFDWLRQV� &RPHWDEROLWHV DQG VSHFLDOO\ DGDSWHG PLFURRUJDQLVPV PD\ EH UHTXLUHG WR HIIHFWLYHO\ WUHDW

WKHVH FRPSRXQGV� $Q LQH[SHQVLYH DQG UDSLG EHQFK�VFDOH WHVW FDQ EH FRQGXFWHG WR GHWHUPLQH DQ\ VSHFLDO

UHTXLUHPHQWV DQG WR HQKDQFH ELRGHJUDGDWLRQ SHUIRUPDQFH�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 9HU\ KLJK FRQWDPLQDQW FRQFHQWUDWLRQV PD\ EH WR[LF WR PLFURRUJDQLVPV�

x 'HZDWHULQJ VRLO ILQHV DIWHU WUHDWPHQW FDQ EH H[SHQVLYH�

x $Q DFFHSWDEOH PHWKRG IRU GLVSRVLQJ RI QRQ�UHF\FOHG ZDVWHZDWHU LV UHTXLUHG�
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x /RZ DPELHQW WHPSHUDWXUHV FDQ GHFUHDVH ELRGHJUDGDWLRQ UDWHV�

x +HDY\ PHWDOV DUH QRW WUHDWHG E\ WKLV PHWKRG DQG FDQ EH WR[LF WR PLFURRUJDQLVPV�

x 'HEULV JUHDWHU WKDQ �� PP LQ GLDPHWHU W\SLFDOO\ PXVW EH UHPRYHG SULRU WR SURFHVVLQJ�

6WDWXV� &RQYHQWLRQDO �GLUHFW PHWDEROLF WUHDWPHQW�� HPHUJLQJ �FRPHWDEROLF WUHDWPHQW�� ,QQRYDWLYH

�VHTXHQFHG DQDHURELF�DHURELF WUHDWPHQW� VSHFLDOW\ RUJDQLVPV��

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

6OXUU\�SKDVH ELRUHDFWRUV DUH XVHG WR WUHDW H[FDYDWHG VRLO� VR WKH RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ

GHSHQGV RQ WKH SURFHVVLQJ UDWH RI WKH WUHDWPHQW XQLW DQG WKH YROXPH RI VRLO� 7KH SURFHVVLQJ UDWH LV
GHSHQGHQW RQ WKH IROORZLQJ�

x &OHDQXS JRDOV

x &RQFHQWUDWLRQ RI FRQWDPLQDQWV

x 7HPSHUDWXUH RI UHDFWRU

x 1XWULHQW FRQFHQWUDWLRQ

x 3URSHU DHUDWLRQ �IRU DHURELF ELRUHDFWRUV��

&RVW 5DQJH�

7KH FRVW RI ELRVOXUU\ WUHDWPHQW YDULHV VLJQLILFDQWO\ DQG LV GHSHQGHQW RQ WKH W\SH DQG ELRGHJUDGDELOLW\ RI
WKH FRQWDPLQDQW� WKH YROXPH RI PDWHULDO UHTXLULQJ WUHDWPHQW� WKH DPRXQW RI SURFHVV FRQWURO UHTXLUHG� DQ\
VSHFLDO PDWHULDOV KDQGOLQJ UHTXLUHPHQWV� DQG WKH FRPSOH[LW\ RI UHDFWRU DQG SURFHVV GHVLJQ� 7\SLFDOO\� WKH
FRVWV VKRXOG EH LQ WKH UDQJH RI ��� WR ���� SHU WRQ RI PDWHULDO WUHDWHG�

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU VOXUU\�SKDVH ELRUHDFWRUV DUH GHVLJQDWHG LQ
7DEOH %�����
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7DEOH %����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 6OXUU\�3KDVH %LRUHDFWRUV

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

6FUHHQLQJ WR UHPRYH GHEULV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

%LRUHDFWRU LQVWDOODWLRQ 6RLO H[FDYDWLRQ

&ODULILHU DQG ILOWHU LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

1XWULHQWV

&RPHWDEROLF VXEVWUDWH
�D�

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

2II�JDV WUHDWPHQW V\VWHP LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2Q�VLWH GLVSRVDO RI WUHDWHG VRLO� VHGLPHQW� RU VOXGJH

'LVSRVDO RI H[FHVV ZDWHU WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

�D� ,WHP DSSOLFDEOH WR FRPHWDEROLF WUHDWPHQW RQO\�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦6OXUU\�3KDVH %LRORJLFDO 7UHDWPHQW§�
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)LJXUH %��� 6OXUU\�3KDVH 5HDFWRU



)LQDO �������73���

%��� :KLWH�5RW )XQJXV 7UHDWPHQW

$EVWUDFW�
:KLWH�URW IXQJXV WUHDWPHQW LQYROYHV XVLQJ IXQJXV WR ELRGHJUDGH RUJDQLF FRQWDPLQDQWV LQ VRLO�

'HVFULSWLRQ�

:KLWH�URW IXQJXV SURGXFHV OLJQLQ�GHJUDGLQJ �L�H�� ZRRG�URWWLQJ� HQ]\PHV WKDW FDQ GHJUDGH D ZLGH YDULHW\
RI RUJDQLF UHFDOFLWUDQWV� 7UHDWPHQW LQYROYHV PL[LQJ VRLO ZLWK IXQJXV DQG D VXLWDEOH VXEVWUDWH VXFK DV

ZRRG FKLSV� 7ZR GLIIHUHQW WUHDWPHQW FRQILJXUDWLRQV KDYH EHHQ WHVWHG IRU ZKLWH�URW IXQJXV� ELRUHDFWRU DQG

LQ VLWX� $Q DHURELF V\VWHP XVLQJ PRLVWXUL]HG DLU RQ ZRRG FKLSV ZDV XVHG IRU WKH UHDFWRU�EDVHG
ELRGHJUDGDWLRQ V\VWHP� $OWHUQDWLYHO\� DQ DGMXVWDEOH VKUHGGHU ZDV XVHG IRU PDNLQJ FKLSV IRU DQ RSHQ

V\VWHP� ZKLFK LV VLPLODU WR FRPSRVWLQJ� ZLWK ZRRG FKLSV RQ D OLQHU RU D FRYHUHG� KDUG�FRQWDLQHG VXUIDFH�

7KH RSWLPXP WHPSHUDWXUH IRU OLJQLQ�GHJUDGLQJ IXQJXV UDQJHV IURP ������& ��������&�� 7KH KHDW RI WKH

ELRGHJUDGDWLRQ UHDFWLRQ KHOSV PDLQWDLQ WKH WHPSHUDWXUH RI WKH SURFHVV QHDU WKH RSWLPXP�

$OWKRXJK GHJUDGDWLRQ RI WULQLWURWROXHQH �717� KDV EHHQ UHSRUWHG LQ ODERUDWRU\�VFDOH VHWWLQJV XVLQJ SXUH

FXOWXUHV� D QXPEHU RI IDFWRUV LQFUHDVH WKH GLIILFXOW\ RI XVLQJ ZKLWH�URW IXQJXV IRU IXOO�VFDOH UHPHGLDWLRQ�
7KHVH IDFWRUV LQFOXGH FRPSHWLWLRQ IURP QDWLYH EDFWHULDO SRSXODWLRQV� WR[LFLW\ LQKLELWLRQ� FKHPLFDO

VRUSWLRQ� DQG WKH LQDELOLW\ WR PHHW ULVN�EDVHG FOHDQXS OHYHOV� :KLWH�URW IXQJXV ZRUNV EHVW LQ D QLWURJHQ�

OLPLWHG HQYLURQPHQW�

$SSOLFDELOLW\�

:KLWH�URW IXQJXV KDV WKH DELOLW\ WR GHJUDGH DQG PLQHUDOL]H D QXPEHU RI FRQWDPLQDQWV WKDW UHVLVW DHURELF
ELRGHJUDGDWLRQ �H�J�� RUGQDQFH FRPSRXQGV� GLFKORURGLSKHQ\OWULFKORURHWKDQH >''7@� SRO\QXFOHDU DURPDWLF

K\GURFDUERQV >3$+V@� SRO\FKORULQDWHG ELSKHQ\OV >3&%V@� DQG SHQWDFKORURSKHQRO >3&3@��

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x +LJK FRQWDPLQDQW FRQFHQWUDWLRQV LQ WKH VRLO� VHGLPHQW� RU VOXGJH FDQQRW EH WUHDWHG�

x &RQWDPLQDQW FRQFHQWUDWLRQ PD\ QRW EH UHGXFHG VXIILFLHQWO\ WR PHHW FOHDQXS OHYHOV�

x &RPSHWLWLRQ IURP QDWLYH EDFWHULDO SRSXODWLRQV� WR[LFLW\ LQKLELWLRQ� DQG FKHPLFDO VRUSWLRQ FDQ UHGXFH
HIIHFWLYHQHVV�

x /RZ DPELHQW WHPSHUDWXUHV FDQ GHFUHDVH ELRGHJUDGDWLRQ UDWHV�

x )XQJL DUH VXVFHSWLELOH WR ZDWHU VWUHVV�

x +HDY\ PHWDOV DUH QRW WUHDWHG E\ WKLV PHWKRG DQG FDQ EH WR[LF WR IXQJL�

6WDWXV� (PHUJLQJ

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ� 1�$

&RVW 5DQJH� 1�$

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦)XQJDO %LRGHJUDGDWLRQ �:KLWH 5RW )XQJXV�§�
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)LJXUH %��� 'LDJUDP RI :KLWH�5RW )XQJXV 7UHDWPHQW



Physical/Chemical Technology Profiles Index

Remediation Technology
Treatment
Method(a) Category(b) Applicability(c)

Technology
Profile

Technology
Page No.

(TP-)

CER
Profile

Page No.
(CER-)(d)

Air Stripping PC C 4, 20 PC2 39 NA
Air Sparging PC I 1, 17, 22 PC1 36 NA
Base-Catalyzed Decomposition

Process
PC I 9, 14, 40 PC3a 42 57

Chemical Leaching PC I 30 PC4 48 65
Chemical Oxidation (Organics) PC C 4, 10, 15, 20, 25,

36
PC6a 53 61

Chemical Reduction/Oxidation
(Inorganics)

PC C 31 PC5 51 NA

Circulating Wells PC E 1, 17 PC7 58 NA
Condensation PC C 6a, 6b PC8 61 108
Electrokinetic Extraction PC E 28, 29 PC9 63 NA
Glycolate Dehalogenation PC I 9, 14, 40 PC3b 45 55
Granular Activated Carbon

Absorption (Liquid Phase)
PC C 4, 10, 15, 20, 25,

36
PC10a 65 NA

Granular Activated Carbon
Adsorption (Vapor Phase)

PC C 6a, 6b PC10b 68 NA

In Situ Heating – High
Temperature (>100°C)

PC I 7, 8, 12, 13, 23, 39 PC11 72 82, 88, 91

In Situ Heating–Low
Temperature (<100°C)

PC I 7, 8, 23, 39 PC30 135 84, 86

In-Well Air Stripping PC I 1, 17 PC14 88 67
Incineration (On Site) PC C 9, 14, 24, 35, 40 PC15 91 NA
Ion Exchange PC C 31 PC17 97 59
Internal Combustion Engine PC C 6a PC16 95 106
Membrane Pervaporation

(VOCs)
PC E 4 PC19 103 NA

Membrane Separation (VOCs) PC E 6a, 6b PC19 103 NA
Physical Separation PC C 30 PC23 114 76, 78
Precipitation (Hydroxide or

Sulfide)
PC C 31 PC20 105 NA

Reverse Osmosis PC C 31 PC22 111 NA
Soil Flushing PC I 8, 13, 23, 29, 34 PC24 117 NA
Soil Vapor Extraction (Ex Situ) PC I 3 PC25b 123 74
Soil Vapor Extraction (In Situ) PC C 2, 18 PC25a 120 NA
Soil Washing PC I 9, 14, 24, 30, 35 PC26 125 NA
Solidification/Stabilization

(Ex Situ)
PC C 30 PC12b 79 100

Solidification/Stabilization
(In Situ)

PC I 29 PC12a 76 94, 96, 98

Solvent Extraction PC I 9, 14, 24, 35 PC28 130 63
Solvated Electron Treatment

Process
PC E 9, 14, 35, 40 PC27 128 NA

Sprinkler Irrigation PC I 4, 20 PC29 133 80
Surfactant-Enhanced Recovery PC E 1, 39 PC31 139 NA
Synthetic Resin Adsorption

(Liquid Phase)
PC E 4, 10, 20, 25 PC32 141 NA



Physical/Chemical Technology Profiles Index (continued)

Remediation Technology
Treatment
Method(a) Category(b) Applicability(c)

Technology
Profile

Technology
Page No.

(TP-)

CER
Profile

Page No.
(CER-)(d)

Synthetic Resin Adsorption
(Vapor Phase)

PC E 6a, 6b PC32 141 NA

Thermal/Catalytic Oxidation PC C 6a, 6b PC33 143 NA
Thermal Desorption PC I 3, 9, 14, 19, 24 PC18 100 NA
Treatment Wall PC I 1, 7, 28, 33 PC21 108 NA
Two-Phase (Dual-Phase)

Extraction
PC I 1, 17 PC34 146 NA

Ultraviolet Light/Chemical
Oxidation (Organics)

PC I 4, 10, 15, 20, 25,
36

PC6b 55 NA

Ultraviolet Light Oxidation
(Vapor Phase)

PC I 6a, 6b PC35 149 104

Use as Aggregate in Asphalt Mix PC C 19, 24, 30 PC36 151 NA
Vitrification (Ex Situ) PC I 30 PC13b 85 NA
Vitrification (In Situ) PC I 29 PC13a 82 NA

(a) PC = Physical/Chemical.
(b) C = Conventional, E = Emerging, I = Innovative.
(c) Applicability indicated by cross reference to Tables of Remediation Technologies.
(d) NA = CER Profile not available.
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3&�� $LU 6SDUJLQJ

$EVWUDFW�

$LU VSDUJLQJ LV DQ LQ VLWX WHFKQRORJ\ IRU WUHDWLQJ RUJDQLF FRQWDPLQDQWV LQ JURXQGZDWHU E\ XVLQJ DLU DV D
VWULSSLQJ JDV�

'HVFULSWLRQ�

$LU VSDUJLQJ LV LPSOHPHQWHG E\ LQMHFWLQJ SUHVVXUL]HG DLU LQWR D FRQWDPLQDWHG DTXLIHU VR WKDW DLU VWUHDPV

WUDYHUVH KRUL]RQWDOO\ DQG YHUWLFDOO\ WKURXJK WKH VRLO FROXPQ� FUHDWLQJ DQ XQGHUJURXQG VWULSSHU WKDW
UHPRYHV FRQWDPLQDQWV E\ YRODWLOL]DWLRQ� 7KH DLU FDUULHV WKH FRQWDPLQDQWV WR D YDSRU H[WUDFWLRQ V\VWHP

WKDW UHPRYHV WKH JHQHUDWHG YDSRU�SKDVH FRQWDPLQDWLRQ� 7KLV WHFKQRORJ\ LV GHVLJQHG WR RSHUDWH DW KLJK

IORZUDWHV WR PDLQWDLQ LQFUHDVHG FRQWDFW EHWZHHQ JURXQGZDWHU DQG VRLO� DQG WR VWULS PRUH JURXQGZDWHU E\

VSDUJLQJ�

,Q DGGLWLRQ WR UHPRYDO RI FRQWDPLQDQWV E\ YRODWLOL]DWLRQ� DQ LQFUHDVHG OHYHO RI GLVVROYHG R[\JHQ ZRXOG

HQKDQFH DHURELF ELRGHJUDGDWLRQ RI WKH FRQWDPLQDQWV� 5HGXFLQJ WKH DLU VSDUJLQJ IORZUDWH WR HPSKDVL]H
ELRGHJUDGDWLRQ LQ FRQWUDVW WR VWULSSLQJ LV VRPHWLPHV FDOOHG ELRVSDUJLQJ�

$SSOLFDELOLW\�

$LU VSDUJLQJ LV XVHG SULPDULO\ WR WUHDW FRPSRXQGV ZLWK PRGHUDWH WR KLJK +HQU\©V ODZ FRQVWDQWV �L�H�� KLJK

YDSRU SUHVVXUH DQG ORZ VROXELOLW\� VXFK DV KDORJHQDWHG DQG QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV

�92&V� DQG QRQKDORJHQDWHG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V��

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 6XEVXUIDFH KHWHURJHQHLW\ FDQ LQWHUIHUH ZLWK XQLIRUP DLU GLVWULEXWLRQ�

x /RZ�SHUPHDELOLW\ VRLOV DUH GLIILFXOW WR WUHDW�

x &RQWDPLQDQWV ZLWK ORZ +HQU\©V ODZ FRQVWDQWV DUH GLIILFXOW WR WUHDW�

x 2QO\ D OLPLWHG QXPEHU RI KLJK�TXDOLW\ ILHOG VWXGLHV RI DLU VSDUJLQJ KDYH EHHQ FRQGXFWHG�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

$LU VSDUJLQJ KDV D PHGLXP� WR ORQJ�WHUP GXUDWLRQ W\SLFDOO\ UHTXLULQJ � PRQWKV WR � \HDUV WR UHPHGLDWH D

VLWH� 7KH GXUDWLRQ RI RSHUDWLRQ DQG PDLQWHQDQFH LV GHSHQGHQW RQ WKH IROORZLQJ FRQGLWLRQV�

x &OHDQXS JRDOV

x 7KH YROXPH RI FRQWDPLQDWHG JURXQGZDWHU

x &RQWDPLQDQW FRQFHQWUDWLRQ DQG GLVWULEXWLRQ

x $TXLIHU FKDUDFWHULVWLFV LQFOXGLQJ SHUPHDELOLW\ DQG DQLVRWURS\

x +HQU\©V ODZ FRQVWDQW RI FRQWDPLQDQWV

x 5DGLDO LQIOXHQFH RI DLU VSDUJLQJ ZHOO

x $FKLHYDEOH ELRGHJUDGDWLRQ UDWHV

x 'LIIXVLRQ DQG GHVRUSWLRQ UDWHV�
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&RVW 5DQJH� �������� WR �������� SHU DFUH

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU DLU VSDUJLQJ DUH GHVLJQDWHG LQ 7DEOH 3&����

7DEOH 3&���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW $LU 6SDUJLQJ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

6SDUJLQJ ZHOO DQG FRPSUHVVRU LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

9DSRU FROOHFWLRQ ZHOOV DQG EORZHU LQVWDOODWLRQ 8WLOLWLHV

2II�JDV WUHDWPHQW V\VWHP LQVWDOODWLRQ 6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW
6DPSOLQJ SRLQW LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

'LVSRVDO RI FRQGHQVDWH WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH
VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;������ ¦$LU 6SDUJLQJ§�
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)LJXUH 3&�� 'LDJUDP RI $LU 6SDUJLQJ
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3&�� $LU 6WULSSLQJ

$EVWUDFW�

$LU VWULSSLQJ LV DQ H[ VLWX WHFKQRORJ\ WKDW SDUWLWLRQV YRODWLOH RUJDQLFV IURP SXPSHG JURXQGZDWHU RU
ZDVWHZDWHU E\ H[SRVLQJ D ODUJH VXUIDFH DUHD RI FRQWDPLQDWHG ZDWHU WR FOHDQ DLU IORZ�

'HVFULSWLRQ�

$LU VWULSSLQJ LQYROYHV WKH PDVV WUDQVIHU RI YRODWLOH FRQWDPLQDQWV IURP ZDWHU WR DLU� )RU JURXQGZDWHU

UHPHGLDWLRQ� WKLV SURFHVV LV W\SLFDOO\ FRQGXFWHG LQ D SDFNHG WRZHU RU D ORZ�SURILOH DHUDWLRQ V\VWHP� 7KH
W\SLFDO SDFNHG WRZHU DLU VWULSSHU LQFOXGHV D VSUD\ QR]]OH DW WKH WRS RI WKH WRZHU WR GLVWULEXWH FRQWDPLQDWHG

ZDWHU RYHU WKH SDFNLQJ LQ WKH FROXPQ� D IDQ WR IRUFH DLU FRXQWHUFXUUHQW WR WKH ZDWHU IORZ� DQG D VXPS DW

WKH ERWWRP RI WKH WRZHU WR FROOHFW GHFRQWDPLQDWHG ZDWHU� /RZ�SURILOH DLU VWULSSHUV DUH DYDLODEOH LQ

KRUL]RQWDO WUD\ RU YHUWLFDO ER[ GHVLJQV� %DIIOHV DUH XVHG WR URXWH FRQWDPLQDWHG ZDWHU WZR RU PRUH WLPHV
DORQJ WKH OHQJWK RI WKH WUD\ RU KHLJKW RI WKH ER[� $LU VSDUJHG WKURXJK WKH ERWWRP RI WKH WUD\ RU WKURXJK D

YHQW SLSH LQ WKH ERWWRP RI WKH ER[ SDVVHV XS WKURXJK WKH ZDWHU WR VWULS RXW YRODWLOH FRPSRXQGV� 6HYHUDO

WUD\V RU ER[HV FDQ EH XVHG WR LQFUHDVH IORZ FDSDFLW\ RU VWULSSLQJ HIILFLHQF\� $X[LOLDU\ HTXLSPHQW WKDW FDQ
EH DGGHG WR WKH EDVLF DLU VWULSSHU LQFOXGHV DQ DLU KHDWHU WR LPSURYH UHPRYDO HIILFLHQFLHV� DXWRPDWHG FRQWURO

V\VWHPV ZLWK VXPS OHYHO VZLWFKHV DQG H[SORVLRQ�SURRI FRPSRQHQWV� DQG DLU HPLVVLRQ FRQWURO DQG

WUHDWPHQW V\VWHPV� VXFK DV DFWLYDWHG FDUERQ XQLWV� FDWDO\WLF R[LGL]HUV� RU WKHUPDO R[LGL]HUV� 3DFNHG WRZHU
DLU VWULSSHUV DUH LQVWDOOHG HLWKHU DV SHUPDQHQW LQVWDOODWLRQV RQ FRQFUHWH SDGV RU RQ D VNLG RU D WUDLOHU� /RZ�

SURILOH DLU VWULSSHUV DUH VPDOO SDFNDJH XQLWV VXLWDEOH IRU VNLG RU IORRU PRXQWLQJ�

$HUDWLRQ WDQNV VWULS YRODWLOH FRPSRXQGV E\ EXEEOLQJ DLU LQWR D WDQN WKURXJK ZKLFK FRQWDPLQDWHG ZDWHU
IORZV� $ IRUFHG DLU EORZHU DQG D GLVWULEXWLRQ PDQLIROG DUH GHVLJQHG WR HQVXUH DLU�ZDWHU FRQWDFW ZLWKRXW

WKH QHHG IRU DQ\ SDFNLQJ PDWHULDOV� 7KH EDIIOHV DQG PXOWLSOH XQLWV HQVXUH DGHTXDWH UHVLGHQFH WLPH IRU

VWULSSLQJ WR RFFXU� $HUDWLRQ WDQNV DUH W\SLFDOO\ VROG DV FRQWLQXRXVO\ RSHUDWHG VNLG�PRXQWHG XQLWV� 7KH
DGYDQWDJHV RIIHUHG E\ DHUDWLRQ WDQNV DUH FRQVLGHUDEO\ ORZHU SURILOHV �OHVV WKDQ � PHWHUV RU � IHHW KLJK�

WKDQ SDFNHG FROXPQ WRZHUV �� WR �� PHWHUV RU �� WR �� IHHW KLJK� ZKHUH KHLJKW PD\ EH D SUREOHP� DQG WKH

DELOLW\ WR PRGLI\ SHUIRUPDQFH RU DGDSW WR FKDQJLQJ IHHG FRPSRVLWLRQ E\ DGGLQJ RU UHPRYLQJ WUD\V RU

FKDPEHUV� 7KH GLVFKDUJH DLU IURP DHUDWLRQ WDQNV FDQ EH WUHDWHG XVLQJ WKH VDPH WHFKQRORJ\ DV IRU SDFNHG
WRZHU DLU GLVFKDUJH WUHDWPHQW�

$LU VWULSSHUV FDQ EH RSHUDWHG FRQWLQXRXVO\ RU LQ D EDWFK PRGH ZKHUH WKH DLU VWULSSHU LV LQWHUPLWWHQWO\ IHG
IURP D FROOHFWLRQ WDQN� 7KH EDWFK PRGH HQVXUHV FRQVLVWHQW DLU VWULSSHU SHUIRUPDQFH DQG JUHDWHU HQHUJ\

HIILFLHQF\ WKDQ FRQWLQXRXVO\ RSHUDWHG XQLWV� EHFDXVH PL[LQJ LQ WKH VWRUDJH WDQNV HOLPLQDWHV DQ\

LQFRQVLVWHQFLHV LQ IHHG ZDWHU FRPSRVLWLRQ�

$SSOLFDELOLW\�

$LU VWULSSLQJ LV XVHG WR VHSDUDWH KDORJHQDWHG DQG QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V�
IURP ZDWHU� EXW LV LQHIIHFWLYH IRU FRQWDPLQDQWV ZLWK ORZ YDSRU SUHVVXUH RU KLJK VROXELOLW\ VXFK DV

LQRUJDQLF VDOWV� 7KH +HQU\©V ODZ FRQVWDQW LV XVHG WR GHWHUPLQH ZKHWKHU DLU VWULSSLQJ ZLOO EH HIIHFWLYH�

*HQHUDOO\� RUJDQLF FRPSRXQGV ZLWK FRQVWDQWV JUHDWHU WKDQ ���� DWPRVSKHUHV �P
�
�PRO� DUH FRQVLGHUHG

DPHQDEOH WR VWULSSLQJ� 6RPH FRPSRXQGV WKDW KDYH EHHQ VXFFHVVIXOO\ VHSDUDWHG IURP ZDWHU XVLQJ DLU

VWULSSLQJ LQFOXGH EHQ]HQH� WROXHQH� HWK\OEHQ]HQH� DQG [\OHQHV �%7(;�� FKORURHWKDQH� WULFKORURHWK\OHQH

�7&(�� GLFKORURHWK\OHQH �'&(�� DQG SHUFKORURHWK\OHQH �3&(��
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/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 6XVSHQGHG VROLGV RU VROLGV IRUPHG E\ SUHFLSLWDWLRQ RI UHGXFHG LURQ RU PDQJDQHVH VSHFLHV FDQ IRXO

SDFNLQJ RU WUD\V� UHTXLULQJ SUHWUHDWPHQW WR UHPRYH WKH IRXOLQJ DJHQWV�

x +LJK FRQFHQWUDWLRQV RI GLVVROYHG FDOFLXP RU PDJQHVLXP FDQ UHDFW ZLWK FDUERQ GLR[LGH LQ WKH DLU�
IRUPLQJ FDUERQDWH VFDOH RQ WKH SDFNLQJ RU WUD\V�

x %LRORJLFDO JURZWK FDQ IRXO WKH WUD\V RU SDFNLQJ� UHTXLULQJ SHULRGLF FROXPQ FOHDQLQJ�

x &RQVLGHUDWLRQ VKRXOG EH JLYHQ WR WKH +HQU\©V ODZ FRQVWDQW RI WKH 92&V LQ WKH ZDWHU VWUHDP� DQG WKH

W\SH DQG DPRXQW RI SDFNLQJ XVHG LQ WKH WRZHU�

x &RPSRXQGV ZLWK ORZ YRODWLOLW\ DW DPELHQW WHPSHUDWXUH PD\ UHTXLUH SUHKHDWLQJ RI WKH JURXQGZDWHU�

x 2II�JDVHV ZLOO UHTXLUH WUHDWPHQW LI WKH PDVV HPLVVLRQ UDWH H[FHHGV ORFDOO\ DOORZHG OLPLWV�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

$LU VWULSSLQJ LV XVHG WR WUHDW SXPSHG JURXQGZDWHU RU ZDVWHZDWHU UHVLGXDO IURP D WUHDWPHQW SURFHVV� 7KH

RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ WKH GXUDWLRQ RI WKH SULPDU\ SURFHVV RSHUDWLRQ�

&RVW 5DQJH� ����� WR ����� SHU ����� JDOORQV

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU DLU VWULSSLQJ DUH GHVLJQDWHG LQ 7DEOH 3&����

7DEOH 3&���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW $LU 6WULSSLQJ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

)LOWUDWLRQ WR UHPRYH VXVSHQGHG VROLGV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

6WULSSLQJ V\VWHP LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

3DFNLQJ�WUD\ FOHDQLQJ DQG�RU UHSODFHPHQW

8WLOLWLHV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

2II�JDV WUHDWPHQW V\VWHP LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

'LVSRVDO RI WUHDWHG ZDWHU WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

2II�JDV WUHDWPHQW

&RPPHQWV

,URQ DQG PDQJDQHVH R[LGDWLRQ DQG UHPRYDO� ZKLFK PD\ EH QHHGHG DW VRPH VLWH� LV QRW LQFOXGHG LQ FRVW

UDQJH

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�
SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;������ ¦$LU 6WULSSLQJ§�
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)LJXUH 3&�� $LU 6WULSSLQJ 8VLQJ D 3DFNHG 7RZHU
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3&�D� %DVH�&DWDO\]HG 'HFRPSRVLWLRQ 3URFHVV

$EVWUDFW�

7KH EDVH�FDWDO\]HG GHFRPSRVLWLRQ �%&'� SURFHVV LQ DQ H[ VLWX WUHDWPHQW WHFKQRORJ\ WKDW UHPHGLDWHV VRLOV
FRQWDPLQDWHG ZLWK FKORULQDWHG RUJDQLF FRPSRXQGV� HVSHFLDOO\ SRO\FKORULQDWHG ELSKHQ\OV �3&%V�� GLR[LQV�

DQG IXUDQV�

'HVFULSWLRQ�

7KH WHFKQRORJ\ LQYROYHV D WZR�VWDJH SURFHVV WR UHPRYH FKORULQDWHG RUJDQLFV IURP VRLO DQG GHFKORULQDWH
WKHP WR UHGXFH WKHLU WR[LFLW\� &RQWDPLQDWHG VRLO LV VFUHHQHG� SURFHVVHG ZLWK D FUXVKHU DQG SXJ PLOO� DQG

PL[HG ZLWK VRGLXP ELFDUERQDWH� 7KH PL[WXUH LV KHDWHG WR DERXW ���q& ����q)� LQ D URWDU\ UHDFWRU WR

YRODWLOL]H WKH FRQWDPLQDQWV �6WDJH ��� 7KH YRODWLOL]HG FRQWDPLQDQWV DUH FDSWXUHG� FRQGHQVHG� DQG WUHDWHG

�6WDJH �� E\ UHDFWLRQ ZLWK VRGLXP K\GUR[LGH DQG D K\GURJHQ GRQRU RLO LQ WKH SUHVHQFH RI D FDWDO\VW�

$SSOLFDELOLW\�

7KH %&' SURFHVV LV XVHG SULPDULO\ WR WUHDW KDORJHQDWHG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V� DQG

3&%V� 7KH WHFKQRORJ\ DOVR FDQ EH XVHG WR WUHDW KDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V�� EXW

ZLOO JHQHUDOO\ EH PRUH H[SHQVLYH WKDQ DOWHUQDWLYH WHFKQRORJLHV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x +LJK FOD\� KXPLF PDWHULDO� RU PRLVWXUH FRQWHQW LQFUHDVHV WUHDWPHQW FRVWV�

x 7KH RUJDQLF FRQWDPLQDQWV YRODWLOL]HG LQ WKH 6WDJH � UHDFWRU PXVW EH FROOHFWHG DQG WUHDWHG LQ WKH 6WDJH

� UHDFWRU�

x 3URFHVV RII�JDV PXVW EH FROOHFWHG DQG WUHDWHG�

x 3URFHVV FRQGHQVDWH PXVW EH FROOHFWHG DQG WUHDWHG�

x 'HEULV JUHDWHU WKDQ �� PP LQ GLDPHWHU W\SLFDOO\ PXVW EH UHPRYHG SULRU WR SURFHVVLQJ�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

7KH %&' SURFHVV LV XVHG WR WUHDW H[FDYDWHG VRLO� VR WKH RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ

WKH SURFHVVLQJ UDWH RI WKH WUHDWPHQW XQLW DQG WKH YROXPH RI VRLO� 3URFHVVLQJ W\SLFDOO\ ZRXOG EH SHUIRUPHG

RQ VLWH XVLQJ D PRELOH XQLW� 7KH WKURXJKSXW RI D PRELOH XQLW LV H[SHFWHG WR UDQJH IURP �� WR ��� FXELF
\DUGV SHU GD\�

&RVW 5DQJH� ���� WR ���� SHU FXELF \DUG

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU EDVH�FDWDO\]HG GHFRPSRVLWLRQ DUH GHVLJQDWHG
LQ 7DEOH 3&�D���
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7DEOH 3&�D��� 0DMRU &RVW ,WHPV WR ,PSOHPHQW %DVH�&DWDO\]HG 'HFRPSRVLWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

6FUHHQLQJ WR UHPRYH GHEULV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

6RLO H[FDYDWLRQ

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

&KHPLFDOV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

%&' V\VWHP LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2Q�VLWH GLVSRVDO RI WUHDWHG VRLO� VHGLPHQW� RU VOXGJH

'LVSRVDO RI WUHDWHG ZDWHU WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KH WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦%DVH�&DWDO\]HG 'HFRPSRVLWLRQ 3URFHVV§�
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3&�E� *O\FRODWH 'HKDORJHQDWLRQ

$EVWUDFW�

*O\FRODWH GHKDORJHQDWLRQ LV DQ H[ VLWX VRLO WUHDWPHQW WHFKQRORJ\ LQ ZKLFK DQ DONDOLQH SRO\HWK\OHQH JO\FRO
�$3(*� UHDJHQW LV XVHG WR GHKDORJHQDWH KDORJHQDWHG DURPDWLF FRPSRXQGV�

'HVFULSWLRQ�

*O\FRODWH GHKDORJHQDWLRQ LV LPSOHPHQWHG E\ PL[LQJ FRQWDPLQDWHG VRLO DQG WKH UHDJHQW LQ D KHDWHG

WUHDWPHQW YHVVHO� 3RWDVVLXP SRO\HWK\OHQH JO\FRO �.3(*� LV WKH PRVW FRPPRQ $3(* WUHDWPHQW UHDJHQW�
,Q WKH $3(* SURFHVV� WKH UHDFWLRQ FDXVHV WKH SRO\HWK\OHQH JO\FRO WR UHSODFH KDORJHQ PROHFXOHV DQG UHQGHU

WKH FRPSRXQG QRQKD]DUGRXV RU OHVV WR[LF� )RU H[DPSOH� WKH UHDFWLRQ EHWZHHQ FKORULQDWHG RUJDQLFV DQG

.3(* FDXVHV UHSODFHPHQW RI D FKORULQH PROHFXOH DQG UHVXOWV LQ D UHGXFWLRQ LQ WR[LFLW\� 'HKDORJHQDWLRQ

�$3(*�.3(*� LV JHQHUDOO\ FRQVLGHUHG D VWDQGDORQH WHFKQRORJ\� KRZHYHU� LW FDQ EH XVHG LQ FRPELQDWLRQ
ZLWK RWKHU WHFKQRORJLHV� 7UHDWPHQW RI WKH ZDVWHZDWHU JHQHUDWHG E\ WKH SURFHVV PD\ LQFOXGH FKHPLFDO

R[LGDWLRQ� ELRGHJUDGDWLRQ� FDUERQ DGVRUSWLRQ� RU SUHFLSLWDWLRQ�

7KH PHWDO K\GUR[LGH WKDW KDV EHHQ PRVW ZLGHO\ XVHG IRU WKLV UHDJHQW SUHSDUDWLRQ LV SRWDVVLXP K\GUR[LGH

�.2+� LQ FRQMXQFWLRQ ZLWK SRO\HWK\OHQH JO\FRO �3(*� �W\SLFDOO\� DYHUDJH PROHFXODU ZHLJKW RI ���� WR

IRUP D SRO\PHULF DONR[LGH UHIHUUHG WR DV .3(*� 6RGLXP K\GUR[LGH KDV DOVR EHHQ XVHG LQ WKH SDVW�
KRZHYHU� DQG PRVW OLNHO\ ZLOO ILQG LQFUHDVLQJ XVH LQ WKH IXWXUH EHFDXVH RI SDWHQW DSSOLFDWLRQV WKDW KDYH

EHHQ ILOHG IRU PRGLILFDWLRQ WR WKLV WHFKQRORJ\� 7KLV QHZ DSSURDFK ZLOO H[SDQG WKH WHFKQRORJ\©V

DSSOLFDELOLW\ DQG HIILFDF\ DQG VKRXOG UHGXFH FKHPLFDO FRVWV E\ IDFLOLWDWLQJ WKH XVH RI OHVV FRVWO\ VRGLXP

K\GUR[LGH� $ YDULDWLRQ RI WKLV UHDJHQW LV SRWDVVLXP K\GUR[LGH RU VRGLXP K\GUR[LGH�WHWUDHWK\OHQH JO\FRO�
UHIHUUHG WR DV $7(*� ZKLFK LV PRUH HIIHFWLYH RQ KDORJHQDWHG DOLSKDWLF FRPSRXQGV� ,Q VRPH .3(*

UHDJHQW IRUPXODWLRQV� GLPHWK\O VXOIR[LGH �'062� LV DGGHG WR HQKDQFH UHDFWLRQ UDWH NLQHWLFV� SUHVXPDEO\

E\ LPSURYLQJ UDWHV RI H[WUDFWLRQ RI WKH KDORDURPDWLF FRPSRXQGV� 8VLQJ '062 DV D VROYHQW LQFUHDVHV
VDIHW\ FRQFHUQV EHFDXVH '062 LQFUHDVHV WKH DELOLW\ RI WKH FRQWDPLQDQWV WR EH DEVRUEHG WKURXJK WKH VNLQ�

3UHYLRXVO\ GHYHORSHG GHKDORJHQDWLRQ UHDJHQWV LQYROYHG GLVSHUVLRQ RI PHWDOOLF VRGLXP LQ RLO RU WKH XVH RI

KLJKO\ UHDFWLYH RUJDQRVRGLXP FRPSRXQGV� 7KH UHDFWLYLW\ RI PHWDOOLF VRGLXP DQG WKH RWKHU UHDJHQWV ZLWK
ZDWHU SUHVHQWHG D VHULRXV OLPLWDWLRQ WR WUHDWLQJ PDQ\ ZDVWH PDWULFHV� WKHUHIRUH� WKHVH RWKHU UHDJHQWV DUH

QRW GLVFXVVHG KHUH DQG DUH QRW FRQVLGHUHG $3(* SURFHVVHV�

7KH UHDJHQW �$3(*� GHKDORJHQDWHV WKH SROOXWDQW WR IRUP D JO\FRO HWKHU DQG�RU D K\GUR[\ODWHG FRPSRXQG

DQG DQ DONDOL PHWDO VDOW� ZKLFK DUH ZDWHU�VROXEOH E\SURGXFWV�

$SSOLFDELOLW\�

*O\FRODWH GHKDORJHQDWLRQ LV XVHG SULPDULO\ WR WUHDW KDORJHQDWHG VHPLYRODWLOH RUJDQLF FRPSRXQGV

�692&V� DQG SRO\FKORULQDWHG ELSKHQ\OV �3&%V�� $OWKRXJK WKH WHFKQRORJ\ FDQ EH XVHG DJDLQVW VHOHFWHG
KDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V�� LW PD\ EH OHVV HIIHFWLYH� $3(* GHKDORJHQDWLRQ LV RQH

RI WKH IHZ SURFHVVHV DYDLODEOH RWKHU WKDQ LQFLQHUDWLRQ WKDW KDV EHHQ VXFFHVVIXOO\ ILHOG WHVWHG LQ WUHDWLQJ

3&%V� 7KH WHFKQRORJ\ LV DPHQDEOH WR VPDOO�VFDOH DSSOLFDWLRQV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�
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x 7KH WHFKQRORJ\ LV JHQHUDOO\ LPSOHPHQWHG DV D EDWFK SURFHVV DQG LV QRW FRVW�HIIHFWLYH IRU ODUJH ZDVWH

YROXPHV�

x 0HGLD ZDWHU FRQWHQW DERYH ��� UHTXLUHV H[FHVVLYH UHDJHQW YROXPH�

x &RQFHQWUDWLRQV RI FKORULQDWHG RUJDQLFV JUHDWHU WKDQ �� UHTXLUH ODUJH YROXPHV RI UHDJHQW�

x 5HJHQHUDWLRQ DQG UHXVH RI UHDJHQWV PD\ EH GLIILFXOW�

x 'HEULV JUHDWHU WKDQ �� PP LQ GLDPHWHU W\SLFDOO\ PXVW EH UHPRYHG SULRU WR SURFHVVLQJ�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQV DQG 0DLQWHQDQFH 'XUDWLRQ�

*O\FRODWH GHFKORULQDWLRQ LV XVHG WR WUHDW H[FDYDWHG VRLO� VR WKH RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ
GHSHQGV RQ WKH SURFHVVLQJ UDWH RI WKH WUHDWPHQW XQLW DQG WKH YROXPH RI VRLO� 3URFHVVLQJ W\SLFDOO\ ZRXOG
EH SHUIRUPHG RQ VLWH LQ D PRELOH XQLW� 7KH WKURXJKSXW RI D PRELOH XQLW LV H[SHFWHG WR UDQJH IURP �� WR
��� FXELF \DUGV SHU GD\�

&RVW 5DQJH� ���� WR ���� SHU FXELF \DUG

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU JO\FRODWH GHKDORJHQDWLRQ DUH GHVLJQDWHG LQ
7DEOH 3&�E���

7DEOH 3&�E��� 0DMRU &RVW ,WHPV WR ,PSOHPHQW *O\FRODWH 'HKDORJHQDWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

6FUHHQLQJ WR UHPRYH GHEULV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

6RLO H[FDYDWLRQ

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

&KHPLFDOV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

*O\FRODWH GHKDORJHQDWLRQ V\VWHP LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2Q�VLWH GLVSRVDO RI WUHDWHG VRLO� VHGLPHQW� RU VOXGJH

'LVSRVDO RI WUHDWHG ZDWHU WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦*O\FRODWH�$ONDOL 0HWDO�3RO\HWK\OHQH *O\FRO �$�3(*� 3URFHVV§�
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)LJXUH 3&�E� *O\FRODWH 'HKDORJHQDWLRQ 3URFHVV
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3&�� &KHPLFDO /HDFKLQJ

$EVWUDFW�

&KHPLFDO OHDFKLQJ LV DQ H[ VLWX WHFKQRORJ\ IRU WUHDWLQJ PHWDO�FRQWDPLQDWHG VRLO E\ VHOHFWLYHO\ GLVVROYLQJ
WKH FRQWDPLQDQWV�

'HVFULSWLRQ�

&KHPLFDO OHDFKLQJ LQYROYHV PL[LQJ FRQWDPLQDWHG VRLO ZLWK D FKHPLFDO VROXWLRQ WR WUDQVIHU PHWDOV IURP D

VROLG PDWUL[ LQWR WKH OHDFKLQJ VROXWLRQ� 7KH FOHDQHG VRLO DQG OHDFKLQJ VROXWLRQ DUH VHSDUDWHG DQG VROXWLRQ
SURFHVVLQJ PHWKRGV DUH XVHG WR UHJHQHUDWH WKH OHDFKDQW DQG UHFRYHU D XVHIXO PHWDO RU VDOW� 7KH

FRPELQDWLRQ RI FKHPLFDO OHDFKLQJ DQG OHDFKDQW UHJHQHUDWLRQ LV NQRZQ DV K\GURPHWDOOXUJLFDO SURFHVVLQJ�

DQG W\SLFDOO\ LQFOXGHV RQH RU PRUH RI WKH IROORZLQJ IRXU VWHSV�

x 'LVVROXWLRQ RI WKH GHVLUHG PHWDO

x 3XULILFDWLRQ DQG�RU FRQFHQWUDWLRQ RI WKH PHWDO

x 5HFRYHU\ RI WKH PHWDO RU D PHWDO VDOW

x 5HJHQHUDWLRQ DQG UHXVH RU WUHDWPHQW DQG GLVSRVDO RI WKH OHDFKLQJ VROXWLRQ�

$SSOLFDELOLW\�

&KHPLFDO OHDFKLQJ LV XVHG SULPDULO\ WR WUHDW LQRUJDQLF FRQWDPLQDQWV� :DVWHV FRQWDLQLQJ D KLJK

FRQFHQWUDWLRQ RI RQH PHWDO LQ RQH YDOHQFH VWDWH DUH SUHIHUUHG� :DVWH VWUHDPV SURFHVVHG LQFOXGH

ZDVWHZDWHU WUHDWPHQW VOXGJHV �H�J�� SODWLQJ RSHUDWLRQV� PHWDO ILQLVKLQJ� DQG HOHFWURQLF FLUFXLW ERDUG
HWFKLQJ�� EDJKRXVH GXVW� DQG VSHQW FDWDO\VW� 7KH PHWDOV UHFODLPHG LQFOXGH FKURPLXP� QLFNHO� FRSSHU�

]LQF� OHDG� FDGPLXP� WLQ� FREDOW� YDQDGLXP� WLWDQLXP� PRO\EGHQXP� JROG� VLOYHU� SDOODGLXP� DQG SODWLQXP�

&KHPLFDO OHDFKLQJ IRU PHUFXU\ UHFRYHU\ LV D QHZ DQG JURZLQJ WHFKQRORJ\ DUHD� 6HYHUDO FKHPLFDO
OHDFKLQJ IRUPXODWLRQV KDYH EHHQ GHYHORSHG WR UHPRYH PHUFXU\ IURP FRQWDPLQDWHG VRLOV� 3URFHVVHV WR

UHFRYHU OHDG E\ DFLG OHDFKLQJ IROORZHG E\ HOHFWURZLQQLQJ DUH EHLQJ GHYHORSHG�

3URGXFWV DUH RIWHQ PHWDO VDOWV� )RU H[DPSOH� K\GUR[LGH SODWLQJ RU HWFKLQJ VOXGJH FDQ EH FRQYHUWHG WR

PHWDO VDOWV VXFK DV FRSSHU FKORULGH� FRSSHU DPPRQLXP FKORULGH� RU QLFNHO FDUERQDWH� )RU FDWDO\VWV�

PHWDOV DQG VXEVWUDWH PDWHULDOV FDQ EH FRQYHUWHG E\ OHDFKLQJ DQG VROXWLRQ SURFHVVLQJ LQWR SURGXFWV VXFK DV
QLFNHO�FRSSHU�FREDOW FRQFHQWUDWH� DOXPLQD WULK\GUDWH� FKURPLXP R[LGH� PRO\EGHQXP WULR[LGH� DQG

YDQDGLXP SHQWR[LGH�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x /DUJH YROXPHV RI OHDFKLQJ VROXWLRQ RU ORQJ FRQWDFW WLPH PD\ EH UHTXLUHG IRU PDWHULDOV ZLWK D KLJK FOD\
FRQWHQW�

x /HDFKLQJ RI PDWHULDOV ZLWK D KLJK FOD\ FRQWHQW OHDYHV ILQH� VXVSHQGHG SDUWLFXODWH LQ WKH OHDFKDQW�

ZKLFK PD\ EH GLIILFXOW WR UHPRYH�

x ,I SDUWLFXODWH PHWDOV DUH SUHVHQW� SK\VLFDO VHSDUDWLRQ WR UHPRYH HOHPHQWDO PHWDOV LV QHFHVVDU\ WR

FRQVHUYH OHDFKDQW DQG UHGXFH FRQWDFW WLPH�

x /HDFKDQW PXVW EH UHJHQHUDWHG RU WUHDWHG IRU GLVSRVDO�

x 6SHFLDOL]HG FRUURVLRQ�UHVLVWDQW HTXLSPHQW RIWHQ LV QHHGHG WR ZLWKVWDQG WKH OHDFKDQW�
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x &RPSOH[ ZDVWH PL[WXUHV �H�J�� PDQ\ GLIIHUHQW PHWDOV DQG�RU FKHPLFDO VSHFLHV� LQFUHDVH WKH GLIILFXOW\

RI IRUPXODWLQJ D OHDFKLQJ VROXWLRQ�

x 'HEULV JUHDWHU WKDQ �� PP LQ GLDPHWHU W\SLFDOO\ PXVW EH UHPRYHG SULRU WR SURFHVVLQJ�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

&KHPLFDO OHDFKLQJ LV XVHG WR WUHDW H[FDYDWHG VRLO� VR WKH RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ

WKH SURFHVVLQJ UDWH RI WKH WUHDWPHQW XQLW DQG WKH YROXPH RI VRLO� 6RLO SURFHVVLQJ PD\ EH SHUIRUPHG RQ VLWH
XVLQJ D PRELOH XQLW� RU WKH VRLO PD\ EH PRYHG WR D FHQWUDO IDFLOLW\� 7KH WKURXJKSXW RI D PRELOH XQLW LV

H[SHFWHG WR UDQJH IURP �� WR ��� FXELF \DUGV SHU GD\�

&RVW 5DQJH� ������� WR ������� IL[HG PRELOL]DWLRQ FRVW SOXV ���� WR ���� SHU FXELF \DUG RSHUDWLQJ FRVW

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU FKHPLFDO OHDFKLQJ DUH GHVLJQDWHG LQ 7DEOH
3&����

7DEOH 3&���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW &KHPLFDO /HDFKLQJ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

6FUHHQLQJ WR UHPRYH GHEULV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

&UHZ DQG HTXLSPHQW PRELOL]DWLRQ 6RLO H[FDYDWLRQ

(TXLSPHQW OHDVLQJ

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

&KHPLFDOV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

7UHDWPHQW SDG LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2Q�VLWH GLVSRVDO RI WUHDWHG VRLO� VHGLPHQW� RU VOXGJH

2II�VLWH GLVSRVDO RI VOXGJH UHVLGXDO IURP ZDWHU WUHDWPHQW

'LVSRVDO RI WUHDWHG ZDWHU WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦&KHPLFDO ([WUDFWLRQ �6ROYHQW�$FLG�$ONDOLQH ([WUDFWLRQ�§�
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CHEMICAL LEACHING.CDR
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3&�� &KHPLFDO 5HGXFWLRQ�2[LGDWLRQ �,QRUJDQLFV�

$EVWUDFW�

5HGXFWLRQ�R[LGDWLRQ �UHGR[� WUHDWPHQW LV D WHFKQRORJ\ IRU WUHDWLQJ SXPSHG JURXQGZDWHU RU ZDVWHZDWHU
FRQWDPLQDWHG ZLWK PHWDOV� ,W LQYROYHV XVLQJ FKHPLFDO UHDFWLRQV WR FRQYHUW KD]DUGRXV FRQWDPLQDQWV WR

QRQKD]DUGRXV RU OHVV WR[LF FRPSRXQGV WKDW DUH PRUH VWDEOH� OHVV PRELOH� DQG�RU LQHUW�

'HVFULSWLRQ�

&KHPLFDO UHGR[ WUHDWPHQW LV LPSOHPHQWHG E\ PL[LQJ WUHDWPHQW FKHPLFDOV ZLWK WKH ZDWHU VWUHDP WR
SURPRWH D UHGR[ UHDFWLRQ� 5HGR[ UHDFWLRQV LQYROYH WKH WUDQVIHU RI HOHFWURQV IURP RQH FRPSRXQG WR

DQRWKHU� 6SHFLILFDOO\� RQH UHDFWDQW LV R[LGL]HG �ORVHV HOHFWURQV� DQG RQH LV UHGXFHG �JDLQV HOHFWURQV�� 7KH

R[LGL]LQJ DJHQWV PRVW FRPPRQO\ XVHG IRU WUHDWPHQW RI KD]DUGRXV ZDVWH DUH R]RQH� K\GURJHQ SHUR[LGH�

K\SRFKORULWH� FKORULQH� DQG FKORULQH GLR[LGH� 7KH UHGXFLQJ DJHQWV PRVW FRPPRQO\ XVHG IRU WUHDWPHQW RI
KD]DUGRXV ZDVWH DUH IHUURXV VXOIDWH� VRGLXP ELVXOILWH� DQG VRGLXP K\GURVXOILWH�

$SSOLFDELOLW\�

,Q UHPHGLDWLRQ DSSOLFDWLRQV� FKHPLFDO UHGR[ RI LQRUJDQLF FRQWDPLQDQWV XVXDOO\ LV D ZDVWHZDWHU

SUHWUHDWPHQW VWHS SHUIRUPHG WR SUHSDUH D VSHFLILF FRQWDPLQDQW IRU UHPRYDO RU WR UHGXFH WKH WR[LFLW\ RI D
FRQWDPLQDQW E\ DOWHULQJ LWV FKHPLFDO IRUP� 7KH PRVW FRPPRQ DSSOLFDWLRQV RI FKHPLFDO UHGXFWLRQ DUH

UHGXFLQJ FKURPLXP �9,� WR FKURPLXP �,,,� LQ SUHSDUDWLRQ IRU K\GUR[LGH SUHFLSLWDWLRQ� R[LGL]LQJ DUVHQLF

�,,,� WR DUVHQLF �9� WR UHGXFH WR[LFLW\ DQG LPSURYH UHPRYDO E\ VXEVHTXHQW SURFHVVHV� DQG R[LGL]LQJ

F\DQLGH WR SURGXFH &2� DQG 1��

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 7KH SURFHVV PD\ QRW EH FRVW�HIIHFWLYH IRU KLJK FRQWDPLQDQW FRQFHQWUDWLRQV EHFDXVH RI WKH ODUJH

DPRXQWV RI UHGR[ DJHQW UHTXLUHG�

x 5HGR[ FKHPLFDOV ZLOO EH FRQVXPHG E\ QRQFRQWDPLQDQW VSHFLHV� ZKLFK LQFUHDVHV WUHDWPHQW FRVW DQG

FUHDWHV WKH SRWHQWLDO IRU IRUPLQJ XQGHVLUDEOH E\SURGXFWV�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

&KHPLFDO UHGR[ LV XVHG WR WUHDW SXPSHG JURXQGZDWHU RU ZDVWHZDWHU UHVLGXDO IURP D WUHDWPHQW SURFHVV�
7KH RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ WKH GXUDWLRQ RI WKH SULPDU\ SURFHVV RSHUDWLRQ�

&RVW 5DQJH� ����� WR ����� SHU ����� JDOORQV

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU FKHPLFDO UHGXFWLRQ�R[LGDWLRQ RI LQRUJDQLFV
DUH GHVLJQDWHG LQ 7DEOH 3&����
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7DEOH 3&���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW &KHPLFDO 5HGXFWLRQ�2[LGDWLRQ RI ,QRUJDQLFV

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

)LOWUDWLRQ WR UHPRYH VXVSHQGHG VROLGV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

&KHPLFDOV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

5HGR[ V\VWHP LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

'LVSRVDO RI WUHDWHG ZDWHU WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦&KHPLFDO 2[LGDWLRQ�5HGXFWLRQ§�

Stirred
Reactor

Treated Water

Contaminated
Groundwater

or Wastewater

Reducing (or Oxidizing) Agent

Mixer

CHEMICAL REDUCTION.CDR

)LJXUH 3&�� &KHPLFDO 5HGXFWLRQ�2[LGDWLRQ �,QRUJDQLFV�
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3&�D� &KHPLFDO 2[LGDWLRQ �2UJDQLFV�

$EVWUDFW�

&KHPLFDO R[LGDWLRQ LV D WHFKQRORJ\ IRU WUHDWLQJ SXPSHG JURXQGZDWHU RU ZDVWHZDWHU FRQWDPLQDWHG ZLWK

RUJDQLFV XVLQJ FKHPLFDO R[LGL]LQJ DJHQWV WR PLQHUDOL]H WKH RUJDQLFV�

'HVFULSWLRQ�

&KHPLFDO R[LGDWLRQ LQYROYHV PL[LQJ WKH R[LGDWLRQ DJHQW ZLWK JURXQGZDWHU LQ D YHVVHO WKDW DOORZV
VXIILFLHQW UHVLGHQFH WLPH IRU R[LGDWLRQ� 7KH R[LGDWLRQ DJHQW FDQ EH D VROXWLRQ �H�J�� VRGLXP K\SRFKORULWH

LQ ZDWHU� RU D JDV �H�J�� R]RQH�� 7KH R[LGL]LQJ DJHQWV PRVW FRPPRQO\ XVHG IRU FKHPLFDO WUHDWPHQW RI

RUJDQLF FRQWDPLQDQWV DUH R]RQH� K\GURJHQ SHUR[LGH� K\SRFKORULWHV� FKORULQH� DQG FKORULQH GLR[LGH� 7KH

WUHDWPHQW FKHPLFDOV W\SLFDOO\ PLQHUDOL]H PRVW RUJDQLF FRPSRXQGV WR FDUERQ GLR[LGH� ZDWHU� DQG VDOWV�

$SSOLFDELOLW\�

7KH WHFKQRORJ\ FDQ EH XVHG WR WUHDW KDORJHQDWHG DQG QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V�

DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V�� SRO\FKORULQDWHG ELSKHQ\OV �3&%V�� DQG RUGQDQFH

FRPSRXQGV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x ,QFRPSOHWH R[LGDWLRQ RU IRUPDWLRQ RI LQWHUPHGLDWH FRQWDPLQDQWV PD\ RFFXU GHSHQGLQJ XSRQ WKH

FRQWDPLQDQWV DQG R[LGL]LQJ DJHQWV XVHG�

x 7KH SURFHVV LV QRW FRVW�HIIHFLYH IRU KLJK FRQWDPLQDQW FRQFHQWUDWLRQV EHFDXVH RI WKH ODUJH DPRXQWV RI

R[LGL]LQJ DJHQW UHTXLUHG�

x :KHQ FKORULQH LV XVHG IRU R[LGDWLRQ� XQGHVLUDEOH VXEVWLWXWLRQ SURGXFWV VXFK DV FKORURPHWKDQHV FDQ
IRUP�

x 2[LGDWLRQ FKHPLFDOV ZLOO EH FRQVXPHG E\ QRQFRQWDPLQDQW VSHFLHV� ZKLFK LQFUHDVHV WUHDWPHQW FRVW

DQG FUHDWHV WKH SRWHQWLDO IRU IRUPLQJ XQGHVLUDEOH E\SURGXFWV�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

&KHPLFDO R[LGDWLRQ LV XVHG WR WUHDW SXPSHG JURXQGZDWHU RU ZDVWHZDWHU UHVLGXDO IURP D WUHDWPHQW SURFHVV�

7KH RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ WKH GXUDWLRQ RI WKH SULPDU\ SURFHVV RSHUDWLRQ�

&RVW 5DQJH� ����� WR ����� SHU ����� JDOORQV

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU FKHPLFDO R[LGDWLRQ RI RUJDQLFV DUH GHVLJQDWHG
LQ 7DEOH 3&�D���
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7DEOH 3&�D��� 0DMRU &RVW ,WHPV WR ,PSOHPHQW &KHPLFDO 2[LGDWLRQ RI 2UJDQLFV

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

)LOWUDWLRQ WR UHPRYH VXVSHQGHG VROLGV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

2[LGDWLRQ V\VWHP LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

3HUR[LGH DGGLWLRQ RU R]RQH JHQHUDWLRQ V\VWHP
LQVWDOODWLRQ

8WLOLWLHV

&KHPLFDOV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW
2II�JDV WUHDWPHQW V\VWHP LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

'LVSRVDO RI WUHDWHG ZDWHU WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV ;������

¦&KHPLFDO 2[LGDWLRQ�5HGXFWLRQ§�

Off-Gas
Treatment

Electric Corona
Ozone

Generator

Reactor
Contaminated

Water
Treated Water

Air

Ozone

Treated Off-Gas
Off-Gas

CHEMICAL OXIDATION.CDR

)LJXUH 3&�D� &KHPLFDO 2[LGDWLRQ �2UJDQLFV�
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3&�E� 8OWUDYLROHW /LJKW�&KHPLFDO 2[LGDWLRQ �2UJDQLFV�

$EVWUDFW�

8OWUDYLROHW OLJKW�FKHPLFDO R[LGDWLRQ LV D WHFKQRORJ\ IRU WUHDWLQJ SXPSHG JURXQGZDWHU RU ZDVWHZDWHU
FRQWDPLQDWHG ZLWK RUJDQLFV XVLQJ SKRWRFKHPLFDO UHDFWLRQV VXSSOHPHQWHG E\ FKHPLFDO R[LGDQWV WR

PLQHUDOL]H RUJDQLFV�

'HVFULSWLRQ�

8OWUDYLROHW �89� OLJKW�FKHPLFDO R[LGDWLRQ LV D GHVWUXFWLRQ SURFHVV WKDW R[LGL]HV RUJDQLF FRQWDPLQDQWV LQ
ZDVWHZDWHU E\ LUUDGLDWLRQ ZLWK 89 OLJKW VXSSOHPHQWHG E\ WKH DGGLWLRQ RI FKHPLFDO R[LGL]LQJ DJHQWV� 7KH

PRVW FRPPRQO\ XVHG FKHPLFDOV DUH K\GURJHQ SHUR[LGH RU R]RQH� +\GURJHQ SHUR[LGH LV LQMHFWHG LQWR WKH

89 OLJKW WUHDWPHQW XQLW DV DQ DTXHRXV VROXWLRQ� 2]RQH LV HOHFWURO\WLFDOO\ JHQHUDWHG DQG LQMHFWHG DV D JDV�

7KH SURFHVV LQYROYHV SDVVLQJ JURXQGZDWHU ZLWK DGGHG FKHPLFDOV LQ FORVH SUR[LPLW\ WR D VWURQJ VRXUFH RI
89 OLJKW� $ TXDUW] VOHHYH RYHU WKH OLJKW VRXUFH SURYLGHV D EDUULHU WR FRQWDLQ WKH ZDWHU� EXW LV WUDQVSDUHQW

WR 89 OLJKW� 7KH R[LGDWLRQ UHDFWLRQV DUH DFKLHYHG WKURXJK WKH V\QHUJLVWLF DFWLRQ RI 89 OLJKW� LQ

FRPELQDWLRQ ZLWK R]RQH DQG�RU K\GURJHQ SHUR[LGH WR SURGXFH DFWLYH K\GUR[\O UDGLFDOV WKDW W\SLFDOO\
PLQHUDOL]H FRQWDPLQDQWV WR FDUERQ GLR[LGH� ZDWHU� DQG VDOWV� 7KH PDLQ DGYDQWDJH RI 89 R[LGDWLRQ LV WKDW

LW LV D GHVWUXFWLRQ SURFHVV� DV RSSRVHG WR DLU VWULSSLQJ RU FDUERQ DGVRUSWLRQ SURFHVVHV LQ ZKLFK

FRQWDPLQDQWV DUH H[WUDFWHG DQG FRQFHQWUDWHG LQ D VHSDUDWH SKDVH� 89 R[LGDWLRQ SURFHVVHV FDQ EH
FRQILJXUHG LQ EDWFK RU FRQWLQXRXV IORZ PRGHV� GHSHQGLQJ RQ WKH WKURXJKSXW XQGHU FRQVLGHUDWLRQ�

$SSOLFDELOLW\�

89 OLJKW�FKHPLFDO R[LGDWLRQ FDQ EH XVHG WR WUHDW KDORJHQDWHG DQG QRQKDORJHQDWHG YRODWLOH RUJDQLF

FRPSRXQGV �92&V� DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V�� SRO\FKORULQDWHG ELSKHQ\OV �3&%V��

DQG RUGQDQFH FRPSRXQGV� 3UDFWLFDOO\ DQ\ RUJDQLF FRQWDPLQDQW WKDW LV UHDFWLYH ZLWK WKH K\GUR[\O UDGLFDO
FDQ SRWHQWLDOO\ EH WUHDWHG� $ ZLGH YDULHW\ RI RUJDQLF DQG H[SORVLYH FRQWDPLQDQWV DUH VXVFHSWLEOH WR

GHVWUXFWLRQ E\ 89 R[LGDWLRQ� LQFOXGLQJ SHWUROHXP K\GURFDUERQV� FKORULQDWHG K\GURFDUERQV XVHG DV

LQGXVWULDO VROYHQWV DQG FOHDQHUV� DQG RUGQDQFH FRPSRXQGV VXFK DV WULQLWURWROXHQH �717�� 5HVHDUFK

'HSDUWPHQW ([SORVLYH �5';�� DQG +LV 0DMHVW\©V ([SORVLYH �+0;�� ,Q PDQ\ FDVHV� FKORULQDWHG
K\GURFDUERQV WKDW DUH UHVLVWDQW WR ELRGHJUDGDWLRQ PD\ EH HIIHFWLYHO\ WUHDWHG E\ 89 R[LGDWLRQ� 7\SLFDOO\�

HDVLO\ R[LGL]HG RUJDQLF FRPSRXQGV� VXFK DV WKRVH ZLWK GRXEOH ERQGV �H�J�� WULFKORURHWK\OHQH >7&(@�

SHUFKORURHWK\OHQH >3&(@� DQG YLQ\O FKORULGH >9&@�� DV ZHOO DV VLPSOH DURPDWLF FRPSRXQGV �H�J�� WROXHQH�
EHQ]HQH� [\OHQH� DQG SKHQRO�� DUH UDSLGO\ GHVWUR\HG E\ 89 R[LGDWLRQ SURFHVVHV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVVHV�

x 7KH DTXHRXV VWUHDP EHLQJ WUHDWHG PXVW SHUPLW JRRG WUDQVPLVVLRQ RI 89 OLJKW �KLJK WXUELGLW\ FDXVHV

LQWHUIHUHQFH�� D IDFWRU WKDW FDQ EH PRUH FULWLFDO IRU 89�K\GURJHQ SHUR[LGH WKDQ 89�R]RQH�

x )UHH UDGLFDO VFDYHQJHUV FDQ LQKLELW FRQWDPLQDQW GHVWUXFWLRQ HIILFLHQF\� EHFDXVH FKHPLFDO DGGLWLYHV� LQ
KLJK FRQFHQWUDWLRQV� PD\ DFW DV VFDYHQJHUV�

x 7KH DTXHRXV VWUHDP WR EH WUHDWHG E\ 89 R[LGDWLRQ VKRXOG EH UHODWLYHO\ IUHH RI KHDY\ PHWDO LRQV �OHVV

WKDQ �� PJ�/� DQG LQVROXEOH RLO RU JUHDVH WR PLQLPL]H WKH SRWHQWLDO IRU IRXOLQJ RI WKH TXDUW] VOHHYHV�

x :KHQ 89�R]RQH LV XVHG RQ YRODWLOH RUJDQLFV VXFK DV WULFKORURHWKDQH �7&$�� FRQWDPLQDQWV WKDW DUH

YRODWLOL]HG �L�H�� ¦VWULSSHG§� UDWKHU WKDQ GHVWUR\HG KDYH WR EH UHPRYHG IURP WKH RII�JDV E\ DFWLYDWHG
FDUERQ DGVRUSWLRQ RU FDWDO\WLF R[LGDWLRQ�
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x 6XVSHQGHG VROLGV RU VROLGV IRUPHG E\ SUHFLSLWDWLRQ RI UHGXFHG LURQ RU PDQJDQHVH VSHFLHV FDQ RFFOXGH

WKH TXDUW] VOHHYHV� UHTXLULQJ SUHWUHDWPHQW WR UHPRYH WKH IRXOLQJ DJHQWV�

x +DQGOLQJ DQG VWRUDJH RI R[LGL]HUV UHTXLUH VSHFLDO VDIHW\ SUHFDXWLRQV�

x %\SURGXFW JHQHUDWLRQ PXVW EH DGGUHVVHG ZKHQ WUHDWLQJ KDORJHQDWHG FRPSRXQGV�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

89 R[LGDWLRQ LV XVHG WR WUHDW SXPSHG JURXQGZDWHU RU ZDVWHZDWHU UHVLGXDO IURP D WUHDWPHQW SURFHVV� 7KH

RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ WKH GXUDWLRQ RI WKH SULPDU\ SURFHVV RSHUDWLRQ�

&RVW 5DQJH� ����� WR ������ SHU ����� JDOORQV

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU 89 OLJKW�FKHPLFDO R[LGDWLRQ RI RUJDQLFV DUH
GHVLJQDWHG LQ 7DEOH 3&�E���

7DEOH 3&�E��� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 89 /LJKW�&KHPLFDO 2[LGDWLRQ RI 2UJDQLFV

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

)LOWUDWLRQ WR UHPRYH VXVSHQGHG VROLGV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

89�FKHPLFDO R[LGDWLRQ V\VWHP LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

3HUR[LGH DGGLWLRQ RU R]RQH JHQHUDWLRQ V\VWHP

LQVWDOODWLRQ

8WLOLWLHV

&KHPLFDOV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW
2II�JDV WUHDWPHQW V\VWHP LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

'LVSRVDO RI WUHDWHG ZDWHU WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV ;������

¦89 2[LGDWLRQ§�
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UV OXIDATION ORGANICS.CDR

Off-Gas
Treatment

Hydrogen
Peroxide
Supply

Ultraviolet
Light

Contaminated
Water

Treated Water

Quartz Sleeve

Treated
Off-Gas

Off-GasPower
Supply

Reactor

)LJXUH 3&�E� 8OWUDYLROHW /LJKW�&KHPLFDO 2[LGDWLRQ �2UJDQLFV�
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3&�� &LUFXODWLQJ :HOOV

$EVWUDFW�

&LUFXODWLQJ ZHOO WUHDWPHQW LV D SURFHVV IRU PRYLQJ JURXQGZDWHU DURXQG D ZHOO WR DOORZ LQ VLWX UHPHGLDWLRQ
RI FRQWDPLQDQWV LQ DQG DURXQG WKH ZHOO�

'HVFULSWLRQ�

&LUFXODWLQJ ZHOO �&:� WUHDWPHQW LV LPSOHPHQWHG E\ SXPSLQJ LQ D ZHOO WR IRUP D WKUHH�GLPHQVLRQDO

FLUFXODWLRQ SDWWHUQ RI WKH JURXQGZDWHU DURXQG WKH ZHOO WKDW PRYHV FRQWDPLQDWHG ZDWHU LQWR D WUHDWPHQW
]RQH LQ WKH ZHOO� *URXQGZDWHU LV GUDZQ LQWR D ZHOO WKURXJK RQH VFUHHQHG VHFWLRQ DQG LV PRYHG XSZDUG RU

GRZQZDUG LQ WKH ZHOO WR D VHFRQG VFUHHQHG VHFWLRQ ZKHUH LW LV UHLQWURGXFHG WR WKH DTXLIHU� 7KH PRYHPHQW

RI ZDWHU LV GULYHQ E\ D PHFKDQLFDO RU DLU OLIW SXPS DQG LV VRPHWLPHV VXSSOHPHQWHG E\ D YDFXXP DSSOLHG

WR WKH ZHOO� 7KH IORZ GLUHFWLRQ LQ WKH ZHOO FDQ EH HLWKHU XSZDUG RU GRZQZDUG� WR DFFRPPRGDWH VLWH�
VSHFLILF FRQGLWLRQV� GHSHQGLQJ RQ WKH ORFDWLRQ RI SDFNHUV LQ WKH ZHOO� %HFDXVH JURXQGZDWHU LV QRW SXPSHG

DERYH JURXQG� SXPSLQJ FRVWV DUH UHGXFHG DQG SHUPLWWLQJ LVVXHV HOLPLQDWHG� $OVR� WKH SUREOHPV

DVVRFLDWHG ZLWK VWRUDJH DQG GLVFKDUJH DUH UHPRYHG� ,Q DGGLWLRQ WR JURXQGZDWHU WUHDWPHQW� &: V\VWHPV
FDQ SURYLGH VLPXOWDQHRXV YDGRVH ]RQH WUHDWPHQW LQ WKH IRUP RI ELRYHQWLQJ RU VRLO YDSRU H[WUDFWLRQ �69(��

&: V\VWHPV FDQ SURYLGH WUHDWPHQW LQVLGH WKH ZHOO� LQ WKH DTXLIHU� RU D FRPELQDWLRQ RI ERWK� )RU HIIHFWLYH
LQ�ZHOO WUHDWPHQW� WKH FRQWDPLQDQWV PXVW EH DGHTXDWHO\ VROXEOH DQG PRELOH VR WKH\ FDQ EH WUDQVSRUWHG E\

WKH FLUFXODWLQJ JURXQGZDWHU� &XUUHQWO\� LQ�ZHOO WUHDWPHQWV LQFOXGH DLU VWULSSLQJ� DFWLYDWHG FDUERQ

DGVRUSWLRQ� DQG ELRGHJUDGDWLRQ� &RPPRQO\� DLU VWULSSLQJ LV SURYLGHG E\ DLU�OLIW SXPSLQJ� ZKLFK

VLPXOWDQHRXVO\ SXPSV DQG WUHDWV JURXQGZDWHU� ,Q VLWX WUHDWPHQW LV W\SLFDOO\ DFKLHYHG E\ HQKDQFLQJ
DHURELF ELRGHJUDGDWLRQ LQ WKH IRUPDWLRQ ZLWK WKH DGGLWLRQ RI R[\JHQ DQG QXWULHQWV� 7KH FRPELQDWLRQ RI

LQ�ZHOO DQG LQ VLWX WUHDWPHQW LV EHVW GHPRQVWUDWHG E\ D &: HTXLSSHG ZLWK DQ DLU VWULSSLQJ PHFKDQLVP� ,Q�

ZHOO DLU VWULSSLQJ UHPRYHV YRODWLOH FRQWDPLQDQWV DQG HQULFKHV WKH JURXQGZDWHU ZLWK R[\JHQ EHIRUH
UHLQWURGXFLQJ LW WR WKH IRUPDWLRQ� 7KH R[\JHQ�ULFK JURXQGZDWHU SURPRWHV DHURELF LQ VLWX ELRGHJUDGDWLRQ�

%HFDXVH &: V\VWHPV SURYLGH D ZLGH UDQJH RI WUHDWPHQW RSWLRQV� WKH\ SURYLGH VRPH GHJUHH RI IOH[LELOLW\

WR D UHPHGLDWLRQ HIIRUW�

$SSOLFDELOLW\�

,Q JHQHUDO� &: V\VWHPV DUH PRVW HIIHFWLYH DW WUHDWLQJ VLWHV ZLWK YRODWLOH FRQWDPLQDQWV ZLWK UHODWLYHO\ KLJK
DTXHRXV VROXELOLW\ DQG VWURQJ ELRGHJUDGDWLRQ SRWHQWLDO� H�J�� KDORJHQDWHG DQG QRQKDORJHQDWHG YRODWLOH

RUJDQLF FRPSRXQGV �92&V�� &:V RSHUDWH PRUH HIILFLHQWO\ ZLWK KRUL]RQWDO FRQGXFWLYLWLHV JUHDWHU WKDQ

��
��
FP�VHF DQG D UDWLR RI KRUL]RQWDO WR YHUWLFDO FRQGXFWLYLWLHV EHWZHHQ � DQG ��� $ UDWLR RI OHVV WKDQ �

LQGLFDWHV VKRUW FLUFXODWLRQ WLPHV DQG D VPDOO UDGLXV RI LQIOXHQFH� ,I WKH UDWLR LV JUHDWHU WKDQ ��� WKH

FLUFXODWLRQ WLPH PD\ EH XQDFFHSWDEO\ ORQJ�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 6XEVXUIDFH KHWHURJHQHLW\ FDQ LQWHUIHUH ZLWK XQLIRUP IORZ LQ WKH DTXLIHU DURXQG WKH ZHOO�
x (IIHFWLYH &: LQVWDOODWLRQV UHTXLUH D ZHOO�GHILQHG FRQWDPLQDQW SOXPH WR SUHYHQW WKH VSUHDGLQJ RU

VPHDULQJ RI WKH FRQWDPLQDWLRQ�

x &:V DUH OLPLWHG WR VLWHV ZLWK KRUL]RQWDO K\GUDXOLF FRQGXFWLYLWLHV JUHDWHU WKDQ ��
��
FP�VHF�

x ([WUHPHO\ WKLFN SOXPHV PD\ SUHYHQW FRVW�HIIHFWLYH WUHDWPHQW ZLWK D &: V\VWHP�
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x &: V\VWHPV VKRXOG QRW EH DSSOLHG WR VLWHV FRQWDLQLQJ QRQDTXHRXV�SKDVH OLTXLGV �1$3/V� WR SUHYHQW
WKH SRVVLELOLW\ RI VPHDULQJ WKH FRQWDPLQDQWV�

6WDWXV� (PHUJLQJ

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ� 1�$

&RVW 5DQJH� 1�$

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;����� ¦2WKHU§�
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)LJXUH 3&�� &LUFXODWLQJ :HOOV
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3&�� &RQGHQVDWLRQ

$EVWUDFW�

&RQGHQVDWLRQ LV WKH SURFHVV RI UHPRYLQJ FRQGHQVDEOH RUJDQLFV IURP D QRQFRQGHQVDEOH JDV VWUHDP E\
UHGXFLQJ WKH JDV VWUHDP WHPSHUDWXUH�

'HVFULSWLRQ�

2UJDQLF YDSRU FRQGHQVDWLRQ IURP D JDV VWUHDP PD\ EH SHUIRUPHG E\ ORZHULQJ WKH JDV VWUHDP WHPSHUDWXUH

DW D FRQVWDQW SUHVVXUH LQ D KHDW H[FKDQJHU RU LQFUHDVLQJ WKH JDV VWUHDP SUHVVXUH DW D FRQVWDQW WHPSHUDWXUH
�RU FRPELQDWLRQ RI ERWK��

7KHUH DUH WZR SRSXODU W\SHV RI FRQGHQVHUV� VXUIDFH DQG GLUHFW FRQWDFW� 6XUIDFH FRQGHQVHUV DUH JHQHUDOO\

VKHOO�DQG�WXEH KHDW H[FKDQJHUV ZKHUH FRRODQW IORZV LQVLGH WKH WXEHV WR FRQGHQVH WKH RUJDQLFV LQ D JDV
VWUHDP IORZLQJ RXWVLGH WKH WXEHV� &RQWDFW FRQGHQVHUV RSHUDWH E\ VSUD\LQJ D FRRO OLTXLG GLUHFWO\ LQWR D JDV

VWUHDP WR FRRO LW DQG FRQGHQVH WKH RUJDQLFV� ,Q ERWK W\SHV RI FRQGHQVHUV� WKH RUJDQLFV PD\ EH FROOHFWHG

DQG UHXVHG� &RRODQWV XVHG WR FRQGHQVH RUJDQLFV LQFOXGH FKLOOHG ZDWHU� EULQH VROXWLRQV� DQG FU\RJHQLF
IOXLGV�

$SSOLFDELOLW\�

&RQGHQVDWLRQ LV XVHG SULPDULO\ WR WUHDWH KDORJHQDWHG DQG QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV

�92&V� DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V� DQG SRO\FKORULQDWHG ELSKHQ\OV �3&%V� LQ D JDV

VWUHDP� &RQGHQVDWLRQ LV PRVW HIILFLHQWO\ DSSOLHG ZKHQ WKH FRQWDPLQDQW FRQFHQWUDWLRQ LV JUHDWHU WKDQ
����� SSPY�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 5HDGLO\ DYDLODEOH WHFKQRORJLHV� VXFK DV JUDQXODU DFWLYDWHG FDUERQ �*$&� PD\ EH PRUH FRVW�HIIHFWLYH
IRU ORZ�FRQFHQWUDWLRQ VWUHDPV�

x &DSLWDO FRVW RI WKH FRQGHQVHU DQG DVVRFLDWHG FKLOOHG ZDWHU VXSSO\�

x 3DUWLFXODWH LQ WKH JDV VWUHDP PD\ IRXO WKH FRQGHQVHU VXUIDFHV�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

&RQGHQVDWLRQ LV XVHG WR WUHDW RII�JDV IURP D SULPDU\ WUHDWPHQW SURFHVV� 7KH RSHUDWLRQ DQG PDLQWHQDQFH

GXUDWLRQ GHSHQGV RQ WKH GXUDWLRQ RI WKH SULPDU\ SURFHVV RSHUDWLRQ�

&RVW 5DQJH� ����� WR ������ SHU SRXQG RI RUJDQLF UHPRYHG

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU FRQGHQVDWLRQ DUH GHVLJQDWHG LQ 7DEOH 3&����
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7DEOH 3&���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW &RQGHQVDWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

&RQGHQVHU LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

&RROLQJ FRLO FOHDQLQJ

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

&KLOOHU LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦&RQGHQVDWLRQ§�

CONDENSATION.CDR

Chiller

Condenser

Coolant

Contaminated
Off-Gas

Treated Off-Gas

Organic Liquid
to Recovery
or Disposal

)LJXUH 3&�� &RQGHQVDWLRQ
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3&�� (OHFWURNLQHWLF ([WUDFWLRQ

$EVWUDFW�

(OHFWURNLQHWLF H[WUDFWLRQ LV DQ LQ VLWX SURFHVV WKDW VHSDUDWHV DQG H[WUDFWV PHWDOV DQG SRODU RUJDQLF
FRQWDPLQDQWV IURP VDWXUDWHG RU XQVDWXUDWHG VRLOV� VOXGJHV� DQG VHGLPHQWV�

'HVFULSWLRQ�

(OHFWURNLQHWLF H[WUDFWLRQ LV SHUIRUPHG E\ DSSO\LQJ D ORZ YROWDJH GLUHFW FXUUHQW DFURVV HOHFWURGH SDLUV WKDW

KDYH EHHQ LPSODQWHG LQ WKH JURXQG RQ HDFK VLGH RI WKH FRQWDPLQDWHG VRLO PDVV� 7KH HOHFWULFDO FXUUHQW
FDXVHV HOHFWURRVPRVLV DQG LRQ PLJUDWLRQ� 7KH DTXHRXV SKDVH RU FRQWDPLQDQWV GHVRUEHG IURP WKH VRLO

VXUIDFH DUH WUDQVSRUWHG WRZDUGV UHVSHFWLYH HOHFWURGHV GHSHQGLQJ RQ WKHLU FKDUJH� 7KH FRQWDPLQDQWV PD\

WKHQ EH H[WUDFWHG WR D UHFRYHU\ V\VWHP RU GHSRVLWHG DW WKH HOHFWURGH� 6XUIDFWDQWV DQG FRPSOH[LQJ DJHQWV

FDQ EH XVHG WR LQFUHDVH VROXELOLW\ DQG DVVLVW LQ WKH PRYHPHQW RI WKH FRQWDPLQDQW� $OVR� UHDJHQWV PD\ EH
LQWURGXFHG DW WKH HOHFWURGHV WR HQKDQFH FRQWDPLQDQW UHPRYDO UDWHV�

(OHFWURNLQHWLFV KDV EHHQ XVHG IRU GHFDGHV LQ WKH RLO UHFRYHU\ LQGXVWU\ DQG WR UHPRYH ZDWHU IURP VRLOV� EXW
LQ VLWX DSSOLFDWLRQ RI HOHFWURNLQHWLFV WR UHPHGLDWH FRQWDPLQDWHG VRLO LV QHZ� 5HFHQWO\� DWWHQWLRQ KDV

IRFXVHG RQ GHYHORSLQJ LQ VLWX HOHFWURNLQHWLF WHFKQLTXHV IRU WKH WUHDWPHQW RI ORZ SHUPHDELOLW\ VRLOV� ZKLFK

DUH UHVLVWDQW WR UHPHGLDWLRQ ZLWK WUDGLWLRQDO WHFKQRORJLHV EHFDXVH RI WKHLU ORZ K\GUDXOLF FRQGXFWLYLW\�

$SSOLFDELOLW\�

7KH WDUJHW FRQWDPLQDQWV JURXSV IRU HOHFWURNLQHWLF WHFKQRORJ\ DUH GLVVROYHG SRODU VSHFLHV VXFK DV PHWDO
LRQV� DQLRQV� DQG ZDWHU VROXEOH RUJDQLFV� (OHFWURNLQHWLFV LV EHLQJ XVHG FRPPHUFLDOO\ LQ (XURSH WR UHPRYH

KHDY\ PHWDO FRQWDPLQDQWV VXFK DV XUDQLXP� PHUFXU\� DQG PHWDO PL[WXUHV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 7KH SURFHVV PXVW EH RSHUDWHG ORQJ HQRXJK WR DFLGLI\ WKH HQWLUH FRQWDPLQDWHG YROXPH�

x 6ROXWLRQV PXVW EH H[WUDFWHG IURP WKH HOHFWURGH LQVWDOODWLRQ ZHOOV WR FRQWURO LQ VLWX FRQGLWLRQV DQG
WUHDWHG SULRU WR UHLQMHFWLRQ RU GLVSRVDO�

x :RUNV EHVW LQ VRLOV ZLWK KLJK FOD\ FRQWHQW�

x &KORULGH LQ WKH JURXQGZDWHU FDQ EH FRQYHUWHG WR FKORULGH DW WKH DQRGH� UHVXOWLQJ LQ WKH IRUPDWLRQ RI

WULKDORPHWKDQHV�

6WDWXV� (PHUJLQJ

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ� 1�$

&RVW 5DQJH� 1�$

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;������ ¦(OHFWURNLQHWLFV§�
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)LJXUH 3&�� (OHFWURNLQHWLF ([WUDFWLRQ
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3&��D� *UDQXODU $FWLYDWHG &DUERQ �*$&� $GVRUSWLRQ �/LTXLG 3KDVH�

$EVWUDFW�

/LTXLG�SKDVH *$& DGVRUSWLRQ LV DQ H[ VLWX WUHDWPHQW WHFKQRORJ\ IRU UHPRYLQJ RUJDQLFV IURP SXPSHG
JURXQGZDWHU RU ZDVWHZDWHU�

'HVFULSWLRQ�

/LTXLG�SKDVH *$& WUHDWPHQW LV SHUIRUPHG E\ SXPSLQJ JURXQGZDWHU WKURXJK RQH RU PRUH YHVVHOV

FRQWDLQLQJ DFWLYDWHG FDUERQ� ZKLFK UHPRYHV FRQWDPLQDQWV IURP WKH ZDWHU VWUHDP E\ VRUSWLRQ XQWLO
DYDLODEOH DFWLYH VLWHV DUH RFFXSLHG� &DUERQ LV ¦DFWLYDWHG§ IRU WKLV SXUSRVH E\ EHLQJ SURFHVVHG WR FUHDWH

SRURXV SDUWLFOHV ZLWK D ODUJH LQWHUQDO VXUIDFH DUHD ���� WR ����� VTXDUH PHWHUV RU ����� WR ������ VTXDUH

IHHW SHU JUDP RI FDUERQ� WKDW DWWUDFWV DQG DGVRUEV RUJDQLF PROHFXOHV DV ZHOO DV FHUWDLQ PHWDO DQG LQRUJDQLF

PROHFXOHV� $V WKH DYDLODEOH VXUIDFH VLWHV EHFRPH RFFXSLHG� WKH FRQWDPLQDQW FRQFHQWUDWLRQ LQ WKH EHG
HIIOXHQW LQFUHDVHV� :KHQ WKH FRQFHQWUDWLRQ RI FRQWDPLQDQWV LQ WKH HIIOXHQW IURP WKH EHG H[FHHGV D

VSHFLILHG DFWLRQ OHYHO� WKH FDUERQ FDQ EH UHJHQHUDWHG LQ SODFH� UHPRYHG DQG UHJHQHUDWHG DW DQ RII�VLWH

IDFLOLW\� RU UHPRYHG IRU GLVSRVDO� $GVRUSWLRQ E\ DFWLYDWHG FDUERQ KDV D ORQJ KLVWRU\ RI XVH LQ WUHDWLQJ
PXQLFLSDO� LQGXVWULDO� DQG KD]DUGRXV ZDVWHZDWHUV�

7KH WZR PRVW FRPPRQ UHDFWRU FRQILJXUDWLRQV IRU FDUERQ DGVRUSWLRQ V\VWHPV DUH WKH IL[HG EHG DQG WKH
SXOVHG RU PRYLQJ EHG� 7KH IL[HG�EHG FRQILJXUDWLRQ LV WKH PRVW ZLGHO\ XVHG IRU DGVRUSWLRQ IURP OLTXLGV�

6XVSHQGHG VROLGV LQ D OLTXLG VWUHDP PD\ DFFXPXODWH LQ WKH FROXPQ� FDXVLQJ IXUWKHU SUHVVXUH GURS� :KHQ

WKH SUHVVXUH GURS EHFRPHV WRR JUHDW� WKH DFFXPXODWHG VROLGV PXVW EH UHPRYHG� IRU H[DPSOH� E\

EDFNZDVKLQJ� 7KH VROLGV UHPRYDO SURFHVV QHFHVVLWDWHV DGVRUEHU GRZQWLPH DQG PD\ UHVXOW LQ FDUERQ ORVV
DQG GLVUXSWLRQ RI WKH PDVV WUDQVIHU ]RQH� 3UHWUHDWPHQW IRU UHPRYDO RI VROLGV IURP VWUHDPV WR EH WUHDWHG LV�

WKHUHIRUH� DQ LPSRUWDQW GHVLJQ FRQVLGHUDWLRQ�

$SSOLFDELOLW\�

/LTXLG�SKDVH *$& FDQ EH XVHG WR WUHDW KDORJHQDWHG DQG QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV

�92&V� DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V�� SRO\FKORULQDWHG ELSKHQ\OV �3&%V�� DQG RUGQDQFH
FRPSRXQGV� 7KH WDUJHW FRQWDPLQDQW JURXSV IRU FDUERQ DGVRUSWLRQ DUH 692&V DQG H[SORVLYHV� /LPLWHG

HIIHFWLYHQHVV PD\ EH DFKLHYHG RQ VRPH KDORJHQDWHG 92&V� VXFK DV YLQ\O FKORULGH RU GLFKORURHWK\OHQHV�

/LTXLG�SKDVH FDUERQ DGVRUSWLRQ LV HIIHFWLYH IRU UHPRYLQJ FRQWDPLQDQWV DW ORZ FRQFHQWUDWLRQV �OHVV WKDQ �
PJ�/� IURP ZDWHU DW QHDUO\ DQ\ IORZUDWH� DQG IRU UHPRYLQJ KLJKHU FRQFHQWUDWLRQV RI FRQWDPLQDQWV IURP

ZDWHU DW ORZ IORZUDWHV �W\SLFDOO\ �� OLWHUV SHU PLQXWH RU �� JSP�� &DUERQ DGVRUSWLRQ V\VWHPV DUH

SDUWLFXODUO\ HIIHFWLYH IRU SROLVKLQJ ZDWHU GLVFKDUJHV IURP RWKHU UHPHGLDO WHFKQRORJLHV WR DWWDLQ UHJXODWRU\
FRPSOLDQFH� &DUERQ DGVRUSWLRQ V\VWHPV FDQ EH GHSOR\HG UDSLGO\� DQG FRQWDPLQDQW UHPRYDO HIILFLHQFLHV

DUH KLJK� /RJLVWLF DQG HFRQRPLF GLVDGYDQWDJHV DULVH IURP WKH QHHG WR WUDQVSRUW DQG GHFRQWDPLQDWH VSHQW

FDUERQ�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 6SHQW FDUERQ PD\ EH D 5HVRXUFH &RQVHUYDWLRQ DQG 5HFRYHU\ $FW �5&5$� KD]DUGRXV ZDVWH�

x 6SHQW FDUERQ PXVW EH UHJHQHUDWHG RU GLVSRVHG RI DQG WKH DGVRUEHG FRQWDPLQDQWV PXVW EH GHVWUR\HG�

RIWHQ E\ LQFLQHUDWLRQ�
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x 7KH SUHVHQFH RI PXOWLSOH FRQWDPLQDQWV FDQ DIIHFW WKH SURFHVV SHUIRUPDQFH GXH WR FRPSHWLWLYH

DGVRUSWLRQ RI GLIIHUHQW FODVVHV RI FRPSRXQGV� 6LQJOH FRPSRQHQW LVRWKHUPV PD\ QRW EH DSSOLFDEOH IRU
PL[WXUHV� %HQFK WHVWV PD\ EH FRQGXFWHG WR HVWLPDWH FDUERQ XVDJH IRU PL[WXUHV�

x 6RPH FRPPRQ FKORULQDWHG FRQWDPLQDQWV DUH ZHDNO\ VRUEHG� FDXVLQJ ORZ *$& FDSDFLW\�

x 6XVSHQGHG VROLGV RU VROLGV IRUPHG E\ SUHFLSLWDWLRQ RI UHGXFHG LURQ RU PDQJDQHVH VSHFLHV LQ VROXWLRQ

FDQ IRXO D *$& EHG� UHTXLULQJ SUHWUHDWPHQW WR UHPRYH WKH IRXOLQJ DJHQWV�

x 7\SH DQG SRUH VL]H RI WKH FDUERQ� DV ZHOO DV WKH RSHUDWLQJ WHPSHUDWXUH� PXVW EH FDUHIXOO\ VHOHFWHG WR

RSWLPL]H FRQWDPLQDQW UHPRYDO�

x &DUERQ XVHG IRU H[SORVLYHV�FRQWDPLQDWHG JURXQGZDWHU LV QRW UHJHQHUDWHG DQG PXVW EH SURSHUO\
GLVSRVHG RI �

x :DWHU�VROXEOH FRPSRXQGV DQG VPDOO PROHFXOHV DUH QRW DGVRUEHG ZHOO�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

/LTXLG�SKDVH *$& DGVRUSWLRQ LV XVHG WR WUHDW SXPSHG JURXQGZDWHU RU ZDVWHZDWHU UHVLGXDO IURP D
WUHDWPHQW SURFHVV� 7KH RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ WKH GXUDWLRQ RI WKH SULPDU\

SURFHVV RSHUDWLRQ�

&RVW 5DQJH� ����� WR ����� SHU ����� JDOORQV

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU *$& DGVRUSWLRQ �OLTXLG SKDVH� DUH GHVLJQDWHG
LQ 7DEOH 3&��D���

7DEOH 3&��D��� 0DMRU &RVW ,WHPV WR ,PSOHPHQW *$& $GVRUSWLRQ �/LTXLG 3KDVH�

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

)LOWUDWLRQ WR UHPRYH VXVSHQGHG VROLGV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

5HSODFHPHQW FDUERQ

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

*$& V\VWHP LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�VLWH GLVSRVDO RU UHJHQHUDWLRQ RI VSHQW FDUERQ

'LVSRVDO RI WUHDWHG ZDWHU WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�
SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦*UDQXODU $FWLYDWHG &DUERQ $GVRUSWLRQ¥/LTXLG§�
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)LJXUH 3&��D� *UDQXODU $FWLYDWHG &DUERQ $GVRUSWLRQ �/LTXLG 3KDVH�

GAC ADSORPTION LIQUID.CDR

Carbon
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Bed

Carbon
Bed
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Treated Water

Carbon
Bed

Carbon
Bed

Carbon
Bed
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3&��E� *UDQXODU $FWLYDWHG &DUERQ �*$&� $GVRUSWLRQ �9DSRU 3KDVH�

$EVWUDFW�

9DSRU�SKDVH *$& DGVRUSWLRQ LV D WUHDWPHQW WHFKQRORJ\ LQ ZKLFK SROOXWDQWV DUH UHPRYHG IURP DLU E\

SK\VLFDO DGVRUSWLRQ RQWR DFWLYDWHG FDUERQ JUDLQV�

'HVFULSWLRQ�

9DSRU�SKDVH *$& WUHDWPHQW LV SHUIRUPHG E\ SDVVLQJ DQ RII�JDV VWUHDP WKURXJK RQH RU PRUH YHVVHOV
FRQWDLQLQJ DFWLYDWHG FDUERQ� ZKLFK UHPRYHV FRQWDPLQDQWV IURP WKH JDV VWUHDP E\ VRUSWLRQ XQWLO DYDLODEOH

DFWLYH VLWHV DUH RFFXSLHG� &DUERQ LV ¦DFWLYDWHG§ IRU WKLV SXUSRVH E\ EHLQJ SURFHVVHG WR FUHDWH SRURXV

SDUWLFOHV ZLWK D ODUJH LQWHUQDO VXUIDFH DUHD ���� WR ����� VTXDUH PHWHUV RU ����� WR ������ VTXDUH IHHW SHU

JUDP RI FDUERQ� WKDW DWWUDFWV DQG DGVRUEV RUJDQLF PROHFXOHV DV ZHOO DV FHUWDLQ PHWDO DQG LQRUJDQLF
PROHFXOHV�

&RPPHUFLDO JUDGHV RI DFWLYDWHG FDUERQ DUH DYDLODEOH IRU VSHFLILF XVH LQ YDSRU�SKDVH DSSOLFDWLRQV� 7KH
JUDQXODU IRUP RI DFWLYDWHG FDUERQ LV W\SLFDOO\ XVHG LQ SDFNHG EHGV WKURXJK ZKLFK WKH FRQWDPLQDWHG DLU

IORZV XQWLO WKH FRQFHQWUDWLRQ RI FRQWDPLQDQWV LQ WKH HIIOXHQW IURP WKH FDUERQ EHG H[FHHGV DQ DFFHSWDEOH

OHYHO� *$& V\VWHPV W\SLFDOO\ FRQVLVW RI RQH RU PRUH YHVVHOV ILOOHG ZLWK FDUERQ FRQQHFWHG LQ VHULHV DQG�RU
SDUDOOHO RSHUDWLQJ XQGHU DWPRVSKHULF� QHJDWLYH� RU SRVLWLYH SUHVVXUH� 7KH FDUERQ FDQ WKHQ EH UHJHQHUDWHG

LQ SODFH� UHJHQHUDWHG DW DQ RII�VLWH UHJHQHUDWLRQ IDFLOLW\� RU GLVSRVHG RI� GHSHQGLQJ XSRQ HFRQRPLF

FRQVLGHUDWLRQV�

7KH FDSDFLW\ RI FDUERQ WR DGVRUE FRQWDPLQDQWV GHSHQGV RQ WKH SURSHUWLHV RI WKH FRQWDPLQDQWV� ,Q

SDUWLFXODU ODUJH� SRODU PROHFXOHV WHQG WR DGVRUE PRUH VWURQJO\ WKDQ VPDOO� QRQSRODU PROHFXOHV� 6RPH

FRPPRQ FKORULQDWHG VROYHQWV� VXFK DV YLQ\O FKORULGH� DUH SRRUO\ DGVRUEHG �VHH 7DEOH 3&��E����

7DEOH 3&��E��� &DSDFLWLHV IRU *DV�3KDVH $GVRUSWLRQ RQ $FWLYDWHG &DUERQ

&RQWDPLQDQW 4 DW �� SSPY 4 DW ��� SSPY 4 DW ����� SSPY

2FWDQH ���� ���� ����

+H[DQH ���� ���� ����

%HQ]HQH ���� ���� ����

7ROXHQH ���� ���� ����

R�;\OHQH ���� ���� ����

7ULFKORURHWK\OHQH ���� ���� ����

7HWUDFKORURHWK\OHQH ���� ���� ����

9LQ\O FKORULGH ���� ��� ���

����'LFKORURHWK\OHQH ��� ���� ����

����'LFKORURHWK\OHQHV ��� ���� ����

�D� 4  J FRPSRXQG����J *$&�

$SSOLFDELOLW\�

9DSRU�SKDVH FDUERQ DGVRUSWLRQ LV XVHG SULPDULO\ WR WUHDW KDORJHQDWHG DQG QRQKDORJHQDWHG YRODWLOH RUJDQLF
FRPSRXQGV �92&V� DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V� DQG SRO\FKORULQDWHG ELSKHQ\OV �3&%V�
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LQ D JDV VWUHDP� *$& WUHDWPHQW LV PRVW HIILFLHQWO\ DSSOLHG ZKHQ WKH FRQWDPLQDQW FRQFHQWUDWLRQ LV OHVV
WKDQ ��� SSPY RU WKH RII�JDV IORZUDWH LV ORZ�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH HIIHFWLYHQHVV RI WKLV SURFHVV�

x 6SHQW FDUERQ PD\ EH D 5HVRXUFH &RQVHUYDWLRQ DQG 5HFRYHU\ $FW �5&5$� KD]DUGRXV ZDVWH�

x 6SHQW FDUERQ PXVW EH UHJHQHUDWHG RU GLVSRVHG RI DQG WKH DGVRUEHG FRQWDPLQDQWV PXVW EH GHVWUR\HG�

RIWHQ E\ LQFLQHUDWLRQ�

x 5HODWLYH KXPLGLW\ JUHDWHU WKDQ ��� FDQ UHGXFH FDUERQ FDSDFLW\�

x (OHYDWHG WHPSHUDWXUHV IURP VRLO YDSRU H[WUDFWLRQ �69(� SXPSV �JUHDWHU WKDQ ��q& RU ���q)� LQKLELW
DGVRUSWLRQ FDSDFLW\�

x 6RPH FRPPRQ FKORULQDWHG FRQWDPLQDQWV DUH ZHDNO\ VRUEHG� FDXVLQJ ORZ *$& FDSDFLW\�

x %LRORJLFDO JURZWK RQ FDUERQ RU KLJK SDUWLFXODWH ORDGLQJV FDQ UHGXFH IORZ WKURXJK WKH EHG�

x 6RPH FRPSRXQGV� VXFK DV NHWRQHV� PD\ FDXVH FDUERQ EHG ILUHV EHFDXVH RI WKHLU KLJK KHDW UHOHDVH

XSRQ DGVRUSWLRQ�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

9DSRU�SKDVH DGVRUSWLRQ LV XVHG WR WUHDW RII�JDV IURP D SULPDU\ WUHDWPHQW SURFHVV� 7KH RSHUDWLRQ DQG

PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ WKH GXUDWLRQ RI SULPDU\ SURFHVV RSHUDWLRQ�

&RVW 5DQJH� ����� WR ������ SHU SRXQG RI RUJDQLF UHPRYHG

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU *$& DGVRUSWLRQ �YDSRU SKDVH� DUH GHVLJQDWHG
LQ 7DEOH 3&��E���

7DEOH 3&��E��� 0DMRU &RVW ,WHPV WR ,PSOHPHQW *$& $GVRUSWLRQ �9DSRU 3KDVH�

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

3UHKHDW WR UHGXFH UHODWLYH KXPLGLW\ WR ���� �LI QHHGHG�

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

5HSODFHPHQW FDUERQ

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

*$& V\VWHP LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�VLWH GLVSRVDO RU UHJHQHUDWLRQ RI VSHQW FDUERQ

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�
SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�
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:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;������ ¦*UDQXODU $FWLYDWHG &DUERQ $GVRUSWLRQ¥*DV�9DSRU§�
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GAC ADSORPTION VAPOR.CDR

Carbon
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Off-Gas
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Treated Off-Gas

Carbon
Bed

Carbon
Bed

Carbon
Bed

)LJXUH 3&��E� *UDQXODU $FWLYDWHG &DUERQ �*$&� $GVRUSWLRQ �9DSRU 3KDVH�
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3&��� ,Q 6LWX +HDWLQJ ¤ +LJK 7HPSHUDWXUH �!����&�

$EVWUDFW�

,Q VLWX KHDWLQJ �VXSSOHPHQWHG E\ YDFXXP H[WUDFWLRQ� WR WHPSHUDWXUHV DERYH WKH ERLOLQJ SRLQW RI ZDWHU LV D
WHFKQRORJ\ IRU YDSRUL]LQJ KLJK�ERLOLQJ�SRLQW RUJDQLFV IURP LQ VLWX VRLO RU JURXQGZDWHU IRU FROOHFWLRQ DQG

PDQDJHPHQW DERYH JURXQG�

'HVFULSWLRQ�

,Q VLWX KHDWLQJ WR DERYH ����& FDQ EH LPSOHPHQWHG XVLQJ HOHFWULFDO KHDW LQSXW E\ FRQGXFWLRQ �L�H�� WKHUPDO
ZHOOV DQG EODQNHWV� RU UDGLDWLRQ �L�H�� UDGLRIUHTXHQF\ >5)@ KHDWLQJ�� ,Q VLWX WHPSHUDWXUHV KLJKHU WKDQ

�����& FDQ EH UHDFKHG ZLWK WKHVH KHDWLQJ PHWKRGV LQ WKH YDGRVH ]RQH�

7KHVH KLJK WHPSHUDWXUHV FDQ DOVR EH UHDFKHG LQ WKH VDWXUDWHG ]RQH LI WKH JURXQGZDWHU IORZUDWH LV ORZ
HQRXJK WKDW WKH V\VWHP KHDW LQSXW UDWH LV PRUH WKDQ VXIILFLHQW WR ERLO DOO RI WKH LQFRPLQJ ZDWHU� 9DSRUL]HG

ZDWHU DQG FRQWDPLQDQWV DUH FROOHFWHG E\ YDSRU H[WUDFWLRQ ZHOOV DQG EORZHUV VLPLODU WR WKRVH XVHG IRU D

VWDQGDUG VRLO YDSRU H[WUDFWLRQ �69(� V\VWHP� EXW GHVLJQHG IRU YHU\ KLJK WHPSHUDWXUH RSHUDWLRQ�

&RQGXFWLRQ KHDWLQJ �DOVR UHIHUUHG WR DV LQ VLWX WKHUPDO GHVRUSWLRQ� FDQ EH LPSOHPHQWHG XVLQJ VXUIDFH

KHDWLQJ EODQNHWV WR WUHDW VRLO IURP WKH VXUIDFH GRZQ WR DEXW � IW EJV RU KHDWLQJ HOHPHQWV LQVWDOOHG LQ ZHOOV
IRU GHHSHU FRQWDPLQDWLRQ�

7KH WKHUPDO EODQNHW V\VWHP XVHV PRGXODU HOHFWULFDOO\ KHDWHG EODQNHWV WKDW DUH SODFHG RQ WRS RI WKH

FRQWDPLQDWHG JURXQG VXUIDFH� 7KH EODQNHWV FDQ RSHUDWH DW WHPSHUDWXUHV XS WR ������&� +HDW IURP WKH
EODQNHWV LV FRQGXFWHG GRZQ LQWR WKH VRLO WR YDSRUL]H FRQWDPLQDQWV LQ WKH XSSHU � IW� (DFK EODQNHW PRGXOH

LV FRYHUHG ZLWK DQ LPSHUPHDEOH PHPEUDQH DQG LV SURYLGHG ZLWK DQ H[KDXVW SRUW JLYLQJ DFFHVV WR WKH

VSDFH XQGHU WKH EODQNHW� 7KH H[KDXVW SRUWV IRU WKH EODQNHWV FRYHULQJ D WUHDWPHQW DUHD DUH FRQQHFWHG WR D
FRPPRQ PDQLIROG OHDGLQJ WR WKH VXFWLRQ RI D EORZHU� 6RLO KHDWLQJ FDXVHV FRQWDPLQDQWV WR YDSRUL]H DQG

PLJUDWH WR WKH VXUIDFH EHFDXVH RI WKH QHJDWLYH SUHVVXUH FDXVHG XQGHU WKH EODQNHW E\ WKH EORZHU� 7KH

YDSRUL]HG FRQWDPLQDQWV DUH ZLWKGUDZQ IURP XQGHU WKH EODQNHW DQG HQWHU D WKHUPDO WUHDWPHQW XQLW ZKHUH

WKH\ DUH R[LGL]HG� 7KH KLJK WHPSHUDWXUH JDV VWUHDP LV WKHQ FRROHG WR SURWHFW WKH EORZHU DQG SDVVHG
WKURXJK D FDUERQ EHG WKDW FROOHFWV DQ\ WUDFH OHYHOV RI RUJDQLFV QRW R[LGL]HG SULRU WR UHOHDVH WR WKH

DWPRVSKHUH�

7KH WKHUPDO ZHOO V\VWHP LQYROYHV DQ DUUDQJHPHQW RI HOHFWULFDO LPPHUVLRQ KHDWLQJ HOHPHQWV SODFHG LQ

YHUWLFDO ZHOOV VSDFHG DERXW � WR �� IW DSDUW� 7KH KHDWLQJ HOHPHQWV RSHUDWH DW XS WR ������& WR KHDW WKH

VXUURXQGLQJ VRLO� 6LPLODU WR WKH WKHUPDO EODQNHW V\VWHP� KHDW WUDQVIHU IURP WKH ZHOOV LQWR WKH VRLO RFFXUV
E\ FRQGXFWLRQ� 7KH ZHOOV DUH LQVWDOOHG ZLWK DQ RXWHU SHUIRUDWHG VFUHHQ� 7KH WRS RXWOHWV RI DOO RI WKH ZHOOV

XVHG LQ D SDUWLFXODU DSSOLFDWLRQ DUH FRQQHFWHG WR D FRPPRQ PDQLIROG� 6LPLODU WR WKH EODQNHW PRGXOHV�

YDFXXP DSSOLHG WR WKH PDQLIROG UHPRYHV DLU DQG GHVRUEHG FRQWDPLQDQWV IRU WUHDWPHQW E\ WKHUPDO

R[LGDWLRQ DQG FDUERQ DGVRUSWLRQ�

5) KHDWLQJ LV DFFRPSOLVKHG E\ XVH RI HOHFWURPDJQHWLF HQHUJ\ LQ WKH 5) EDQG� 7KH KHDWLQJ SURFHVV GRHV

QRW UHO\ RQ WKH WKHUPDO FRQGXFWLYLW\ RI WKH VRLO� 7KH HQHUJ\ LV LQWURGXFHG LQWR WKH VRLO PDWUL[ E\
HOHFWURGHV LQVHUWHG LQWR GULOOHG KROHV� 7KH PHFKDQLVP RI KHDW JHQHUDWLRQ LV VLPLODU WR WKDW RI D PLFURZDYH

RYHQ� $ PRGLILHG UDGLR WUDQVPLWWHU VHUYHV DV WKH SRZHU VRXUFH� DQG WKH LQGXVWULDO� VFLHQWLILF� DQG PHGLFDO

EDQG SURYLGHV WKH IUHTXHQF\ DW ZKLFK WKH PRGLILHG WUDQVPLWWHU RSHUDWHV� 7KH H[DFW RSHUDWLRQDO IUHTXHQF\
LV REWDLQHG IURP DQ HYDOXDWLRQ RI WKH UHDO H[WHQW RI FRQWDPLQDWLRQ DQG WKH GLHOHFWULF SURSHUWLHV RI WKH VRLO

PDWUL[�
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)XOO LPSOHPHQWDWLRQ RI DQ 5) KHDWLQJ V\VWHP DW D FRQWDPLQDWHG KD]DUGRXV ZDVWH VLWH UHTXLUHV IRXU PDMRU
VXEV\VWHPV�

x $ 5) HQHUJ\ UDGLDWLRQ DUUD\

x 5) SRZHU JHQHUDWLQJ� WUDQVPLWWLQJ� PRQLWRULQJ� DQG FRQWURO V\VWHPV

x $ YDSRU EDUULHU DQG FRQWDLQPHQW V\VWHP

x $ YDSRU UHFRYHU\ DQG WUHDWPHQW V\VWHP�

$SSOLFDELOLW\�

+LJK�WHPSHUDWXUH LQ VLWX KHDWLQJ LV XVHG SULPDULO\ WR WUHDW KDORJHQDWHG DQG QRQKDORJHQDWHG VHPLYRODWLOH

RUJDQLF FRPSRXQGV �692&V�� SRO\FKORULQDWHG ELSKHQ\OV �3&%V�� DQG GHQVH� QRQDTXHRXV�SKDVH OLTXLG
�'1$3/��

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 6XEVXUIDFH KHWHURJHQHLW\ FDQ LQWHUIHUH ZLWK XQLIRUP WUHDWPHQW RI LQ VLWX PHGLD�

x 3HUIRUPDQFH LQ H[WUDFWLQJ OHVV YRODWLOH FRQWDPLQDQWV YDULHV GHSHQGLQJ XSRQ WKH PD[LPXP

WHPSHUDWXUH DFKLHYHG LQ WKH SURFHVV VHOHFWHG�

x 7KH KHDWLQJ DQG YDSRU FROOHFWLRQ V\VWHPV PXVW EH GHVLJQHG DQG RSHUDWHG VR DV WR OLPLW WKH VSUHDG RI
FRQWDPLQDQWV WR FOHDQ DUHDV�

x 7KH VRLO VWUXFWXUH DW WKH VLWH PD\ EH PRGLILHG E\ WKH KLJK WHPSHUDWXUH�

x 7KH KLJK HQHUJ\ LQSXW UHTXLUHG WR ERLO ZDWHU LQFUHDVHV WKH FRVW VLJQLILFDQWO\ ZKHQ WKH VDWXUDWHG ]RQH

LV WUHDWHG�

x 6RLO WKDW KDV D KLJK FOD\ RU KXPLF FRQWHQW KDV D KLJK VRUSWLRQ FDSDFLW\ RI YRODWLOH RUJDQLF FRPSRXQGV

�92&V�� ZKLFK UHVXOWV LQ UHGXFHG UHPRYDO UDWHV�

x 2II�JDV FROOHFWLRQ DQG WUHDWPHQW DUH UHTXLUHG�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

6RLO UHPHGLDWLRQ E\ LQ VLWX KHDWLQJ W\SLFDOO\ FDQ EH GRQH LQ D WUHDWPHQW SHULRG RI � WR � PRQWKV�

GHSHQGLQJ RQ WKH IROORZLQJ FRQGLWLRQV�

x &OHDQXS JRDOV

x 7KH YROXPH RI LQ VLWX PHGLD UHTXLULQJ WUHDWPHQW
x &RQWDPLQDQW FRQFHQWUDWLRQV DQG GLVWULEXWLRQ

x ,Q VLWX FKDUDFWHULVWLFV LQFOXGLQJ SHUPHDELOLW\ DQG DQLVRWURS\

x 3K\VLFDO FKDUDFWHULVWLFV RI FRQWDPLQDQWV LQFOXGLQJ YDSRU SUHVVXUH DQG +HQU\©V ODZ FRQVWDQW
x 0RLVWXUH FRQWHQW RI WKH VRLO�

&RVW 5DQJH� ������� WR ������� IL[HG PRELOL]DWLRQ FRVW SOXV ��� WR ���� SHU FXELF \DUG RSHUDWLQJ FRVW

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU LQ VLWX KHDWLQJ ¤ KLJK WHPSHUDWXUH DUH
GHVLJQDWHG LQ 7DEOH 3&�����



)LQDO �������73���

7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW ,Q 6LWX +HDWLQJ ¤ +LJK 7HPSHUDWXUH

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

:HOO LQVWDOODWLRQ +HDWLQJ V\VWHP OHDVLQJ

6DPSOLQJ SRLQW LQVWDOODWLRQ 2II�JDV WUHDWPHQW V\VWHP OHDVLQJ

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

&UHZ DQG HTXLSPHQW PRELOL]DWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�
SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦7KHUPDO %ODQNHW �ZLWK 9DFXXP ([WUDFWLRQ�§� ;������
¦5DGLR)UHTXHQF\�(OHFWRPDJQHWLF +HDWLQJ§� DQG ;������ ¦7KHUPDO :HOOV§�

1RWH WKDW WKHUPDO ZHOOV W\SLFDOO\ DUH XVHG ZLWK WKHUPDO EODQNHWV�
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3&��D� 6ROLGLILFDWLRQ�6WDELOL]DWLRQ �,Q 6LWX�

$EVWUDFW�

6ROLGLILFDWLRQ�VWDELOL]DWLRQ �6�6� LV D UHPHGLDWLRQ SURFHVV IRU LQ VLWX VRLO WKDW UHGXFHV WKH PRELOLW\ RI
KD]DUGRXV VXEVWDQFHV DQG FRQWDPLQDQWV LQ WKH HQYLURQPHQW XVLQJ D ELQGLQJ DJHQW�

'HVFULSWLRQ�

6�6 WUHDWPHQW LV GHVLJQHG WR LPPRELOL]H FRQWDPLQDQWV ZLWKLQ WKH FRQWDPLQDWHG PDWUL[� LQVWHDG RI

UHPRYLQJ WKHP WKURXJK FKHPLFDO RU SK\VLFDO WUHDWPHQW� 6RLO LV PL[HG ZLWK D ELQGHU� �VXFK DV SRUWODQG
FHPHQW� WR UHGXFH FRQWDPLQDQW PRELOLW\ E\ D FRPELQDWLRQ RI SK\VLFDO HQWUDSPHQW �H�J�� HQFDSVXODWLRQ RU

SXURVLW\ UHGXFWLRQ� DQG FKHPLFDO UHDFWLRQ �H�J�� K\GUR[LGH SUHFLSLWDWLRQ�� /HDFKDELOLW\ WHVWLQJ LV W\SLFDOO\

SHUIRUPHG WR PHDVXUH WKH LPPRELOL]DWLRQ RI FRQWDPLQDQWV� ,Q VLWX 6�6 WHFKQLTXHV XVH DXJHU V\VWHPV RU

JURXW LQMHFWLRQ V\VWHPV WR DSSO\ 6�6 DJHQWV WR LQ VLWX VRLOV�

$XJHU PL[LQJ LQYROYHV XVLQJ ODUJH VRLO DXJHUV WR PL[ ELQGHU LQWR LQ VLWX VRLO� %LQGHU LV DSSOLHG WKURXJK

QR]]OHV DW WKH ERWWRP RQ WKH DXJHUV DV WKH\ WXUQ� PL[LQJ DQG GULOOLQJ LQWR WKH VRLO� *URXW LQMHFWLRQ
LQYROYHV IRUFLQJ ELQGHU LQWR WKH VRLO SRURVLW\ XVLQJ KLJK�SUHVVXUH JURXW LQMHFWLRQ SLSHV IRUFHG LQWR WKH VRLO�

$SSOLFDELOLW\�

,Q VLWX 6�6 LV XVHG SULPDULO\ WR WUHDW LQRUJDQLFV� 7KH WHFKQRORJ\ KDV OLPLWHG HIIHFWLYHQHVV DJDLQVW

VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V� DQG SHVWLFLGHV� KRZHYHU� ELQGHU IRUPXODWLRQV GHVLJQHG WR EH

PRUH HIIHFWLYH LQ WUHDWLQJ RUJDQLFV DUH EHLQJ GHYHORSHG DQG WHVWHG�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x /RQJ�WHUP HIIHFWLYHQHVV KDV QRW EHHQ GHPRQVWUDWHG IRU PDQ\ FRQWDPLQDQW�SURFHVV FRPELQDWLRQV�

x $ KLJK SURSRUWLRQ RI URFNV RU GHEULV LQ VLWX FDQ LQWHUIHUH ZLWK ELQGHU LQMHFWLRQ RU PL[LQJ�

x 'HSWK RI FRQWDPLQDQWV PD\ OLPLW VRPH W\SHV RI DSSOLFDWLRQ SURFHVVHV�

x %LQGHU LQMHFWLRQ DQG PL[LQJ PXVW EH FRQWUROOHG WR PLQLPL]H WKH VSUHDG RI FRQWDPLQDQWV WR FOHDQ

DUHDV�

x ([SRVXUH WR ZDWHU RU IUHH]H�WKDZ F\FOHV PD\ UHGXFH LPPRELOL]DWLRQ RI FRQWDPLQDQWV�

x ,W FDQ EH GLIILFXOW WR IRUPXODWH DQ HIIHFWLYH ELQGHU IRU FRPSOH[ ZDVWH�

x 5HDJHQW GHOLYHU\ DQG HIIHFWLYH PL[LQJ DUH PRUH GLIILFXOW DQG FRVWO\ WKDQ IRU H[ VLWX DSSOLFDWLRQV�

x 92&V JHQHUDOO\ DUH QRW LPPRELOL]HG�

x $XJHU PL[LQJ LV OLPLWHG WR GHSWKV OHVV WKDQ ��� IW�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

,Q VLWX 6�6 W\SLFDOO\ FDQ EH SHUIRUPHG LQ D WUHDWPHQW SHULRG RI � WR � PRQWKV� GHSHQGLQJ RQ WKH IROORZLQJ

FRQGLWLRQV�

x &OHDQXS JRDOV

x 7KH YROXPH RI LQ VLWX PHGLD UHTXLULQJ WUHDWPHQW
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x &RQWDPLQDQW FRQFHQWUDWLRQ DQG GLVWULEXWLRQ
x 6XEVXUIDFH VRLO FKDUDFWHULVWLFV LQFOXGLQJ SDUWLFOH VL]H GLVWULEXWLRQ DQG GHQVLW\�

&RVW 5DQJH� ������� WR ������� IL[HG PRELOL]DWLRQ FRVW SOXV ��� WR ���� SHU FXELF \DUG RSHUDWLQJ FRVW

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU LQ VLWX 6�6 DUH GHVLJQDWHG LQ 7DEOH 3&��D���

7DEOH 3&��D��� 0DMRU &RVW ,WHPV WR ,PSOHPHQW ,Q 6LWX 6�6

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

(TXLSPHQW OHDVLQJ

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

%LQGHU

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

&UHZ DQG HTXLSPHQW PRELOL]DWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH
VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;������ ¦3R]]RODQ 3URFHVV �/LPH�3RUWODQG &HPHQW�§�
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)LJXUH 3&��D� ,Q 6LWX 6ROLGLILFDWLRQ�6WDELOL]DWLRQ
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3&��E� 6ROLGLILFDWLRQ�6WDELOL]DWLRQ �([ 6LWX�

$EVWUDFW�

([ VLWX VROLGLILFDWLRQ�VWDELOL]DLWRQ �6�6� LV D WUHDWPHQW SURFHVV IRU H[FDYDWHG VRLO WKDW UHOLHV RQ UHGXFLQJ
WKH PRELOLW\ RI FRQWDPLQDQWV XVLQJ D ELQGLQJ DJHQW�

'HVFULSWLRQ�

&RQWDPLQDQW PRELOLW\ UHGXFWLRQ LV DFKLHYHG E\ PL[LQJ VRLO ZLWK D ELQGHU WKDW SURYLGHV D FRPELQDWLRQ RI

SK\VLFDO HQWUDSPHQW �H�J�� HQFDSVXODWLRQ RU SRURVLW\ UHGXFWLRQ� DQG FKHPLFDO UHDFWLRQ �H�J�� K\GUR[LGH
SUHFLSLWDWLRQ�� $ ZLGH YDULHW\ RI PDWHULDOV DUH XVHG DV 6�6 ELQGHUV LQFOXGLQJ SRUWODQG FHPHQW� SR]]RODQV�

VLOLFDWHV� ELWXPHQ� DQG SRO\PHUV� 3RUWODQG FHPHQW DQG UHODWHG DOXPLQRVLOLFDWH SR]]RODQV �H�J�� EODVW

IXUQDFH VODJ RU IO\ DVK� DUH WKH PRVW FRPPRQO\ XVHG ELQGHUV� &HPHQW DQG ZDWHU DUH PL[HG ZLWK VRLO XVLQJ

D SXJ PLOO� URWDWLQJ GUXP PL[HU� RU RWKHU VOXUU\ PL[LQJ DSSDUDWXV� $GGLWLYHV PD\ DOVR EH LQFOXGHG LQ WKH
PL[WXUH WR LPSURYH WKH LPPRELOL]DWLRQ RI VSHFLILF FRQWDPLQDQWV RU RII�VHW QHJDWLYH DIIHFWV RI

FRQWDPLQDQWV RQ VHWWLQJ WLPH RU XOWLPDWH VWUHQJWK�

$SSOLFDELOLW\�

([ VLWX 6�6 LV XVHG SULPDULO\ WR WUHDW LQRUJDQLFV� 7KH WHFKQRORJ\ KDV OLPLWHG HIIHFWLYHQHVV DJDLQVW
VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V� DQG SHVWLFLGHV� KRZHYHU� ELQGHU IRUPXODWLRQV GHVLJQHG WR EH

PRUH HIIHFWLYH DJDLQVW RUJDQLF FRQWDPLQDQWV DUH EHLQJ GHYHORSHG DQG WHVWHG�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x /RQJ�WHUP HIIHFWLYHQHVV KDV QRW EHHQ GHPRQVWUDWHG IRU PDQ\ FRQWDPLQDQW�SURFHVV FRPELQDWLRQV�

x (QYLURQPHQWDO FRQGLWLRQV LQ WKH ILQDO GLVSRVDO VLWH PD\ DIIHFW WKH ORQJ�WHUP LPPRELOL]DWLRQ RI
FRQWDPLQDQWV�

x 6RPH SURFHVVHV UHVXOW LQ D VLJQLILFDQW LQFUHDVH LQ YROXPH �XS WR GRXEOH WKH RULJLQDO YROXPH��

x 2UJDQLFV FDQ LQWHUIHUH ZLWK ELQGHU VHWWLQJ�

x 9RODWLOH RUJDQLF FRPSRXQGV �92&V� JHQHUDOO\ DUH QRW LPPRELOL]HG DQG FDQ HVFDSH GXULQJ PL[LQJ�

x ,W FDQ EH GLIILFXOW WR IRUPXODWH DQ HIIHFWLYH ELQGHU IRU FRPSOH[ ZDVWH�

x 'HEULV JUHDWHU WKDQ �� PP LQ GLDPHWHU W\SLFDOO\ PXVW EH UHPRYHG SULRU WR SURFHVVLQJ�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

([ VLWX 6�6 LV XVHG WR WUHDW H[FDYDWHG VRLO� VR WKH RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ WKH
SURFHVVLQJ UDWH RI WKH WUHDWPHQW XQLW DQG WKH YROXPH RI VRLO� 3URFHVVLQJ W\SLFDOO\ ZRXOG EH GRQH RQ VLWH LQ

D PRELOH XQLW� 7KH WKURXJKSXW RI D PRELOH XQLW LV H[SHFWHG WR UDQJH IURP �� WR ��� FXELF \DUGV SHU GD\�

&RVW 5DQJH� ������� WR ������� IL[HG PRELOL]DWLRQ FRVW SOXV ��� WR ���� SHU FXELF \DUG RSHUDWLQJ FRVW

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU H[ VLWX 6�6 DUH GHVLJQDWHG LQ 7DEOH 3&��E���
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7DEOH 3&��E��� 0DMRU &RVW ,WHPV WR ,PSOHPHQW ([ 6LWX 6�6

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

6FUHHQLQJ WR UHPRYH GHEULV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

&UHZ DQG HTXLSPHQW PRELOL]DWLRQ 6RLO H[FDYDWLRQ

(TXLSPHQW OHDVLQJ

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

%LQGHU

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

7UHDWPHQW SDG LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2Q�VLWH GLVSRVDO RI WUHDWHG VRLO� VHGLPHQW� RU VOXGJH

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH
VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;������ ¦3R]]RODQ 3URFHVV �/LPH�3RUWODQG &HPHQW�§�
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)LJXUH 3&��E� 6ROLGLILFDWLRQ�6WDELOL]DWLRQ �([ 6LWX�
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3&��D� 9LWULILFDWLRQ �,Q 6LWX�

$EVWUDFW�

,Q VLWX YLWULILFDWLRQ �,69� LV D WUHDWPHQW SURFHVV IRU LQ VLWX VRLO WKDW LPPRELOL]HV FRQWDPLQDQWV LQ D JODVV\
PDWUL[ IRUPHG E\ PHOWLQJ VRLO�

'HVFULSWLRQ�

,69 LQYROYHV XVLQJ DQ HOHFWULF FXUUHQW WR PHOW VRLO RU RWKHU HDUWKHQ PDWHULDOV DW H[WUHPHO\ KLJK

WHPSHUDWXUHV ������������q& RU �����������q)�� 2UJDQLFV DUH S\URO\]HG DQG YDSRUL]HG E\ WKH KLJK
WHPSHUDWXUH� :DWHU YDSRU DQG RUJDQLF S\URO\VLV FRPEXVWLRQ SURGXFWV DUH FDSWXUHG LQ D KRRG� ZKLFK

GUDZV WKH FRQWDPLQDQWV LQWR DQ RII�JDV WUHDWPHQW V\VWHP WKDW UHPRYHV SDUWLFXODWHV DQG RWKHU SROOXWDQWV

IURP WKH JDV� 8SRQ FRROLQJ� WKH PHOW VROLGLILHV WR IRUP D JODVV\ VROLG� LPPRELOL]LQJ PRVW LQRUJDQLFV�

+LJK WHPSHUDWXUHV DUH DFKLHYHG XVLQJ D VTXDUH DUUD\ RI IRXU JUDSKLWH HOHFWURGHV� 7R LQLWLDWH WKH SURFHVV� D

SDWK RI FRQGXFWLQJ PDWHULDO �JUDSKLWH� LV SODFHG RQ WKH VXUIDFH RI WKH VRLO VR WKDW FXUUHQW FDQ IORZ LQ WKH

VRLO EH\RQG WKH ERLOLQJ WHPSHUDWXUH RI ZDWHU �GU\ VRLO LV QRW FRQGXFWLYH DIWHU WKH FRQGXFWLRQ SDWK LQ VRLO
SRUH ZDWHU LV ERLOHG RII� WR WKH PHOWLQJ SRLQW RI WKH VRLO� 7KH MRXOH KHDWLQJ RI WKH VWDUWHU SDWK DFKLHYHV

WHPSHUDWXUHV KLJK HQRXJK WR PHOW WKH VRLO �YDOXH LV GHSHQGHQW RQ WKH VRLO©V DONDOL PHWDO R[LGH FRQWHQW�� DW

ZKLFK SRLQW WKH VRLO EHFRPHV FRQGXFWLYH� 7KH PROWHQ VRLO ]RQH JURZV GRZQZDUG DQG RXWZDUG� 1HZ
GHVLJQV LQFRUSRUDWH D PRYLQJ HOHFWURGH PHFKDQLVP WR DFKLHYH D JUHDWHU SURFHVV GHSWK� $ YDFXXP

SUHVVXUL]HG KRRG LV SODFHG RYHU WKH YLWULILFDWLRQ ]RQH WR FRQWDLQ DQG SURFHVV DQ\ FRQWDPLQDQWV HPDQDWLQJ

IURP WKH VRLO GXULQJ YLWULILFDWLRQ� 7KH YLWULILFDWLRQ SURGXFW LV D FKHPLFDOO\ VWDEOH� OHDFK�UHVLVWDQW� JODVV

DQG FU\VWDOOLQH PDWHULDO VLPLODU WR REVLGLDQ RU EDVDOW URFN� 7KH SURFHVV GHVWUR\V DQG�RU UHPRYHV RUJDQLF
PDWHULDOV� 5DGLRQXFOLGHV DQG KHDY\ PHWDOV DUH UHWDLQHG ZLWKLQ WKH PROWHQ VRLO�

$SSOLFDELOLW\�

7KH ,69 SURFHVV FDQ GHVWUR\ RU UHPRYH RUJDQLFV DQG LPPRELOL]H PRVW LQRUJDQLFV LQ FRQWDPLQDWHG VRLOV�

VOXGJHV� RWKHU HDUWKHQ PDWHULDOV� 7KH SURFHVV KDV EHHQ WHVWHG RQ D EURDG UDQJH RI YRODWLOH RUJDQLF

FRPSRXQGV �92&V� DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V�� RWKHU RUJDQLFV LQFOXGLQJ GLR[LQV DQG
SRO\FKORULQWHG ELSKHQ\OV �3&%V�� DQG RQ PRVW SULRULW\ SROOXWDQW PHWDOV DQG UDGLRQXFOLGHV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x %XULHG HOHFWULFDO FRQGXFWLRQ SDWKV �H�J�� SLSHV RU GUXPV��

x 5XEEOH H[FHHGLQJ ��� E\ ZHLJKW�

x +HDWLQJ WKH VRLO PD\ FDXVH VXEVXUIDFH PLJUDWLRQ RI FRQWDPLQDQWV LQWR FOHDQ DUHDV�

x /DUJH DFFXPXODWLRQV RI IODPPDEOH RU H[SORVLYH PDWHULDOV�

x &RPEXVWLEOH RUJDQLFV LQ WKH VRLO RU VOXGJH H[FHHGLQJ � WR �� ZHLJKW SHUFHQW �ZW��� GHSHQGLQJ RQ WKH
KHDWLQJ YDOXH�

x 7KH VROLGLILHG PDWHULDO PD\ KLQGHU IXWXUH VLWH XVH�

x 3URFHVVLQJ RI FRQWDPLQDWLRQ EHORZ WKH ZDWHU WDEOH PD\ UHTXLUH VRPH PHDQV WR OLPLW UHFKDUJH�

x +LJK PRLVWXUH FRQWHQW LQFUHDVHV FRVW�

6WDWXV� ,QQRYDWLYH
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2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

,69 W\SLFDOO\ FDQ EH SHUIRUPHG LQ D WUHDWPHQW SHULRG RI � WR �� PRQWKV� EDVHG RQ WKH IROORZLQJ

FRQGLWLRQV�

x &OHDQXS JRDOV

x 7KH YROXPH RI LQ VLWX VRLO UHTXLULQJ WUHDWPHQW
x &RQWDPLQDQW FRQFHQWUDWLRQ DQG GLVWULEXWLRQ

x 6RLO PRLVWXUH FRQWHQW�

&RVW 5DQJH� ������� WR ������� IL[HG PRELOL]DWLRQ FRVW SOXV ���� WR ���� SHU FXELF \DUG RSHUDWLQJ FRVW

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU LQ VLWX YLWULILFDWLRQ DUH GHVLJQDWHG LQ
7DEOH 3&��D���

7DEOH 3&��D��� 0DMRU &RVW ,WHPV WR ,PSOHPHQW ,Q 6LWX 9LWULILFDWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

3RZHU VXSSO\ DQG HOHFWURGH V\VWHP OHDVLQJ

+RRG DQG RII�JDV WUHDWPHQW V\VWHP OHDVLQJ

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

&UHZ DQG HTXLSPHQW PRELOL]DWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH
VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;������ ¦,Q 6LWX 9LWULILFDWLRQ§�
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3&��E� 9LWULILFDWLRQ �([ 6LWX�

$EVWUDFW�

([ VLWX YLWULILFDWLRQ LV D WUHDWPHQW SURFHVV IRU H[FDYDWHG VRLO WKDW LPPRELOL]HV FRQWDPLQDQWV E\ PHOWLQJ
VRLO�

'HVFULSWLRQ�

([ VLWX YLWULILFDWLRQ LV SHUIRUPHG XVLQJ D SODVPD WRUFK� DQ HOHFWULFDO FXUUHQW� RU RWKHU KHDW VRXUFH WR PHOW

VRLO RU RWKHU FRQWDPLQDWHG PDWULFHV DW H[WUHPHO\ KLJK WHPSHUDWXUHV ������ � ������& RU ����� � ������)��
2UJDQLFV DUH S\URO\]HG DQG YDSRUL]HG E\ WKH KLJK WHPSHUDWXUHV� :DWHU YDSRU DQG S\URO\VLV SURGXFWV DUH

FDSWXUHG E\ DQ RII�JDV WUHDWPHQW V\VWHP IRU DGGLWLRQDO SURFHVVLQJ SULRU WR GLVFKDUJH� 7KH PHOW H[LWV WKH

YLWULILFDWLRQ XQLW ZKHUH LW FRROV WR IRUP D JODVV\ VROLG WKDW LPPRELOL]HV LQRUJDQLFV�

([ VLWX YLWULILFDWLRQ LV HIIHFWLYH LQ UHGXFLQJ WKH PRELOLW\ RI WKH FRQWDPLQDWHG ZDVWHV ZLWKLQ D PHGLD� 7KH

YLWULILHG PDVV KDV KLJK VWUHQJWK DQG UHVLVWDQFH WR OHDFKLQJ� 7KH VWUHQJWK SURSHUWLHV RI PDWHULDO YLWULILHG E\

GLIIHUHQW V\VWHPV FDQ YDU\ ZLGHO\� 6\VWHPV LQ ZKLFK WKH YLWULILHG PDVV LV TXHQFK�FRROHG PD\ SURGXFH D
PRUH HDVLO\ IUDFWXUHG PDVV WKDQ V\VWHPV LQ ZKLFK WKH PDVV LV DOORZHG WR DLU FRRO� ,Q DGGLWLRQ� V\VWHPV LQ

ZKLFK IOX[LQJ DJHQWV DUH XVHG ZLOO KDYH GLIIHUHQW VWUHQJWK SURSHUWLHV� 7KH FRPSRVLWLRQ RI WKH VRLO WKDW LV

YLWULILHG PD\ DOVR DIIHFW WKH VWUHQJWK SURSHUWLHV RI WKH YLWULILHG PDWHULDO�

([ VLWX YLWULILFDWLRQ LV QRUPDOO\ FRQVLGHUHG D VWDQG�DORQH WHFKQRORJ\� KRZHYHU� LWV SRWHQWLDO IRU XVH LQ

WUHDWLQJ WKH VROLG UHVLGXDOV IURP RWKHU WHFKQRORJLHV� VXFK DV LQFLQHUDWRU DVK� LV UHFHLYLQJ LQFUHDVLQJ

DWWHQWLRQ�

$SSOLFDELOLW\�

([ VLWX YLWULILFDWLRQ FDQ GHVWUR\ RU UHPRYH RUJDQLFV DQG LPPRELOL]H PRVW LQRUJDQLFV LQ FRQWDPLQDWHG

VRLOV� VOXGJHV� RU RWKHU HDUWKHQ PDWHULDOV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 2UJDQLF FRQWDPLQDQWV LQ WKH RII�JDV QHHG WR EH FRQWUROOHG� DQG VRPH YRODWLOH KHDY\ PHWDOV PD\
YRODWLOL]H DQG UHTXLUH WUHDWPHQW LQ WKH RII�JDV V\VWHP�

x 8VH RU GLVSRVDO RI WKH UHVXOWDQW YLWULILHG VODJ LV UHTXLUHG�

x +LJK PRLVWXUH FRQWHQW LQFUHDVHV FRVWV�

x 'HEULV JUHDWHU WKDQ �� PP LQ GLDPHWHU W\SLFDOO\ PXVW EH UHPRYHG SULRU WR SURFHVVLQJ�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

([ VLWX YLWULILFDWLRQ LV XVHG WR WUHDW H[FDYDWHG VRLO� VR WKH RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ
WKH SURFHVVLQJ UDWH RI WKH WUHDWPHQW XQLW DQG WKH YROXPH RI VRLO� 3URFHVVLQJ W\SLFDOO\ ZRXOG EH SHUIRUPHG
RQ VLWH LQ D PRELOH XQLW� 7KH WKURXJKSXW RI D PRELOH XQLW LV H[SHFWHG WR UDQJH IURP � WR �� FXELF \DUGV SHU
GD\�

&RVW 5DQJH� ���� WR ������ SHU FXELF \DUG
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7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU H[ VLWX YLWULILFDWLRQ DUH GHVLJQDWHG LQ
7DEOH 3&��E���

7DEOH 3&��E��� 0DMRU &RVW ,WHPV WR ,PSOHPHQW ([ 6LWX 9LWULILFDWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

6FUHHQLQJ WR UHPRYH GHEULV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

9LWULILFDWLRQ V\VWHP LQVWDOODWLRQ 6RLO H[FDYDWLRQ

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

2II�JDV WUHDWPHQW V\VWHP LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2Q�VLWH GLVSRVDO RI YLWULILHG VRLO� VHGLPHQW� RU VOXGJH

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH
VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;������ ¦9LWULILFDWLRQ�0ROWHQ *ODVV§�
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EX SITU VITRIFICATION.CDR
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3&��� ,Q�:HOO $LU 6WULSSLQJ

$EVWUDFW�

,Q�ZHOO DLU VWULSSLQJ LV DQ LQ VLWX UHPHGLDWLRQ SURFHVV IRU XVLQJ DLUOLIW SXPSLQJ WR PRYH JURXQGZDWHU
DURXQG D ZHOO DQG WR DLU VWULS YRODWLOH RUJDQLFV IURP ZDWHU LQ WKH ZHOO�

'HVFULSWLRQ�

7KH LQ�ZHOO DLU VWULSSLQJ SURFHVV LQYROYHV LQMHFWLQJ JDV� XVXDOO\ DLU� LQWR D ZHOO� UHVXOWLQJ LQ DQ LQ�ZHOO
DLUOLIW SXPS HIIHFW� $LU LQMHFWLRQ LQ WKH ZHOO DW D OHYHO EHORZ WKH ZDWHU WDEOH GHFUHDVHV WKH DYHUDJH IOXLG

GHQVLW\ LQ WKH GHHSHU SRUWLRQV RI WKH ZHOO� 7KH ORZHU GHQVLW\ RI WKH QHZO\ IRUPHG DLU�ZDWHU PL[WXUH

FDXVHV LW WR ULVH DERYH WKH KLJKHU GHQVLW\ ZDWHU WDEOH� $W D OHYHO LQ WKH ZHOO DERYH WKH ZDWHU WDEOH� WKH DLU

�DQG FRQWDLQHG YRODWLOHV� VHSDUDWHV IURP WKH JURXQGZDWHU DQG H[LWV WKH ZHOO� 7KH JURXQGZDWHU IORZV RXW
RI WKH XSSHU VFUHHQHG SRUWLRQV RI WKH ZHOO DERYH WKH ZDWHU WDEOH DQG PLJUDWHV GRZQ WR WKH ORZHU VFUHHQHG

SRUWLRQ RI WKH ZHOO� 7KH DLU LQMHFWLRQ UHPRYHV YRODWLOHV WKURXJK DLU VWULSSLQJ� DQG SURYLGHV DQ DLUOLIW

SXPSLQJ HIIHFW WR HVWDEOLVK D FLUFXODWLRQ SDWWHUQ RI R[\JHQ�VDWXUDWHG ZDWHU LQ WKH DTXLIHU WKDW PD\
HQKDQFH WKH ELRGHJUDGDWLRQ UDWH� ,Q�ZHOO DLU VWULSSLQJ KDV WKH SRWHQWLDO WR EH PRUH FRVW�HIIHFWLYH DQG

HIILFLHQW WKDQ FRQYHQWLRQDO SXPS�DQG�WUHDW WHFKQRORJ\� EXW ZLOO EH VXEMHFW WR VLPLODU OLPLWDWLRQV� 0XFK

UHPDLQV WR EH OHDUQHG DERXW VSHFLILF DSSOLFDWLRQV RI LQ�ZHOO DHUDWLRQ� SDUWLFXODUO\ UHJDUGLQJ WKH TXHVWLRQV
RI UDGLXV RI LQIOXHQFH DQG JURXQGZDWHU IORZ UHJLPH DURXQG WKH ZHOO�

$SSOLFDELOLW\�

,Q�ZHOO DLU VWULSSLQJ LV XVHG SULPDULO\ WR WUHDW KDORJHQDWHG DQG QRQKDORJHQDWHG YRODWLOH RUJDQLF

FRPSRXQGV �92&V� DQG QRQKDORJHQDWHG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V�� 7\SLFDOO\� LQ�ZHOO

DLU VWULSSLQJ V\VWHPV DUH PRUH FRVW�HIIHFWLYH IRU UHPHGLDWLQJ 92&�FRQWDPLQDWHG JURXQGZDWHU DW VLWHV
ZLWK GHHS ZDWHU WDEOHV EHFDXVH WKH ZDWHU GRHV QRW QHHG WR EH EURXJKW WR WKH VXUIDFH�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x ,Q�ZHOO DLU VWULSSHUV JHQHUDOO\ DUH PRUH HIIHFWLYH DW VLWHV ZLWK KLJK FRQFHQWUDWLRQV RI FRQWDPLQDQWV
ZLWK KLJK +HQU\©V ODZ FRQVWDQWV�

x 6XEVXUIDFH KHWHURJHQHLW\ FDQ LQWHUIHUH ZLWK XQLIRUP DTXLIHU WUHDWPHQW�

x /RZ�SHUPHDELOLW\ VRLOV DUH GLIILFXOW WR WUHDW�

x 2[LGL]HG FRQVWLWXHQWV LQ WKH JURXQGZDWHU PD\ IRXO WKH V\VWHP�
x 6KDOORZ DTXLIHUV PD\ OLPLW SURFHVV HIIHFWLYHQHVV�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

7KH GXUDWLRQ RI LQ�ZHOO DLU VWULSSLQJ LV VKRUW� WR ORQJ�WHUP� GHSHQGHQW RQ WKH IROORZLQJ FRQGLWLRQV�

x &OHDQXS JRDOV

x 7KH YROXPH RI JURXQGZDWHU UHTXLULQJ WUHDWPHQW

x &RQWDPLQDQW FRQFHQWUDWLRQV DQG GLVWULEXWLRQ

x $TXLIHU FKDUDFWHULVWLFV LQFOXGLQJ SHUPHDELOLW\ DQG DQLVRWURS\

x 7KH +HQU\©V ODZ FRQVWDQWV RI WKH FRQWDPLQDQWV SUHVHQW DW WKH VLWH
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x 7KH UDGLXV RI LQIOXHQFH DQG WKH JURXQGZDWHU IORZ UHJLPH�

&RVW 5DQJH� ������� WR �������� SHU DFUH

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU LQ�ZHOO DLU VWULSSLQJ DUH GHVLJQDWHG LQ
7DEOH 3&�����

7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW ,Q�:HOO $LU 6WULSSLQJ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

:HOO DQG FRPSUHVVRU LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

2II�JDV WUHDWPHQW V\VWHP LQVWDOODWLRQ 8WLOLWLHV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW6DPSOLQJ SRLQW LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�
SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦,Q�:HOO $LU 6WULSSLQJ§�
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3&��� ,QFLQHUDWLRQ �2Q 6LWH�

$EVWUDFW�

,QFLQHUDWLRQ LV D WUHDWPHQW SURFHVV IRU H[FDYDWHG VRLO WKDW XVHV R[LGDWLRQ DW HOHYDWHG WHPSHUDWXUHV WR
PLQHUDOL]H RUJDQLF FRQWDPLQDQWV�

'HVFULSWLRQ�

,QFLQHUDWLRQ LV SHUIRUPHG E\ VXSSO\LQJ KHDW IURP IXHO FRPEXVWLRQ RU HOHFWULFDO LQSXW WR FDXVH WKHUPDO

GHFRPSRVLWLRQ RI RUJDQLF FRQWDPLQDQWV WKURXJK FUDFNLQJ DQG R[LGDWLRQ UHDFWLRQV DW KLJK WHPSHUDWXUHV

�XVXDOO\ EHWZHHQ ��� � �����q& RU ����� � �����q)�� 7KH RUJDQLF FRQWDPLQDQWV SULPDULO\ DUH FRQYHUWHG
LQWR FDUERQ GLR[LGH DQG ZDWHU YDSRU� 2WKHU SURGXFWV RI LQFLQHUDWLRQ FDQ LQFOXGH QLWULWH R[LGHV� QLWUDWHV�
DQG DPPRQLD �IRU QLWURJHQ�FRQWDLQLQJ ZDVWHV�� VXOIXU R[LGHV DQG VXOIDWH �IRU VXOIXU�FRQWDLQLQJ ZDVWHV��

DQG KDORJHQ DFLGV �IRU KDORJHQDWHG ZDVWHV�� &RQWDPLQDWHG VRLOV W\SLFDOO\ DUH WUHDWHG LQ D URWDU\ NLOQ RU D

IOXLGL]HG EHG LQFLQHUDWRU�

5RWDU\ NLOQ DQG IL[HG KHDUWK LQFLQHUDWLRQ WHFKQRORJLHV LQYROYH WZR FKDPEHUV LQ WKH LQFLQHUDWLRQ SURFHVV�

2UJDQLF FRQVWLWXHQWV LQ WKH ZDVWH DUH YRODWLOL]HG LQ WKH SULPDU\ FKDPEHU� 'XULQJ WKLV YRODWLOL]DWLRQ

SURFHVV� VRPH RI WKH RUJDQLF FRQVWLWXHQWV R[LGL]H WR IRUP FDUERQ GLR[LGH DQG ZDWHU YDSRU� +LJK
WHPSHUDWXUHV WKHQ FDXVH WKH RUJDQLF FRQVWLWXHQWV WR UHDFW ZLWK R[\JHQ LQ WKH VHFRQG FKDPEHU� IRUPLQJ

FDUERQ GLR[LGH DQG ZDWHU YDSRU�

)OXLGL]HG EHG LQFLQHUDWRUV LQYROYH D VLQJOH FKDPEHU WKDW FRQWDLQV WKH IOXLGL]LQJ VDQG DQG D IUHHERDUG

VHFWLRQ DERYH WKH EHG� 7KH IOXLGL]HG EHG DLGV LQ WKH YRODWLOL]DWLRQ DQG FRPEXVWLRQ RI WKH RUJDQLF ZDVWH

FRQVWLWXHQWV� 7KH VROLG SDUWLFXODWH LQ WKH EHG SURYLGHV D VXIILFLHQW KHDW FDSDFLW\ WR YRODWLOL]H RUJDQLF
FRQVWLWXHQWV� 7KH IRUFHG DLU XVHG WR IOXLGL]H WKH EHG SURYLGHV VXIILFLHQW R[\JHQ DQG WXUEXOHQFH WR HQKDQFH

WKH UHDFWLRQV RI RUJDQLFV ZLWK R[\JHQ WR IRUP FDUERQ GLR[LGH DQG ZDWHU YDSRU� $GGLWLRQDO WLPH IRU

FRQYHUVLRQ RI WKH RUJDQLF FRQVWLWXHQWV LV SURYLGHG E\ WKH IUHHERDUG DERYH WKH IOXLGL]HG EHG�

,QFLQHUDWRU RII�JDV UHTXLUHV WUHDWPHQW E\ DQ DLU SROOXWLRQ�FRQWURO V\VWHP WR UHPRYH SDUWLFXODWHV DQG

QHXWUDOL]H DQG UHPRYH DFLG JDVHV �+&O� 12;� DQG 62;�� %DJKRXVHV� YHQWXUL VFUXEEHUV� DQG ZHW

HOHFWURVWDWLF SUHFLSLWDWRUV UHPRYH SDUWLFXODWHV� SDFNHG�EHG VFUXEEHUV DQG VSUD\ GULHUV UHPRYH DFLG JDVHV�

$VK GLVFKDUJHG IURP WKH LQFLQHUDWRU LV FRROHG DQG FROOHFWHG IRU GLVSRVDO� $VK UHPDLQLQJ DIWHU LQFLQHUDWLRQ

PD\ UHTXLUH WUHDWPHQW �H�J�� VROLGLILFDWLRQ�VWDELOL]DWLRQ WR UHGXFH PHWDO OHDFKDELOLW\� SULRU WR GLVSRVDO�

,QFLQHUDWLRQ SURFHVVHV DUH VXEMHFW WR D VHULHV RI WHFKQRORJ\�VSHFLILF UHJXODWLRQV� LQFOXGLQJ WKH &OHDQ $LU

$FW �&$$� IRU DLU HPLVVLRQV� WKH 7R[LF 6XEVWDQFHV &RQWURO $FW �7&6$� IRU SRO\FKORULQDWHG ELSKHQ\O

�3&%� WUHDWPHQW DQG GLVSRVDO� WKH 5HVRXUFH &RQVHUYDWLRQ DQG 5HFRYHU\ $FW �5&5$� IRU KD]DUGRXV ZDVWH
JHQHUDWLRQ� WUHDWPHQW� VWRUDJH� DQG GLVSRVDO� UHJXODWLRQV RI WKH 1DWLRQDO 3ROOXWLRQ 'LVFKDUJH (OLPLQDWLRQ

6\VWHP �13'(6� IRU GLVFKDUJH WR VXUIDFH ZDWHUV� DQG WKH 1RLVH &RQWURO $FW �1&$� IRU QRLVH�

$SSOLFDELOLW\�

,QFLQHUDWLRQ LV XVHG SULPDULO\ WR WUHDW KDORJHQDWHG DQG QRQKDORJHQDWHG VHPLYRODWLOH RUJDQLF FRPSRXQGV

�692&V�� 3&%V� DQG RUGQDQFH FRPSRXQGV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�
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x $ SHUPLW WR RSHUDWH DQ RQ�VLWH LQFLQHUDWRU W\SLFDOO\ LV YHU\ GLIILFXOW WR REWDLQ�

x +HDY\ PHWDOV PD\ UHPDLQ LQ D ERWWRP DVK RU IO\ DVK� SURGXFLQJ D ZDVWH WKDW UHTXLUHV

VROLGLILFDWLRQ�VWDELOL]DWLRQ WUHDWPHQW SULRU WR GLVSRVDO�

x 9RODWLOH KHDY\ PHWDOV� LQFOXGLQJ OHDG� FDGPLXP� PHUFXU\� DQG DUVHQLF� PD\ OHDYH WKH FRPEXVWLRQ XQLW
ZLWK WKH IOXH JDVHV� WKXV UHTXLULQJ WKH LQVWDOODWLRQ RI JDV FOHDQLQJ V\VWHPV IRU WKHLU UHPRYDO�

x 6RGLXP DQG SRWDVVLXP IRUP ORZ PHOWLQJ SRLQW DVKHV WKDW FDQ DWWDFN WKH EULFN OLQLQJ DQG IRUP D VWLFN\

SDUWLFXODWH WKDW IRXOV JDV GXFWV�

x 0HWDOV FDQ UHDFW ZLWK RWKHU HOHPHQWV �VXFK DV FKORULQH DQG VXOIXU� LQ WKH IHHG VWUHDP� IRUPLQJ PRUH

YRODWLOH DQG WR[LF FRPSRXQGV WKDQ WKH RULJLQDO VXEVWDQFHV GHVLJQDWHG IRU LQFLQHUDWLRQ� VXFK
FRPSRXQGV DUH OLNHO\ WR EH VKRUW�OLYHG UHDFWLRQ LQWHUPHGLDWHV WKDW FDQ EH GHVWUR\HG LQ D FDXVWLF

TXHQFK�

x 'XVW LQ WKH VRLO LQFUHDVHV WKH GLIILFXOW\ RI WUHDWLQJ RII�JDV�

x 'HEULV JUHDWHU WKDQ �� PP LQ GLDPHWHU W\SLFDOO\ PXVW EH UHPRYHG SULRU WR SURFHVVLQJ�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

,QFLQHUDWLRQ LV XVHG WR WUHDW H[FDYDWHG VRLO� VR WKH RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ WKH

SURFHVVLQJ UDWH RI WKH WUHDWPHQW XQLW DQG WKH YROXPH RI VRLO� 3URFHVVLQJ ZLOO EH SHUIRUPHG RQ VLWH XVLQJ D

PRELOH XQLW� 7KH WKURXJKSXW RI D PRELOH XQLW LV H[SHFWHG WR UDQJH IURP �� WR ��� FXELF \DUGV SHU GD\�

&RVW 5DQJH� �������� WR �������� IL[HG PRELOL]DWLRQ FRVW SOXV ���� WR ���� SHU FXELF \DUG RSHUDWLQJ
FRVW

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU RQ VLWH LQFLQHUDWLRQ DUH GHVLJQDWHG LQ
7DEOH 3&�����
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7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 2Q 6LWH ,QFLQHUDWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

6FUHHQLQJ WR UHPRYH GHEULV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

&UHZ DQG HTXLSPHQW PRELOL]DWLRQ 6RLO H[FDYDWLRQ

(TXLSPHQW OHDVLQJ

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

7UHDWPHQW SDG LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2Q�VLWH GLVSRVDO RI WUHDWHG VRLO� VHGLPHQW� RU VOXGJH

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH
VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;������ ¦,QFLQHUDWLRQ§�
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)LJXUH 3&��� ,QFLQHUDWLRQ �2Q 6LWH�
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3&��� ,QWHUQDO &RPEXVWLRQ (QJLQH

$EVWUDFW�

,QWHUQDO FRPEXVWLRQ HQJLQH �,&(� WUHDWPHQW LV D SURFHVV IRU GHVWUR\LQJ FRPEXVWLEOH RUJDQLF FRQWDPLQDQWV
LQ DQ RII�JDV VWUHDP XVLQJ WKHUPDO R[LGDWLRQ LQGXFHG E\ FRPSUHVVLRQ KHDWLQJ DQG VSDUN LJQLWLRQ LQ D

FRPEXVWLRQ FKDPEHU�

'HVFULSWLRQ�

,&( WUHDWPHQW LV GRQH XVLQJ RUGLQDU\ DXWRPRWLYH HQJLQHV ZLWK WKHLU PDQLIROG WKURWWOH ERGLHV PRGLILHG WR
DFFHSW SHWUROHXP K\GURFDUERQV LQ WKH YDSRU SKDVH UDWKHU WKDQ LQ WKH OLTXLG SKDVH� (DFK ,&( XQLW LV

HTXLSSHG ZLWK D YDOYH WKDW EOHHGV LQ DPELHQW DLU WR PDLQWDLQ WKH UHTXLUHG IXHO�DLU PL[WXUH� EHFDXVH WKH VRLO

YDSRU PD\ FRQWDLQ YHU\ ORZ FRQFHQWUDWLRQV RI R[\JHQ� HVSHFLDOO\ GXULQJ WKH LQLWLDO VWDJHV RI RSHUDWLRQ�

$PELHQW DLU LV DGGHG WR WKH HQJLQH WKURXJK DQ LQWDNH YDOYH DW D UDWLR VXIILFLHQW WR EULQJ WKH R[\JHQ FRQWHQW
XS WR WKH VWRLFKLRPHWULF UHTXLUHPHQW IRU FRPEXVWLRQ�

,&(V DUH FDSDEOH RI GHVWUXFWLRQ HIILFLHQFLHV RI JUHDWHU WKDQ ���� ,&(V DUH HVSHFLDOO\ XVHIXO IRU WUHDWLQJ
YDSRU VWUHDPV ZLWK KLJK FRQFHQWUDWLRQV RI WRWDO SHWUROHXP K\GURFDUERQV �73+� �XS WR ��� E\ YROXPH��

7HVWV RI GHVWUXFWLRQ RI EHQ]HQH� WROXHQH� HWK\OEHQ]HQH� DQG [\OHQHV �%7(;� FRPSRQHQWV E\ ,&(

WUHDWPHQW VKRZ WKDW QRQGHWHFWDEOH OHYHOV RI FRQWDPLQDQWV FDQ EH DFKLHYHG LQ WKH H[KDXVW JDV� DQG RXWOHW
FRQWDPLQDQW FRQFHQWUDWLRQV EHORZ � SSP FDQ EH DFKLHYHG LQ PDQ\ FDVHV�

$SSOLFDELOLW\�

,&( V\VWHPV DUH XVHG SULPDULO\ WR WUHDW QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V� DQG

VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V� LQ D JDV VWUHDP� ,&(V DUH PRVW HIILFLHQWO\ DSSOLHG ZKHQ WKH

FRQWDPLQDQW FRQFHQWUDWLRQ LV JUHDWHU WKDQ ����� SSPY�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x &DSLWDO FRVW RI WKH ,&( V\VWHP�

x ,&(V FDQQRW KDQGOH YDSRU VWUHDPV ZLWK PRGHUDWH WR KLJK FRQFHQWUDWLRQV RI FKORULQDWHG RUJDQLF

FRPSRXQGV�
x 7KH FRQVXPSWLRQ RI VXSSOHPHQWDO IXHO FDQ EH VXEVWDQWLDO LI 73+ FRQFHQWUDWLRQV LQ WKH RII�JDV IURP

WKH UHPHGLDO V\VWHP DUH QRW KLJK HQRXJK�

x 7KH XQLW PD\ UHTXLUH PDQXDO DGMXVWPHQW WR DFKLHYH WKH SURSHU IXHO�DLU PL[WXUH DW VWDUW XS�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

,&( V\VWHPV DUH XVHG WR WHDW RII�JDV IURP D SULPDU\ WUHDWPHQW SURFHVV� 7KH RSHUDWLRQ DQG PDLQWHQDQFH

GXUDWLRQ GHSHQGV RQ WKH GXUDWLRQ RI WKH SULPDU\ SURFHVV�

&RVW 5DQJH� �� WR ��� SHU SRXQG RI RUJDQLF UHPRYHG

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU LQWHUQDO FRPEXVWLRQ HQJLQH WUHDWPHQW RI
YDSRUV DUH GHVLJQDWHG LQ 7DEOH 3&�����
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7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW ,QWHUQDO &RPEXVWLRQ (QJLQH 7UHDWPHQW RI 9DSRUV

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

&DWDO\VW UHSODFHPHQW

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

,&( LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�VLWH GLVSRVDO RI VSHQW FDWDO\VWV

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦,QWHUQDO &RPEXVWLRQ (QJLQH§�
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Engine

3-way
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2-way
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ICOMBUSTION ENGINE.CDR
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Off-Gas
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Off-Gas

)LJXUH 3&��� ,QWHUQDO &RPEXVWLRQ (QJLQH
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3&��� ,RQ ([FKDQJH

$EVWUDFW�

,RQ H[FKDQJH LV DQ H[ VLWX ZDWHU WUHDWPHQW SURFHVV IRU UHPRYLQJ LRQV IURP VROXWLRQ E\ H[FKDQJLQJ FDWLRQV
RU DQLRQV EHWZHHQ WKH GLVVROYHG SKDVH DQG FRXQWHU LRQV RQ D UHVLQ PDWUL[�

'HVFULSWLRQ�

,RQ H[FKDQJH WUHDWPHQW LQYROYHV SDVVLQJ FRQWDPLQDWHG ZDWHU WKURXJK DQ LRQ H[FKDQJH UHVLQ VR WKDW

FRQWDPLQDQWV H[FKDQJH RQWR VLWHV RQ WKH PHGLD� H[KDXVWLQJ LWV FDSDFLW\� $IWHU UHVLQ FDSDFLW\ KDV EHHQ
H[KDXVWHG� UHVLQV FDQ EH UHJHQHUDWHG IRU UHXVH� ,RQ H[FKDQJH PDWHULDOV XVXDOO\ FRQVLVW RI V\QWKHWLF

RUJDQLF SRO\PHUV WKDW FRQWDLQ LRQLF IXQFWLRQDO JURXSV WR ZKLFK H[FKDQJHDEOH LRQV DUH DWWDFKHG� ,QRUJDQLF

RU QDWXUDO SRO\PHULF PDWHULDOV� VXFK DV ]HROLWHV� PD\ DOVR H[KLELW XVHIXO LRQ H[FKDQJH SURSHUWLHV�

$SSOLFDELOLW\�

,RQ H[FKDQJH LV XVHG SULPDULO\ WR WUHDW LQRUJDQLFV E\ UHPRYLQJ GLVVROYHG LRQLF FRQWDPLQDQWV VXFK DV
PHWDOV �H�J�� OHDG DQG FRSSHU� RU DQLRQV �H�J�� QLWUDWH DQG DPPRQLD� IURP DTXHRXV VROXWLRQV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 'LIIHUHQW UHVLQV DUH QHHGHG WR UHPRYH FDWLRQV DQG DQLRQV�

x 2LO DQG JUHDVH FDQ IRXO WKH H[FKDQJH UHVLQ�

x 6XVSHQGHG VROLGV RU VROLGV IRUPHG E\ SUHFLSLWDWLRQ RI UHGXFHG LURQ RU PDQJDQHVH VSHFLHV LQ VROXWLRQ

FDQ IRXO WKH H[FKDQJH UHVLQ�

x 7KH S+ RI WKH LQIOXHQW ZDWHU PD\ DIIHFW WKH LRQ H[FKDQJH UHVLQ VHOHFWLRQ�

x 2[LGDQWV LQ JURXQGZDWHU PD\ GDPDJH WKH LRQ H[FKDQJH UHVLQ�

x :DVWHZDWHU LV JHQHUDWHG GXULQJ WKH UHJHQHUDWLRQ VWHS DQG ZLOO UHTXLUH DGGLWLRQDO WUHDWPHQW DQG
GLVSRVDO�

x &RQFHQWUDWLRQV RI GLVVROYHG VROLGV JUHDWHU WKDQ ����� PJ�/ ZLOO UDSLGO\ H[KDXVW EHG FDSDFLW\� 7KH

WHFKQRORJ\ W\SLFDOO\ LV XVHG WR WUHDW FRQFHQWUDWLRQV XS WR DERXW ��� WR ��� PJ�/�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

,RQ H[FKDQJH LV XVHG WR WUHDW SXPSHG JURXQGZDWHU RU ZDVWHZDWHU UHVLGXDO IURP D WUHDWPHQW SURFHVV� 7KH

RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ WKH GXUDWLRQ RI WKH SULPDU\ SURFHVV RSHUDWLRQ�

&RVW 5DQJH� ����� WR ����� SHU ����� JDOORQV

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU LRQ H[FKDQJH DUH GHVLJQDWHG LQ
7DEOH 3&�����
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7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW ,RQ ([FKDQJH

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

)LOWUDWLRQ WR UHPRYH VXVSHQGHG VROLGV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

,RQ H[FKDQJH V\VWHP LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

5HSODFHPHQW UHVLQ

8WLOLWLHV

5HJHQHUDWLRQ FKHPLFDOV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

5HJHQHUDWLRQ V\VWHP LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�VLWH GLVSRVDO RI UHJHQHUDWLRQ ZDVWHV

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�
SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦,RQ ([FKDQJH§�
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)LJXUH 3&��� ,RQ ([FKDQJH
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3&��� 7KHUPDO 'HVRUSWLRQ

$EVWUDFW�

7KHUPDO GHVRUSWLRQ LV D SK\VLFDO VHSDUDWLRQ SURFHVV WKDW DSSOLHV KHDW WR YRODWL]H ZDWHU DQG RUJDQLF
FRQWDPLQDQWV LQ ZDVWH DW WHPSHUDWXUHV RI �������& ����������q)��

'HVFULSWLRQ�

7KHUPDO GHVRUSWLRQ LV LPSOHPHQWHG E\ KHDWLQJ DQG DJLWDWLQJ VRLO ZKLOH LW LV H[SRVHG WR D FDUULHU JDV RU

YDFXXP WKDW WUDQVSRUWV YRODWLOL]HG ZDWHU DQG RUJDQLF FRQWDPLQDQWV WR WKH JDV WUHDWPHQW V\VWHP� 7KH EHG
WHPSHUDWXUHV DQG UHVLGHQFH WLPHV GHVLJQHG LQWR WKHVH V\VWHPV ZLOO YRODWLOL]H VHOHFWHG FRQWDPLQDQWV EXW

W\SLFDOO\ ZLOO QRW R[LGL]H RU GHVWUR\ WKHP� 7KHUPDO GHVRUSWLRQ LV D IXOO�VFDOH WHFKQRORJ\ WKDW KDV EHHQ

SURYHQ VXFFHVVIXO IRU UHPHGLDWLQJ DOO W\SHV RI VRLO�

7ZR FRPPRQ WKHUPDO GHVRUSWLRQ GHVLJQV DUH WKH URWDU\ GU\HU DQG WKHUPDO VFUHZ� 5RWDU\ GU\HUV DUH

KRUL]RQWDO F\OLQGHUV WKDW FDQ EH LQGLUHFW� RU GLUHFW�ILUHG� 7KH GU\HU LV QRUPDOO\ LQFOLQHG DQG URWDWHG� )RU

WKH WKHUPDO VFUHZ XQLWV� VFUHZ FRQYH\RUV RU KROORZ DXJHUV DUH XVHG WR WUDQVSRUW WKH PHGLXP WKURXJK DQ
HQFORVHG WURXJK� +RW RLO RU VWHDP FLUFXODWHV WKURXJK WKH DXJHU WR LQGLUHFWO\ KHDW WKH PHGLXP� $OO WKHUPDO

GHVRUSWLRQ V\VWHPV UHTXLUH WUHDWPHQW RI WKH RII�JDV WR UHPRYH SDUWLFXODWHV DQG FRQWDPLQDQWV� 3DUWLFXODWHV

DUH UHPRYHG E\ FRQYHQWLRQDO SDUWLFXODWH UHPRYDO HTXLSPHQW� VXFK DV ZHW VFUXEEHUV RU IDEULF ILOWHUV�
&RQWDPLQDQWV DUH UHPRYHG WKURXJK FRQGHQVDWLRQ IROORZHG E\ FDUERQ DGVRUSWLRQ� RU WKH\ DUH GHVWUR\HG LQ

D VHFRQGDU\ FRPEXVWLRQ FKDPEHU RU D FDWDO\WLF R[LGL]HU� 0RVW RI WKHVH XQLWV DUH WUDQVSRUWDEOH�

$SSOLFDELOLW\�

7KH WDUJHW FRQWDPLQDQW JURXSV IRU WKHUPDO GHVRUSWLRQ V\VWHPV DUH KDORJHQDWHG DQG QRQKDORJHQDWHG

YRODWLOH RUJDQLF FRPSRXQGV �92&V�� 7KH WHFKQRORJ\ FDQ EH XVHG WR WUHDW VHPLYRODWLOH RUJDQLF
FRPSRXQGV �692&V� DQG SRO\FKORULQDWHG ELSKHQ\OV �3&%V� ZKHQ D WHPSHUDWXUH QHDU WKH KLJK HQG RI WKH

QRUPDO RSHUDWLQJ UDQJH DQG ORQJ UHVLGHQFH WLPH LV XVHG�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 6LWH�VSHFLILF IHHG VL]H DQG PDWHULDOV KDQGOLQJ UHTXLUHPHQWV FDQ DIIHFW DSSOLFDELOLW\ RU FRVW�

x +LJK FOD\� KXPLF PDWHULDO� RU PRLVWXUH FRQWHQW LQFUHDVHV FRVWV�

x +LJKO\ DEUDVLYH IHHG SRWHQWLDOO\ FDQ GDPDJH WKH SURFHVVRU XQLW�

x 'XVW DQG RUJDQLF PDWWHU LQ WKH VRLO LQFUHDVHV WKH GLIILFXOW\ RI WUHDWLQJ RII�JDV�

x 'HEULV JUHDWHU WKDQ �� PP LQ GLDPHWHU W\SLFDOO\ PXVW EH UHPRYHG SULRU WR SURFHVVLQJ�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

7KHUPDO GHVRUSWLRQ LV XVHG WR WUHDW H[FDYDWHG VRLO� VR WKH RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ

WKH SURFHVVLQJ UDWH RI WKH WUHDWPHQW XQLW DQG WKH YROXPH RI VRLO� 3URFHVVLQJ W\SLFDOO\ ZRXOG EH SHUIRUPHG
RQ VLWH LQ D PRELOH XQLW� 7KH WKURXJKSXW RI D PRELOH XQLW LV H[SHFWHG WR UDQJH IURP �� WR ��� FXELF \DUGV

SHU GD\�
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&RVW 5DQJH� ������� WR ������� IL[HG PRELOL]DWLRQ FRVW SOXV
��� WR �� SHU FXELF \DUG IRU SHWUROHXP�FRQWDPLQDWHG VRLO RU
��� WR ���� SHU FXELF \DUG IRU RWKHU RUJDQLF FRQWDPLQDQWV RSHUDWLQJ FRVW

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU WKHUPDO GHVRUSWLRQ DUH GHVLJQDWHG LQ
7DEOH 3&�����

7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 7KHUPDO 'HVRUSWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

6FUHHQLQJ WR UHPRYH GHEULV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

&UHZ DQG HTXLSPHQW PRELOL]DWLRQ 6RLO H[FDYDWLRQ

(TXLSPHQW OHDVLQJ

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

7UHDWPHQW SDG LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2Q�VLWH GLVSRVDO RI WUHDWHG VRLO� VHGLPHQW� RU VOXGJH

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦+LJK 7HPSHUDWXUH 7KHUPDO 'HVRUSWLRQ§ DQG ;������ ¦/RZ�

7HPSHUDWXUH 7KHUPDO 'HVRUSWLRQ§�
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3&��� 0HPEUDQH 6HSDUDWLRQ�0HPEUDQH 3HUYDSRUDWLRQ �92&V�

$EVWUDFW�

0HPEUDQH VHSDUDWLRQ RU SHUYDSRUDWLRQ IRU WUHDWPHQW RI YRODWLOH RUJDQLF FRPSRXQGV �92&V� UHIHUV WR WKH
XVH RI D VHPL�SHUPHDEOH PHPEUDQH WR FRQFHQWUDWH 92&V LQ DQ RII�JDV VWUHDP �VHSDUDWLRQ� RU UHPRYH DQG

FRQFHQWUDWH 92&V IURP D ZDWHU VWUHDP �SHUYDSRUDWLRQ��

'HVFULSWLRQ�

0HPEUDQH�EDVHG RUJDQLF YDSRU�DLU VHSDUDWLRQ WHFKQRORJ\ LQYROYHV WKH SUHIHUHQWLDO WUDQVSRUW RI RUJDQLF
YDSRUV WKURXJK D QRQSRURXV JDV VHSDUDWLRQ PHPEUDQH �D GLIIXVLRQ SURFHVV DQDORJRXV WR SXPSLQJ VDOLQH

ZDWHU WKURXJK D UHYHUVH RVPRVLV PHPEUDQH�� 7KH V\QWKHWLF SRO\PHU PHPEUDQH LV SHUPHDEOH WR 92&

PROHFXOHV� EXW UHWDLQV R[\JHQ DQG QLWURJHQ� ,Q WKLV V\VWHP� WKH IHHGVWUHDP LV FRPSUHVVHG DQG VHQW WR D

FRQGHQVHU ZKHUH WKH OLTXLG VROYHQW LV UHFRYHUHG� 7KH FRQGHQVHU EOHHG VWUHDP� ZKLFK FRQWDLQV
DSSUR[LPDWHO\ ����� SSP RI 92&� LV WKHQ VHQW WR WKH PHPEUDQH PRGXOH�

7KH PHPEUDQH PRGXOH LV FRPSULVHG RI VSLUDO�ZRXQG PRGXOHV RI WKLQ ILOP PHPEUDQHV VHSDUDWHG E\
SODVWLF PHVK VSDFHUV� 7KH PHPEUDQH DQG WKH VSDFHUV DUH ZRXQG VSLUDOO\ DURXQG D FHQWUDO FROOHFWLRQ SLSH�

,Q WKH PHPEUDQH PRGXOH WKH VWUHDP LV IXUWKHU FRQFHQWUDWHG WR �� 92&� 7KH FRQFHQWUDWHG VWUHDP LV WKHQ

UHWXUQHG WR WKH FRPSUHVVRU IRU IXUWKHU UHFRYHU\ LQ WKH FRQGHQVHU�

0HPEUDQH SHUYDSRUDWLRQ LV D SURFHVV WKDW XVHV SHUPHDEOH PHPEUDQHV WKDW SUHIHUHQWLDOO\ DGVRUE 92&V

IURP FRQWDPLQDWHG ZDWHU� &RQWDPLQDWHG ZDWHU ILUVW SDVVHV WKURXJK D KHDW H[FKDQJHU� UDLVLQJ WKH ZDWHU

WHPSHUDWXUH� 7KH KHDWHG ZDWHU WKHQ HQWHUV WKH SHUYDSRUDWLRQ PRGXOH� FRQWDLQLQJ PHPEUDQHV FRPSRVHG RI
D QRQSRURXV RUJDQRSKLOLF SRO\PHU� VLPLODU WR VLOLFRQH UXEEHU� IRUPHG LQWR FDSLOODU\ ILEHUV� 92&V GLIIXVH

E\ YDFXXP IURP WKH PHPEUDQH�ZDWHU LQWHUIDFH WKURXJK WKH PHPEUDQH ZDOO� 7UHDWHG ZDWHU H[LWV WKH

SHUYDSRUDWLRQ PRGXOH� ZKLOH WKH RUJDQLF YDSRUV WUDYHO IURP WKH PRGXOH WR D FRQGHQVHU ZKHUH WKH\ UHWXUQ
WR WKH OLTXLG SKDVH�

$SSOLFDELOLW\�

7KH WDUJHWHG FRQWDPLQDQWV DUH KDORJHQDWHG DQG QRQKDORJHQDWHG 92&V VXFK DV EHQ]HQH� FDUERQ

WHWUDFKORULGH� DQG FKORURIRUP LQ JDV RU OLTXLG VWUHDPV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 3DUWLFXODWHV LQ WKH ZDWHU RU JDV VWUHDP FDQ IRXO WKH PHPEUDQH�

x 6\VWHP LV XQDEOH WR KDQGOH ODUJH IOXFWXDWLRQV LQ 92& FRQFHQWUDWLRQV�

6WDWXV� (PHUJLQJ

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ� 1�$

&RVW 5DQJH� 1�$

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦0HPEUDQH 3HUYDSRUDWLRQ§ DQG ;������ ¦0HPEUDQH 6HSDUDWLRQ§�
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)LJXUH 3&��� 0HPEUDQH 6HSDUDWLRQ�0HPEUDQH 3HUYDSRUDWLRQ �92&V�
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3&��� 3UHFLSLWDWLRQ �+\GUR[LGH RU 6XOILGH�

$EVWUDFW�

3UHFLSLWDWLRQ LV DQ H[ VLWX WUHDWPHQW WHFKQRORJ\ XVHG WR UHPRYH PHWDO FRQWDPLQDQWV IURP ZDWHU�

'HVFULSWLRQ�

3UHFLSLWDWLRQ LQYROYHV WKH DGGLWLRQ RI D FKHPLFDO WR WKH FRQWDPLQDWHG ZDWHU WKDW FRQYHUWV GLVVROYHG

FRQWDPLQDQWV WR LQVROXEOH VROLGV� 7KH PRVW FRPPRQO\ XVHG SUHFLSLWDWLRQ DJHQW LV D EDVLF FKHPLFDO WKDW LV

PL[HG ZLWK WKH ZDWHU WR LQFUHDVH WKH S+� FDXVLQJ FDWLRQLF PHWDOV WR SUHFLSLWDWH DV K\GUR[LGHV� &RPPRQO\
XVHG EDVHV LQFOXGH OLPH >&D�2+��@ RU FDXVWLF �1D2+�� /LPH LV OHVV H[SHQVLYH WKDQ FDXVWLF� EXW SURGXFHV

D ODUJHU YROXPH RI VOXGJH� 6XOILGH DGGLWLRQ LV WKH QH[W PRVW FRPPRQ SUHFLSLWDWLRQ DSSURDFK� 0DQ\ PHWDO

VXOILGHV KDYH D YHU\ ORZ VROXELOLW\ LQ ZDWHU� 6RGLXP VXOILGH �1D�6� LV WKH PRVW FRPPRQO\ XVHG DJHQW IRU

VXOILGH SUHFLSLWDWLRQ� 6XOILGH SUHFLSLWDWLRQ LV PRUH H[SHQVLYH DQG FRPSOH[ FRPSDUHG WR K\GUR[LGH
SUHFLSLWDWLRQ GXH WR WKH SRWHQWLDO IRU UHOHDVH RI K\GURJHQ VXOILGH �+�6� JDV� /HVV FRPPRQO\ XVHG

SUHFLSLWDWLRQ DJHQWV LQFOXGH VRGD DVK �1D�&2�� DQG SKRVSKDWH �32�

��
��

7KH SUHFLSLWDWLRQ SURFHVV UHTXLUHV PL[LQJ WKH SUHFLSLWDWLRQ DJHQW ZLWK WKH FRQWDPLQDWHG ZDWHU� DGGLQJ

IORFFXODWLQJ DJHQWV DQG DOORZLQJ UHVLGHQFH WLPH WR SURPRWH FU\VWDO JURZWK� VHWWOLQJ� WR UHGXFH WKH ZDWHU

FRQWHQW RI WKH SUHFLSLWDWHG VROLG VOXGJH� DQG ILOWUDWLRQ� WR SURGXFH D VHPLVROLG VOXGJH FDNH IRU GLVSRVDO�

$SSOLFDELOLW\�

3UHFLSLWDWLRQ LV XVHG SULPDULO\ WR WUHDW LQRUJDQLFV E\ UHPRYLQJ FDWLRQLF PHWDO FRQWDPLQDQWV IURP ZDWHU�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 7KH SUHVHQFH RI PXOWLSOH PHWDO VSHFLHV PD\ OHDG WR UHPRYDO GLIILFXOWLHV DV D UHVXOW RI DPSKRWHULF

QDWXUHV RI GLIIHUHQW FRPSRXQGV �L�H�� RSWLPL]DWLRQ RQ RQH PHWDO VSHFLHV PD\ SUHYHQW UHPRYDO RI

DQRWKHU��

x 0HWDO�FRQWDLQLQJ VOXGJHV SURGXFHG E\ SUHFLSLWDWLRQ PD\ EH D 5HVRXUFH &RQVHUYDWLRQ DQG 5HFRYHU\
$FW �5&5$� KD]DUGRXV ZDVWH�

x 5HDJHQW DGGLWLRQ PXVW EH FDUHIXOO\ FRQWUROOHG WR SUHFOXGH XQDFFHSWDEOH FRQFHQWUDWLRQV RI WKH UHDJHQW

RU FRQWDPLQDQW LQ WUHDWPHQW HIIOXHQW�

x (IILFDF\ RI WKH V\VWHP UHOLHV RQ DGHTXDWH VROLGV VHSDUDWLRQ WHFKQLTXHV �H�J�� FODULILFDWLRQ� IORFFXODWLRQ�

DQG�RU ILOWUDWLRQ��

x 'LVVROYHG VDOWV DUH DGGHG WR WKH WUHDWHG ZDWHU DV D UHVXOW RI S+ DGMXVWPHQW�

x 3RO\PHU PD\ EH DGGHG WR WKH ZDWHU WR DFKLHYH DGHTXDWH VHWWOLQJ RI VROLGV�

x 7UHDWHG ZDWHU ZLOO RIWHQ UHTXLUH S+ DGMXVWPHQW�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

3UHFLSLWDWLRQ LV XVHG WR WUHDW SXPSHG JURXQGZDWHU RU ZDVWHZDWHU UHVLGXDO IURP D WUHDWPHQW SURFHVV� 7KH

RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ WKH GXUDWLRQ RI WKH SULPDU\ SURFHVV RSHUDWLRQ�
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&RVW 5DQJH� ����� WR ����� SHU ����� JDOORQV

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU SUHFLSLWDWLRQ DUH GHVLJQDWHG LQ 7DEOH 3&�����

7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 3UHFLSLWDWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

&KHPLFDO DGGLWLRQ V\VWHP LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

0L[HU VHWWOHU LQVWDOODWLRQ 8WLOLWLHV

&KHPLFDOV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW
6OXGJH ILOWHU LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�VLWH GLVSRVDO RI PHWDO K\GUR[LGH RU VXOILGH VOXGJH UHVLGXDO IURP SUHFLSLWDWLRQ

'LVSRVDO RI WUHDWHG ZDWHU WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦&RDJXODWLRQ�)ORFFXODWLRQ�3UHFLSLWDWLRQ§�
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PRECIPITATION.CDR

Bag
FilterMixer

Settler

Filter Press

Sludge Disposal

Precipitating Agent

Flocculating Agent

Treated
Water

Contaminated
Groundwater

or Wastewater

)LJXUH 3&��� 3UHFLSLWDWLRQ �+\GUR[LGH RU 6XOILGH�
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3&��� 7UHDWPHQW :DOO

$EVWUDFW�

7UHDWPHQW ZDOO WHFKQRORJ\ LV DQ LQ VLWX JURXQGZDWHU WUHDWPHQW PHWKRG WKDW LQYROYHV LQVWDOOLQJ D YHUWLFDO
EDUULHU FRQWDLQLQJ D UHDFWLYH RU SDVVLYH PHGLD WR LQWHUFHSW DQG UHPHGLDWH D FRQWDPLQDQW SOXPH�

'HVFULSWLRQ�

,Q LWV VLPSOHVW IRUP� D WUHDWPHQW EDUULHU FRQVLVWV RI D WUHQFK SODFHG LQ WKH SDWK RI D GLVVROYHG FRQWDPLQDQW

SOXPH� 7KLV WUHQFK LV ILOOHG ZLWK D UHDFWLYH PDWHULDO� VXFK DV JUDQXODU LURQ WR UHGXFH &U�9,� RU WR
GHFORULQDWH KDORJHQDWHG RUJDQLFV� FKHODWRUV WR VHTXHVWHU VHOHFWHG PHWDOV� RU RWKHU WUHDWPHQW PHGLD� $V WKH

JURXQGZDWHU SDVVHV WKURXJK WKH WUHDWPHQW EDUULHU� WKH FRQWDPLQDQWV UHDFW ZLWK WKH PHGLD� )RU H[DPSOH�

FKORULQDWHG RUJDQLFV WKDW FRPH LQ FRQWDFW ZLWK DQ HOHPHQWDO LURQ WUHDWPHQW ZDOO DUH GHJUDGHG WR

SRWHQWLDOO\ QRQWR[LF GHKDORJHQDWHG RUJDQLF FRPSRXQGV DQG LQRUJDQLF FKORULGH� 7KH PDLQ DGYDQWDJH RI
WKLV V\VWHP LV WKDW QR SXPSLQJ RU DERYHJURXQG WUHDWPHQW LV UHTXLUHG� WKH FRQWDPLQDWHG ZDWHU SDVVLYHO\

PRYHV WKURXJK WKH EDUULHU� %HFDXVH WKHUH DUH QR DERYHJURXQG LQVWDOOHG VWUXFWXUHV� WKH DIIHFWHG SURSHUW\

FDQ EH SXW WR SURGXFWLYH XVH ZKLOH LW LV EHLQJ FOHDQHG XS�

$ FRPPRQ WUHDWPHQW EDUULHU FRQILJXUDWLRQ LV WKH IXQQHO�DQG�JDWH V\VWHP� :LGHU SOXPHV RU

KHWHURJHQHRXVO\ GLVWULEXWHG FRQWDPLQDWLRQ FDQ EH FDSWXUHG E\ XVLQJ LPSHUPHDEOH IXQQHO ZDOOV RU ZLQJV
RQ HLWKHU VLGH RI WKH WUHDWPHQW WUHQFK� WR GLUHFW WKH SOXPH WRZDUGV WKH SHUPHDEOH UHDFWLYH FHOO� RU JDWH� $W

VRPH VLWHV� D IXQQHO�DQG�JDWH FRQILJXUDWLRQ FDQ SURYLGH EHWWHU FRQWURO RYHU UHDFWLYH ]RQH HPSODFHPHQW

DQG SOXPH FDSWXUH�

$OWKRXJK D YDULHW\ RI UHDFWLYH PHGLD FRXOG EH XVHG WR WUHDW JURXQGZDWHU FRQWDPLQDQWV� WKH PRVW

FRPPRQO\ XVHG PHGLD DUH ]HUR�YDOHQW PHWDOV� SDUWLFXODUO\ JUDQXODU LURQ� $V WKH ]HUR�YDOHQW PHWDO LQ WKH

UHDFWLYH FHOO FRUURGHV� WKH UHVXOWLQJ HOHFWURQ DFWLYLW\ FDQ UHGXFH WKH FKORULQDWHG FRPSRXQGV WR SRWHQWLDOO\
QRQWR[LF SURGXFWV� *UDQXODU LURQ LV WKH RQO\ UHDFWLYH PHGLXP WKDW KDV EHHQ XVHG VR IDU LQ ILHOG

DSSOLFDWLRQV DQG WKH PHFKDQLVP RI FKORULQDWHG VROYHQW GHJUDGDWLRQ ZLWK ]HUR�YDOHQW LURQ KDV EHHQ WKH

PRVW ZLGHO\ VWXGLHG DQG UHSRUWHG WR GDWH� 2WKHU ]HUR�YDOHQW PHWDOV PD\ H[KLELW VLPLODU UHDFWLRQV ZLWK

GLIIHULQJ UHDFWLRQ UDWHV�

$SSOLFDELOLW\�

5HDFWLYH EDUULHUV DUH XVHG SULPDULO\ WR WUHDW KDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V� DQG WR

UHGXFH &U �9,� WR &U �,,,�� 'HSHQGLQJ RQ WKH VLWH FRQGLWLRQV� D IXQQHO�DQG�JDWH V\VWHP FDQ EH LQVWDOOHG WR

KDQGOH ODUJH YROXPHV RI FRQWDPLQDWHG ZDWHU ZLWKRXW K\GUDXOLF FRQWURO YLD SXPSLQJ�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 3UR[LPLW\ RI WKH SOXPH WR VLWH ERXQGDULHV RU UHFHSWRUV�

x 7KH FRVW WR LQVWDOO D WUHDWPHQW ZDOO LQFUHDVHV VLJQLILFDQWO\ DW GHSWKV JUHDWHU WKDQ �� IHHW�

x 6L]H RI WKH SOXPH� DV ODUJH SOXPHV ZRXOG EH GLIILFXOW DQG H[SHQVLYH WR FRQWDLQ�

x *HRWHFKQLFDO FRQVLGHUDWLRQV� VXFK DV XQGHUJURXQG XWLOLW\ OLQHV� URFNV� RU FRQVROLGDWHG VHGLPHQWV� FDQ

LQFUHDVH WKH GLIILFXOW\ RI LQVWDOOLQJ D EDUULHU�

6WDWXV� ,QQRYDWLYH



)LQDO �������73����

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

7KH WUHDWPHQW EDUULHU UHPDLQV LQ SODFH LQGHILQLWHO\ DQG LV GHVLJQHG WR UHPDLQ HIIHFWLYH IRU WUHDWLQJ

FRQWDPLQDQWV DV ORQJ DV WKH FRQFHQWUDWLRQ RI FRQWDPLQDQWV LQ JURXQGZDWHU LV H[SHFWHG WR UHPDLQ DERYH

DFWLRQ OLPLWV� 2SHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ W\SLFDOO\ UDQJHV IURP � WR �� \HDUV� 7KH GXUDWLRQ RI
RSHUDWLRQ DQG PDLQWHQDQFH LV GHSHQGHQW RQ WKH IROORZLQJ FRQGLWLRQV�

x &OHDQXS JRDOV�

x 7KH YROXPH RI DTXLIHU UHTXLULQJ WUHDWPHQW�

x &RQWDPLQDQW FRQFHQWUDWLRQV DQG GLVWULEXWLRQ�

x $TXLIHU FKDUDFWHULVWLFV LQFOXGLQJ SRURVLW\ DQG JURXQGZDWHU PRYHPHQW UDWH�

x 7KH UHDFWLYH FHOO ZDOO PD\ KDYH WR EH IOXVKHG RU WKH UHDFWLYH PHGLXP UHSODFHG SHULRGLFDOO\ LI

SUHFLSLWDWHV EXLOG XS WR WKH SRLQW WKDW UHDFWLYLW\ RU K\GUDXOLF SHUIRUPDQFH LV DIIHFWHG� %DVHG RQ
H[SHULHQFH DW H[LVWLQJ VLWHV� WKH LQFRUSRUDWLRQ RI SURSHU VDIHW\ IDFWRUV LQ WKH GHVLJQ PD\ PDNH LW

SRVVLEOH WR NHHS WKH IUHTXHQF\ RI VXFK PDLQWHQDQFH DV ORZ DV RQFH LQ VHYHUDO \HDUV� LI DW DOO�

&RVW 5DQJH� ���� WR ������ SHU VTXDUH IRRW RI UHDFWLYH EDUULHU LQVWDOOHG �DVVXPLQJ D EDUULHU WKLFNQHVV RI
� WR � IHHW�

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU D WUHDWPHQW ZDOO DUH GHVLJQDWHG LQ 7DEOH
3&�����

7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW D 7UHDWPHQW :DOO

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

%DUULHU WUHQFK H[FDYDWLRQ 6LWH VXSHUYLVLRQ

0HGLD LQVWDOODWLRQ 6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

6DPSOLQJ ZHOO LQVWDOODWLRQ 6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�VLWH GLVSRVDO RI VRLO H[FDYDWHG IURP WUHDWPHQW ZDOO WUHQFK

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦3DVVLYH�5HDFWLYH 7UHDWPHQW :DOO§�
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Contaminant
Plume

Aquitard

Fill

Reactive
Cell

Treated
Groundwater
Treated
Groundwater
Treated
Groundwater

TREATMENT WALL.CDR

Water
Table

)LJXUH 3&��� &URVV�6HFWLRQDO 9LHZ RI D 7UHDWPHQW :DOO
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3&��� 5HYHUVH 2VPRVLV

$EVWUDFW�

5HYHUVH RVPRVLV LV DQ H[ VLWX WUHDWPHQW WHFKQRORJ\ IRU FRQWDPLQDWHG ZDWHU WKDW LQYROYHV XVLQJ D
VHPLSHUPHDEOH PHPEUDQH WR SURGXFH D FOHDQ ZDWHU VWUHDP DQG D VPDOOHU YROXPH RI D FRQFHQWUDWHG

VROXWLRQ RI FRQWDPLQDQWV�

'HVFULSWLRQ�

2VPRVLV LV WKH PRYHPHQW RI D VROYHQW �W\SLFDOO\ ZDWHU� WKURXJK D PHPEUDQH WKDW LV LPSHUPHDEOH WR D
VROXWH �GLVVROYHG LRQV�� 7KH QRUPDO GLUHFWLRQ RI VROYHQW IORZ LV IURP WKH PRUH GLOXWH WR WKH PRUH

FRQFHQWUDWHG VROXWLRQ� 5HYHUVH RVPRVLV UHYHUVHV WKH QRUPDO GLUHFWLRQ RI IORZ E\ DSSO\LQJ SUHVVXUH RQ WKH

FRQFHQWUDWHG VROXWLRQ� 7KH VHPLSHUPHDEOH PHPEUDQH DFWV DV D ILOWHU WR UHWDLQ WKH LRQV DQG SDUWLFOHV RQ WKH

FRQFHQWUDWH VLGH ZKLOH DOORZLQJ WKH ZDWHU WR SDVV WKURXJK� 7KH FOHDQHG ZDWHU SDVVLQJ WKURXJK WKH
PHPEUDQH LV FDOOHG WKH SHUPHDWH� 7KH OLTXLG FRQWDLQLQJ WKH FRQVWLWXHQWV WKDW GR QRW SDVV WKURXJK WKH

PHPEUDQH �L�H�� PHWDOV� LV FDOOHG WKH FRQFHQWUDWH� 0HWDO RU VDOW SURGXFWV DUH UHFRYHUHG IURP WKH

FRQFHQWUDWH E\ WHFKQLTXHV VXFK DV HYDSRUDWLRQ� HOHFWURZLQQLQJ� RU SUHFLSLWDWLRQ�

)RU UHYHUVH RVPRVLV DSSOLFDWLRQV� PHPEUDQHV WKDW KDYH KLJK ZDWHU SHUPHDELOLW\ DQG ORZ VDOW SHUPHDELOLW\

DUH LGHDO� 7KH WKUHH PRVW FRPPRQO\ XVHG UHYHUVH RVPRVLV PHPEUDQH PDWHULDOV DUH FHOOXORVH DFHWDWH�
DURPDWLF SRO\DPLGH� DQG WKLQ�ILOP FRPSRVLWHV� ZKLFK FRQVLVW RI D WKLQ ILOP RI D VDOW�UHMHFWLQJ PHPEUDQH

RQ WKH VXUIDFH RI D SRURXV VXSSRUW SRO\PHU�

$SSOLFDELOLW\�

5HYHUVH RVPRVLV LV XVHG SULPDULO\ WR WUHDW LQRUJDQLFV E\ FRQFHQWUDWLQJ GLVVROYHG PHWDO VDOWV LQ DTXHRXV

VROXWLRQ� (OHFWURO\WHV DQG ZDWHU�VROXEOH RUJDQLFV ZLWK PROHFXODU ZHLJKWV JUHDWHU WKDQ ��� DUH VWRSSHG E\
WKH PHPEUDQH DQG FROOHFW LQ WKH FRQFHQWUDWH� 0RVW PHWDOV LQ VROXWLRQ �H�J�� QLFNHO� FRSSHU� FDGPLXP� DQG

]LQF� FDQ EH FRQFHQWUDWHG WR DERXW � WR � SHUFHQW LQ WKH FRQFHQWUDWH� :DVWH VROXWLRQV FRQWDLQLQJ KLJK�

VXVSHQGHG VROLGV� KLJK RU ORZ S+� R[LGL]HUV� RU QRQSRODU RUJDQLFV W\SLFDOO\ DUH QRW VXLWDEOH IRU UHYHUVH

RVPRVLV SURFHVVLQJ�

/LPLWDWLRQV�

)DFWRUV WKDW PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV LQFOXGH WKH IROORZLQJ�

x 0HPEUDQHV DUH VHQVLWLYH WR GHJUDGDWLRQ� VR SUHWUHDWPHQW PD\ EH UHTXLUHG WR FRQGLWLRQ WKH ZDVWH WR

UHGXFH PHPEUDQH DWWDFN�

x 6XVSHQGHG VROLGV RU VROLGV IRUPHG E\ SUHFLSLWDWLRQ RI UHGXFHG LURQ RU PDQJDQHVH VSHFLHV LQ VROXWLRQ
FDQ IRXO WKH PHPEUDQH� UHTXLULQJ SUHWUHDWPHQW WR UHPRYH WKH IRXOLQJ DJHQWV�

x ([WUHPH S+ FRQGLWLRQV RU R[LGL]HUV LQ WKH ZDVWH VROXWLRQ ZLOO GHJUDGH WKH PHPEUDQH�

x 7KH DELOLW\ RI WKH PHPEUDQH WR UHWDLQ GLVVROYHG FRQWDPLQDQWV LV EDVHG RQ PROHFXOH VL]H� ZHLJKW� DQG

HOHFWULFDO FKDUJH� DV ZHOO DV YDULDWLRQV RI PD[LPXP SRUH VL]H RI WKH PHPEUDQH� WKHUHIRUH UHWHQWLRQ

PD\ EH GLIILFXOW WR SUHGLFW�

6WDWXV� &RQYHQWLRQDO
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2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

5HYHUVH RVPRVLV LV XVHG WR WUHDW SXPSHG JURXQGZDWHU RU ZDVWHZDWHU UHVLGXDO IURP D WUHDWPHQW SURFHVV�

7KH RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ WKH GXUDWLRQ RI WKH SULPDU\ SURFHVV RSHUDWLRQ�

&RVW 5DQJH� ����� WR ����� SHU ����� JDOORQV

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU UHYHUVH RVPRVLV DUH GHVLJQDWHG LQ
7DEOH 3&�����

7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 5HYHUVH 2VPRVLV

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

)LOWUDWLRQ WR UHPRYH VXVSHQGHG VROLGV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

5HYHUVH RVPRVLV V\VWHP LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

0HPEUDQH UHSODFHPHQW

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

0HPEUDQH FOHDQLQJ V\VWHP LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�VLWH GLVSRVDO RI UHWHQWDWH

'LVSRVDO RI WUHDWHG ZDWHU WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH
VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KH WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;������ ¦5HYHUVH 2VPRVLV§�
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3&��� 3K\VLFDO 6HSDUDWLRQ

$EVWUDFW�

3K\VLFDO VHSDUDWLRQ LV D WUHDWPHQW SURFHVV IRU H[FDYDWHG VRLO WKDW LQYROYHV VHSDUDWLQJ GLIIHUHQW W\SHV RI
SDUWLFOHV EDVHG RQ SK\VLFDO FKDUDFWHULVWLFV�

'HVFULSWLRQ�

0RVW SK\VLFDO VHSDUDWLRQ RSHUDWLRQV DUH EDVHG RQ RQH RI IRXU FKDUDFWHULVWLFV�

x 3DUWLFOH VL]H �ILOWUDWLRQ RU PLFURILOWUDWLRQ�

x 3DUWLFOH GHQVLW\ �VHGLPHQWDWLRQ RU FHQWULIXJDWLRQ�

x 0DJQHWLF SURSHUWLHV �PDJQHWLF VHSDUDWLRQ�

x 6XUIDFH SURSHUWLHV �IORWDWLRQ��

(TXLSPHQW XVHG WR SHUIRUP SK\VLFDO VHSDUDWLRQ UDQJHV IURP VLPSOH GU\ VFUHHQV WR FRPSOH[ K\GURG\QDPLF

VHSDUDWLRQ HTXLSPHQW VXFK DV K\GURF\FORQHV�

$SSOLFDELOLW\�

3K\VLFDO VHSDUDWLRQ LV XVHG SULPDULO\ WR WUHDW LQRUJDQLFV E\ UHFRYHULQJ RU FRQFHQWUDWLQJ PHWDOV IURP VRLOV�
VHGLPHQWV� RU VODJV LQ HLWKHU RI WZR VLWXDWLRQV�

)LUVW� GLVFUHWH PHWDO SDUWLFOHV LQ VRLO FDQ EH UHFRYHUHG EDVHG RQ VL]H� GHQVLW\� RU RWKHU SURSHUWLHV� )RU
H[DPSOH� PHUFXU\ PHWDO FDQ EH UHFRYHUHG E\ JUDYLW\ VHSDUDWLRQ� OHDG IUDJPHQWV FDQ EH VHSDUDWHG E\

VFUHHQLQJ RU E\ JUDYLW\ PHWKRGV� DQG KLJK�YDOXH PHWDOV �H�J�� JROG RU VLOYHU� FDQ EH UHFRYHUHG E\

PHPEUDQH ILOWUDWLRQ� 7KH PRVW FRPPRQ DSSOLFDWLRQV DUH VL]H DQG JUDYLW\ UHFRYHU\ RI OHDG LQ ILULQJ UDQJH

RU EDWWHU\ EUHDNLQJ VLWH VRLOV DQG JUDYLW\ UHFRYHU\ RI HOHPHQWDO PHUFXU\ IURP FRQWDPLQDWHG VRLOV�

6HFRQG� PHWDOV SUHVHQW LQ HOHPHQWDO RU VDOW IRUP PD\ EH VRUEHG RU RWKHUZLVH DVVRFLDWHG ZLWK D SDUWLFXODU

VL]H IUDFWLRQ RI VRLO PDWHULDO� 0DWHULDOV WHQG WR VRUE RQWR WKH ILQH FOD\ DQG VLOW LQ VRLO� 3K\VLFDO VHSDUDWLRQ
FDQ GLYLGH VDQG DQG JUDYHO IURP FOD\ DQG VLOW� \LHOGLQJ D VPDOOHU YROXPH RI PDWHULDO ZLWK D KLJKHU

FRQWDPLQDQW FRQFHQWUDWLRQ� 7KH XSJUDGHG PDWHULDO FDQ WKHQ EH SURFHVVHG E\ WHFKQLTXHV VXFK DV

S\URPHWDOOXUJ\ RU FKHPLFDO OHDFKLQJ WR UHFRYHU SURGXFWV�

/LPLWDWLRQV�

)DFWRUV WKDW PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV LQFOXGH WKH IROORZLQJ�

x 3K\VLFDO VHSDUDWLRQ UHTXLUHV WKDW WKH GHVLUHG FRPSRQHQW EH SUHVHQW LQ KLJKHU FRQFHQWUDWLRQV LQ D SKDVH

KDYLQJ GLIIHUHQW SK\VLFDO SURSHUWLHV WKDQ WKH EXON PDWHULDO�

x 6HSDUDWLRQ PHWKRGV DSSOLHG WR GU\ WKH PDWHULDO �H�J�� VFUHHQLQJ� JHQHUDWH GXVW�

x $TXHRXV ZDVWHVWUHDP DQG ILQHV IUDFWLRQ RI WKH VROLG PDWUL[ XVXDOO\ UHTXLUH VXEVHTXHQW WUHDWPHQW�

6WDWXV� &RQYHQWLRQDO
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2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

3K\VLFDO VHSDUDWLRQ LV XVHG WR WUHDW H[FDYDWHG VRLO� VR WKH RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ

WKH SURFHVVLQJ UDWH RI WKH WUHDWPHQW XQLW DQG WKH YROXPH RI VRLO� 3URFHVVLQJ W\SLFDOO\ ZRXOG EH SHUIRUPHG

RQ VLWH LQ D PRELOH XQLW� 7KH WKURXJKSXW RI D PRELOH XQLW LV H[SHFWHG WR UDQJH IURP �� WR ��� FXELF \DUGV
SHU GD\�

&RVW 5DQJH� ������� WR ������� IL[HG PRELOL]DWLRQ FRVW SOXV �� WR ��� SHU FXELF \DUG RSHUDWLQJ FRVW

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU SK\VLFDO VHSDUDWLRQ DUH GHVLJQDWHG LQ 7DEOH
3&�����

7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 3K\VLFDO 6HSDUDWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

&UHZ DQG HTXLSPHQW PRELOL]DWLRQ 6RLO H[FDYDWLRQ

(TXLSPHQW OHDVLQJ

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

&RQVWUXFWLRQ RI D WUHDWPHQW SDG

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2Q�VLWH GLVSRVDO RI VDQG DQG JUDYHO IUDFWLRQ

&RPPHQWV

$GGLWLRQDO WUHDWPHQW RU GLVSRVDO RI FOD\ IUDFWLRQ �LI QHHGHG� LV QRW LQFOXGHG

&RVW RU FUHGLW IRU UHFRYHUHG PHWDO �LI DQ\� LV QRW LQFOXGHG

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�
SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦+HDY\ 0HGLD 6HSDUDWLRQ§� ;������ ¦0DJQHWLF 6HSDUDWLRQ§� ;������
¦6HGLPHQWDWLRQ§� ;������ ¦6LHYLQJ �6L]H 6HSDUDWLRQ� 6FUHHQLQJ� 3K\VLFDO

6HSDUDWLRQ�§� DQG ;������ ¦*UDYLW\ 6HSDUDWLRQ§�
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3&��� 6RLO )OXVKLQJ

$EVWUDFW�

6RLO IOXVKLQJ LV WKH H[WUDFWLRQ RI FRQWDPLQDQWV IURP LQ VLWX VRLO ZLWK ZDWHU RU RWKHU VXLWDEOH DTXHRXV
VROXWLRQV�

'HVFULSWLRQ�

6RLO IOXVKLQJ LV DFFRPSOLVKHG E\ SDVVLQJ WKH H[WUDFWLRQ IOXLG WKURXJK LQ�SODFH VRLOV XVLQJ DQ LQMHFWLRQ RU

LQILOWUDWLRQ SURFHVV� &RQWDPLQDQWV LQ WKH VRLO SDUWLWLRQ LQWR WKH IOXVKLQJ VROXWLRQ E\ PHFKDQLVPV VXFK DV
VROXELOL]DWLRQ� HPXOVLILFDWLRQ� RU FKHPLFDO UHDFWLRQ� 7KH FRQWDPLQDQW�ODGHQ VROXWLRQ PXVW EH UHFRYHUHG WR

SUHYHQW XQFRQWUROOHG WUDQVSRUW RI FRQWDPLQDQWV� )RU ELRGHJUDGDEOH FRQWDPLQDQWV� LW PD\ EH SRVVLEOH WR

DGG QXWULHQWV DQG GLVWULEXWH WKH IOXVKLQJ VROXWLRQ RQ WKH VRLO WR SURPRWH FRQWDPLQDQW ELRUHPHGLDWLRQ�

+RZHYHU� LQ PRVW FDVHV� WUHDWPHQW ZLOO EH UHTXLUHG WR DOORZ UHXVH RI WKH IOXLG IRU FRQWLQXHG IOXVKLQJ RU
UHOHDVH WR ORFDO� SXEOLFO\ RZQHG ZDVWHZDWHU WUHDWPHQW ZRUNV RU UHFHLYLQJ VWUHDPV� 7R WKH PD[LPXP

H[WHQW SUDFWLFDO� UHFRYHUHG IOXLGV VKRXOG EH UHXVHG LQ WKH IOXVKLQJ SURFHVV� 7KH VHSDUDWLRQ RI VXUIDFWDQWV

IURP UHFRYHUHG IOXVKLQJ IOXLGV� IRU UHXVH LQ WKH SURFHVV� LV D PDMRU IDFWRU LQ WKH FRVW RI VRLO IOXVKLQJ�
7UHDWPHQW RI WKH UHFRYHUHG IOXLGV UHVXOWV LQ SURFHVV VOXGJHV DQG UHVLGXDO VROLGV� VXFK DV VSHQW FDUERQ DQG

VSHQW LRQ H[FKDQJH UHVLQ� ZKLFK PXVW EH DSSURSULDWHO\ WUHDWHG EHIRUH GLVSRVDO� $LU HPLVVLRQV RI YRODWLOH

FRQWDPLQDQWV IURP UHFRYHUHG IOXVKLQJ IOXLGV VKRXOG EH FROOHFWHG DQG WUHDWHG� DV DSSURSULDWH� WR PHHW
DSSOLFDEOH UHJXODWRU\ VWDQGDUGV� 5HVLGXDO IOXVKLQJ DGGLWLYHV LQ WKH VRLO PD\ EH D FRQFHUQ DQG VKRXOG EH

HYDOXDWHG RQ D VLWH�VSHFLILF EDVLV�

$SSOLFDELOLW\�

6RLO IOXVKLQJ LV XVHG SULPDULO\ WR WUHDW KDORJHQDWHG DQG QRQKDORJHQDWHG VHPLYRODWLOH RUJDQLF FRPSRXQGV

�692&V�� SRO\FKORULQDWHG ELSKHQ\OV �3&%V�� DQG RUGQDQFH FRPSRXQGV IURP LQ VLWX PDWHULDOV� :DWHU
VROXEOH LQRUJDQLF FRQWDPLQDQWV PD\ DOVR EH UHPRYHG XVLQJ VRLO IOXVKLQJ�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 7KH IOXVKLQJ VROXWLRQ PXVW EH FRPSDWLEOH ZLWK WKH LQ VLWX HQYLURQPHQW�

x 6XEVXUIDFH KHWHURJHQHLW\ FDQ LQWHUIHUH ZLWK XQLIRUP GLVWULEXWLRQ RI IOXVKLQJ VROXWLRQV�

x /RZ�SHUPHDELOLW\ VRLOV DUH GLIILFXOW WR WUHDW�

x 6XUIDFWDQWV FDQ DGKHUH WR VRLO DQG UHGXFH HIIHFWLYH VRLO SRURVLW\�

x 7KH IOXVKLQJ VROXWLRQ LQMHFWLRQ DQG FROOHFWLRQ V\VWHPV PXVW EH GHVLJQHG DQG RSHUDWHG WR OLPLW WKH

VSUHDG RI FRQWDPLQDQWV WR FOHDQ DUHDV�

x 7KH IOXVKLQJ VROXWLRQ PXVW EH UHFRYHUHG DQG WUHDWHG�

x &RPSOH[ ZDVWH PL[WXUHV �H�J�� PXOWLSOH FRQWDPLQDQW FODVVHV� LQFUHDVH WKH GLIILFXOW\ RI IRUPXODWLQJ D
IOXVKLQJ VROXWLRQ�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

6RLO IOXVKLQJ LV H[SHFWHG WR DFKLHYH FOHDQ XS LQ DQ RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ RI � WR � PRQWKV�
GHSHQGLQJ RQ WKH IROORZLQJ FRQGLWLRQV�
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x &OHDQXS JRDOV
x 7KH YROXPH RI LQ VLWX PHGLD UHTXLULQJ WUHDWPHQW

x &RQWDPLQDQW FRQFHQWUDWLRQV DQG GLVWULEXWLRQ

x ,Q VLWX FKDUDFWHULVWLFV LQFOXGLQJ SHUPHDELOLW\ DQG DQLVRWURS\

x )OXVKLQJ VROXWLRQ GHOLYHU\ FDSDFLW\�

&RVW 5DQJH� ���� WR ���� SHU FXELF \DUG

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU VRLO IOXVKLQJ DUH GHVLJQDWHG LQ 7DEOH 3&�����

7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 6RLO )OXVKLQJ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

,QMHFWLRQ DQG UHFRYHU\ ZHOO DQG SXPS LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

6DPSOLQJ ZHOOV LQVWDOODWLRQ 8WLOLWLHV

)OXVKLQJ VROXWLRQ SUHSDUDWLRQ V\VWHP LQVWDOODWLRQ &KHPLFDOV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW)OXVKLQJ VROXWLRQ WUHDWPHQW V\VWHP LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�VLWH GLVSRVDO RI VOXGJH UHVLGXDO IURP IOXVKLQJ VROXWLRQ WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�
SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦,Q 6LWX &KHPLFDO 6RLO )OXVKLQJ �6XUIDFWDQW�6ROYHQW�§ DQG ;������ ¦,Q
6LWX 3K\VLFDO 6RLO )OXVKLQJ �6XUIDFWDQW�6ROYHQW�§�
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3&��D� 6RLO 9DSRU ([WUDFWLRQ �,Q 6LWX�

$EVWUDFW�

6RLO YDSRU H[WUDFWLRQ �69(� LV DQ LQ VLWX XQVDWXUDWHG �YDGRVH� ]RQH VRLO UHPHGLDWLRQ WHFKQRORJ\ LQ ZKLFK D
YDFXXP LV DSSOLHG WR WKH VRLO WR LQGXFH WKH FRQWUROOHG IORZ RI DLU DQG WR UHPRYH YRODWLOH DQG VRPH

VHPLYRODWLOH FRQWDPLQDQWV IURP WKH VRLO�

'HVFULSWLRQ�

7R SHUIRUP LQ VLWX 69(� DLU IORZ LV LQGXFHG WKURXJK VRLO SRUHV E\ DSSO\LQJ D YDFXXP WR H[WUDFWLRQ ZHOOV
VFUHHQHG LQ WKH XQVDWXUDWHG ]RQH� 9RODWLOH DQG VHPLYRODWLOH FRQWDPLQDQWV WHQG WR SDUWLWLRQ LQWR WKH FOHDQ

DLU DV LW PRYHV WKURXJK WKH VRLO WR WKH H[WUDFWLRQ ZHOOV� 7KH JDV OHDYLQJ WKH VRLO PD\ EH WUHDWHG WR UHFRYHU

RU GHVWUR\ WKH FRQWDPLQDQWV� GHSHQGLQJ RQ ORFDO DQG VWDWH DLU GLVFKDUJH UHJXODWLRQV� 9HUWLFDO H[WUDFWLRQ

YHQWV DUH W\SLFDOO\ XVHG DW GHSWKV RI ��� PHWHUV �� IHHW� RU JUHDWHU DQG KDYH EHHQ VXFFHVVIXOO\ DSSOLHG DV
GHHS DV �� PHWHUV ���� IHHW�� +RUL]RQWDO H[WUDFWLRQ YHQWV �LQVWDOOHG LQ WUHQFKHV RU KRUL]RQWDO ERULQJV� FDQ

EH XVHG DV ZDUUDQWHG E\ FRQWDPLQDQW ]RQH JHRPHWU\� GULOO ULJ DFFHVV� RU RWKHU VLWH�VSHFLILF IDFWRUV�

*URXQGZDWHU GHSUHVVLRQ SXPSV PD\ EH XVHG WR UHGXFH JURXQGZDWHU XSZHOOLQJ LQGXFHG E\ WKH YDFXXP RU

WR LQFUHDVH WKH GHSWK RI WKH YDGRVH ]RQH� $LU LQMHFWLRQ LV HIIHFWLYH IRU IDFLOLWDWLQJ H[WUDFWLRQ RI GHHS

FRQWDPLQDWLRQ� FRQWDPLQDWLRQ LQ ORZ�SHUPHDELOLW\ VRLOV� DQG FRQWDPLQDWLRQ LQ WKH VDWXUDWHG ]RQH �VHH
3&�� $LU 6SDUJLQJ��

$SSOLFDELOLW\�

69( LV XVHG SULPDULO\ WR WUHDW KDORJHQDWHG DQG QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V�� 7KH

WHFKQRORJ\ LV W\SLFDOO\ DSSOLFDEOH RQO\ WR YRODWLOH FRPSRXQGV ZLWK D +HQU\©V ODZ FRQVWDQW JUHDWHU WKDQ

���� RU D YDSRU SUHVVXUH JUHDWHU WKDQ ��� PP +J ����� LQ� +J�� 2WKHU IDFWRUV VXFK DV PRLVWXUH FRQWHQW�
RUJDQLF FRQWHQW� DQG DLU SHUPHDELOLW\ RI WKH VRLO ZLOO DOVR LQIOXHQFH WKH HIIHFWLYHQHVV RI WKLV WUHDWPHQW

WHFKQRORJ\� 69( ZLOO QRW UHPRYH KHDY\ RLOV� PHWDOV� SRO\FKORULQDWHG ELSKHQ\OV �3&%V�� RU GLR[LQV�

%HFDXVH WKH SURFHVV LQYROYHV WKH FRQWLQXRXV IORZ RI DLU WKURXJK WKH VRLO� KRZHYHU� 69( RIWHQ SURPRWHV

WKH LQ VLWX ELRGHJUDGDWLRQ RI ORZ�YRODWLOLW\ RUJDQLF FRPSRXQGV WKDW PD\ EH SUHVHQW�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 6XEVXUIDFH KHWHURJHQHLW\ FDQ LQWHUIHUH ZLWK XQLIRUP GLVWULEXWLRQ RI DLU IORZ�

x /RZ�SHUPHDELOLW\ VRLOV DUH GLIILFXOW WR WUHDW�

x 7KH SUHVHQFH RI WKH ZDWHU WDEOH ZLWKLQ VHYHUDO IHHW RI WKH VXUIDFH FDQ UHGXFH 69( SHUIRUPDQFH�

x /DUJH VFUHHQHG LQWHUYDOV DUH UHTXLUHG LQ H[WUDFWLRQ ZHOOV IRU VRLO ZLWK ORZ�SHUPHDELOLW\ OD\HUV�

x 6RLO WKDW KDV KLJK FOD\ RU KXPLF FRQWHQW RU LV H[WUHPHO\ GU\ KDV D KLJK VRUSWLRQ FDSDFLW\ RI 92&V�

ZKLFK UHVXOWV LQ UHGXFHG UHPRYDO UDWHV�

x $LU HPLVVLRQV PD\ UHTXLUH WUHDWPHQW�

x 69( LV QRW HIIHFWLYH LQ WKH VDWXUDWHG ]RQH� KRZHYHU� ORZHULQJ WKH ZDWHU WDEOH FDQ H[SRVH PRUH PHGLD
WR 69(�

6WDWXV� &RQYHQWLRQDO
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2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

,Q VLWX 69( LV H[SHFWHG WR DFKLHYH FOHDQ XS LQ DQ RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ RI � WR �� PRQWKV�

GHSHQGLQJ RQ WKH IROORZLQJ FRQGLWLRQV�

x &OHDQXS JRDOV

x 7KH YROXPH RI LQ VLWX VRLO UHTXLULQJ WUHDWPHQW

x &RQWDPLQDQW FRQFHQWUDWLRQV DQG GLVWULEXWLRQ
x ,Q VLWX FKDUDFWHULVWLFV LQFOXGLQJ SHUPHDELOLW\ DQG DQLVRWURS\

x &RQWDPLQDQW YRODWLOLW\� VROXELOLW\� DQG VRUSWLRQ FKDUDFWHULVWLFV

x $LU H[WUDFWLRQ FDSDELOLWLHV�

&RVW 5DQJH� ��� WR ��� SHU FXELF \DUG

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU LQ VLWX VRLO YDSRU H[WUDFWLRQ DUH GHVLJQDWHG LQ
7DEOH 3&��D���

7DEOH 3&��D��� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 6RLO 9DSRU ([WUDFWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

([WUDFWLRQ ZHOO DQG EORZHU LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

2II�JDV WUHDWPHQW V\VWHP LQVWDOODWLRQ 8WLOLWLHV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW0RQLWRULQJ SRLQW LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�
SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦6RLO 9DSRU ([WUDFWLRQ �,Q 6LWX�§�
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SVE .CDRIN SITU

Ground Surface

Contaminated
Soil

Contaminated
Soil

Contaminated
Soil

Air FlowAir FlowAir FlowAir FlowAir FlowAir Flow

Water
Table

Off-Gas
Treatment

Treated
Off-Gas

)LJXUH 3&��D� 6RLO 9DSRU ([WUDFWLRQ �,Q 6LWX�
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3&��E� 6RLO 9DSRU ([WUDFWLRQ �([ 6LWX�

$EVWUDFW�

([ VLWX VRLO YDSRU H[WUDFWLRQ �69(� LV D WHFKQRORJ\ LQ ZKLFK H[FDYDWHG VRLO LV WUHDWHG E\ LQGXFLQJ D
FRQWUROOHG IORZ RI DLU WKURXJK WKH VRLO WR YDSRUL]H YRODWLOH RUJDQLF FRPSRXQGV �92&V��

'HVFULSWLRQ�

([ VLWX 69( LV SHUIRUPHG E\ SODFLQJ H[FDYDWHG VRLO RYHU D QHWZRUN RI VORWWHG SLSLQJ DQG DSSO\LQJ D

YDFXXP WR WKH SLSHV WR FDXVH DLUIORZ WKURXJK WKH VRLO SLOH� 9RODWLOH DQG VHPLYRODWLOH FRQWDPLQDQWV WHQG WR
SDUWLWLRQ LQWR WKH FOHDQ DLU DV LW PRYHV WKURXJK WKH SLOH� 7KH SURFHVV LQFOXGHV D V\VWHP IRU KDQGOLQJ RII�

JDVHV� ([ VLWX 69( HQMR\V VHYHUDO DGYDQWDJHV RYHU LWV LQ VLWX FRXQWHUSDUW� )LUVW� WKH H[FDYDWLRQ SURFHVV

IRUPV DQ LQFUHDVHG QXPEHU RI SDVVDJHZD\V WKURXJK ZKLFK WKH FOHDQ DLU FDQ IORZ� 6HFRQG� VKDOORZ

JURXQGZDWHU GRHV QRW OLPLW WKH WUHDWPHQW SURFHVV� 7KLUG� FROOHFWLRQ RI OHDFKDWH LV SRVVLEOH� $QG IRXUWK�
WKH WUHDWPHQW SURFHVV LV PRUH HDVLO\ PRQLWRUHG DQG PRUH XQLIRUP�

$SSOLFDELOLW\�

([ VLWX 69( LV XVHG SULPDULO\ WR WUHDW KDORJHQDWHG DQG QRQKDORJHQDWHG 92&V�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x $LU HPLVVLRQV PD\ RFFXU GXULQJ H[FDYDWLRQ DQG PDWHULDOV KDQGOLQJ�

x +LJK FOD\ RU KXPLF FRQWHQW VRLOV LQKLELW YRODWLOL]DWLRQ�

x $ ODUJH DPRXQW RI VSDFH LV UHTXLUHG�

x 'HEULV JUHDWHU WKDQ �� PP LQ GLDPHWHU W\SLFDOO\ PXVW EH UHPRYHG SULRU WR SURFHVVLQJ�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

([ VLWX 69( LV D EDWFK SURFHVV XVHG WR WUHDW H[FDYDWHG VRLO� VR WKH RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ
GHSHQGV RQ WKH SURFHVVLQJ UDWH DQG WKH YROXPH RI VRLO� 7KH SURFHVVLQJ UDWH RI D EDWFK SURFHVV LV D

IXQFWLRQ RI WKH EDWFK RSHUDWLQJ WLPH DQG WKH EDWFK VL]H� 7\SLFDO RSHUDWLQJ WLPHV UDQJH IURP � WR � PRQWKV

SHU EDWFK RI FRQWDPLQDWHG VRLO� 7KH VL]H RI WKH EDWFK WUHDWHG GHSHQGV RQ WKH IDFLOLW\ XVHG� $ WHPSRUDU\

WUHDWPHQW SLOH W\SLFDOO\ SURFHVVHV DERXW ��� \G
�
RI PDWHULDO SHU EDWFK� 3HUPDQHQW IDFLOLWLHV FDQ EH

GHVLJQHG WR SURFHVV PXFK ODUJHU EDWFKHV� GHSHQGLQJ RQ WKH IROORZLQJ FRQGLWLRQV�

x &OHDQXS JRDOV

x &RQFHQWUDWLRQ DQG YRODWLOLW\ RI 92&V LQ WKH H[FDYDWHG VRLOV
x 6RLO SURSHUWLHV LQFOXGLQJ SDUWLFOH VL]H GLVWULEXWLRQ DQG SRURVLW\�

&RVW 5DQJH� ��� WR ��� SHU FXELF \DUG

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU H[ VLWX VRLO YDSRU H[WUDFWLRQ DUH GHVLJQDWHG LQ
7DEOH 3&��E���
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7DEOH 3&��E��� 0DMRU &RVW ,WHPV WR ,PSOHPHQW ([ 6LWX 6RLO 9DSRU ([WUDFWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

6FUHHQLQJ WR UHPRYH GHEULV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

%DVH DQG YHQW V\VWHP LQVWDOODWLRQ 6RLO H[FDYDWLRQ

%ORZHU LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW
2II�JDV WUHDWPHQW V\VWHP LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

'LVSRVDO RI FRQGHQVDWH WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH
VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;������ ¦6RLO 9DSRU ([WUDFWLRQ �([ 6LWX�§�

EX SITU SOIL VAPOR EXTRACTION2.CDR

Off-Gas
Treatment

Treated
Off-Gas

Blower

Condensate
Collection

Tank

Extraction
Piping

Clean Soil BaseClean Soil BaseClean Soil Base

Contaminated SoilContaminated SoilContaminated Soil

)LJXUH 3&��E� 6RLO 9DSRU ([WUDFWLRQ �([ 6LWX�
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3&��� 6RLO :DVKLQJ

$EVWUDFW�

6RLO ZDVKLQJ LV D WUHDWPHQW WHFKQRORJ\ IRU UHPRYLQJ FRQWDPLQDQWV IURP H[FDYDWHG VRLO WKDW LQYROYHV
VFUXEELQJ VRLO ZLWK D ZDWHU�EDVHG VROXWLRQ�

'HVFULSWLRQ�

6RLO ZDVKLQJ LV DFFRPSOLVKHG E\ FRQWDFWLQJ VRLO ZLWK D ZDVK VROXWLRQ� VHSDUDWLQJ WKH VRLO DQG VROXWLRQ�

DQG WUHDWLQJ WKH VROXWLRQ� 7KH VROXWLRQ LV FRQWDFWHG ZLWK WKH VRLO DQG YLJRURXVO\ DJLWDWHG WR WUDQVIHU
FRQWDPLQDQWV LQWR WKH ZDVK VROXWLRQ� 7KH SURFHVV UHPRYHV FRQWDPLQDQWV IURP VRLOV E\ GLVVROYLQJ RU

VXVSHQGLQJ WKHP LQ WKH ZDVK VROXWLRQ �ZKLFK LV ODWHU WUHDWHG E\ FRQYHQWLRQDO ZDVWHZDWHU WUHDWPHQW

PHWKRGV�� 6XUIDFWDQWV RU VLPLODU PLOG VROYHQWV DUH RIWHQ XVHG WR LPSURYH WKH UHPRYDO RI SHWUROHXP

K\GURFDUERQV DQG D ZLGH YDULHW\ RI RWKHU RUJDQLF FRQWDPLQDQWV IURP VRLOV�

6RLO ZDVKLQJ W\SLFDOO\ LQFRUSRUDWHV SDUWLFOH VL]H VHSDUDWLRQ GXULQJ ZDVKLQJ� 7KH XVH RI SDUWLFOH VL]H

VHSDUDWLRQ WR UHGXFH WKH DPRXQW RI VROLGV UHTXLULQJ WUHDWPHQW LV EDVHG RQ WKH WHQGHQF\ RI PDQ\ RUJDQLF
DQG LQRUJDQLF FRQWDPLQDQWV WR ELQG WR FOD\� VLOW� DQG RUJDQLF VRLO SDUWLFOHV� 7KH VLOW DQG FOD\� LQ WXUQ� DUH

DWWDFKHG WR VDQG DQG JUDYHO SDUWLFOHV E\ SK\VLFDO SURFHVVHV� SULPDULO\ FRPSDFWLRQ DQG DGKHVLRQ� :DVKLQJ

VHSDUDWHV ILQH FOD\ DQG VLOW SDUWLFOHV IURP WKH FRDUVHU VDQG DQG JUDYHO VRLO SDUWLFOHV� HIIHFWLYHO\ VHSDUDWLQJ
DQG FRQFHQWUDWLQJ WKH FRQWDPLQDQWV LQWR D VPDOOHU YROXPH FRQVLVWLQJ RI WKH FOD\ DQG VLOW IUDFWLRQ� 7KLV

IUDFWLRQ FDQ EH PDQDJHG E\ IXUWKHU WUHDWPHQW RU GLVSRVDO� 7KH FOHDQHG VDQG DQG JUDYHO IUDFWLRQ FDQ EH

UHWXUQHG WR WKH VLWH�

$SSOLFDELOLW\�

7KH WDUJHW FRQWDPLQDQW JURXSV IRU VRLO ZDVKLQJ DUH W\SLFDOO\ VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V��
IXHOV� DQG LQRUJDQLFV� 7KH WHFKQRORJ\ FDQ EH XVHG RQ VHOHFWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V� DQG

SHVWLFLGHV� 7KH WHFKQRORJ\ W\SLFDOO\ LV PRVW HIIHFWLYH ZLWK FRDUVH�JUDLQHG VRLOV FRQWDLQLQJ ORZ FOD\

FRQWHQW�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x )LQH VRLO SDUWLFOHV �H�J�� VLOW DQG FOD\� PD\ EH GLIILFXOW WR VHSDUDWH IURP WKH ZDVKLQJ IOXLG�

x &RPSOH[ ZDVWH PL[WXUHV �H�J�� PHWDOV ZLWK RUJDQLFV� PDNH IRUPXODWLQJ ZDVKLQJ IOXLG GLIILFXOW�

x &OD\ DQG KXPLF PDWHULDOV WHQG WR UHWDLQ FRQWDPLQDQWV E\ VRUSWLRQ DQG RIWHQ DUH GLIILFXOW WR WUHDW E\

VRLO ZDVKLQJ�

x 7KH DTXHRXV ZDVKLQJ VROXWLRQ VWUHDP ZLOO UHTXLUH WUHDWPHQW�

x 'HEULV JUHDWHU WKDQ �� PP LQ GLDPHWHU W\SLFDOO\ PXVW EH UHPRYHG SULRU WR SURFHVVLQJ�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

6RLO ZDVKLQJ LV XVHG WR WUHDW H[FDYDWHG VRLO� VR WKH RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ WKH

SURFHVVLQJ UDWH RI WKH WUHDWPHQW XQLW DQG WKH YROXPH RI VRLO� 3URFHVVLQJ W\SLFDOO\ ZRXOG EH SHUIRUPHG RQ
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VLWH LQ D PRELOH XQLW� 7KH WKURXJKSXW RI D PRELOH XQLW LV H[SHFWHG WR UDQJH IURP �� WR ��� FXELF \DUGV SHU
GD\�

&RVW 5DQJH� ������� WR ������� IL[HG PRELOL]DWLRQ FRVW SOXV ��� WR ���� SHU FXELF \DUG RSHUDWLQJ FRVW

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU VRLO ZDVKLQJ DUH GHVLJQDWHG LQ 7DEOH 3&�����

7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 6RLO :DVKLQJ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

6FUHHQLQJ WR UHPRYH GHEULV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

&UHZ DQG HTXLSPHQW PRELOL]DWLRQ 6RLO H[FDYDWLRQ

7UHDWPHQW SDG LQVWDOODWLRQ (TXLSPHQW OHDVLQJ

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

:DVKLQJ DGGLWLYH

8WLOLWLHV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2Q�VLWH GLVSRVDO RI WUHDWHG VRLO

2II�VLWH GLVSRVDO RI VOXGJH IURP ZDVKLQJ VROXWLRQ WUHDWPHQW

'LVSRVDO RI WUHDWHG ZDVKLQJ VROXWLRQ WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH
VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH ¦6XUIDFWDQW§ SRUWLRQ RI WKH VHFRQG DQG WKLUG
OHYHO :%6 HOHPHQWV ;������ ¦6RLO :DVKLQJ �6XUIDFWDQW�6ROYHQW�§�
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)LJXUH 3&��� 6RLO :DVKLQJ
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3&��� 6ROYDWHG (OHFWURQ 7UHDWPHQW 3URFHVV

$EVWUDFW�

7KH VROYDWHG HOHFWURQ WUHDWPHQW �6(7�� SURFHVV LV D PHWKRG IRU WUHDWLQJ H[ VLWX VRLOV ZLWK D SRZHUIXO
FKHPLFDO UHGXFLQJ DJHQW�

'HVFULSWLRQ�

7KH 6(7� SURFHVV XVHV VRGLXP� RU FDOFLXP�JHQHUDWHG VROYDWHG HOHFWURQV DV D UHGXFLQJ DJHQW� 6ROYDWHG
HOHFWURQV DUH IRUPHG ZKHQ DONDOL RU DONDOLQH HDUWK PHWDOV GLVVROYH� ZLWK QR QHW UHDFWLRQ� LQ VROYHQWV VXFK

DV DPPRQLD� DPLQHV� DQG HWKHUV� IRUPLQJ PHWDO LRQV DQG IUHH HOHFWURQV�

6RLO LV SUHSDUHG E\ H[FDYDWLRQ� VFUHHQLQJ WR UHPRYH GHEULV� DQG GHZDWHULQJ WR ���� �LI UHTXLUHG�� 7KH

SUHSDUHG VRLO LV SODFHG LQWR WKH WUHDWPHQW YHVVHO� OLTXLG DPPRQLD LV DGGHG WR WKH VHDOHG YHVVHO DW URRP

WHPSHUDWXUH� DQG WKH YHVVHO URWDWHV� WXPEOLQJ WKH VRLO OLNH D FHPHQW PL[HU�

$IWHU PL[LQJ WR IRUP D VRLO�DPPRQLD VOXUU\� HOHPHQWDO FDOFLXP RU VRGLXP LV DGGHG WR WKH VOXUU\ DQG

PL[LQJ FRQWLQXHV XQWLO WKH VOXUU\ FRQGXFWLYLW\ LQGLFDWHV WKH UHDFWLRQ LV FRPSOHWH�

7KH UHDFWHG VOXUU\ LV WUDQVIHUUHG WR DQ DPPRQLD�VRLO VHSDUDWLRQ YHVVHO ZKHUH WKH DPPRQLD LV VHSDUDWHG

IURP WKH VRLO DV D OLTXLG XQWLO PRVW RI WKH DPPRQLD LV UHPRYHG� 7KH VHSDUDWRU LV WKHQ URWDWHG� ZDUPLQJ

WKH VRLO DQG GULYLQJ RII WKH UHPDLQLQJ DPPRQLD DV D YDSRU� 7KH YDSRU WKHQ LV FROOHFWHG DORQJ ZLWK WKH
OLTXLG� LQ WKH DPPRQLD�ZDWHU VHSDUDWRU�

:DWHU LV VHSDUDWHG IURP WKH DPPRQLD IRU UHWXUQ WR WKH FOHDQHG VRLO� 7KH DPPRQLD LV UHWXUQHG WR WKH PDLQ
DPPRQLD VWRUDJH WDQN IRU UHXVH�

$SSOLFDELOLW\�

7KH 6(7� SURFHVV KDV EHHQ WHVWHG IRU GHFKORULQDWLRQ RI KDORJHQDWHG VHPLYRODWLOH RUJDQLF FRPSRXQGV
�692&V� DQG SRO\FKORULQDWHG ELSKHQ\OV �3&%V� DQG UHGXFWLRQ RI RUGQDQFH FRPSRXQGV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x &DQQRW EH DSSOLHG WR ZDVWHZDWHU VWUHDPV�

x 6RLO RU VHGLPHQWV FRQWDLQLQJ !��� ZDWHU PXVW EH GHZDWHUHG�

x +DQGOLQJ RI DQK\GURXV DPPRQLD DQG VRGLXP PHWDO LV UHTXLUHG�

x 'HEULV JUHDWHU WKDQ �� PP LQ GLDPHWHU W\SLFDOO\ PXVW EH UHPRYHG SULRU WR SURFHVVLQJ�

6WDWXV� (PHUJLQJ

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ� 1�$

&RVW 5DQJH� 1�$

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;�����; ¦([ 6LWX &KHPLFDO 7UHDWPHQW¤2WKHU§�
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)LJXUH 3&��� 6ROYDWHG (OHFWURQ 7UHDWPHQW �6(7�� 3URFHVV
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3&��� 6ROYHQW ([WUDFWLRQ

$EVWUDFW�

6ROYHQW H[WUDFWLRQ LV D WUHDWPHQW SURFHVV IRU H[FDYDWHG VRLO WKDW LQYROYHV SUHIHUHQWLDO UHPRYDO RI RUJDQLF
FRQWDPLQDQWV LQWR D VROYHQW�

'HVFULSWLRQ�

6ROYHQW H[WUDFWLRQ LV DFFRPSOLVKHG E\ FRQWDFWLQJ VRLO ZLWK D VROYHQW� VHSDUDWLQJ WKH VRLO DQG VROYHQW� DQG

UHJHQHUDWLQJ WKH VROYHQW IRU UHXVH� 7R EH VXFFHVVIXO� WKH H[WUDFWLRQ VROYHQW VKRXOG KDYH D KLJK VROXELOLW\
IRU WKH FRQWDPLQDQW DQG ORZ VROXELOLW\ LQ WKH ZDVWH PDWUL[� 7\SLFDO VROYHQWV LQFOXGH OLTXHILHG JDV

�SURSDQH RU EXWDQH�� VXSHUFULWLFDO FDUERQ GLR[LGH IOXLG� WULHWK\ODPLQH� RU SURSULHWDU\ RUJDQLF IOXLGV� 7KH

H[WUDFWLRQ VROYHQW LV ZHOO PL[HG ZLWK WKH FRQWDPLQDWHG PDWUL[ WR DOORZ FRQWDPLQDQWV WR WUDQVIHU WR WKH

VROYHQW� 7KH FOHDQ PDWUL[ DQG VROYHQW DUH WKHQ VHSDUDWHG E\ SK\VLFDO PHWKRGV� VXFK DV JUDYLW\ GHFDQWLQJ
RU FHQWULIXJLQJ� 'LVWLOODWLRQ UHJHQHUDWHV WKH VROYHQW� ZKLFK LV WKHQ UHWXUQHG IRU UHXVH LQ WKH H[WUDFWLRQ

SURFHVV�

([WUDFWLRQ W\SLFDOO\ LV PDVV WUDQVIHU OLPLWHG� VR WKRURXJK PL[LQJ RI WKH VROYHQW DQG FRQWDPLQDWHG PDWUL[

LV UHTXLUHG� 6RPH VROYHQW H[WUDFWLRQ V\VWHPV UHTXLUH WKH DGGLWLRQ RI ZDWHU LI WKH ZDVWH LV D GU\�

QRQIORZLQJ VROLG� ,Q RWKHU V\VWHPV� H[WUDFWLRQ IOXLG LV DGGHG WR PDNH WKH ZDVWH IORZ�

7KH H[WUDFWLRQ VROYHQW W\SLFDOO\ LV SXULILHG E\ GLVWLOODWLRQ� ,Q V\VWHPV WKDW XVH SUHVVXUL]HG VROYHQWV� VXFK

DV OLTXHILHG JDV RU VXSHUFULWLFDO FDUERQ GLR[LGH� YDSRUL]DWLRQ RFFXUV E\ SUHVVXUH UHOHDVH� ZKLFK FDXVHV WKH

VROYHQW WR ERLO� :LWK KLJKHU�ERLOLQJ VROYHQWV� GLVWLOODWLRQ WDQNV RU WRZHUV PD\ EH XVHG WR VHSDUDWH WKH
H[WUDFWLRQ VROYHQW IURP WKH RUJDQLF FRQWDPLQDQWV�

7KH WULHWK\ODPLQH V\VWHP H[WUDFWV ERWK ZDWHU DQG RUJDQLFV� 7KH FRQWDPLQDQW�ZDWHU�VROYHQW PL[WXUH LV

KHDWHG WR ��q& ����q)�� ZKHUH VHSDUDWH ZDWHU DQG RUJDQLF SKDVHV IRUP� 7KH SKDVHV DUH VHSDUDWHG E\
GHFDQWLQJ� DQG WKH FRQWDPLQDQW DQG VROYHQW DUH VHSDUDWHG E\ GLVWLOODWLRQ�

$SSOLFDELOLW\�

6ROYHQW H[WUDFWLRQ LV XVHG SULPDULO\ WR WUHDW KDORJHQDWHG DQG QRQKDORJHQDWHG VHPLYRODWLOH RUJDQLF

FRPSRXQGV �692&V�� SRO\FKORULQDWHG ELSKHQ\OV �3&%V�� DQG RUGQDQFH FRPSRXQGV� 7KH WHFKQRORJ\ LV

JHQHUDOO\ QRW XVHG IRU H[WUDFWLQJ LQRUJDQLFV �L�H�� DFLGV� EDVHV� VDOWV� RU KHDY\ PHWDOV�� ,QRUJDQLFV XVXDOO\
GR QRW KDYH D GHWULPHQWDO HIIHFW RQ WKH H[WUDFWLRQ RI WKH RUJDQLF FRPSRQHQWV� DQG PHWDOV WKDW SDVV WKURXJK

WKH VROYHQW H[WUDFWLRQ SURFHVV LQ WKH WUHDWHG VRLO VRPHWLPHV EHQHILW E\ EHLQJ FKDQJHG LQWR D OHVV WR[LF RU

OHDFKDEOH IRUP� 7KH SURFHVV KDV EHHQ VKRZQ WR EH DSSOLFDEOH IRU WKH VHSDUDWLRQ RI WKH RUJDQLF

FRQWDPLQDQWV LQ SDLQW ZDVWHV� V\QWKHWLF UXEEHU SURFHVV ZDVWHV� FRDO WDU ZDVWHV� GULOOLQJ PXGV� ZRRG�
WUHDWPHQW ZDVWHV� VHSDUDWLRQ VOXGJHV� SHVWLFLGH�LQVHFWLFLGH ZDVWHV� DQG SHWUROHXP UHILQHU\ RLO\ ZDVWHV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 6SHQW VROYHQW PXVW EH UHJHQHUDWHG DQG UHXVHG�

x 2UJDQLFDOO\ ERXQG PHWDOV FDQ EH H[WUDFWHG DORQJ ZLWK WKH WDUJHW RUJDQLF SROOXWDQWV� ZKLFK UHVWULFWV

KDQGOLQJ RI WKH UHVLGXDOV�

x 7KH SUHVHQFH RI GHWHUJHQWV DQG HPXOVLILHUV FDQ XQIDYRUDEO\ LQIOXHQFH WKH H[WUDFWLRQ SHUIRUPDQFH�
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x 7UDFHV RI VROYHQW PD\ UHPDLQ LQ WKH WUHDWHG VROLGV� VR WKH WR[LFLW\ RI WKH VROYHQW LV DQ LPSRUWDQW

FRQVLGHUDWLRQ�

x 6ROYHQW H[WUDFWLRQ LV JHQHUDOO\ OHDVW HIIHFWLYH RQ YHU\ KLJK PROHFXODU ZHLJKW RUJDQLF DQG YHU\
K\GURSKLOLF VXEVWDQFHV�

x +LJK PRLVWXUH FRQWHQW UHGXFHV SURFHVV HIILFLHQF\ DQG LQFUHDVHV FRPSOH[LW\ RI UHVLGXDOV PDQDJHPHQW�

x 'HEULV JUHDWHU WKDQ �� PP LQ GLDPHWHU W\SLFDOO\ PXVW EH UHPRYHG SULRU WR SURFHVVLQJ�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

6ROYHQW H[WUDFWLRQ LV XVHG WR WUHDW H[FDYDWHG VRLO� VR WKH RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ
WKH SURFHVVLQJ UDWH RI WKH WUHDWPHQW XQLW DQG WKH YROXPH RI VRLO� 3URFHVVLQJ W\SLFDOO\ ZRXOG EH SHUIRUPHG

RQ VLWH LQ D PRELOH XQLW� 7KH WKURXJKSXW RI D PRELOH XQLW LV H[SHFWHG WR UDQJH IURP �� WR ��� FXELF \DUGV

SHU GD\�

&RVW 5DQJH� ������� WR ������� IL[HG PRELOL]DWLRQ FRVW SOXV ��� WR ���� SHU FXELF \DUG RSHUDWLQJ FRVW

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU VROYHQW H[WUDFWLRQ DUH GHVLJQDWHG LQ
7DEOH 3&�����

7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 6ROYHQW ([WUDFWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

6FUHHQLQJ WR UHPRYH GHEULV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

&UHZ DQG HTXLSPHQW PRELOL]DWLRQ 6RLO H[FDYDWLRQ

(TXLSPHQW OHDVLQJ

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

([WUDFWLRQ VROYHQW

8WLOLWLHV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

7UHDWPHQW SDG LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2Q�VLWH GLVSRVDO RI WUHDWHG VRLO

2II�VLWH GLVSRVDO RI VOXGJH IURP VROYHQW UHF\FOLQJ

2II�VLWH GLVSRVDO RI VSHQW VROYHQW UHPDLQLQJ DW WKH HQG RI SURFHVVLQJ

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�
SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦6ROYHQW ([WUDFWLRQ§�
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)LJXUH 3&��� 6ROYHQW ([WUDFWLRQ
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3&��� 6SULQNOHU ,UULJDWLRQ

$EVWUDFW�

6SULQNOHU LUULJDWLRQ LV D WUHDWPHQW WHFKQRORJ\ XVHG WR YRODWLOL]H YRODWLOH RUJDQLF FRPSRXQGV �92&V� IURP
SXPSHG JURXQGZDWHU RU ZDVWHZDWHU XVLQJ FRQYHQWLRQDO VSUD\ LUULJDWLRQ HTXLSPHQW�

'HVFULSWLRQ�

7UHDWLQJ ZDWHU XVLQJ VSULQNOHU LUULJDWLRQ LQYROYHV WKH SUHVVXUL]HG GLVWULEXWLRQ RI 92&�ODGHQ ZDWHU

WKURXJK VSUD\ QR]]OHV� 7KH KLJK VXUIDFH DUHD FDXVHG E\ IRUPLQJ WKH VSUD\ SURPRWHV WKH WUDQVIHU RI
92&V IURP WKH GLVVROYHG DTXHRXV SKDVH WR WKH YDSRU SKDVH� ZKHUHE\ WKH 92&V DUH UHOHDVHG GLUHFWO\ WR

WKH DWPRVSKHUH�

$SSOLFDELOLW\�

6SULQNOHU LUULJDWLRQ LV XVHG SULPDULO\ WR WUHDW FRQWDPLQDQWV WKDW UHDGLO\ WUDQVIHU IURP WKH GLVVROYHG SKDVH

WR WKH YDSRU SKDVH VXFK DV KDORJHQDWHG RU QRQKDORJHQDWHG 92&V�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 5HJXODWRU\ DSSURYDO PD\ EH GLIILFXOW WR REWDLQ EHFDXVH RI WKH SRWHQWLDO IRU H[FHVVLYH UHOHDVH RI

FRQWDPLQDQWV WR WKH DWPRVSKHUH�

x $ ODUJH DPRXQW RI VSDFH LV UHTXLUHG�

x $GGHG VXUIDFH ZDWHU IORZ PD\ SURPRWH SRQGLQJ LQ ORZ DUHDV DQG UXQRII DQG HURVLRQ RQ VORSHV�

x 6XVSHQGHG VROLGV RU VROLGV IRUPHG E\ SUHFLSLWDWLRQ RI UHGXFHG LURQ RU PDQJDQHVH VSHFLHV LQ VROXWLRQ

FDQ SOXJ VSUD\ QR]]OHV� UHTXLULQJ SUHWUHDWPHQW WR UHPRYH WKH VROLGV�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

6SULQNOHU LUULJDWLRQ LV XVHG WR WUHDW SXPSHG JURXQGZDWHU RU ZDVWHZDWHU IURP D WUHDWPHQW SURFHVV� 7KH
RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ WKH GXUDWLRQ RI WKH SULPDU\ SURFHVV RSHUDWLRQ�

&RVW 5DQJH� ����� WR ����� SHU ����� JDOORQV

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU VSULQNOHU LUULJDWLRQ DUH GHVLJQDWHG LQ
7DEOH 3&�����
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7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 6SULQNOHU ,UULJDWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

3LSLQJ DQG VSULQNOHU V\VWHP LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW/DQG DFTXLVLWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH
VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;������ ¦6SULQNOHU ,UULJDWLRQ§�

Contaminated
Groundwater

or Wastewater

Spray Irrigation
Sprinklers

Volatile Organics

SPRINKLER IRRIGATION.CDR

)LJXUH 3&��� 6SULQNOHU ,UULJDWLRQ
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3&��� ,Q 6LWX +HDWLQJ ¤ /RZ 7HPSHUDWXUH ������&�

$EVWUDFW�

,Q VLWX KHDWLQJ �VXSSOHPHQWHG E\ YDFXXP H[WUDFWLRQ� WR WKH ERLOLQJ SRLQW RI ZDWHU LV D WHFKQRORJ\ IRU
VWHDP VWULSSLQJ VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V� IURP LQ VLWX VRLOV RU JURXQGZDWHU IRU FROOHFWLRQ

DQG PDQDJHPHQW DERYH JURXQG�

'HVFULSWLRQ�

,Q VLWX KHDW WR ����& FDQ EH LPSOHPHQWHG XVLQJ VWHDP LQMHFWLRQ ZHOOV� VWHDP LQMHFWLRQ DXJHUV� KRW ZDWHU
IORRGLQJ� RU LQ VLWX VWHDP JHQHUDWLRQ E\ HOHFWULFDO UHVLVWDQFH KHDWLQJ �H�J�� 6L[ 3KDVH +HDWLQJ

�
��

6WHDP LQMHFWLRQ FDQ EH GRQH XVLQJ D IL[HG V\VWHP RI ZHOOV RU D PRELOH V\VWHP ZLWK DXJHUV WKDW GULOO LQWR

WKH VRLO� :LWK D IL[HG V\VWHP� ORZ�PRLVWXUH�FRQWHQW VWHDP LV LQMHFWHG LQWR YHUWLFDO ZHOOV WR KHDW WKH
IRUPDWLRQ� YDSRUL]LQJ FRQWDPLQDQWV DQG PRELOL]LQJ QRQDTXHRXV�SKDVH OLTXLG �1$3/� �LI SUHVHQW� WR

H[WUDFWLRQ ZHOOV ZKHUH IOXLGV DUH FROOHFWHG E\ VXEPHUVLEOH SXPSV� 9DSRUV DUH FROOHFWHG IRU WUHDWPHQW E\

DSSO\LQJ YDFXXP WR WKH H[WUDFWLRQ ZHOOV� :LWK D PRELOH V\VWHP� DXJHUV HTXLSSHG ZLWK VWHDP LQMHFWLRQ
QR]]OHV DUH DGYDQFHG GRZQZDUG LQWR WKH VRLO� /RZ�PRLVWXUH�FRQWHQW VWHDP GLVFKDUJHG WKURXJK WKH QR]]OH

PL[HV ZLWK WKH VRLO� 9DSRUL]HG PRLVWXUH DQG FRQWDPLQDQWV DUH FROOHFWHG LQ D YDFXXP KRRG PDLQWDLQHG

RYHU WKH DXJHUV�

+RW ZDWHU IORRGLQJ XVHV KRW ZDWHU DQG ORZ�TXDOLW\ �KLJK�ZDWHU�FRQWHQW� VWHDP LQMHFWLRQ WR HQKDQFH DQG

FRQWURO FRQWDPLQDQW PRELOLW\� 7KH KHDW RI WKH ZDWHU DQG VWHDP IORZ UHGXFHV WKH YLVFRVLW\ RI WKH RLO\

FRQWDPLQDQWV HQFRXQWHUHG� DQG WKH IORZ GLVSODFHV DQG IORDWV WKH 1$3/V WRZDUG WKH H[WUDFWLRQ ZHOOV�

7KH ZDWHU IORRGLQJ V\VWHP UHTXLUHV D FRPSOH[ ZHOO V\VWHP WR VLPXOWDQHRXVO\ LQMHFW ORZ�TXDOLW\ VWHDP�

KRW ZDWHU� DQG FRRO ZDWHU DW WKUHH VHSDUDWH HOHYDWLRQV� /RZ�TXDOLW\ VWHDP LV LQMHFWHG EHORZ WKH
FRQWDPLQDWLRQ WR KHDW WKH '1$3/� $W HOHYDWHG WHPSHUDWXUH WKH '1$3/ GHQVLW\ LV ORZHU WKDQ WKH ZDWHU

GHQVLW\� DQG WKH '1$3/ LV PRELOL]HG XSZDUG E\ WKH KRW ZDWHU� +RW ZDWHU LV LQMHFWHG DURXQG WKH

SHULSKHU\ RI WKH FRQWDPLQDWHG ]RQH WR SURYLGH ODWHUDO FRQILQHPHQW DQG GLVSODFH WKH '1$3/ WRZDUG

H[WUDFWLRQ ZHOOV� &RRO ZDWHU LV LQMHFWHG DERYH WKH FRQWDPLQDWHG ]RQH WR FUHDWH DQ DEVRUSWLRQ OD\HU RU FROG
FDS� 7KLV DEVRUSWLRQ OD\HU SURYLGHV YHUWLFDO FRQILQHPHQW RI ULVLQJ SRUH IOXLGV DQG FRQGHQVHV DQ\ YDSRUV

HPDQDWLQJ IURP WKH KHDWHG FRQWDPLQDWHG ]RQH�

:LWK HOHFWULFDO UHVLVWDQFH KHDWLQJ� GLUHFW UHVLVWLYH KHDWLQJ �DOVR FDOOHG -RXOH RU RKPLF KHDWLQJ� LV D

SRWHQWLDOO\ HIILFLHQW PHWKRG WR GHSRVLW KHDW GLUHFWO\ LQ WKH FRQWDPLQDWHG VRLO PDVV E\ WKH FRQGXFWLRQ RI

HOHFWULF FXUUHQW� 7KH WHFKQRORJ\ LV LPSOHPHQWHG E\ SODFLQJ HOHFWURGHV LQ WKH JURXQG DQG DSSO\LQJ
VXIILFLHQW YROWDJH WR SURGXFH DQ HOHFWULF FXUUHQW� 2KPLF KHDWLQJ RFFXUV ZKHQ HOHFWULF FXUUHQW IORZV

WKURXJK WKH VRLO� 0RLVWXUH LQ WKH VRLO LV WKH PDLQ FRQGXFWLRQ SDWK IRU WKH HOHFWULFLW\� +HDWLQJ YDSRUL]HV

ZDWHU IURP WKH IRUPDWLRQ VR D FRQWLQXDO VXSSO\ RI ZDWHU LV UHTXLUHG� %HFDXVH RI WKH QHHG WR PDLQWDLQ

ZDWHU LQ WKH VRLO� WKH PD[LPXP WHPSHUDWXUH DFKLHYHG E\ UHVLVWLYH KHDWLQJ LV EHORZ ����&� 9RODWLOH
RUJDQLF FRPSRXQGV �92&V� DQG 692&V DUH YDSRUL]HG E\ D FRPELQDWLRQ RI VWHDP VWULSSLQJ DFWLRQ DQG

LQFUHDVHG YDSRU SUHVVXUH� 7KH ZDWHU YDSRU DQG RUJDQLFV DUH FROOHFWHG E\ YDFXXP H[WUDFWLRQ ZHOOV DQG

WUHDWHG�

$SSOLFDELOLW\�

/RZ�WHPSHUDWXUH LQ VLWX KHDWLQJ LV XVHG SULPDULO\ WR WUHDW KDORJHQDWHG DQG QRQKDORJHQDWHG 692&V DQG

GHQVH� QRQDTXHRXV�SKDVH OLTXLG �'1$3/�� 92&V DOVR FDQ EH WUHDWHG E\ WKLV WHFKQRORJ\� EXW WKHUH DUH

PRUH FRVW�HIIHFWLYH SURFHVVHV IRU VLWHV FRQWDPLQDWHG ZLWK 92&V�



)LQDO �������73����

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 6XEVXUIDFH KHWHURJHQHLW\ FDQ LQWHUIHUH ZLWK XQLIRUP IOXLG IORZ�

x /RZ�SHUPHDELOLW\ VRLOV DUH GLIILFXOW WR WUHDW�

x *UDYLW\ RYHUULGH PD\ FDXVH WKH VWHDP IURQW WR E\SDVV '1$3/ FRQWDPLQDQWV�

x %XULHG HOHFWULFDO FRQGXFWRUV FDQ LQWHUIHUH ZLWK WKH DSSOLFDWLRQ RI LQ VLWX RKPLF KHDWLQJ�

x 7KH IOXLG LQMHFWLRQ DQG IOXLG DQG YDSRU FROOHFWLRQ V\VWHPV PXVW EH GHVLJQHG DQG RSHUDWHG WR OLPLW WKH
VSUHDG RI FRQWDPLQDQWV WR FOHDQ DUHDV�

x 6WHDP� ZDWHU� DQG RUJDQLF OLTXLGV PXVW EH UHFRYHUHG DQG WUHDWHG�

x 2II�JDV FROOHFWLRQ DQG WUHDWPHQW DUH UHTXLUHG�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

,Q VLWX KHDWLQJ LV H[SHFWHG WR DFKLHYH FOHDQ XS LQ DQ RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ RI � WR � PRQWKV�
GHSHQGLQJ RQ WKH IROORZLQJ FRQGLWLRQV�

x &OHDQXS JRDOV

x 7KH YROXPH RI LQ VLWX PHGLD UHTXLULQJ WUHDWPHQW
x &RQWDPLQDQW FRQFHQWUDWLRQ DQG GLVWULEXWLRQ

x ,Q VLWX FKDUDFWHULVWLFV LQFOXGLQJ SHUPHDELOLW\ DQG DQLVRWURS\

x )OXLG GHOLYHU\ DQG FROOHFWLRQ FDSDFLW\
x 3K\VLFDO FKDUDFWHULVWLFV RI FRQWDPLQDQWV� LQFOXGLQJ YDSRU SUHVVXUH� VROXELOLW\� DQG GHQVLW\�

&RVW 5DQJH� ������� WR ������� IL[HG PRELOL]DWLRQ FRVW SOXV ��� WR ���� SHU FXELF \DUG RSHUDWLQJ FRVW

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU LQ VLWX KHDWLQJ ¤ ORZ WHPSHUDWXUH DUH
GHVLJQDWHG LQ 7DEOH 3&�����
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7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW ,Q 6LWX +HDWLQJ ¤ /RZ 7HPSHUDWXUH

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

:HOO LQVWDOODWLRQ +HDWLQJ V\VWHP OHDVLQJ

6DPSOLQJ SRLQW LQVWDOODWLRQ 2II�JDV WUHDWPHQW V\VWHP OHDVLQJ

&RQGHQVDWH KDQGOLQJ V\VWHP OHDVLQJ

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

&UHZ DQG HTXLSPHQW PRELOL]DWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�VLWH GLVSRVDO RI RUJDQLF OLTXLGV

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦6L[�3KDVH +HDWLQJ DQG ([WUDFWLRQ§ DQG ;������ ¦6WHDP�+RW :DWHU

,QMHFWLRQ¥9DFXXP ([WUDFWLRQ§�
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Steam
Generator

Water
Treatment

Oil/Water
Separator

STEAM WATER HEATING LESS100.CDR

Ground Surface

Contaminated
Soil

Contaminated
Soil

Contaminated
Soil

Steam/Hot
Water Flow
Steam/Hot
Water Flow
Steam/Hot
Water Flow

Steam/Hot
Water Flow
Steam/Hot
Water Flow
Steam/Hot
Water Flow

Submersible
Pump

Condenser

Off-Gas
Treatment

Treated Off-Gas

Organic Liquid to Disposal

Injection
Well

Extraction
Well

Recycled
Water

Vacuum
Pump

Liquid

Vapor

Vapor / Liquid
Separator

Vapor / Liquid
Separator

Vapor / Liquid
Separator

)LJXUH 3&��� ,Q 6LWX +HDWLQJ �����&
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3&��� 6XUIDFWDQW�(QKDQFHG $TXLIHU 5HPHGLDWLRQ �6($5�

$EVWUDFW�

6XUIDFWDQW�HQKDQFHG DTXLIHU UHPHGLDWLRQ �6($5� LV DQ LQ VLWX WUHDWPHQW SURFHVV IRU HQKDQFLQJ RUJDQLF
FRQWDPLQDQW VROXELOLW\ WR LQFUHDVH WKH HIILFLHQF\ RI SXPS�DQG�WUHDW V\VWHPV�

'HVFULSWLRQ�

6XUIDFWDQW�HQKDQFHG DTXLIHU UHPHGLDWLRQ �6($5�� DOVR NQRZQ DV LQ VLWX VXUIDFWDQW IORRGLQJ� WDUJHWV WKH

UHPRYDO RI UHVLGXDO QRQDTXHRXV�SKDVH OLTXLGV �1$3/V� WKDW EHFRPH WUDSSHG LQ WKH SRUH VSDFHV RI WKH
DTXLIHU� 7KH UHPRYDO RI 1$3/ FRQWDPLQDQWV LV IUHTXHQWO\ LQHIILFLHQW DQG H[SHQVLYH XVLQJ FRQYHQWLRQDO

WHFKQRORJLHV VXFK DV SXPS�DQG�WUHDW� GXH WR WKH ORZ VROXELOLWLHV DQG UDWHV RI GLVVROXWLRQ RI 1$3/

FRQWDPLQDQWV� ,I QRW DGGUHVVHG� 1$3/ ZLOO SHUVLVW DV D VRXUFH RI FRQWDPLQDWLRQ WR VXUURXQGLQJ VRLOV DQG

JURXQGZDWHU� SURORQJLQJ DWWHQXDWLRQ RI D JURXQGZDWHU SOXPH� 6($5 LV GHVLJQHG WR HQKDQFH WKH UHPRYDO
RI 1$3/ IURP WKH VXEVXUIDFH E\ LQFUHDVLQJ WKH HIIHFWLYH DTXHRXV VROXELOLW\ RI WKH 1$3/ DQG E\ UHGXFLQJ

WKH LQWHUIDFLDO WHQVLRQ EHWZHHQ WKH ZDWHU DQG 1$3/ SKDVHV� 7KH WHFKQRORJ\ KDV PRVW RIWHQ EHHQ DSSOLHG

DW VLWHV FRQWDPLQDWHG E\ IUHH�SKDVH FKORULQDWHG VROYHQWV� RU GHQVH QRQDTXHRXV�SKDVH OLTXLGV �'1$3/V��
'1$3/V SUHVHQW D XQLTXH UHPHGLDWLRQ SUREOHP EHFDXVH WKH\ DUH PRUH GHQVH WKDQ ZDWHU DQG ZLOO PLJUDWH

GRZQZDUG ZLWKLQ DQ DTXLIHU XQWLO UHWDUGHG E\ D ORZ SHUPHDELOLW\ OD\HU� 7KHUHIRUH� WKH\ FDQ UHDFK GHSWKV

WKDW DUH QRW DPHQDEOH WR UHPHGLDWLRQ E\ FRQYHQWLRQDO PHWKRGV VXFK DV H[FDYDWLRQ�

6($5 LV FRQGXFWHG E\ LQMHFWLQJ D VXUIDFWDQW VROXWLRQ LQWR WKH FRQWDPLQDWHG ]RQH ZKLOH VLPXOWDQHRXVO\

H[WUDFWLQJ ZDWHU WR PDLQWDLQ K\GUDXOLF FRQWURO RYHU WKH PRYHPHQW RI WKH VXUIDFWDQW VROXWLRQ DQG WKH

PRELOL]HG FRQWDPLQDQWV� 6XUIDFWDQW IORRGLQJ LV IROORZHG E\ ZDWHU IORRGLQJ WR UHPRYH UHVLGXDO
FRQWDPLQDQWV DQG LQMHFWHG FKHPLFDOV� &RQYHQWLRQDO ZDVWHZDWHU WUHDWPHQW WHFKQRORJLHV PD\ EH XVHG WR

SURFHVV WKH H[WUDFWHG HIIOXHQW VR ORQJ DV VXUIDFWDQW IRDPLQJ FDQ EH FRQWUROOHG� VXFK DV ZLWK WKH DGGLWLRQ RI

DQ DQWL�IRDPLQJ DJHQW� 7KH GHVLJQ RI D VXUIDFWDQW IORRG UHTXLUHV FRPSUHKHQVLYH VLWH GDWD WR LGHQWLI\ WKH
ORFDWLRQ DQG GLVWULEXWLRQ RI 1$3/� PHDVXUHPHQW RI DTXLIHU SHUPHDELOLW\ DQG K\GUDXOLF JUDGLHQWV� DQG

GHWHUPLQDWLRQ RI WKH LQWHJULW\ DQG WKLFNQHVV RI DQ\ XQGHUO\LQJ OD\HU RI ORZ SHUPHDELOLW\ �L�H�� DTXLWDUG�� ,I

DQ DTXLWDUG LV QRW SUHVHQW� 6($5 PXVW EH VSHFLDOO\ GHVLJQHG WR DYRLG GRZQZDUG PRYHPHQW RI PRELOL]HG

FRQWDPLQDQWV� WKLV FDQ EH DFFRPSOLVKHG E\ DGMXVWLQJ WKH VXUIDFWDQW FRPSRVLWLRQ�

$SSOLFDELOLW\�

7KH PDMRULW\ RI GHPRQVWUDWLRQV IRU WKLV HPHUJLQJ WHFKQRORJ\ UHVLGXDO�SKDVH 1$3/�FRQWDPLQDWHG VLWHV�

6($5 KDV EHHQ DSSOLHG WR UHPRYH FKORULQDWHG VROYHQWV� FUHRVRWH� JDVROLQH� MHW IXHOV� 1DY\ VSHFLDO IXHO RLO�

DQG SRO\FKRULQDWHG ELSKHQ\OV �3&%V� IURP WKH VXEVXUIDFH�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 6XEVXUIDFH KHWHURJHQHLWLHV FDQ LQWHUIHUH ZLWK HIIHFWLYH GHOLYHU\ RI WKH VXUIDFWDQW VROXWLRQ WR

FRQWDPLQDWHG ]RQHV�

x ,QMHFWHG VXUIDFWDQWV PXVW EH IRRG�JUDGH RU ELRGHJUDGDEOH�

x /RZ�SHUPHDELOLW\ VRLOV DUH GLIILFXOW WR WUHDW�

x &DUHIXO GHVLJQ LV UHTXLUHG WR SUHYHQW XQGHVLUHG PRYHPHQW RI FRQWDPLQDQW DQG LQMHFWHG FKHPLFDOV

DZD\ IURP WKH WUHDWPHQW ]RQH� 0DLQWDLQLQJ K\GUDXOLF FRQWURO LV QHFHVVDU\�

x 6XUIDFWDQW VROXWLRQ PXVW EH UHFRYHUHG DQG WUHDWHG�
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6WDWXV� (PHUJLQJ

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ� 'XUDWLRQ LV GHSHQGHQW RQ WKH VRLO SHUPHDELOLW\� $ IXOO�VFDOH

DSSOLFDWLRQ RI 6($5 FDQ UHTXLUH IURP WKUHH ZHHNV WR IRXU PRQWKV� $TXLIHU FKDUDFWHUL]DWLRQ DFWLYLWLHV
UHFRPPHQGHG IRU 6($5 GHVLJQ FDQ EH FRQGXFWHG LQ � WR �� GD\V� $Q\ UHDGLO\ PRELOH IUHH�SKDVH 1$3/

LQ WKH V\VWHP VKRXOG EH UHPRYHG SULRU WR VXUIDFWDQW LQMHFWLRQ�

&RVW 5DQJH� &RVWV YDU\ ZLWK VRLO SHUPHDELOLW\� KHWHURJHQHLWLHV LQ SHUPHDELOLW\� DQG VFDOH RI DSSOLFDWLRQ�

DQG UDQJH IURP KXQGUHGV WR WKRXVDQGV RI GROODUV SHU FXELF \DUG RI FRQWDPLQDWHG VRLO WUHDWHG�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦,Q 6LWX &KHPLFDO 6RLO )OXVKLQJ �6XUIDFWDQW�6ROYHQW� DQG ;������ ¦,Q

6LWX 3K\VLFDO 6RLO )OXVKLQJ �6XUIDFWDQW�6ROYHQW�§�

)LJXUH 3&��� 6XUIDFWDQW�(QKDQFHG 5HFRYHU\
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3&��� 6\QWKHWLF 5HVLQ $GVRUSWLRQ �/LTXLG 3KDVH DQG 9DSRU 3KDVH�

$EVWUDFW�

6\QWKHWLF UHVLQ DGVRUSWLRQ LV D SURFHVV IRU UHPHGLDWLRQ RI FRQWDPLQDQWV IURP ZDWHU RU JDV VWUHDPV E\
VRUSWLRQ SKHQRPHQD RQ V\QWKHWLF UHVLQV�

'HVFULSWLRQ�

6\QWKHWLF UHVLQ DGVRUSWLRQ LQYROYHV SDVVLQJ FRQWDPLQDWHG IOXLG WKURXJK D EHG RI UHVLQ VR WKDW

FRQWDPLQDQWV VRUE RQWR DFWLYH VLWHV� 7KH V\QWKHWLF UHVLQV DUH KDUG� VSKHULFDO� PLFURSRURXV EHDGV
PDQXIDFWXUHG WR SURYLGH KLJK HIIHFWLYH VXUIDFH DUHD DQG D KLJK DGVRUSWLRQ FDSDFLW\ IRU RUJDQLF PROHFXOHV�

$SSOLFDELOLW\�

6\QWKHWLF UHVLQ DGVRUSWLRQ LV DSSOLFDEOH IRU UHPRYLQJ KDORJHQDWHG DQG QRQKDORJHQDWHG YRODWLOH RUJDQLF

FRPSRXQGV �92&V� DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V�� SRO\FKORULQDWHG ELSKHQ\OV �3&%V��

DQG RUGQDQFH FRPSRXQGV IURP ZDWHU RU JDV VWUHDPV� 7KH V\QWKHWLF UHVLQV SURYLGH � WR �� WLPHV KLJKHU
PDVV ORDGLQJ RI FRQWDPLQDQWV WKDQ GRHV JUDQXODU DFWLYDWHG FDUERQ �*$&� ZKHQ WKH FRQWDPLQDQW

FRQFHQWUDWLRQ LQ WKH ZDVWHVWUHDP LV ORZ� 7KH V\QWKHWLF UHVLQ DOORZV KLJKHU IORZ ORDGLQJ SHU XQLW DUHD WKDQ

*$& EHGV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 2LO DQG JUHDVH LQ WKH ZDWHU PD\ FORJ WKH VRUEHQW UHVLQ�

x 8QLW FRVW RI UHVLQ LV KLJKHU WKDQ *$&� W\SLFDOO\ UHTXLULQJ UHVLQ UHJHQHUDWLRQ�
x (FRQRPLF WUDGH RII RI KLJKHU FDSDFLW\ DW KLJKHU FRVW KDV QRW EHHQ IXOO\ H[SORUHG�

x 6XVSHQGHG VROLGV RU VROLGV IRUPHG E\ SUHFLSLWDWLRQ RI UHGXFHG LURQ DQG PDQJDQHVH VSHFLHV LQ VROXWLRQ

FDQ IRXO D UHVLQ EHG� UHTXLULQJ SUHWUHDWPHQW WR UHPRYH WKH IRXOLQJ DJHQWV�

6WDWXV� (PHUJLQJ

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ� 1�$

&RVW 5DQJH� 1�$

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦6\QWKHWLF 5HVLQ $GVRUSWLRQ§�
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)LJXUH 3&��� 6\QWKHWLF 5HVLQ $GVRUSWLRQ
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3&��� 7KHUPDO�&DWDO\WLF 2[LGDWLRQ

$EVWUDFW�

7KHUPDO�FDWDO\WLF R[LGDWLRQ LV D WUHDWPHQW WHFKQRORJ\ LQ ZKLFK FRPEXVWLEOH RUJDQLFV DUH UHPRYHG IURP
DLU E\ UHDFWLRQ ZLWK R[\JHQ DW KLJK WHPSHUDWXUH�

'HVFULSWLRQ�

7KHUPDO R[LGDWLRQ LV DFFRPSOLVKHG E\ KHDWLQJ WKH FRQWDPLQDWHG RII�JDV VWUHDP E\ GLUHFW H[SRVXUH WR D

IRVVLO IXHO IODPH� 7KH DLU LV SUHKHDWHG� WKRURXJKO\ PL[HG� DQG FRPEXVWHG DW KLJK WHPSHUDWXUHV VR WKDW
RUJDQLFV EXUQ WR IRUP FDUERQ GLR[LGH DQG ZDWHU� $ WKHUPDO FRPEXVWLRQ XQLW W\SLFDOO\ FRQVLVWV RI D IDQ WR

PRYH YRODWLOH RUJDQLF FRPSRXQG �92&��ODGHQ DLU� D ILOWHU�PL[HU WR PL[ WKH 92&�ODGHQ DLU� D IDQ WR

VXSSO\ FRPEXVWLRQ DLU� D FRPEXVWLRQ XQLW FRQVLVWLQJ RI D UHIUDFWRU\�OLQHG FKDPEHU DQG RQH RU PRUH

EXUQHUV� KHDW UHFRYHU\ HTXLSPHQW� DQG D VWDFN IRU DWPRVSKHULF UHOHDVH RI WKH WUHDWHG H[KDXVW� 7KHUPDO
R[LGDWLRQ V\VWHPV UHTXLUH VXSSOHPHQWDO IXHO WR VXVWDLQ WKH FRPEXVWLRQ WHPSHUDWXUH� ZKLFK LV QRUPDOO\

DERXW ��� WR ����& ������ WR �����q)� ZKHQ WUHDWLQJ ORZ�FRQFHQWUDWLRQ VWUHDPV�

:KHQ WUHDWLQJ RII�JDV VWUHDPV ZLWK DQ LQOHW FRQFHQWUDWLRQ ORZHU WKDQ ����� SSPY� FDWDO\WLF R[LGDWLRQ

W\SLFDOO\ EHFRPHV HFRQRPLFDOO\ IDYRUDEOH EHFDXVH RI WKH KLJK IXHO FRQVXPSWLRQ UHTXLUHG IRU WKHUPDO

R[LGDWLRQ� $ FDWDO\WLF R[LGDWLRQ XQLW LV HVVHQWLDOO\ D WKHUPDO R[LGDWLRQ XQLW ZLWK D FDWDO\VW PRGXOH DW WKH
FRPEXVWLRQ FKDPEHU H[LW� 0DQ\ WKHUPDO R[LGDWLRQ XQLWV DOORZ IRU FRQYHUVLRQ WR FDWDO\WLF RSHUDWLRQ E\

WKH DGGLWLRQ RI D FDWDO\VW PRGXOH� ([SRVLQJ WKH KHDWHG JDV WR D FDWDO\VW DOORZV IRU DFFHSWDEOH GHVWUXFWLRQ

RI RUJDQLFV DW D ORZHU WHPSHUDWXUH �H�J�� ��� WR ����& >��� WR ������)@�� 2SHUDWLQJ WKH FRPEXVWLRQ

FKDPEHU DW D ORZHU WHPSHUDWXUH LPSURYHV IXHO HFRQRP\ ZKHQ WUHDWLQJ GLOXWH JDV VWUHDPV�

$SSOLFDELOLW\�

7KHUPDO R[LGDWLRQ XQLWV W\SLFDOO\ DUH XVHG WR WUHDW KDORJHQDWHG DQG QRQKDORJHQDWHG 92&V DQG

VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V� DQG SRO\FKORULQDWHG ELSKHQ\OV �3&%V� LQ D JDV VWUHDP�

7KHUPDO R[LGDWLRQ LV PRVW HIILFLHQWO\ DSSOLHG IRU WUHDWLQJ RII�JDV FRQWDLQLQJ ����� WR ����� SSPY RI

FRPEXVWLEOHV� &DWDO\WLF R[LGDWLRQ LV EHVW XVHG IRU FRQFHQWUDWLRQV LQ WKH UDQJH RI ��� WR ����� SSPY�
'LOXWLRQ DLU PXVW EH DGGHG ZKHQ WKH FRPEXVWLEOH YDSRU FRQFHQWUDWLRQ H[FHHGV ��� RI WKH ORZHU

H[SORVLYH OLPLW �/(/��

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x &DSLWDO FRVW RI WKH WKHUPDO FRPEXVWLRQ V\VWHPV�

x /RZ�FRQFHQWUDWLRQ 92& VWUHDPV PD\ UHTXLUH ODUJH DPRXQWV RI VXSSOHPHQWDO IXHO�

x ,QOHW 92& FRQFHQWUDWLRQV PXVW EH OHVV WKDQ ��� RI WKH /(/ IRU WKH FRQWDPLQDQW�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

7KHUPDO R[LGDWLRQ LV XVHG WR WUHDW RII�JDV IURP D SULPDU\ WUHDWPHQW SURFHVV� 7KH RSHUDWLRQ DQG
PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ WKH GXUDWLRQ RI WKH SULPDU\ SURFHVV RSHUDWLRQ�

&RVW 5DQJH� ����� WR ������ SHU SRXQG RI RUJDQLF UHPRYHG
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7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU WKHUPDO�FDWDO\WLF R[LGDWLRQ DUH GHVLJQDWHG LQ
7DEOH 3&�����

7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 7KHUPDO�&DWDO\WLF 2[LGDWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

&DWDO\VW UHSODFHPHQW
�D�

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

2[LGDWLRQ V\VWHP LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�VLWH GLVSRVDO RI VSHQW FDWDO\VW
�D�

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�
SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

�D� $SSOLFDEOH RQO\ IRU FDWDO\WLF RSHUDWLRQ

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;������ ¦&DWDO\WLF 2[LGDWLRQ§� DQG ;������ ¦7KHUPDO 2[LGDWLRQ§�
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THERMAL OXIDATION.CDR

Combustion Air

Catalyst

Dilution
Air

Contaminated
Off-Gas

Treated Off-Gas

Heat Recovery

Supplemental
Fuel

Combustion
Chamber

(a)

(a) Not used in thermal oxidation.

)LJXUH 3&��� 7KHUPDO�&DWDO\WLF 2[LGDWLRQ
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3&��� 7ZR�3KDVH �'XDO�3KDVH� ([WUDFWLRQ

$EVWUDFW�

,Q WZR�SKDVH �GXDO�SKDVH� H[WUDFWLRQ� D KLJK�YDFXXP V\VWHP LV DSSOLHG WR VLPXOWDQHRXVO\ UHPRYH OLTXLG
DQG JDV IURP ORZ SHUPHDELOLW\ RU KHWHURJHQHRXV IRUPDWLRQV�

'HVFULSWLRQ�

7ZR�SKDVH H[WUDFWLRQ SURYLGHV DLU IORZ WKURXJK WKH XQVDWXUDWHG ]RQH WR UHPHGLDWH YRODWLOH RUJDQLF

FRPSRXQGV �92&V� DQG IXHO FRQWDPLQDQWV E\ YDSRU H[WUDFWLRQ DQG�RU ELRYHQWLQJ� 7KH DLU IORZ DOVR
H[WUDFWV JURXQGZDWHU IRU WUHDWPHQW DERYH JURXQG� 7KH VFUHHQ LQ WKH WZR�SKDVH H[WUDFWLRQ ZHOO LV

SRVLWLRQHG LQ ERWK WKH XQVDWXUDWHG DQG VDWXUDWHG ]RQHV� $ YDFXXP DSSOLHG WR WKH ZHOO� XVLQJ D GURS WXEH

QHDU WKH ZDWHU WDEOH� H[WUDFWV VRLO YDSRU� 7KH YDSRU PRYHPHQW HQWUDLQV JURXQGZDWHU DQG FDUULHV LW XS WKH

WXEH WR WKH VXUIDFH� 2QFH DERYH JUDGH� WKH H[WUDFWHG YDSRUV DQG JURXQGZDWHU DUH VHSDUDWHG DQG WUHDWHG�
7KH GURS WXEH LV ORFDWHG EHORZ WKH VWDWLF ZDWHU OHYHO� VR WKH ZDWHU�WDEOH HOHYDWLRQ LV ORZHUHG� H[SRVLQJ

PRUH FRQWDPLQDWHG VRLO WR UHPHGLDWLRQ E\ WKH DLU IORZ� :KHQ FRQWDLQPHQW RI YDSRUV�OLTXLGV LV QHFHVVDU\�

WKH UHVXOWV DUH EHWWHU WKDQ WKRVH REWDLQHG WKURXJK DLU VSDUJLQJ�

$SSOLFDELOLW\�

7ZR�SKDVH H[WUDFWLRQ LV XVHG SULPDULO\ WR WUHDW KDORJHQDWHG DQG QRQKDORJHQDWHG 92&V DQG

QRQKDORJHQDWHG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V�� 7ZR�SKDVH YDFXXP H[WUDFWLRQ HQKDQFHV DLU

IORZ WR UHPHGLDWH FRQWDPLQDQWV LQ XQVDWXUDWHG VRLO DQG� DW WKH VDPH WLPH� FROOHFWV JURXQGZDWHU IRU

DERYHJURXQG WUHDWPHQW�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 6XEVXUIDFH KHWHURJHQHLW\ FDQ LQWHUIHUH ZLWK XQLIRUP FROOHFWLRQ RI FRQWDPLQDWHG JURXQGZDWHU DQG

DHUDWLRQ RI FRQWDPLQDWHG VRLO�

x &RPELQDWLRQ ZLWK FRPSOHPHQWDU\ WHFKQRORJLHV �H�J�� SXPS�DQG�WUHDW� PD\ EH UHTXLUHG WR UHFRYHU

JURXQGZDWHU IURP KLJK�\LHOGLQJ DTXLIHUV�

x 7ZR�SKDVH H[WUDFWLRQ UHTXLUHV ERWK ZDWHU WUHDWPHQW DQG YDSRU WUHDWPHQW�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

2SHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ IRU WKLV WHFKQRORJ\ YDULHV IURP D � PRQWKV WR \HDUV� DQG LV GHSHQGHQW
RQ WKH IROORZLQJ FRQGLWLRQV�

x &OHDQXS JRDOV

x 7KH YROXPH RI LQ VLWX PHGLD UHTXLULQJ WUHDWPHQW

x &RQWDPLQDQW FRQFHQWUDWLRQV DQG GLVWULEXWLRQ

x ,Q VLWX FKDUDFWHULVWLFV LQFOXGLQJ SHUPHDELOLW\ DQG DQLVRWURS\

x 7KH UDGLXV RI LQIOXHQFH RI JURXQGZDWHU H[WUDFWLRQ

x 7KH JURXQGZDWHU H[WUDFWLRQ UDWH�
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&RVW 5DQJH� �������� WR �������� SHU DFUH

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU WZR�SKDVH H[WUDFWLRQ DUH GHVLJQDWHG LQ

7DEOH 3&�����

7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 7ZR�3KDVH ([WUDFWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

([WUDFWLRQ ZHOO DQG YDFXXP V\VWHP LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

2II�JDV WUHDWPHQW V\VWHP LQVWDOODWLRQ 8WLOLWLHV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW0RQLWRULQJ ZHOO LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

'LVSRVDO RI WUHDWHG ZDWHU WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦'XDO�3KDVH ([WUDFWLRQ �0XOWL�3KDVH�§�
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DUAL-PHASE EXTRACTION.CDR

Vapor/
Liquid

Separator

Treated
Off-Gas

Water
Treatment

Off-Gas
Treatment

Ground Surface

Vacuum Extraction Tube

Treated Water

Air FlowAir FlowAir FlowAir FlowAir FlowAir Flow

Water FlowWater FlowWater FlowWater FlowWater FlowWater Flow
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Water
TableContaminated

Soil
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Soil
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Soil
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Contaminated
Groundwater
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)LJXUH 3&��� 7ZR�3KDVH �'XDO�3KDVH� ([WUDFWLRQ
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3&��� 8OWUDYLROHW /LJKW 2[LGDWLRQ �9DSRU 3KDVH�

$EVWUDFW�

8OWUDYLROHW �89� OLJKW R[LGDWLRQ LV DQ RUJDQLF GHVWUXFWLRQ SURFHVV WKDW R[LGL]HV RUJDQLF FRQVWLWXHQWV LQ RII�
JDV E\ H[SRVXUH WR 89 OLJKW LQ WKH SUHVHQFH RI DQ R[LGL]LQJ DJHQW RU D FDWDO\VW�

'HVFULSWLRQ�

89 OLJKW R[LGDWLRQ RI YDSRU�SKDVH FRQWDPLQDQWV LV DFFRPSOLVKHG E\ SDVVLQJ WKH RII�JDV VWUHDP LQ FORVH

SUR[LPLW\ WR D SRZHUIXO 89 OLJKW VRXUFH� 2[LGDWLRQ RFFXUV DV D UHVXOW RI UHDFWLRQV ZLWK K\GUR[\O UDGLFDOV
SURGXFHG E\ WKH 89 OLJKW� 7KH SKRWR�R[LGDWLRQ XVXDOO\ LV VXSSOHPHQWHG E\ D JDVHRXV FKHPLFDO R[LGDQW

�H�J�� R]RQH� RU D VROLG FDWDO\VW �H�J�� 7L2���

$SSOLFDELOLW\�

89 OLJKW R[LGDWLRQ FDQ EH XVHG WR WUHDW KDORJHQDWHG DQG QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV

�92&V� DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V� DQG SRO\FKORULQDWHG ELSKHQ\OV �3&%V�� 7KH
SURFHVV LV EHVW XVHG WR WUHDW HDVLO\ R[LGL]HG RUJDQLF FRPSRXQGV� VXFK DV WKRVH ZLWK GRXEOH ERQGV �H�J��

WULFKORURHWK\OHQH >7&(@� SHUFKORURHWK\OHQH >3&(@� DQG YLQ\O FKORULGH >9&@�� DV ZHOO DV VLPSOH DURPDWLF

FRPSRXQGV �H�J�� WROXHQH� EHQ]HQH� [\OHQH� DQG SKHQRO��

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x &DSLWDO FRVW RI WKH 89 WUHDWPHQW V\VWHP�

x 7KH 89 OLJKW IUHTXHQF\ PXVW EH VHOHFWHG IRU PD[LPXP 92& UHPRYDO EDVHG RQ WKH SURSHUWLHV RI WKH

92&V LQ WKH RII�JDV VWUHDP�

x &RVWV PD\ EH KLJKHU WKDQ FRPSHWLQJ WHFKQRORJLHV EHFDXVH RI HQHUJ\ UHTXLUHPHQWV�

x 3UHWUHDWPHQW RI WKH RII�JDV VWUHDP PD\ EH UHTXLUHG WR PLQLPL]H RQJRLQJ FOHDQLQJ DQG PDLQWHQDQFH RI

89 UHDFWRU DQG TXDUW] VOHHYHV�

x &DWDO\VW FDQ EH IRXOHG E\ ORQJ�FKDLQ RUJDQLFV�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

89 R[LGDWLRQ LV XVHG WR WUHDW RII�JDV IURP D SULPDU\ WUHDWPHQW SURFHVV� 7KH RSHUDWLRQ DQG PDLQWHQDQFH

GXUDWLRQ GHSHQGV RQ WKH GXUDWLRQ RI WKH SULPDU\ SURFHVV RSHUDWLRQ�

&RVW 5DQJH� ����� WR ������ SHU SRXQG RI RUJDQLF UHPRYHG�

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU 89 R[LGDWLRQ �YDSRU SKDVH� DUH GHVLJQDWHG LQ
7DEOH 3&�����
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7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 89 2[LGDWLRQ �9DSRU 3KDVH�

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

)LOWUDWLRQ WR UHPRYH SDUWLFXODWHV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

2SHUDWLQJ DQG PDLQWHQDQFH ODERU

8WLOLWLHV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

89 R[LGDWLRQ V\VWHP LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦8OWUDYLROHW 2[LGDWLRQ§�

ULTRAVIOLET OXIDATION.CDR

Treated Off-Gas

Contaminated
Off-Gas

Ultraviolet Light Source
in Quartz Sleeve

Ti O Catalyst2

Power Supply

)LJXUH 3&��� 8OWUDYLROHW /LJKW 2[LGDWLRQ �9DSRU 3KDVH�
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3&��� 8VH DV $JJUHJDWH LQ $VSKDOW 0L[

$EVWUDFW�

6XLWDEOH JUDQXODU PDWULFHV FRQWDPLQDWHG ZLWK SHWUROHXP K\GURFDUERQV RU QRQ�KD]DUGRXV FRQFHQWUDWLRQV RI
PHWDOV PD\ EH PDQDJHG E\ UHXVH DV DJJUHJDWH LQ DVSKDOW SDYLQJ�

'HVFULSWLRQ�

8VH DV DJJUHJDWH LV D UHF\FOLQJ DSSURDFK IRU PDQDJLQJ JUDQXODU VRLOV DQG VROLGV VXFK DV DEUDVLYH EODVWLQJ

PHGLD� 7KLV DSSURDFK LQYROYHV XVLQJ WKH ZDVWH DV WKH ILQH DJJUHJDWH LQ DVSKDOW� 7KH ZDVWH PDWUL[
UHSODFHV VRPH RU DOO RI WKH VDQG XVHG WR SUHSDUH DQ DVSKDOW SDYLQJ PL[WXUH� 7KH ELWXPHQ ELQGHU WKDW IRUPV

WKH SDYLQJ DOVR LPPRELOL]HV WKH FRQWDPLQDQWV� 7KH ZDVWH FDQ EH XVHG LQ KRW PL[ RU FROG PL[ DVSKDOW�

+RW PL[ DVSKDOW LV SUHSDUHG E\ EOHQGLQJ DQG GU\LQJ ILQH DJJUHJDWH DQG FRDUVH DJJUHJDWH� 7KH GULHG EOHQG

LV WKHQ PL[HG ZLWK ELWXPHQ DW ��� WR ����& ���� WR ���q)�� &ROG PL[ DVSKDOW LV SUHSDUHG E\ EOHQGLQJ
VDQG� JUDYHO� DQG D ELWXPHQ�ZDWHU HPXOVLRQ DW DPELHQW WHPSHUDWXUH� $ W\SLFDO ILQLVKHG SDYLQJ PL[WXUH
XVLQJ WKH KRW RU FROG PL[ PHWKRG FRQWDLQV DERXW ��� ILQH DJJUHJDWH� ��� FRDUVH DJJUHJDWH� DQG ��

ELWXPHQ� 7KH FRQWDPLQDWHG VRLO RU VDQG XVXDOO\ UHSODFHV DERXW KDOI RU OHVV RI WKH ILQH DJJUHJDWH�

$ ZLGH YDULHW\ RI ZDVWHV FRQWDLQLQJ SHWUROHXP K\GURFDUERQV RU PRGHUDWH WR ORZ FRQFHQWUDWLRQV RI PHWDO
FRQWDPLQDQWV FDQ EH XVHG WR PDNH DVSKDOW� )RU WKH UHXVH RSWLRQ WR EH DFFHSWDEOH� WKH DVSKDOW SUHSDUHG

XVLQJ WKH FRQWDPLQDWHG PDWUL[ PXVW SURYLGH DGHTXDWH SDYLQJ SHUIRUPDQFH DQG LPPRELOL]H WKH

FRQWDPLQDQWV� 6DQG\ VRLOV FRQWDLQLQJ SHWUROHXP FRQWDPLQDQWV DQG PHWDO�FRQWDPLQDWHG VDQG DUH
SDUWLFXODUO\ VXLWDEOH IRU UHXVH LQ DVSKDOW� 3HWUROHXP FRQWDPLQDQWV DUH VLPLODU WR WKH ELWXPHQ ELQGHU DQG

DUH HDVLO\ DFFRPPRGDWHG LQ WKH DVSKDOW PL[WXUH� )RXQGU\ FDVWLQJ VDQG DQG VSHQW VDQG EODVWLQJ JULW

FRQWDLQ PHWDO FRQWDPLQDQWV WKDW FDQ EH HIIHFWLYHO\ LPPRELOL]HG LQ WKH ELWXPHQ DQG VDQG PDWUL[ E\
UHSODFLQJ VRPH RI WKH FOHDQ VDQG QRUPDOO\ XVHG LQ DVSKDOW� 5HVRXUFH &RQVHUYDWLRQ DQG 5HFRYHU\ $FW

�5&5$� KD]DUGRXV ZDVWHV DQG�RU KLJKO\ WR[LF ZDVWHV DUH XQOLNHO\ WR EH DFFHSWDEOH IRU UHXVH LQ DVSKDOW�

$SSOLFDELOLW\�

6RLOV RU JUDQXODU VLOLFD PDWHULDOV FRQWDPLQDWHG ZLWK QRQ�KDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V��

VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V�� RU ORZ FRQFHQWUDWLRQV RI PHWDOV FDQ EH UHF\FOHG DV DVSKDOW
DJJUHJDWH�

/LPLWDWLRQV�

)DFWRUV WKDW PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV LQFOXGH WKH IROORZLQJ�

x 0DWHULDOV FRQWDLQLQJ VROYHQWV RU RWKHU SDUWLFXODUO\ KD]DUGRXV RU WR[LF FRQVWLWXHQWV VKRXOG QRW EH

UHF\FOHG LQ WKLV PDQQHU�

x 0DWHULDOV ZLWK KLJK PHWDO FRQWHQWV �SHUFHQW OHYHO RU JUHDWHU� PD\ SRVH KD]DUGV HLWKHU WR ZRUNHUV DW WKH
DVSKDOW SODQW GXH WR GXVW H[SRVXUH RU WR WKH SXEOLF LQ WKH DVSKDOW SURGXFW EHFDXVH RI PHWDOV OHDFKLQJ�

x +LJK FRQFHQWUDWLRQV RI VLOW DQG VPDOOHU�VL]H SDUWLFOHV DUH XQGHVLUDEOH EHFDXVH WKH\ KDYH SRRU ZHWWLQJ

FKDUDFWHULVWLFV LQ WKH ELWXPHQ ELQGHU DQG PD\ JHQHUDWH GXVW�

x +LJKO\ URXQGHG DJJUHJDWHV DUH QRW FRPSDWLEOH ZLWK JRRG YHKLFXODU WUDFWLRQ LQ WKH DVSKDOW FRQFUHWH

SURGXFW�

x 7KH SUHVHQFH RI VXOIDWH RU PHWDOOLF LURQ LV XQGHVLUDEOH EHFDXVH WKHVH PDWHULDOV VZHOO XSRQ K\GUDWLRQ RI
VXOIDWHV RU R[LGDWLRQ RI LURQ� 5HGXFHG IRUPV RI WUDFH PHWDOV PD\ FDXVH VLPLODU SUREOHPV� ZKLFK�
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KRZHYHU� PD\ EH DYRLGDEOH E\ UHF\FOLQJ WKH PDWHULDOV LQWR D EDVH FRDUVH OD\HU� ZKHUH WKHUH LV PLQLPDO
FRQWDFW ZLWK DLU�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

8VH DV DJJUHJDWH LV XVHG WR WUHDW H[FDYDWHG VRLO RU FRQWDPLQDWHG JUDQXODU PDWHULDO� VR WKH RSHUDWLRQ DQG
PDLQWHQDQFH GXUDWLRQ GHSHQGV RQ WKH SURFHVVLQJ UDWH RI WKH WUHDWPHQW XQLW DQG WKH YROXPH RI VRLO�

3URFHVVLQJ ZLOO EH SHUIRUPHG DW D FHQWUDO IDFLOLW\ �L�H�� DVSKDOW SODQW�� 7KH IDFLOLW\©V FDSDFLW\ WR DFFHSW

ZDVWH ZLOO GHSHQG RQ WKH YROXPH RI FRQVWUXFWLRQ LQ WKH DUHD�

&RVW 5DQJH� ����� WR ������ SHU FXELF \DUG IRU QRQKD]DUGRXV ZDVWH

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU XVH LQ DJJUHJDWH LQ DVSKDOW PL[ DUH
GHVLJQDWHG LQ 7DEOH 3&�����

7DEOH 3&����� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 8VH LQ $JJUHJDWH LQ $VSKDOW 0L[

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

6FUHHQLQJ WR UHPRYH GHEULV

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

7UDQVSRUWDWLRQ WR WKH DVSKDOW SODQW

7ROO IHH IRU DFFHSWLQJ PDWHULDO DW DVSKDOW SODQW

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

1RQH

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�
SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;�����; ¦([ 6LWX 6WDELOL]DWLRQ�)L[DWLRQ�(QFDSVXODWLRQ¥2WKHU§�
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ASPHALTMIX.CDR

Contaminated
Soil

Pre-Processed Soil

Water
Grizzly

Debris to Disposal

)LJXUH 3&��� 8VH DV $JJUHJDWH LQ $VSKDOW 0L[



Combined Mechanism Technology Profiles Index

Remediation Technology
Treatment
Method(a) Category(b) Applicability(c)

Technology
Profile

Technology
Page No.

(TP-)

CER
Profile

Page No.
(CER-)(d)

Constructed Wetland CM I 4, 20, 25, 31, 36 CM1 154 42
Lasagna Process CM E 1 CM2 157 NA
Natural Attenuation CM I 1, 2, 5, 7, 8, 11, 12,

13, 16, 17, 18, 21,
22, 23, 26, 27, 28,
29, 32, 33, 34, 37

CM3 159 NA

Vacuum-Enhanced Recovery
(Bioslurping)

CM I 38 CM4 162 NA

(a) CM = Combined Mechanism.
(b) C = Conventional, E = Emerging, I = Innovative.
(c) Applicability indicated by cross reference to Tables of Remediation Technologies.
(d) NA = CER Profile not available.
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&0�� &RQVWUXFWHG :HWODQG

$EVWUDFW�

&RQVWUXFWHG ZHWODQG WUHDWPHQW LV D PHWKRG RI FRQVWUXFWLQJ DQ HQYLURQPHQW WKDW SURPRWHV WKH DFWLRQ RI
QDWXUDO SURFHVVHV WR PLQHUDOL]H RUJDQLF FRQWDPLQDQWV DQG LPPRELOL]H LQRUJDQLF FRQWDPLQDQWV�

'HVFULSWLRQ�

$ FRQVWUXFWHG ZHWODQG WUHDWPHQW V\VWHP LQFRUSRUDWHV SULQFLSDO HFRV\VWHP FRPSRQHQWV IRXQG LQ ZHWODQGV�

LQFOXGLQJ RUJDQLF PDWHULDOV �VXEVWUDWH�� PLFURELDO IDXQD� DQG DOJDH� ,QIOXHQW ZDWHUV� ZLWK RUJDQLF FRQWDPLQDQWV�
ORZ S+ DQG�RU FRQWDPLQDWHG ZLWK KLJK PHWDO FRQFHQWUDWLRQV� IORZ WKURXJK WKH DHURELF DQG DQDHURELF ]RQHV RI

WKH ZHWODQG HFRV\VWHP� /DUJH K\GURSKRELF RUJDQLFV DQG PHWDOV DUH UHPRYHG E\ LRQ H[FKDQJH� DGVRUSWLRQ�

DEVRUSWLRQ� DQG SUHFLSLWDWLRQ WKURXJK JHRFKHPLFDO DQG PLFURELDO R[LGDWLRQ DQG UHGXFWLRQ� 6RUSWLRQ RFFXUV DV

PHWDOV LQ WKH ZDWHU FRQWDFW KXPLF RU RWKHU RUJDQLF VXEVWDQFHV LQ WKH VRLO PHGLXP� 2[LGDWLRQ DQG UHGXFWLRQ
UHDFWLRQV WKDW RFFXU LQ WKH DHURELF DQG DQDHURELF ]RQHV� UHVSHFWLYHO\� WUDQVIRUP RU GHJUDGH RUJDQLFV DQG

SUHFLSLWDWH PHWDOV DV K\GUR[LGHV DQG VXOILGHV� 3UHFLSLWDWHG DQG DGVRUEHG PHWDOV VHWWOH LQ TXLHVFHQW SRQGV� RU DUH

ILOWHUHG RXW DV WKH ZDWHU SHUFRODWHV WKURXJK WKH VRLO RU VXEVWUDWH�

$SSOLFDELOLW\�

&RQVWUXFWHG ZHWODQGV DUH XVHG SULPDULO\ WR WUHDW KDORJHQDWHG DQG QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV

�92&V�� QRQKDORJHQDWHG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V�� DQG LQRUJDQLFV� &RQVWUXFWHG ZHWODQGV

KDYH PRVW FRPPRQO\ EHHQ XVHG LQ ZDVWHZDWHU WUHDWPHQW IRU FRQWUROOLQJ RUJDQLF PDWWHU� QXWULHQWV� VXFK DV

QLWURJHQ DQG SKRVSKRURXV� DQG VXVSHQGHG VHGLPHQWV �H�J�� DJULFXOWXUDO UXQRII� 7KH ZHWODQGV�EDVHG WUHDWPHQW
SURFHVV LV DOVR VXLWDEOH IRU FRQWUROOLQJ WUDFH PHWDOV DQG RWKHU WR[LF PDWHULDOV �H�J�� DFLG PLQH GUDLQDJH��

&RQVWUXFWHG ZHWODQGV KDYH EHHQ XVHG WR WUHDW DFLG PLQH GUDLQDJH WKDW KDV H[WUHPH DFLG FRQGLWLRQV DQG KLJK

FRQFHQWUDWLRQV RI LURQ� VXOIDWH� DQG RWKHU WUDFH PHWDOV� &RQVWUXFWHG ZHWODQGV QRW RQO\ VKRZ D UHGXFWLRQ LQ LURQ
DQG VXOIDWH FRQFHQWUDWLRQV� EXW DOVR VKRZ D UHFRYHU\ LQ S+ OHYHOV� ,Q WKH DUHD RI VWRUPZDWHU WUHDWPHQW� ZHWODQGV

KDYH VKRZQ WKH DELOLW\ WR UHPRYH IHFDO FROLIRUP EDFWHULD� WRWDO SHWUROHXP K\GURFDUERQV� DQG PHWDOV LQFOXGLQJ

OHDG� FKURPLXP� DQG ]LQF�

:HWODQG WUHDWPHQW KDV EHHQ DSSOLHG ZLWK VRPH VXFFHVV WR ZDVWHZDWHU LQ WKH HDVWHUQ 8QLWHG 6WDWHV� 7KH

SURFHVV PD\ KDYH WR EH DGMXVWHG WR DFFRXQW IRU GLIIHUHQFHV LQ JHRORJ\� WHUUDLQ� WUDFH PHWDO FRPSRVLWLRQ� DQG

FOLPDWH LQ WKH PHWDO PLQLQJ UHJLRQV RI WKH ZHVWHUQ 8QLWHG 6WDWHV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 7KH ORQJ�WHUP HIIHFWLYHQHVV RI FRQVWUXFWHG ZHWODQG WUHDWPHQW LV QRW ZHOO NQRZQ� :HWODQG DJLQJ PD\

EH D SUREOHP WKDW PD\ FRQWULEXWH WR D GHFUHDVH LQ FRQWDPLQDQW UHPRYDO UDWHV RYHU WLPH�

x 7KH FRVW RI EXLOGLQJ DQ DUWLILFLDO ZHWODQG YDULHV FRQVLGHUDEO\ GHSHQGLQJ RQ VXFK VLWH FRQGLWLRQV DV

WRSRJUDSK\� VRLO SHUPHDELOLW\� DQG FOLPDWH�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

:HWODQG WUHDWPHQW LV D ORQJ�WHUP WHFKQRORJ\ LQWHQGHG WR RSHUDWH FRQWLQXRXVO\ IRU �� WR �� \HDUV RU
ORQJHU� )DFWRUV WKDW DIIHFW WKH GXUDWLRQ RI ZHWODQG RSHUDWLRQ DQG PDLQWHQDQFH LQFOXGH WKH IROORZLQJ�
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x &OHDQXS JRDOV

x 7KH DPRXQW DQG FRQFHQWUDWLRQ RI WKH FRQWDPLQDQWV
x 6HGLPHQW HURVLRQ SDWWHUQV

x 6XUURXQGLQJ ODQG XVH

x :HWODQG ZDWHU EDODQFH

x 6ORSH
x /RFDO FOLPDWH �L�H�� DULGLW\� UDLQIDOO� WHPSHUDWXUH�

x 2UJDQLVP W\SH DQG GHQVLW\�

&RVW 5DQJH� ����� WR ����� SHU ����� JDOORQV

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU FRQVWUXFWHG ZHWODQG WUHDWPHQW DUH GHVLJQDWHG
LQ 7DEOH &0����

7DEOH &0���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW &RQVWUXFWHG :HWODQG 7UHDWPHQW

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

/DQG DFTXLVLWLRQ /RQJ�WHUP LQVSHFWLRQ

*UDGH� ILOO� DQG ZHLU FRQVWUXFWLRQ WR IRUP ZHWODQG 6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW
(VWDEOLVKLQJ ZHWODQG SODQW JURZWK

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦&RQVWUXFWHG :HWODQGV§�
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Wetland Plants

Treated
Water

Porous Rock
DamAerobic Zone

Anaerobic Zone

Contaminated
Runoff

Contaminated
Runoff

Contaminated
Runoff

CONSTRUCTWETLAND.CDR

)LJXUH &0�� &RQVWUXFWHG :HWODQG
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&0�� /DVDJQD� 3URFHVV

$EVWUDFW�

7KH /DVDJQD� SURFHVV LV DQ LQ VLWX WUHDWPHQW WHFKQRORJ\ WKDW UHPHGLDWHV VRLOV DQG VRLO SRUH ZDWHU
FRQWDPLQDWHG ZLWK VROXEOH RUJDQLF FRPSRXQGV�

'HVFULSWLRQ�

7KH /DVDJQD� SURFHVV XVHV HOHFWURNLQHWLFV WR PRYH FRQWDPLQDQWV LQ VRLO SRUH ZDWHU LQWR WUHDWPHQW ]RQHV

ZKHUH WKH FRQWDPLQDQWV FDQ EH FDSWXUHG RU GHFRPSRVHG� 7KH SURFHVV LV HVSHFLDOO\ VXLWHG WR VLWHV ZLWK
ORZ�SHUPHDELOLW\ VRLOV� ZKHUH HOHFWURRVPRVLV FDQ PRYH ZDWHU IDVWHU DQG PRUH XQLIRUPO\ WKDQ K\GUDXOLF

PHWKRGV� DQG ZLWK YHU\ ORZ SRZHU FRQVXPSWLRQ� %RWK YHUWLFDO DQG KRUL]RQWDO FRQILJXUDWLRQV KDYH EHHQ

FRQFHSWXDOL]HG� EXW ILHOGZRUN WR GDWH LV PRUH DGYDQFHG IRU WKH YHUWLFDO FRQILJXUDWLRQV� 0DMRU IHDWXUHV RI

WKH WHFKQRORJ\ DUH DV IROORZV�

x (OHFWURGHV DUH HQHUJL]HG E\ GLUHFW FXUUHQW� ZKLFK FDXVHV WKH ZDWHU DQG VROXEOH FRQWDPLQDQWV WR PRYH

LQWR RU WKURXJK WKH WUHDWPHQW OD\HUV DQG DOVR KHDWV WKH VRLO�

x 7UHDWPHQW ]RQHV FRQWDLQ UHDJHQWV WKDW GHFRPSRVH WKH VROXEOH RUJDQLF FRQWDPLQDQWV RU DGVRUE

FRQWDPLQDQWV IRU LPPRELOL]DWLRQ RU VXEVHTXHQW UHPRYDO DQG GLVSRVDO�

x $ ZDWHU PDQDJHPHQW V\VWHP UHF\FOHV WKH ZDWHU WKDW DFFXPXODWHV DW WKH FDWKRGH �KLJK S+� EDFN WR WKH
DQRGH �ORZ S+� IRU DFLG�EDVH QHXWUDOL]DWLRQ� $OWHUQDWLYHO\� HOHFWURGH SRODULW\ FDQ EH UHYHUVHG

SHULRGLFDOO\ WR UHYHUVH HOHFWURRVPRWLF IORZ DQG QHXWUDOL]H S+�

$SSOLFDELOLW\�

/RZ�SHUPHDELOLW\ VRLOV ZLWK ZDWHU�VROXEOH FRQWDPLQDQWV �RUJDQLFV� LQRUJDQLF� RU PL[HG ZDVWHV� FRXOG EH

UHPHGLDWHG XVLQJ WKH /DVDJQD� WHFKQRORJ\� )LHOG H[SHULPHQWV KDYH EHHQ VWDJHG WR TXDQWLI\ SHUIRUPDQFH
DQG YDULDEOHV DQG GHWHUPLQH FRVW�HIIHFWLYHQHVV IRU LQ VLWX WULFKORURHWK\OHQH �7&(� UHPHGLDWLRQ� ,QLWLDO

UHVXOWV LQGLFDWH WKH HOHFWURRVPRVLV FDQ UHPRYH UHVLGXDO 7&( IURP VRLO� ZLWK FRQFHQWUDWLRQV UHGXFHG WR

DSSUR[LPDWHO\ � SSP DIWHU � PRQWKV RI RSHUDWLRQ� )XWXUH WHVWV ZLOO HYDOXDWH LQ VLWX GHJUDGDWLRQ RI 7&(
E\ UHDFWLRQ ZLWK ]HUR�YDOHQW LURQ DQG WKH FRPSDWLELOLW\ RI WKLV SURFHVV ZLWK HOHFWURRVPRWLF WUDQVSRUW�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRU PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 7KH QHHG IRU D ZDWHU PDQDJHPHQW V\VWHP WR QHXWUDOL]H S+ QHDU WKH FDWKRGH DQG DQRGH

x &KORULGH LRQV LQ WKH JURXQGZDWHU FDQ EH FRQYHUWHG WR FKORULQH DW WKH DQRGH� UHVXOWLQJ LQ WKH IRUPDWLRQ

RI WULKDORPHWKDQHV�

6WDWXV� (PHUJLQJ

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ� 1�$

&RVW 5DQJH� 1�$

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦/DVDJQD� 3URFHVV§�
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)LJXUH &0�� /DVDJQD� 3URFHVV
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&0�� 1DWXUDO $WWHQXDWLRQ

$EVWUDFW�

1DWXUDO DWWHQXDWLRQ LV DQ LQ VLWX UHPHGLDWLRQ WHFKQRORJ\ ZKHUH QDWXUDOO\ RFFXUULQJ SK\VLFDO� FKHPLFDO� DQG
ELRORJLFDO SURFHVVHV DWWHQXDWH FRQWDPLQDQW FRQFHQWUDWLRQV LQ VRLO DQG JURXQGZDWHU VXIILFLHQWO\ WR SURWHFW

KXPDQ KHDOWK DQG WKH HQYLURQPHQW DQG DFKLHYH UHPHGLDO JRDOV ZLWKLQ D WLPH IUDPH WKDW LV UHDVRQDEOH LQ

FRPSDULVRQ ZLWK DFWLYH UHPHGLDWLRQ�

'HVFULSWLRQ�

)RU QDWXUDO DWWHQXDWLRQ� QDWXUDO VXEVXUIDFH SURFHVVHV VXFK DV GLOXWLRQ� YRODWLOL]DWLRQ� ELRGHJUDGDWLRQ�

DGVRUSWLRQ� DQG FKHPLFDO UHDFWLRQV ZLWK VXEVXUIDFH PDWHULDOV DUH DOORZHG WR UHGXFH FRQWDPLQDQW

FRQFHQWUDWLRQV WR DFFHSWDEOH OHYHOV� &RQVLGHUDWLRQ RI WKLV RSWLRQ UHTXLUHV PRGHOLQJ DQG HYDOXDWLRQ RI

FRQWDPLQDQW GHJUDGDWLRQ UDWHV DQG SDWKZD\V� 7KH SULPDU\ REMHFWLYH RI VLWH PRGHOLQJ LV WR GHPRQVWUDWH
WKDW QDWXUDO SURFHVVHV RI FRQWDPLQDQW GHJUDGDWLRQ ZLOO UHGXFH FRQWDPLQDQW FRQFHQWUDWLRQV EHORZ

UHJXODWRU\ VWDQGDUGV EHIRUH SRWHQWLDO H[SRVXUH SDWKZD\V DUH FRPSOHWHG� ,Q DGGLWLRQ� VDPSOLQJ DQG VDPSOH

DQDO\VLV PXVW EH FRQGXFWHG WKURXJKRXW WKH SURFHVV WR FRQILUP WKDW GHJUDGDWLRQ LV SURFHHGLQJ DW UDWHV
FRQVLVWHQW ZLWK PHHWLQJ FOHDQXS REMHFWLYHV�

1DWXUDO DWWHQXDWLRQ LV QRW WKH VDPH DV ¦QR DFWLRQ�§ DOWKRXJK LW RIWHQ LV SHUFHLYHG DV VXFK� 7KH
&RPSUHKHQVLYH (QYLURQPHQWDO 5HVSRQVH� &RPSHQVDWLRQ� DQG /LDELOLW\ $FW �&(5&/$� UHTXLUHV

HYDOXDWLRQ RI D ¦QR DFWLRQ§ DOWHUQDWLYH EXW GRHV QRW UHTXLUH HYDOXDWLRQ RI QDWXUDO DWWHQXDWLRQ� 1DWXUDO

DWWHQXDWLRQ LV FRQVLGHUHG LQ WKH 6XSHUIXQG SURJUDP RQ D FDVH�E\�FDVH EDVLV� DQG JXLGDQFH RQ LWV XVH LV VWLOO

HYROYLQJ� ,W KDV EHHQ VHOHFWHG DW 6XSHUIXQG VLWHV ZKHUH� IRU H[DPSOH� SRO\FKORULQDWHG ELSKHQ\OV �3&%V�
DUH VWURQJO\ VRUEHG WR GHHS VXEVXUIDFH VRLOV DQG DUH QRW PLJUDWLQJ� ZKHUH UHPRYDO RI GHQVH� QRQDTXHRXV�

SKDVH OLTXLGV �'1$3/V� KDV EHHQ GHWHUPLQHG WR EH WHFKQLFDOO\ LPSUDFWLFDEOH �6XSHUIXQG LV GHYHORSLQJ

WHFKQLFDO LPSUDFWLFDELOLW\ >7,@ JXLGDQFH�� DQG ZKHUH LW KDV EHHQ GHWHUPLQHG WKDW DFWLYH UHPHGLDO PHDVXUHV
ZRXOG EH XQDEOH WR VLJQLILFDQWO\ VSHHG UHPHGLDWLRQ WLPH IUDPHV� :KHUH FRQWDPLQDQWV DUH H[SHFWHG WR

UHPDLQ LQ SODFH RYHU ORQJ SHULRGV RI WLPH� DV LQ WKH ILUVW WZR H[DPSOHV� 7, ZDLYHUV PXVW EH REWDLQHG� ,Q

DOO FDVHV� H[WHQVLYH VLWH FKDUDFWHUL]DWLRQ LV UHTXLUHG�

7KH DWWLWXGH WRZDUG QDWXUDO DWWHQXDWLRQ YDULHV DPRQJ DJHQFLHV� 7KH 8�6� $LU )RUFH FDUHIXOO\ HYDOXDWHV WKH

SRWHQWLDO IRU XVH RI QDWXUDO DWWHQXDWLRQ DW LWV VLWHV� KRZHYHU� WKH 8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\

DFFHSWV LWV XVH RQO\ LQ FHUWDLQ VSHFLDO FDVHV�

$SSOLFDELOLW\�

1DWXUDO DWWHQXDWLRQ FDQ EH XVHG WR WUHDW KDORJHQDWHG DQG QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV

�92&V� DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V�� SRO\FKORULQDWHG ELSKHQ\OV �3&%V�� RUGQDQFH

FRPSRXQGV� DQG LQRUJDQLFV� +DORJHQDWHG 92&V� KDORJHQDWHG 692&V� SHVWLFLGHV� DQG RUGQDQFH

FRPSRXQGV WHQG WR UHVLVW QDWXUDO GHJUDGDWLRQ PHFKDQLVPV� VR QDWXUDO DWWHQXDWLRQ PD\ EH OHVV HIIHFWLYH
DQG PD\ EH DSSOLFDEOH WR RQO\ VRPH FRPSRXQGV ZLWKLQ WKHVH FRQWDPLQDQW JURXSV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x ([WHQVLYH DPRXQWV RI GDWD PXVW EH FROOHFWHG DQG DQDO\]HG WR GHWHUPLQH SOXPH EHKDYLRU�

x 1DWXUDO DWWHQXDWLRQ W\SLFDOO\ LV QRW DSSOLFDEOH ZKHQ WKH SOXPH LV H[SDQGLQJ�

x 1DWXUDO DWWHQXDWLRQ VKRXOG EH XVHG RQO\ ZKHUH WKHUH DUH QR LPSDFWV RQ SRWHQWLDO UHFHSWRUV�
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x &RQWDPLQDQWV PD\ PLJUDWH EHIRUH WKH\ DUH GHJUDGHG�

x 7KH VLWH PD\ KDYH WR EH IHQFHG DQG PD\ QRW EH DYDLODEOH IRU UH�XVH XQWLO FRQWDPLQDQW OHYHOV DUH

UHGXFHG�

x ,I VRXUFH PDWHULDO H[LVWV� LW PD\ KDYH WR EH UHPRYHG�

x 6RPH LQRUJDQLFV� VXFK DV PHUFXU\� FDQ EH LPPRELOL]HG E\ QDWXUDO PHFKDQLVPV� EXW DUH QRW GHJUDGHG�

x +DORJHQDWHG RUJDQLFV PD\ EH UHODWLYHO\ UHVLVWDQW WR QDWXUDO GHJUDGDWLRQ SURFHVVHV�

x ,QWHUPHGLDWH GHJUDGDWLRQ SURGXFWV PD\ EH PRUH PRELOH RU PRUH WR[LF WKDQ WKH RULJLQDO FRQWDPLQDQW�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

7KH RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ LV GHWHUPLQHG IURP QDWXUDO DWWHQXDWLRQ HYDOXDWLRQ DQG UHJXODWRU\

UHTXLUHPHQWV� 7KH SURFHVV LV H[SHFWHG WR FRQWLQXH IRU � WR �� \HDUV XQWLO GHVLUHG GHJUDGDWLRQ OHYHOV DUH
DFKLHYHG� 7KH GXUDWLRQ RI RSHUDWLRQ DQG PDLQWHQDQFH LV GHSHQGHQW RQ WKH IROORZLQJ FRQGLWLRQV�

x &OHDQXS JRDOV
x 7KH YROXPH RI WKH LQ VLWX PHGLD UHTXLULQJ WUHDWPHQW

x &RQWDPLQDQW FRQFHQWUDWLRQV DQG GLVWULEXWLRQ

x ,Q VLWX FKDUDFWHULVWLFV VXFK DV SHUPHDELOLW\ DQG DQLVRWURS\

x $YDLODELOLW\ RI QXWULHQWV� PRLVWXUH� DQG UHDFWLYH FRPSRXQGV
x 'HJUDGDWLRQ SURFHVVHV WKDW DUH RFFXUULQJ QDWXUDOO\ LQ VLWX�

&RVW 5DQJH� ������� WR �������� SHU DFUH

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU QDWXUDO DWWHQXDWLRQ DUH GHVLJQDWHG LQ
7DEOH &0����

7DEOH &0���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 1DWXUDO $WWHQXDWLRQ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

6DPSOLQJ ZHOO LQVWDOODWLRQ 6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW
(YDOXDWLRQ RI SOXPH EHKDYLRU

3HULRGLF HYDOXDWLRQ RI SURJUHVV

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�
SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦1DWXUDO $WWHQXDWLRQ§�



)LQDO �������73����

Source
Area

Downgradient
Extent of

Dissolved Plume

Direction of Groundwater Flow

Monitoring Wells
Transverse to the

Groundwater Flow Direction

Monitoring Wells
Aligned Along the
Plume CenterlineBackground

Monitoring
Well

NATURAL ATTENUATION.CDR

Plume boundary

Monitoring well

Soil sample point

Explanation

)LJXUH &0�� 1DWXUDO $WWHQXDWLRQ
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&0�� 9DFXXP�(QKDQFHG 5HFRYHU\ �%LRVOXUSLQJ�

$EVWUDFW�

%LRVOXUSLQJ LV D WUHDWPHQW WHFKQRORJ\ WKDW LQYROYHV XVLQJ D YDFXXP LQ D VHDOHG H[WUDFWLRQ ZHOO WR UHFRYHU
OLJKW� QRQDTXHRXV�SKDVH OLTXLG �/1$3/� DQG LQGXFH DLUIORZ WKURXJK WKH XQVDWXUDWHG ]RQH�

'HVFULSWLRQ�

%LRVOXUSLQJ LV SHUIRUPHG XVLQJ D WXEH SRVLWLRQHG LQ D ZHOO VR WKH HQG RI WKH WXEH LV QHDU WKH ZDWHU�WDEOH

OHYHO LQ WKH IRUPDWLRQ� 9DFXXP LV DSSOLHG WR WKH ZHOO XVLQJ D VLQJOH DERYHJURXQG YDFXXP SXPS� DQG
/1$3/ DQG JURXQGZDWHU DUH UHPRYHG IURP WKH ZHOO E\ DLU HQWUDLQPHQW� 7KH GHSWK RI WKH WXEH FDQ EH

DGMXVWHG PDQXDOO\� LI QHHGHG� 7KH QHJDWLYH SUHVVXUH HVWDEOLVKHG LQ WKH ZHOO GHSHQGV RQ WKH DLU ZLWKGUDZDO

UDWH DQG WKH SHUPHDELOLW\ RI WKH VXUURXQGLQJ IRUPDWLRQ� 7KH UHIHUHQFH WR ELRORJLFDO SURFHVVHV LQ WKH WHUP

¦ELRVOXUSLQJ§ UHVXOWV IURP WKH SRVVLELOLW\ WKDW DHURELF ELRORJLFDO GHJUDGDWLRQ RI WKH K\GURFDUERQV ZLOO EH
HQKDQFHG DV D UHVXOW RI WKH LQWURGXFWLRQ RI DLU LQWR WKH XQVDWXUDWHG ]RQH� 6OXUSLQJ LV XVHG DV WKH WHUP WR

GHVFULEH WKH DLU HQWUDLQPHQW DQG DHURG\QDPLF GUDJJLQJ DFWLRQ WKDW OLIWV IOXLGV XS WKH VOXUSLQJ WXEH�

7KH ELRVOXUSHU V\VWHP SXOOV D YDFXXP RI XS WR �� LQ� +J RQ WKH UHFRYHU\ ZHOO WR FUHDWH D SUHVVXUH JUDGLHQW

WR IRUFH PRYHPHQW RI /1$3/ LQWR WKH ZHOO� 7KH V\VWHP LV RSHUDWHG WR FDXVH YHU\ OLWWOH GUDZGRZQ RI WKH

ZDWHU�WDEOH OHYHO� WKXV UHGXFLQJ WKH SUREOHP RI IUHH�SURGXFW HQWUDSPHQW LQ VRLOV ZKHQ SXPSLQJ LV FHDVHG�

$HUDWLRQ RI WKH XQVDWXUDWHG ]RQH VRLOV LV DFKLHYHG E\ ZLWKGUDZLQJ VRLO JDV IURP WKH UHFRYHU\ ZHOO� 7KH

VOXUSLQJ DFWLRQ RI WKH ELRVOXUSHU V\VWHP F\FOHV EHWZHHQ UHFRYHULQJ OLTXLG �IUHH SURGXFW DQG�RU

JURXQGZDWHU� DQG VRLO JDV� 7KH UDWH RI VRLO�JDV H[WUDFWLRQ LV GHSHQGHQW RQ WKH UHFRYHU\ UDWH RI OLTXLG LQWR
WKH ZHOO� :KHQ IUHH�SURGXFW UHPRYDO DFWLYLWLHV DUH FRPSOHWH� WKH ELRVOXUSHU V\VWHP FDQ EH FRQYHUWHG WR D

FRQYHQWLRQDO ELRYHQWLQJ V\VWHP WR FRPSOHWH UHPHGLDWLRQ RI WKH XQVDWXUDWHG ]RQH VRLOV�

$ VLJQLILFDQW IHDWXUH RI WKH ELRVOXUSLQJ SURFHVV LV WKH LQGXFHG DLUIORZ� ZKLFK LQ WXUQ LQGXFHV /1$3/ IORZ

WRZDUG WKH ZHOO� 7KH SUHVVXUH JUDGLHQW FUHDWHG LQ WKH DLU SKDVH UHVXOWV LQ D GULYLQJ IRUFH RQ WKH /1$3/

WKDW FDQ EH VLJQLILFDQWO\ JUHDWHU WKDQ WKH GULYLQJ IRUFH WKDW FDQ EH LQGXFHG E\ SXPSLQJ WKH /1$3/ ZLWK

QR DLUIORZ� $OVR RI LPSRUWDQFH LV WKH IDFW WKDW WKH YDFXXP H[WUDFWLRQ PHFKDQLVP SXOOV /1$3/ DORQJ
PRUH SHUPHDEOH KRUL]RQWDO ]RQHV� ,Q DGGLWLRQ� WKH FRQWLQXLW\ RI WKH /1$3/ SKDVH LV EHWWHU PDLQWDLQHG E\

HOLPLQDWLQJ WKH FRQH RI GHSUHVVLRQ IRUPHG GXULQJ GUDZGRZQ UHFRYHU\� WKXV LQFUHDVLQJ WKH UHODWLYH

SHUPHDELOLW\ IRU /1$3/� )RU WKHVH UHDVRQV� ELRVOXUSLQJ KDV WKH SRWHQWLDO IRU UHPRYLQJ PRUH /1$3/ DQG
DW JUHDWHU UDWHV WKDQ GR RWKHU SXPSLQJ PHFKDQLVPV�

$SSOLFDELOLW\�

%LRVOXUSLQJ LV XVHG SULPDULO\ WR UHFRYHU /1$3/ DQG FDQ KHOS WR UHPHGLDWH QRQKDORJHQDWHG YRODWLOH

RUJDQLF FRPSRXQGV �92&V� DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V� LQ WKH XQVDWXUDWHG ]RQH�

%LRVOXUSLQJ FRPELQHV SK\VLFDO UHFRYHU\ RI /1$3/� UHPRYDO RI /1$3/ FRQVWLWXHQWV E\ YDSRUL]DWLRQ
�69(�� DQG PLQHUDOL]DWLRQ RI /1$3/ FRQVWLWXHQWV E\ ELRORJLFDO DFWLRQ �ELRYHQWLQJ�� 7KH UDWH RI PDVV

UHPRYDO GXH WR HDFK PHFKDQLVP LV VLWH GHSHQGHQW� 7KH ELRYHQWLQJ FRPSRQHQW FDQ EH D VWURQJ FRQWULEXWRU

WR WKH WRWDO PDVV UHPRYDO DW VLWHV ZLWK ORZ�YRODWLOLW\ IXHO� ZKHUHDV YDSRUL]DWLRQ PD\ EH UHODWLYHO\ KLJK DW
VLWHV ZLWK KLJK�YRODWLOLW\ IXHO� 7KH FRPELQHG PHFKDQLVPV DSSOLHG LQ ELRVOXUSLQJ DOORZ HIIHFWLYH UHPRYDO

RI /1$3/ LQ WKH FDSLOODU\ IULQJH DQG /1$3/ IORDWLQJ RQ WKH ZDWHU WDEOH� ZKLOH WKH UHVLGXDO RUJDQLF LQ WKH

XQVDWXUDWHG ]RQH LV PLQHUDOL]HG E\ ELRORJLFDO DFWLRQ DQG UHPRYHG E\ YDSRU H[WUDFWLRQ�
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/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x $W VRPH VLWHV� ELRVOXUSHU V\VWHPV FDQ H[WUDFW ODUJH YROXPHV RI ZDWHU WKDW PD\ QHHG WR EH WUHDWHG
GHSHQGLQJ RQ WKH FRQFHQWUDWLRQ RI FRQWDPLQDQWV LQ WKH SURFHVV ZDWHU�

x 6LQFH WKH IXHO� ZDWHU� DQG DLU DUH UHPRYHG IURP WKH VXEVXUIDFH LQ RQH VWUHDP� PL[LQJ RI WKH SKDVHV

RFFXUV� 7KHVH PL[WXUHV PD\ UHTXLUH VSHFLDO RLO�ZDWHU VHSDUDWRUV RU WUHDWPHQW PHWKRGV EHIRUH WKH
SURFHVV ZDWHU FDQ EH GLVFKDUJHG�

x 6XEVXUIDFH KHWHURJHQHLW\ FDQ LQWHUIHUH ZLWK /1$3/ IORZ WR WKH ZHOO DQG XQLIRUP DHUDWLRQ RI

FRQWDPLQDWHG VRLO�
x $W VLWHV KDYLQJ ORZ�SHUPHDELOLW\ VRLOV� VXFK DV JODFLDO WLOOV� LW PD\ EH GLIILFXOW WR PRELOL]H WKH IUHH

SURGXFW WR WKH H[WUDFWLRQ ZHOO�

x )UHTXHQWO\� WKH RII�JDV IURP WKH ELRVOXUSHU V\VWHP UHTXLUHV WUHDWPHQW EHIRUH GLVFKDUJH� +RZHYHU�

WUHDWPHQW RI WKH RII�JDV PD\ RQO\ EH UHTXLUHG VKRUWO\ DIWHU WKH VWDUWXS RI WKH V\VWHP� $V IXHO UHFRYHU\

UDWHV GHFUHDVH� FRQWDPLQDQW FRQFHQWUDWLRQV LQ WKH RII�JDV GHFUHDVH DV ZHOO�

x )UHTXHQWO\� WKH SURFHVV ZDWHU QHHGV WR EH WUHDWHG SULRU WR GLVFKDUJH� $V ZLWK WKH RII�JDV� WKH
FRQWDPLQDQW FRQFHQWUDWLRQV LQ WKH SURFHVV ZDWHU ZLOO GHFUHDVH DV WKH IXHO UHFRYHU\ UDWH GHFUHDVHV�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

2SHUDWLRQV DQG PDLQWHQDQFH GXUDWLRQ IRU WKLV WHFKQRORJ\ YDULHV IURP D IHZ PRQWKV WR \HDUV� ,W LV PRVW

FRVW�HIIHFWLYH WR OLPLW WKH GXUDWLRQ WR OHVV WKDQ � \HDUV� 7KH GXUDWLRQ RI RSHUDWLRQ DQG PDLQWHQDQFH LV

GHSHQGHQW RQ WKH IROORZLQJ FRQGLWLRQV�

x &OHDQXS JRDOV

x 7KH YROXPH RI IUHH SURGXFW SUHVHQW DW WKH VLWH

x &RQWDPLQDQW FRQFHQWUDWLRQV DQG GLVWULEXWLRQ LQ WKH XQVDWXUDWHG ]RQH

x ,Q VLWX FKDUDFWHULVWLFV� LQFOXGLQJ SHUPHDELOLW\ DQG DQLVRWURS\

x 7KH UDGLXV RI LQIOXHQFH RI WKH ELRVOXUSHU V\VWHP RQ WKH IUHH SURGXFW

x 7KH DFKLHYDEOH UDWH RI IUHH�SURGXFW H[WUDFWLRQ�

&RVW 5DQJH� �������� WR �������� SHU DFUH

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU ELRVOXUSLQJ DUH GHVLJQDWHG LQ 7DEOH &0����
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7DEOH &0���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW %LRVOXUSLQJ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

:HOOV DQG YDFXXP SXPS LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

6DPSOLQJ SRLQWV LQVWDOODWLRQ 8WLOLWLHV

2LO�ZDWHU VHSDUDWRU LQVWDOODWLRQ 6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW
2II�JDV WUHDWPHQW V\VWHP LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�VLWH GLVSRVDO RI RUJDQLF OLTXLG

'LVSRVDO RI WUHDWHG ZDWHU WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

2II�JDV WUHDWPHQW

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�
SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦%LRVOXUSLQJ§�
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B
IO
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U
R

P
IN

G
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D
R

Oil/Water
Separator

Treated
Off-Gas

Water
Treatment

Off-Gas
Treatment

Ground Surface

Light, Nonaqueous-Phase
Liquid Saturation

Treated
Water

Organic Liquid
to Disposal

Air Flow

Filter PackFilter PackFilter Pack

Vacuum
Pump

Knockout
Tank

Water
Table

)LJXUH &0�� 9DFXXP�(QKDQFHG 5HFRYHU\ �%LRVOXUSLQJ�



Containment or Removal Technology Profiles Index

Remediation Technology
Treatment
Method(a) Category(b) Applicability(c)

Technology
Profile

Technology
Page No.

(TP-)

CER
Profile

Page No.
(CER-)(d)

Asphalt/Concrete Cap CR C 27 CR1 166 NA
Confined Disposal Facilities

Containment
CR C 3, 19, 24 CR2 169 31

Drawdown Pumping CR C 38, 39 CR3 172 NA
In Situ Capping (Sediment)

Contaminant
CR C 5, 11, 16, 21, 26,

32, 37
CR4 176 NA

Off-Site Disposal CR C 3, 9, 14, 19, 24,
30, 35

CR5 179 NA

RCRA Subtitle C and D Caps CR C 27 CR6 182 NA
Skimming CR C 38 CR7 186 69
Vertical Cutoff Wall

Containment
CR C 1, 7, 12, 17, 22,

27, 28, 33, 38, 39
CR8 189 38, 40

Water Harvesting Vegetation
Cover Containment

CR I 27 CR9 192 NA

(a) CR = Containment or Removal.
(b) C = Conventional, I = Innovative.
(c) Applicability indicated by cross reference to Tables of Remediation Technologies.
(d) NA = CER Profile not avalable.
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&5�� $VSKDOW�&RQFUHWH &DS

$EVWUDFW�

$VSKDOW�FRQFUHWH �H�J�� KDUG�VXUIDFH� FDSSLQJ LV D FRQWDLQPHQW WHFKQRORJ\ WKDW LQYROYHV XVLQJ PRGLILHG
SDYLQJ FRQVWUXFWLRQ SUDFWLFHV WR UHGXFH FRQWDPLQDQW PRELOLW\ DQG SURWHFW JURXQGZDWHU�

'HVFULSWLRQ�

+DUG�VXUIDFH FDSSLQJ ZRUNV E\ PDLQWDLQLQJ D KLJK�VWUHQJWK� ORZ�SHUPHDELOLW\ FRYHU RYHU WKH ZDVWH WR

VWDELOL]H VXUIDFH VRLO DQG UHGXFH LQILOWUDWLRQ RI VXUIDFH ZDWHU� 7KH ORZ�SHUPHDELOLW\ OD\HU FDQ EH PDGH
IURP HLWKHU DVSKDOW RU FRQFUHWH� $VSKDOW XVXDOO\ LV VHOHFWHG LQ IDYRU RI FRQFUHWH EHFDXVH WKH ELWXPHQ

ELQGHU LQ DVSKDOW SURYLGHV VRPH IOH[LELOLW\� PDNLQJ WKH FRYHU PRUH UHVLVWDQW WR FUDFNV WKDW WHQG WR IRUP DV

D UHVXOW RI WHPSHUDWXUH F\FOLQJ DQG�RU GLIIHUHQWLDO VHWWOLQJ� $ WRS FRDW RI ELWXPHQ RU UXEEHUL]HG�ELWXPHQ

PDVWLF PD\ EH DSSOLHG WR IXUWKHU GHFUHDVH SHUPHDELOLW\� )RU D FDS DSSOLHG LQ D KLJK�WUDIILF DUHD� JUDYHO
PD\ EH PL[HG ZLWK WKH PDVWLF WR SURYLGH D ZHDU UHVLVWDQW VXUIDFH� 7KH ORZ�SHUPHDELOLW\ OD\HU W\SLFDOO\ LV

SODFHG RQ D KLJK�SHUPHDELOLW\ IRXQGDWLRQ OD\HU� 7KH IRXQGDWLRQ KHOSV UHGXFH WKH QHJDWLYH HIIHFWV RI

GLIIHUHQWLDO VHWWOLQJ DQG DOORZV GUDLQDJH� 'UDLQDJH XQGHU WKH ORZ�SHUPHDELOLW\ OD\HU LV QHHGHG WR SUHYHQW
SRQGLQJ RI VPDOO DPRXQWV RI ZDWHU WKDW PD\ OHDN WKURXJK WKH ORZ�SHUPHDELOLW\ OD\HU RU PLJUDWH XSZDUG

IURP WKH VRLO� 3RQGHG ZDWHU FDQ IUHH]H DQG H[SDQG GXULQJ FROG ZHDWKHU� FDXVLQJ IURVW KHDYH GDPDJH WR

WKH FRYHU� ,I JDV JHQHUDWLRQ LQ WKH ZDVWH YROXPH PXVW EH FRQWUROOHG� D SHUPHDEOH YHQW OD\HU FDQ EH SODFHG
RQ WKH VXUIDFH DV WKH ILUVW OD\HU RI WKH FDS� 9DSRU H[WUDFWLRQ E\ DSSO\LQJ D YDFXXP WR WKH YHQW OD\HU DW

SRLQWV DORQJ WKH HGJH RI WKH FDS DOORZV FROOHFWLRQ RI JDV IRU WUHDWPHQW�

0DWHULDOV DQG PHWKRGV XVHG WR SODFH D KDUG�VXUIDFH FDS DUH VLPLODU WR FRQYHQWLRQDO URDG SDYLQJ� EXW
LQFOXGH PRGLILFDWLRQV WR UHGXFH SHUPHDELOLW\ DQG LQFUHDVH GXUDELOLW\ RI WKH SDYLQJ WKDW IRUPV WKH ORZ�

SHUPHDELOLW\ HOHPHQW� )RU H[DPSOH� DQ DVSKDOW OD\HU XVHG IRU FDSSLQJ FRQVLVWV RI ELWXPHQ PL[HG ZLWK ILQH

DQG FRDUVH DJJUHJDWH WR JLYH D VSHFLILHG ZHOO�JUDGHG DJJUHJDWH PL[ DV LQ SDYLQJ� +RZHYHU� DQ DVSKDOW
SDYLQJ PL[WXUH XVHG IRU FDSSLQJ ZLOO UHTXLUH D PRUH WLJKWO\ FRQWUROOHG SDUWLFOH VL]H GLVWULEXWLRQ DQG D

KLJKHU ELWXPHQ FRQWHQW LQ FRPSDULVRQ WR D VWDQGDUG URDG SDYLQJ PL[WXUH� &RQFUHWH IRU FDSSLQJ W\SLFDOO\

ZLOO EH DQ DLU�HQWUDLQPHQW PL[WXUH �WR LQFUHDVH IUHH]H�WKDZ GXUDELOLW\ DQG ZRUNDELOLW\� KDYLQJ D ZDWHU�WR�

FHPHQW UDWLR OHVV WKDQ ���� �WR UHGXFH SRURVLW\ DQG LQFUHDVH VWUHQJWK��

$SSOLFDELOLW\�

$Q DVSKDOW RU FRQFUHWH FDS LV XVHG WR FRQWDLQ LQ VLWX ZDVWH DQG FDQ EH DSSOLHG WR FRQWDLQ KDORJHQDWHG DQG

QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V� DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V��

SRO\FKORULQDWHG ELSKHQ\OV �3&%V�� RUGQDQFH FRPSRXQGV� DQG LQRUJDQLFV� 7KHVH KDUG VXUIDFH FDSV DUH
DOWHUQDWLYHV WR D PXOWLOD\HU FDS DQG SURYLGH HTXLYDOHQW SHUIRUPDQFH WR D 5HVRXUFH &RQVHUYDWLRQ DQG

5HFRYHU\ $FW �5&5$� 6XEWLWOH & RU ' FDS DW VLPLODU WR KLJKHU FRVW� +DUG VXUIDFH FDSV W\SLFDOO\ DUH

VHOHFWHG RQO\ ZKHQ UHTXLUHG WR OLPLW YHUWLFDO UHOLHI RU SURYLGH D SDYHG VXUIDFH IRU WUDIILF�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x &RQWDPLQDQWV UHPDLQ LQ SODFH DW WKH VLWH�

x $FWXDO RSHUDWLQJ OLIH LV XQFHUWDLQ�

x 5HTXLUHV ORQJ�WHUP PRQLWRULQJ DQG PDLQWHQDQFH�

x &DQQRW EH LQVWDOOHG GXULQJ IUR]HQ RU VDWXUDWHG JURXQG FRQGLWLRQV�
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6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

,QVWDOODWLRQ WLPH IRU DQ DVSKDOW RU FRQFUHWH FDS W\SLFDOO\ UDQJHV IURP � WR � PRQWKV� ,QVSHFWLRQV PD\ EH
FRQGXFWHG IUHTXHQWO\ LQ WKH ILUVW � PRQWKV EHFDXVH SUREOHPV DUH PRVW OLNHO\ WR DSSHDU GXULQJ WKLV SHULRG�

$IWHU VHYHUDO \HDUV RI VHUYLFH� WKH LQWHJULW\ RI WKH FDS EHFRPHV XQFHUWDLQ DQG VKRXOG EH LQYHVWLJDWHG

UHJXODUO\� 7KH SHULRG RI WLPH UHTXLULQJ DFWLYH PRQLWRULQJ DQG PDLQWHQDQFH LV H[SHFWHG WR EH �� \HDUV RU
ORQJHU�

&RVW 5DQJH� �������� WR ���������� SHU DFUH

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU DVSKDOW�FRQFUHWH FDSV DUH GHVLJQDWHG LQ 7DEOH
&5����

7DEOH &5���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW $VSKDOW�&RQFUHWH &DSV

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

6LWH FOHDULQJ /RQJ�WHUP LQVSHFWLRQ

&UHZ DQG HTXLSPHQW PRELOL]DWLRQ 5HSDLU RI IURVW KHDYH GDPDJH

,QLWLDO VXUIDFH FRPSDFWLRQ 6LWH VXSHUYLVLRQ

6XUIDFH SUHSDUDWLRQ

+DUG VXUIDFH FDS OD\HU SODFHPHQW

(GJH GUDLQDJH VZDOH SUHSDUDWLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦$VSKDOW�&RQFUHWH /D\HU§�
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ASPHALT CAP.CDR

Material Thickness

3.0 in

3.0 in

Sprayed Mastic Coating

Sprayed Asphalt Coating

Asphalt - Treated Permeable
Base (~3.0 in)

Asphalt - Treated Permeable
Base (~3.0 in)

Asphalt - Treated Permeable
Base (~3.0 in)

Dense Asphalt (~ 3 in.)Dense Asphalt (~ 3 in.)Dense Asphalt (~ 3 in.)

)LJXUH &5�� $VSKDOW &DS
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&5�� &RQILQHG 'LVSRVDO )DFLOLWLHV �&')V�

$EVWUDFW�

&RQILQHG GLVSRVDO IDFLOLWLHV �&')V� DUH GLVSRVDO DUHDV IRUPHG E\ HQJLQHHUHG GLNHV WKDW DUH XVHG WR UHWDLQ
PRGHUDWHO\ FRQWDPLQDWHG VHGLPHQW GUHGJHG IURP WKH ERWWRPV RI VWUHDPV� ULYHUV� ODNHV� DQG FRDVWDO ZDWHUV�

'HVFULSWLRQ�

7KH GLNHV QHHGHG WR IRUP &') FHOOV PD\ EH FRQVWUXFWHG DW DQ XSODQG ORFDWLRQ �DERYH WKH ZDWHU WDEOH��

SDUWLDOO\ LQ WKH ZDWHU QHDU VKRUH� RU FRPSOHWHO\ VXUURXQGHG E\ ZDWHU� $ &') PD\ FRQWDLQ D ODUJH FHOO IRU
PDWHULDO GLVSRVDO� DQG DGMRLQLQJ FHOOV IRU UHWHQWLRQ DQG GHFDQWDWLRQ RI WXUELG� VXSHUQDWDQW ZDWHU� $ YDULHW\

RI OLQLQJV KDYH EHHQ XVHG WR UHGXFH VHHSDJH WKURXJK WKH GLNH ZDOOV� 7KH PRVW HIIHFWLYH OLQLQJV DUH FOD\ RU

EHQWRQLWH�FHPHQW VOXUULHV� EXW VDQG� VRLO� DQG VHGLPHQW OLQLQJV KDYH DOVR EHHQ XVHG�

7KUHH NH\ IDFWRUV QRUPDOO\ ZLOO LQIOXHQFH WKH GHYHORSPHQW DQG LPSOHPHQWDWLRQ RI &') WHFKQRORJ\ DW D

JLYHQ VLWH� ORFDWLRQ� GHVLJQ� DQG PRQLWRULQJ� )LUVW� WKH ORFDWLRQ RI D &') ZLOO GHSHQG RQ SK\VLFDO VLWH

SDUDPHWHUV �VXFK DV WKH UHODWLRQVKLS VL]HV RI WKH VLWH DQG WKH &') WHFKQRORJ\ UHTXLUHG IRU UHPHGLDWLRQ�
DQG SUR[LPLW\ WR D QDYLJDEOH ZDWHUZD\�� FRQVWUXFWLRQ SDUDPHWHUV �VXFK DV JHRORJ\ DQG K\GURORJ\ RI D

VLWH�� DQG HQYLURQPHQWDO HIIHFWV RI WKH &') RQ WKH VLWH�� 6HFRQG� WKH GHVLJQ RI D &') VKRXOG EH GLUHFWHG

WRZDUG WKH JRDO RI PLQLPL]LQJ FRQWDPLQDQW ORVV� 3RWHQWLDO FRQWDPLQDQW SDWKZD\V WKHUHIRUH PXVW EH
LGHQWLILHG� IROORZHG E\ WKH VHOHFWLRQ RI FRQWUROV DQG VWUXFWXUHV WKDW ZLOO OLPLW FRQWDPLQDQW UHOHDVH WKURXJK

WKHVH SDWKZD\V� &RPPRQ FRQWDPLQDQW SDWKZD\V LQFOXGH OHDFKLQJ WKURXJK WKH ERWWRP RI D &')� VHHSDJH

WKURXJK &') GLNHV� YRODWLOL]DWLRQ WR WKH DLU� DQG XSWDNH E\ SODQWV DQG DQLPDOV� &DSV DUH D SRWHQWLDOO\

HIIHFWLYH PHWKRG RI PLQLPL]LQJ FRQWDPLQDQW ORVV WKURXJK SDWKZD\V DVVRFLDWHG ZLWK &')V� EXW VHOHFWLRQ
RI SURSHU &') OLQHU PDWHULDO LV DOVR DQ LPSRUWDQW PHWKRG� )LQDOO\� FRQWLQXRXV PRQLWRULQJ LV UHTXLUHG WR

HQVXUH WKH VWUXFWXUDO LQWHJULW\ RI D &')�

$SSOLFDELOLW\�

&')V DUH XVHG WR FRQWDLQ GUHGJHG VHGLPHQWV DQG FDQ EH DSSOLHG WR FRQWDLQ KDORJHQDWHG DQG

QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V� DQG QRQKDORJHQDWHG VHPLYRODWLOH RUJDQLF
FRPSRXQGV �692&V��

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH WHFKQRORJ\�

x &RQWDPLQDQWV FDQ SRWHQWLDOO\ PLJUDWH IURP WKH &') DORQJ VHYHUDO SDWKZD\V� LQFOXGLQJ HIIOXHQW
GLVFKDUJHV WR VXUIDFH ZDWHU GXULQJ ILOOLQJ RSHUDWLRQV DQG VXEVHTXHQW VHWWOLQJ DQG GHZDWHULQJ� UDLQIDOO

VXUIDFH UXQRII� OHDFKDWH LQWR JURXQGZDWHU� YRODWLOL]DWLRQ WR WKH DWPRVSKHUH� DQG GLUHFW XSWDNH�

x &RQWDPLQDQW ORVVHV IURP &')V PD\ DOVR RFFXU GXH WR ORZ S+ FRQGLWLRQV FDXVHG E\ EDFWHULDO

R[LGDWLRQ RI VXOIXU�FRQWDLQLQJ VHGLPHQWV GXULQJ FUXVW PDQDJHPHQW RSHUDWLRQV�

x :LWKRXW SURSHU GHVLJQ DQG PDLQWHQDQFH� &')V FDQ GHYHORS RGRU SUREOHPV DV ZHOO DV PRVTXLWR DQG

LQVHFW SUREOHPV�

6WDWXV� &RQYHQWLRQDO
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2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

,QVWDOODWLRQ WLPH IRU D &') W\SLFDOO\ UDQJHV IURP � WR �� PRQWKV� 2SHUDWLRQV DQG PDLQWHQDQFH GXUDWLRQ

ODVWV DV ORQJ DV WKH FRQWDLQHG VHGLPHQW UHTXLUHV PDQDJHPHQW� 7KH SHULRG RI WLPH UHTXLULQJ DFWLYH

PRQLWRULQJ DQG PDLQWHQDQFH LV H[SHFWHG WR EH �� \HDUV RU ORQJHU� 6HYHUDO PHGLD PD\ UHTXLUH PRQLWRULQJ�
VXFK DV JURXQGZDWHU� VXUIDFH ZDWHU� DLU HPLVVLRQV� VRLOV� DQG OHDFKDWH�

&RVW 5DQJH� ��� WR ��� SHU FXELF \DUG

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU FRQILQHG GLVSRVDO IDFLOLWLHV DUH GHVLJQDWHG LQ
7DEOH &5����

7DEOH &5���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW &RQILQHG 'LVSRVDO )DFLOLWLHV

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

&RQWDLQPHQW DUHD FRQVWUXFWLRQ /RQJ�WHUP LQVSHFWLRQ

'LNH DQG ZHLU FRQVWUXFWLRQ 6LWH VXSHUYLVLRQ

6HWWOLQJ EDVLQ FRQVWUXFWLRQ 6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

0RQLWRULQJ ZHOO LQVWDOODWLRQ 6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH
VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;������ ¦&RQILQHG 'LVSRVDO )DFLOLWLHV§�
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)LJXUH &5�� &RQILQHG 'LVSRVDO )DFLOLWLHV �&')V�
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&5�� 'UDZGRZQ 3XPSLQJ

$EVWUDFW�

'UDZGRZQ SXPSLQJ LV GHVLJQHG WR SXPS IUHH�SURGXFW OLTXLG �OLJKW� QRQDTXHRXV�SKDVH OLTXLG >/1$3/@ RU
GHQVH� QRQDTXHRXV�SKDVH OLTXLG >'1$3/@� DQG JURXQGZDWHU IURP UHFRYHU\ ZHOOV RU WUHQFKHV�

'HVFULSWLRQ�

3XPSLQJ UHPRYHV ZDWHU DQG ORZHUV WKH ZDWHU WDEOH QHDU WKH H[WUDFWLRQ DUHD WR FUHDWH D FRQH RI GHSUHVVLRQ�

7KH FRQH RI GHSUHVVLRQ DURXQG WKH H[WUDFWLRQ ZHOO UHGXFHV WKH ORFDO ZDWHU KHDG� 7KH GULYLQJ IRUFH FDXVHG
E\ WKH FRQH RI GHSUHVVLRQ W\SLFDOO\ FDXVHV WKH QRQDTXHRXV�SKDVH OLTXLG �1$3/��OD\HU WKLFNQHVV WR

LQFUHDVH DW WKH ZHOO DQG SURYLGHV D KHDG GLIIHUHQFH WKDW SXVKHV 1$3/ WRZDUG WKH H[WUDFWLRQ SRLQW�

/1$3/ VDWXUDWLRQ FROOHFWHG LQ WKH FDSLOODU\ IULQJH ZLOO WHQG WR DFFXPXODWH LQ WKH FRQH RI GHSUHVVLRQ�

'1$3/ ZLOO WHQG WR XSZHOO LQ UHVSRQVH WR WKH UHGXFHG ZDWHU KHDG�

3XPSLQJ PD\ EH DFFRPSOLVKHG ZLWK RQH RU WZR SXPSV� ,Q WKH VLQJOH�SXPS FRQILJXUDWLRQ� RQH SXPS

ZLWKGUDZV ERWK ZDWHU DQG 1$3/� 7KH WZR�SXPS FRQILJXUDWLRQ XVHV RQH SXPS ORFDWHG EHORZ WKH ZDWHU
WDEOH WR UHPRYH ZDWHU DQG D VHFRQG ORFDWHG LQ WKH 1$3/ OD\HU WR UHFRYHU 1$3/� $ VLQJOH�SXPS V\VWHP

UHGXFHV FDSLWDO DQG RSHUDWLQJ FRVWV DQG DOORZV VLPSOHU FRQWURO V\VWHPV DQG RSHUDWLRQ� EXW SURGXFHV D

VWUHDP RI PL[HG ZDWHU DQG 1$3/ WKDW PXVW WKHQ EH VHSDUDWHG�

$SSOLFDELOLW\�

'UDZGRZQ SXPSLQJ LV HIIHFWLYH IRU /1$3/ RU '1$3/ UHFRYHU\ ZKHQ WKH DTXLIHU KDV PRGHUDWH WR KLJK
K\GUDXOLF FRQGXFWLYLW\ DQG D PHDVXUDEOH OD\HU RI ORZ�YLVRFLW\ 1$3/� $Q DTXLIHU ZLWK KLJK K\GUDXOLF

FRQGXFWLYLW\ JLYHV OHVV IORZ UHVLVWDQFH RI 1$3/ LQWR WKH ZHOO� $ WKLFN OD\HU RI 1$3/ DOORZV WKH

SXPSLQJ V\VWHP WR FROOHFW D KLJK SURSRUWLRQ RI 1$3/ LQ UHODWLRQ WR WKH DPRXQW RI JURXQGZDWHU� )RU EHVW
RSHUDWLRQ� WKH 1$3/ WKLFNQHVV VKRXOG EH VXIILFLHQW WR FRPSOHWHO\ FRYHU WKH SXPS VXFWLRQ SRUW�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 'UDZGRZQ SXPSLQJ JHQHUDOO\ SURGXFHV ODUJH YROXPHV RI ZDWHU LQ WKH SURFHVV RI UHFRYHULQJ WKH IUHH
SURGXFW�

x 7KH SURGXFWLRQ RI D FRQH GHSUHVVLRQ LQ WKH ZDWHU WDEOH FDQ VPHDU WKH IUHH SURGXFW RU WUDS WKH IXHO LQ

WKH VDWXUDWHG ]RQH ZKHQ WKH ZDWHU WDEOH UHWXUQV WR LWV RULJLQDO OHYHO�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

2SHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQV DUH IURP � PRQWKV WR � \HDUV� GHSHQGLQJ RQ SURGXFW YROXPH DQG

VLWH�VSHFLILF IDFWRUV VXFK DV WKH IROORZLQJ�

x &OHDQXS JRDOV�

x 7KH YROXPH RI IUHH SURGXFW SUHVHQW DW WKH VLWH�
x ,Q VLWX FKDUDFWHULVWLFV LQFOXGLQJ SHUPHDELOLW\ DQG DQLVRWURS\�

x 7KH UDGLXV RI LQIOXHQFH IRU IUHH�SURGXFW FROOHFWLRQ�

x 7KH DFKLHYDEOH UDWH RI IUHH�SURGXFW H[WUDFWLRQ�
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x 7KH DPRXQW RI GUDZGRZQ WKDW FDQ EH SURGXFHG DW WKH VLWH� 6LJQLILFDQW GUDZGRZQ FDQQRW EH
DFFRPSOLVKHG DW VLWHV ZLWK WKLQ DTXLIHUV� WKHUHIRUH� DW VXFK VLWHV WKH UDGLXV RI LQIOXHQFH SURGXFHG E\

HDFK UHFRYHU\ ZHOO LV UHODWLYHO\ VPDOO�

&RVW 5DQJH� �������� WR �������� SHU DFUH

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU GUDZGRZQ SXPSLQJ DUH GHVLJQDWHG LQ
7DEOH &5����

7DEOH &5���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 'UDZGRZQ 3XPSLQJ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

([WUDFWLRQ ZHOOV DQG SXPS LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

0RQLWRULQJ ZHOO LQVWDOODWLRQ 8WLOLWLHV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW2LO�ZDWHU VHSDUDWLRQ HTXLSPHQW LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�VLWH GLVSRVDO RI RUJDQLF OLTXLG

'LVSRVDO RI WUHDWHG ZDWHU WR SXEOLFO\ RZQHG WUHDWPHQW ZRUNV YLD VLWH VHZHU

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦'UDZ�'RZQ 3XPSLQJ§ DQG ;������ ¦'1$3/ ([WUDFWLRQ§�
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&5�� ,Q 6LWX &DSSLQJ �6HGLPHQW�

$EVWUDFW�

,Q VLWX FDSSLQJ LV D FRQWDLQPHQW WHFKQRORJ\ WKDW LQYROYHV LVRODWLQJ FRQWDPLQDWHG VHGLPHQWV IURP WKH
VXUURXQGLQJ DTXDWLF HQYLURQPHQW XVLQJ OD\HUV RI JHRORJLF DQG V\QWKHWLF PDWHULDOV�

'HVFULSWLRQ�

,Q VLWX FDSSLQJ LQYROYHV XVLQJ XQGHUZDWHU FRQWDLQPHQW RI FRQWDPLQDWHG VHGLPHQWV ZLWK D VWDEOH FRYHU

IRUPHG XVLQJ OD\HUV RI VHGLPHQW� JUDYHO� URFN� DQG�RU V\QWKHWLF PDWHULDOV� 7KH FDS UHGXFHV FRQWDPLQDQW
PRELOLW\ DQG LQWHUDFWLRQ EHWZHHQ DTXDWLF RUJDQLVPV DQG WKH FRQWDPLQDQWV� &DSSLQJ LV DSSURSULDWH LI WKH

IROORZLQJ FLUFXPVWDQFHV DSSO\�

x 7KH ¦QR DFWLRQ§ DOWHUQDWLYH GRHV QRW SURYLGH VXIILFLHQW SURWHFWLRQ IURP FRQWDPLQDQWV�

x 2ULJLQDO SRLQW VRXUFH GLVFKDUJHV KDYH EHHQ KDOWHG�

x 7KH FRVWV DQG HQYLURQPHQWDO HIIHFWV RI PRYLQJ�WUHDWLQJ FRQWDPLQDWHG VHGLPHQW DUH WRR JUHDW�

x 6XLWDEOH FDSSLQJ PDWHULDOV DUH DYDLODEOH�

x +\GURORJLF FRQGLWLRQV ZLOO QRW GLVWXUE WKH VLWH�

x 7KH ERWWRP RI WKH ZDWHU ERG\ DW WKH VLWH ZLOO VXSSRUW WKH FDS�

x 7KH DUHD LV DPHQDEOH WR GUHGJLQJ�

$OWKRXJK LW LV WHFKQLFDOO\ IHDVLEOH WR FDS FRQWDPLQDWHG VHGLPHQWV LQ SODFH DQG DW WKHLU RULJLQDO ORFDWLRQ� DW

WLPHV WKH XVH RI WKH ZDWHUZD\ PD\ FRQIOLFW ZLWK UHGXFWLRQ LQ DYDLODEOH GUDIW FDXVHG E\ WKH FDS DQG

WKHUHIRUH PD\ GLFWDWH WKDW FRQWDPLQDWHG VHGLPHQWV EH PRYHG IURP WKHLU RULJLQDO VLWH RI GHSRVLWLRQ� 7KH
WHQGHQF\ IRU VHGLPHQWV WR IORZ EHFDXVH RI WKH PRPHQWXP JHQHUDWHG GXULQJ SODFHPHQW DQG VORSH LPSDFW

VKRXOG EH FRQVLGHUHG WR SUHYHQW VHGLPHQW GLVSODFHPHQW DQG FRQWDPLQDQW UHOHDVH�

,I FRQWDPLQDWHG VHGLPHQW PXVW EH PRYHG� LW PD\ EH SRVVLEOH WR GHSRVLW VHGLPHQWV LQ D QDWXUDO GHSUHVVLRQ

RU D GHSUHVVLRQ IRUPHG E\ GUHGJLQJ FOHDQ VHGLPHQW� 7KH SUHIHUUHG GHSRVLWLRQ PHWKRGV DUH E\ K\GUDXOLF

SLSHOLQH ZLWK RU ZLWKRXW D VXEPHUJHG GLIIXVHU� GLUHFW SODFHPHQW ZLWK D FODPVKHOO� RU UHOHDVH IURP D

ERWWRP�GXPS VFRZ� 7KH VXFFHVV RI FDSSLQJ RSHUDWLRQV GHSHQGV RQ WKH IROORZLQJ�

x &DUHIXO VHOHFWLRQ DQG RSHUDWLRQ RI WKH GUHGJLQJ HTXLSPHQW�

x 7UDQVSRUWDWLRQ RI WKH FRQWDPLQDWHG PDWHULDO WR WKH GLVSRVDO VLWH LQ WKH VDPH GHYLFH IURP ZKLFK LW ZLOO

EH GLVFKDUJHG�

x &KRLFH RI WKH GLVSRVDO DQG FDSSLQJ VLWH� 7KH HIIHFWV RI WKH ZDWHU ERG\ DW WKH VLWH �VXFK DV FXUUHQWV�

ZDWHU GHSWK� DQG ERWWRP FRQWRXUV� FDQ DIIHFW WKH SODFHPHQW DFFXUDF\ DQG WKH LQWHJULW\ RI WKH PRXQG�

x 6HOHFWLRQ RI FDSSLQJ PDWHULDO� 7KLFNQHVV� LQWHJULW\� DQG FDSDELOLW\ WR IDOO TXLFNO\ DQG GLUHFWO\ RYHU
WKH PDWHULDO WR EH FDSSHG DUH LPSRUWDQW FULWHULD�

x 3ODFHPHQW WHFKQLTXHV �DFFXUDF\ RI SODFHPHQW��

x (IIHFWLYHQHVV RI PRQLWRULQJ� 0RQLWRULQJ RI WKH FDS LV HVVHQWLDO WR HQVXUH WKDW LWV LQWHJULW\ KDV QRW

EHHQ FRPSURPLVHG E\ FXUUHQWV RU RWKHU HIIHFWV�

$SSOLFDELOLW\�

,Q VLWX FDSSLQJ LV XVHG WR FRQWDLQ LQ VLWX VHGLPHQW DQG FDQ EH DSSOLHG WR FRQWDLQ KDORJHQDWHG RU

QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V� DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V��
SRO\FKORULQDWHG ELSKHQ\OV �3&%V�� RUGQDQFH FRPSRXQGV� DQG LQRUJDQLFV�
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/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x &RQWDPLQDQWV UHPDLQ LQ SODFH DW WKH VLWH�

x $FWXDO RSHUDWLQJ OLIH LV XQFHUWDLQ�

x 5HTXLUHV ORQJ�WHUP PRQLWRULQJ DQG PDLQWHQDQFH�

x 0RYLQJ FRQWDPLQDWHG VHGLPHQW �LI UHTXLUHG� DQG SODFLQJ WKH ILUVW OD\HU RI FDSSLQJ PDWHULDO FDQ
VXVSHQG VHGLPHQW LQ WKH ZDWHU FROXPQ�

x &DSSLQJ PDWHULDOV UHGXFH DYDLODEOH FOHDUDQFH IRU ZDWHU WUDIILF�

x 6WURQJ FXUUHQWV FDQ GLVSODFH FDSSLQJ PDWHULDOV�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

,QVWDOODWLRQ WLPH IRU DQ LQ VLWX FDS W\SLFDOO\ UDQJHV IURP � WR � PRQWKV� ,QVSHFWLRQV PD\ EH FRQGXFWHG
IUHTXHQWO\ LQ WKH ILUVW � PRQWKV EHFDXVH SUREOHPV DUH PRVW OLNHO\ WR DSSHDU GXULQJ WKLV SHULRG� $IWHU

VHYHUDO \HDUV RI VHUYLFH� WKH LQWHJULW\ RI WKH FDS EHFRPHV XQFHUWDLQ DQG VKRXOG EH LQYHVWLJDWHG UHJXODUO\�

7KH FDS VKRXOG EH GHVLJQHG WR SURYLGH FRQWDLQPHQW IRU DV ORQJ DV WKH FRQWDPLQDWHG VHGLPHQW UHTXLUHV

PDQDJHPHQW� 7KH SHULRG RI WLPH UHTXLULQJ DFWLYH PRQLWRULQJ DQG PDLQWHQDQFH LV H[SHFWHG WR EH �� \HDUV
RU ORQJHU�

&RVW 5DQJH� �������� WR �������� SHU DFUH

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU FRQILQHG LQ VLWX FDSSLQJ DUH GHVLJQDWHG LQ
7DEOH &5����

7DEOH &5���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW ,Q 6LWX &DSSLQJ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

/RQJ�WHUP LQVSHFWLRQ

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

6HGLPHQW� VDQG� JUDYHO� DQG�RU JHRWH[WLOH OD\HU

SODFHPHQW

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH
VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;������ ¦,Q 6LWX ,VRODWLRQ &RQWDPLQDWHG 6HGLPHQWV �&RQWDLQPHQW�§�
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&5�� 2II�6LWH 'LVSRVDO

$EVWUDFW�

2II�VLWH GLVSRVDO LV D PDQDJHPHQW DSSURDFK IRU H[FDYDWHG GUXPV� GHEULV� RU VRLO WKDW LQYROYHV WUDQVIHU WR
DQG PDQDJHPHQW DW D SHUPLWWHG IDFLOLW\ VXFK DV DQ LQFLQHUDWRU RU ODQG GLVSRVDO XQLW�

'HVFULSWLRQ�

2II�VLWH GLVSRVDO LV LPSOHPHQWHG E\ SXUFKDVLQJ VHUYLFHV IRU WUDQVSRUWDWLRQ� WUHDWPHQW� DQG ODQG GLVSRVDO RI

ZDVWH� 7UHDWPHQW FDQ LQFOXGH SURFHVVLQJ VXFK DV LQFLQHUDWLRQ RU VROLGLILFDWLRQ�VWDELOL]DWLRQ WR PHHW ODQG
EDQ UHTXLUHPHQWV�

)RU RII�VLWH LQFLQHUDWLRQ� WKH FRQWDPLQDWHG PDWHULDO LV ILUVW H[FDYDWHG DQG WKHQ WUDQVSRUWHG WR DQ DSSURYHG

IDFLOLW\� &RQWDPLQDQWV ZLOO EH GHVWUR\HG XVLQJ KLJK WHPSHUDWXUH WKHUPDO R[LGDWLRQ� $VK ZLOO EH PDQDJHG
DV DSSURSULDWH GHSHQGLQJ RQ WKH VRXUFH DQG WKH W\SHV DQG FRQFHQWUDWLRQV RI FRQWDPLQDQWV SUHVHQW DIWHU

LQFLQHUDWLRQ�

)RU GLVSRVDO DW DQ RII�VLWH ODQGILOO� WKH FRQWDPLQDWHG PDWHULDO LV ILUVW H[FDYDWHG DQG WKHQ WUDQVSRUWHG WR DQ

DSSURYHG IDFLOLW\� 3UHWUHDWPHQW ZLOO EH SHUIRUPHG ZKHQ UHTXLUHG WR PHHW ODQG GLVSRVDO UHVWULFWLRQV� 7KLV

RII�VLWH GLVSRVDO FDQ UHGXFH KXPDQ KHDOWK ULVN E\ UHGXFLQJ WKH ULVN RI GLUHFW FRQWDFW ZLWK WKH FRQWDPLQDWHG
PDWHULDO� $Q HQJLQHHUHG ODQGILOO UHGXFHV WKH PLJUDWLRQ RI WKH FRQWDPLQDQWV E\ XVLQJ OLQHUV DQG FDSV�

5HJXODWRU\ DJHQFLHV JHQHUDOO\ SUHIHU UHPHGLDO DOWHUQDWLYHV WKDW SHUPDQHQWO\ UHGXFH WKH YROXPH RU WR[LFLW\

RI FRQWDPLQDQWV RYHU GLVSRVDO RSWLRQV WKDW UHGXFH WKH PRELOLW\ RI FRQWDPLQDQWV�

+D]DUGRXV ZDVWHV W\SLFDOO\ DUH VRUWHG DFFRUGLQJ WR WKHLU FRPSDWLELOLW\ DQG WKHQ SODFHG EHORZ JURXQG LQ

FRQWURO FHOOV� &RQWURO FHOOV XVXDOO\ DUH VHSDUDWHG E\ DQ HDUWKHQ EHUP RU RWKHU VHSDUDWLRQ PHWKRG� (DFK

FRQWURO FHOO LV FRQVWUXFWHG E\ SODFLQJ DQG FRPSDFWLQJ DERXW � WR � IHHW RI ZDVWH LQ D OLQHG HDUWKHQ SLW� $
��IW OD\HU RI FRYHU VRLO LV SODFHG RYHU WKH ZDVWHV DW WKH HQG RI HDFK GD\� :DVWH LV DGGHG WR DSSUR[LPDWHO\

�� WR �� IHHW DERYH JUDGH� +D]DUGRXV ZDVWH ODQGILOOV DUH GHVLJQHG WR FRQWURO OHDFKDWH� JDVHRXV HPLVVLRQV�

UXQRII DQG GUDLQDJH� DQG VHWWOLQJ� 'DWD QHHGV IRU WKH VHOHFWLRQ RI GLVSRVDO DW D ODQGILOO GHSHQG RQ

SHUPLWWLQJ UHTXLUHPHQWV RI WKH ODQGILOO� EXW SUREDEO\ ZRXOG LQFOXGH WKH IROORZLQJ�

x &RQWDPLQDQW W\SH DQG FRQFHQWUDWLRQ

x 7R[LFLW\ &KDUDFWHULVWLF /HDFKLQJ 3URFHGXUH �7&/3� WHVW

x 9ROXPH RI ZDVWH�

$SSOLFDELOLW\�

/DQGILOO GLVSRVDO LV XVHG WR FRQWDLQ KDORJHQDWHG DQG QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V�

DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V�� SRO\FKORULQDWHG ELSKHQ\OV �3&%V�� RUGQDQFH FRPSRXQGV�
DQG LQRUJDQLFV SURYLGHG WKDW WKH ZDVWHV PHHW ODQG GLVSRVDO UHVWULFWLRQ WUHDWPHQW VWDQGDUGV RU KDYH EHHQ

WUHDWHG WR PHHW WKHVH VWDQGDUGV SULRU WR GLVSRVDO�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x /HDVW GHVLUDEOH PDQDJHPHQW RSWLRQ

x +LJK XQLW FRVW�
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6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

2II�VLWH GLVSRVDO LV XVHG WR PDQDJH H[ VLWX PDWHULDO� VR WKH RSHUDWLRQ DQG PDLQWHQDQFH GXUDWLRQ GHSHQGV
RQ WKH VKLSSLQJ DQG ZDVWH�KDQGOLQJ FDSDELOLWLHV RI WKH VLWH LQIUDVWUXFWXUH� /RQJ�WHUP PRQLWRULQJ DQG

PDLQWHQDQFH RI FRQWDLQPHQW V\VWHPV IRU EXULHG ZDVWH LV FRQWUROOHG E\ WKH FRQGLWLRQV RI WKH GLVSRVDO

IDFLOLW\ SHUPLW�

&RVW 5DQJH� ��� WR ���� SHU FXELF \DUG IRU VRLO GLVSRVDO �LQFOXGLQJ WUDQVSRUWDWLRQ DQG ODQG GLVSRVDO�

���� WR ���� SHU FXELF \DUG IRU VRLO GLVSRVDO �LQFOXGLQJ WUDQVSRUWDWLRQ�
VROLGLILFDWLRQ�VWDELOL]DWLRQ� DQG ODQG GLVSRVDO�

���� WR ������ SHU FXELF \DUG IRU VRLO LQFLQHUDWLRQ �LQFOXGLQJ WUDQVSRUWDWLRQ� RII JDV
WUHDWPHQW� DQG DVK PDQDJHPHQW�

�� WR ��� SHU JDOORQ IRU KD]DUGRXV OLTXLG LQFLQHUDWLRQ �LQFOXGLQJ WUDQVSRUWDWLRQ� RII JDV
WUHDWPHQW� DQG DVK PDQDJHPHQW�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV
;������ ¦&RQWDLQHU +DQGOLQJ§� ;������ ¦7UDQVSRUW :DVWH WR &RPPHUFLDO

'LVSRVDO )DFLOLW\§� DQG ;������ ¦7LSSLQJ &KDUJHV DQG 7D[HV �/DQGILOO�§�
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&5�� 5&5$ 6XEWLWOH & DQG ' &DSV

$EVWUDFW�

5HVRXUFH &RQVHUYDWLRQ DQG 5HFRYHU\ $FW �5&5$� FDSSLQJ LV D FRQWDLQPHQW WHFKQRORJ\ WKDW LQYROYHV
XVLQJ PXOWLSOH OD\HUV RI HDUWKHQ DQG V\QWKHWLF PDWHULDOV WR UHGXFH FRQWDPLQDQW PRELOLW\ DQG SURWHFW

JURXQGZDWHU�

'HVFULSWLRQ�

5&5$ FDSSLQJ ZRUNV E\ PDLQWDLQLQJ D PXOWL�OD\HU� ORZ�SHUPHDELOLW\ FRYHU RYHU WKH ZDVWH WR VWDELOL]H
VXUIDFH VRLO DQG UHGXFH VXUIDFH ZDWHU LQILOWUDWLRQ� 3HUIRUPDQFH VWDQGDUGV IRU FDSV W\SLFDOO\ UHTXLUH

PLQLPXP OLTXLG PLJUDWLRQ WKURXJK WKH ZDVWHV� ORZ FRYHU PDLQWHQDQFH UHTXLUHPHQWV� HIILFLHQW VLWH

GUDLQDJH� KLJK UHVLVWDQFH WR GDPDJH E\ VHWWOLQJ RU VXEVLGHQFH� DQG D SHUPHDELOLW\ ORZHU WKDQ RU HTXDO WR

WKH XQGHUO\LQJ OLQHU V\VWHP RU QDWXUDO VRLOV� 7KHVH SHUIRUPDQFH VWDQGDUGV PD\ QRW DOZD\V EH DSSURSULDWH�
SDUWLFXODUO\ LQ LQVWDQFHV ZKHUH WKH FDS LV LQWHQGHG WR EH WHPSRUDU\� ZKHUH WKHUH LV YHU\ ORZ SUHFLSLWDWLRQ�

DQG ZKHQ WKH FDSSHG ZDVWH LV QRW OHDFKHG E\ LQILOWUDWLQJ UDLQZDWHU�

6XEWLWOHV & DQG ' RI 5&5$ SURYLGH FULWHULD IRU KD]DUGRXV ZDVWH WUHDWPHQW� VWRUDJH� DQG GLVSRVDO IDFLOLWLHV

DQG PXQLFLSDO VROLG ZDVWH ODQGILOOV� UHVSHFWLYHO\� 7KH W\SLFDO UHTXLUHPHQWV IRU 6XEWLWOH & DQG ' FDSV DUH

VXPPDUL]HG EHORZ�

7\SLFDO 5HTXLUHPHQWV IRU 5&5$ 6XEWLWOH & DQG ' &DSV

&DS (OHPHQW
�D�

6XEWLWOH & &DS
�E�

6XEWLWOH ' &DS
�E�

9HJHWDWLYH DQG SURWHFWLYH OD\HU $ ���LQ��WKLFN OD\HU RI HDUWKHQ

PDWHULDO

$ ��LQ��WKLFN OD\HU RI HDUWKHQ

PDWHULDO

'UDLQDJH OD\HU $ ���LQ��WKLFN OD\HU RI VDQG

�SHUPHDELOLW\ !�Ó��
��
FP�VHF�

1�$

6\QWKHWLF EDUULHU 6\QWKHWLF PHPEUDQH �!�� PLO

WKLFNQHVV�

1�$

*HRORJLFDO PDWHULDO EDUULHU $ ���LQ��WKLFN OD\HU RI ORZ�
SHUPHDELOLW\ FRPSDFWHG FOD\

�SHUPHDELOLW\ ��Ó��
��
FP�VHF�

$ ���LQ��WKLFN OD\HU RI HDUWKHQ
PDWHULDO �SHUPHDELOLW\

� �Ó��
��
FP�VHF�

*DV YHQW OD\HU $ ���LQ��WKLFN OD\HU RI QDWLYH

VRLO RU VDQG WR DFW DV D

IRXQGDWLRQ IRU WKH FDS
�F�

1�$

�D� &DS HOHPHQWV DUH WDEXODWHG LQ RUGHU IURP WKH VXUIDFH GRZQ�

�E� )LQDO FRYHU PXVW EH GHVLJQHG DQG FRQVWUXFWHG WR KDYH D SHUPHDELOLW\ OHVV WKDQ RU HTXDO WR WKH

ERWWRP OLQHU V\VWHP RU QDWXUDO VXEVRLOV�

�F� 5HTXLUHPHQW IRU WKH JDV YHQW OD\HU GHSHQGV RQ VLWH�VSHFLILF FRQGLWLRQV�

7KHUH DUH D YDULHW\ RI FDS GHVLJQV DQG FDSSLQJ PDWHULDOV DYDLODEOH� 0RVW FDS GHVLJQV DUH PXOWL�OD\HUHG WR
FRQIRUP WR WKH DERYH�PHQWLRQHG GHVLJQ VWDQGDUGV� KRZHYHU� VLQJOH�OD\HUHG GHVLJQV DUH DOVR XVHG IRU

VSHFLDO SXUSRVHV� 7KH VHOHFWLRQ RI FDSSLQJ PDWHULDOV DQG D FDS GHVLJQ LV LQIOXHQFHG E\ VSHFLILF IDFWRUV�
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VXFK DV ORFDO DYDLODELOLW\ DQG FRVWV RI FRYHU PDWHULDOV� GHVLUHG IXQFWLRQV RI FRYHU PDWHULDOV� WKH QDWXUH RI
ZDVWHV EHLQJ FRYHUHG� ORFDO FOLPDWH DQG K\GURJHRORJ\� DQG SURMHFWHG IXWXUH XVH RI WKH VLWH LQ TXHVWLRQ�

&DSSLQJ LV RIWHQ SHUIRUPHG ZLWK JURXQGZDWHU H[WUDFWLRQ RU FRQWDLQPHQW WHFKQRORJLHV WR SUHYHQW� RU

VLJQLILFDQWO\ UHGXFH� IXUWKHU SOXPH GHYHORSPHQW� WKXV UHGXFLQJ WKH WLPH QHHGHG WR FRPSOHWH JURXQGZDWHU

FOHDQXS RSHUDWLRQV� ,Q DGGLWLRQ� JURXQGZDWHU PRQLWRULQJ ZHOOV DUH RIWHQ XVHG LQ FRQMXFWLRQ ZLWK FDSV WR
GHWHFW DQ\ XQH[SHFWHG PLJUDWLRQ RI WKH FDSSHG ZDVWHV� $ JDV FROOHFWLRQ V\VWHP VKRXOG DOZD\V EH

LQFRUSRUDWHG LQWR D FDS ZKHQ ZDVWHV PD\ JHQHUDWH JDVHV� &DSSLQJ LV DOVR DVVRFLDWHG ZLWK VXUIDFH ZDWHU

FRQWURO WHFKQRORJLHV� VXFK DV GLWFKHV� GLNHV� DQG EHUPV� EHFDXVH WKHVH VWUXFWXUHV DUH RIWHQ GHVLJQHG WR
DFFHSW UDLQZDWHU GUDLQDJH IURP WKH FDS� 7ZR RWKHU VXUIDFH ZDWHU FRQWURO WHFKQRORJLHV� JUDGLQJ DQG

UHYHJHWDWLRQ� DUH LQFRUSRUDWHG LQWR PXOWL�OD\HUHG FDSV�

$SSOLFDELOLW\�

$ PXOWLOD\HU 5&5$ FDS LV XVHG WR FRQWDLQ LQ VLWX ZDVWH DQG FDQ EH DSSOLHG WR FRQWDLQ KDORJHQDWHG DQG

QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V� DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V��
SRO\FKORULQDWHG ELSKHQ\OV �3&%V�� RUGQDQFH FRPSRXQGV� DQG LQRUJDQLFV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x &RQWDPLQDQWV UHPDLQ LQ SODFH DW WKH VLWH�

x $FWXDO RSHUDWLQJ OLIH LV XQFHUWDLQ�

x 5RRW RU DQLPDO LQWUXVLRQ FDQ LQFUHDVH WKH SHUPHDELOLW\ RI WKH FOD\ EDUULHU OD\HU�

x 5HTXLUHV ORQJ�WHUP PRQLWRULQJ DQG PDLQWHQDQFH�

x 7KH FOD\ EDUULHU OD\HU FDQ EH VXEMHFW WR GHVVLFDWLRQ FUDFNLQJ LQ VHPLDULG RU DULG HQYLURQPHQWV�

x &DQQRW EH LQVWDOOHG GXULQJ IUR]HQ RU VDWXUDWHG JURXQG FRQGLWLRQV�

x 8QXVXDO HYHQWV �H�J�� ILUH RU VWURQJ VWRUP� FDQ GDPDJH ODUJH DUHDV RI WKH FDS VXUIDFH�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

,QVWDOODWLRQ WLPH IRU D 5&5$ FDS W\SLFDOO\ UDQJHV IURP � WR � PRQWKV� /RQJ�WHUP RSHUDWLRQ DQG

PDLQWHQDQFH LV UHTXLUHG WR PRQLWRU FDS LQWHJULW\ DQG OHDNV WKURXJK WKH FDS� 7KH SHULRG RI WLPH UHTXLULQJ
DFWLYH PRQLWRULQJ DQG PDLQWHQDQFH LV H[SHFWHG WR EH �� \HDUV RU ORQJHU� 7KH GXUDWLRQ RI RSHUDWLRQ DQG

PDLQWHQDQFH LV GHSHQGHQW RQ WKH IROORZLQJ FRQGLWLRQV�

x ,QYDVLRQ E\ GHHS�URRWHG YHJHWDWLRQ RU EXUURZLQJ DQLPDOV

x 6HWWOLQJ RU VXEVLGHQFH RI FDS

x (URVLRQ�

&RVW 5DQJH� �������� WR ���������� SHU DFUH IRU D 5&5$ 6XEWLWOH & FDS
�������� WR �������� SHU DFUH IRU D 5&5$ 6XEWLWOH ' FDS

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU 5&5$ & DQG ' FDSV DUH GHVLJQDWHG LQ

7DEOH &5����
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7DEOH &5���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 5&5$ & DQG ' &DSV

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

6LWH FOHDULQJ /RQJ�WHUP LQVSHFWLRQ

&UHZ DQG HTXLSPHQW PRELOL]DWLRQ 5HSDLU RI HURVLRQ GDPDJH

%RUURZ SLW LGHQWLILFDWLRQ DQG WHVWLQJ 6LWH VXSHUYLVLRQ

,QLWLDO VXUIDFH FRPSDFWLRQ

9HQWLODWLRQ OD\HU SODFHPHQW

&OD\ OD\HU SODFHPHQW

6\QWKHWLF OLQHU SODFHPHQW

9HJHWDWLYH DQG SURWHFWLYH OD\HU SODFHPHQW

(GJH GUDLQDJH VZDOH SUHSDUDWLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦5&5$ &§ DQG ;������ ¦5&5$ '§�
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RCRA_CAP.CDR

Material Thickness

2.0 ft

2.0 ft

1.0 ft

Filter Fabric

Synthetic LinerSynthetic LinerSynthetic Liner

Separation FabricSeparation FabricSeparation Fabric

Native Vegetation

Native Soil

Slope to DrainSlope to DrainSlope to Drain

Existing SurfaceExisting SurfaceExisting Surface

Slope to DrainSlope to DrainSlope to Drain

-2-2

-7-7

Sand (Permeability > 10 cm/sec)Sand (Permeability > 10 cm/sec)Sand (Permeability > 10 cm/sec)

Clay (Permeability < 10 cm/sec)Clay (Permeability < 10 cm/sec)Clay (Permeability < 10 cm/sec)

)LJXUH &5�� 5&5$ 6XEWLWOH & &DS
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&5�� 6NLPPLQJ

$EVWUDFW�

6NLPPLQJ UHFRYHU\ V\VWHPV XVH VHOHFWLYH FROOHFWLRQ GHYLFHV �VNLPPHUV� WR FROOHFW OLJKW� QRQDTXHRXV�
SKDVH OLTXLG �/1$3/� IORDWLQJ RQ WKH ZDWHU WDEOH�

'HVFULSWLRQ�

6NLPPLQJ W\SLFDOO\ LV GRQH XVLQJ D IORDWLQJ ILOWHU RI ROHRSKLOLF�K\GURSKRELF PHVK ZLWK D KLJK DIILQLW\ IRU

QRQSRODU K\GURFDUERQV DQG WKH DELOLW\ WR UHMHFW SRODU PROHFXOHV VXFK DV ZDWHU� $ PHVK F\OLQGHU LV
GHVLJQHG WR IORDW LQ WKH /1$3/ OD\HU LQ D UHFRYHU\ ZHOO� /1$3/ IORDWLQJ RQ WKH ZDWHU VXUIDFH LQ WKH ZHOO

SDVVHV WKURXJK WKH PHVK ZKLOH ZDWHU LV SUHYHQWHG IURP HQWHULQJ E\ WKH PHVK� 7KH /1$3/ UXQV GRZQ

LQWR D FROOHFWLRQ SRW DQG SHULRGLFDOO\ LV GLVFKDUJHG E\ DLU SUHVVXUH WR D FHQWUDO KROGLQJ WDQN RQ WKH VXUIDFH�

7KH SUHVVXUL]DWLRQ F\FOH PD\ EH FRQWUROOHG E\ D WLPHU� E\ KLJK� DQG ORZ�OHYHO VZLWFKHV� RU PDQXDOO\�

6KDOORZ ZHOOV ZLWK ORZ UHFRYHU\ UDWHV FDQ XVH URSH ZLFN RU EHOW VNLPPHUV� 7KH URSH ZLFN RU EHOW

VNLPPHU XVHV D FRQWLQXRXV ORRS RI URSH RU EHOW PDGH RI DQ ROHRSKLOLF�K\GURSKRELF PDWHULDO� 7KH URSH RU
EHOW LV VWUXQJ WKURXJK WKH /1$3/ OD\HU DQG XS WKURXJK D SDLU RI FRPSUHVVLRQ UROOHUV� 7KH UROOHUV SURYLGH

WKH PRWLYH IRUFH IRU WKH URSH RU EHOW ZKLOH VTXHH]LQJ RXW DQ\ UHWDLQHG /1$3/ LQWR D VPDOO FRQWDLQHU�

/1$3/ FROOHFWHG LQ WKH FRQWDLQHU SHULRGLFDOO\ LV SXPSHG WR D FHQWUDO KROGLQJ WDQN� /DUJH WUHQFK UHFRYHU\
SRLQWV FDQ EH ILWWHG ZLWK GUXP RU GLVN VNLPPHUV WKDW DUH WRR ODUJH WR ILW LQWR D ZHOO�

$SSOLFDELOLW\�

6NLPPHU V\VWHPV DUH HIIHFWLYH DW UHPRYLQJ /1$3/ IURP WKH ZHOO ZKLOH ZLWKGUDZLQJ OLWWOH RU QR ZDWHU

DQG SURGXFLQJ OLWWOH RU QR GUDZGRZQ� WKXV WKH\ KDYH OLPLWHG SUHVVXUH KHDG WR PRYH /1$3/ WRZDUG WKH

UHFRYHU\ SRLQW� 6NLPPHUV ZLOO UHFRYHU /1$3/ ZKHQ WKH WKLFNQHVV RI WKH IORDWLQJ OD\HU LV WRR WKLQ WR
DOORZ HIILFLHQW UHFRYHU\ ZLWK D SXPS� $ VNLPPHU FDQ UHFRYHU /1$3/ HYHQ ZKHQ WKH IORDWLQJ OD\HU LQ WKH

ZHOO LV OHVV WKDQ Ø�LQ� WKLFN�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x 7KH UDWH RI UHFRYHU\ LV ORZ EHFDXVH WKH VNLPPHU UHOLHV RQ WKH SDVVLYH PRYHPHQW RI /1$3/ LQWR WKH
SURGXFW UHFRYHU\ ZHOOV RU WUHQFKHV�

x 7KH SDVVLYH DFWLRQ UHVXOWV LQ D VPDOO UDGLXV RI LQIOXHQFH RXW IURP WKH UHFRYHU\ SRLQW�

x %LRIRXOLQJ RI WKH ROHRSKLOLF ILOWHU FDQ RFFXU IUHTXHQWO\ DW VRPH VLWHV�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

6NLPPLQJ LV D ORQJ�WHUP WHFKQRORJ\ W\SLFDOO\ UHTXLULQJ � WR � \HDUV RI RSHUDWLRQ DQG PDLQWHQDQFH� 7KH
GXUDWLRQ RI WKH RSHUDWLRQ DQG PDLQWHQDQFH LV GHSHQGHQW RQ WKH IROORZLQJ FRQGLWLRQV�

x &OHDQXS JRDOV�

x 7KH YROXPH RI IUHH SURGXFW SUHVHQW DW WKH VLWH�
x ,Q VLWX FKDUDFWHULVWLFV LQFOXGLQJ SHUPHDELOLW\ DQG DQLVRWURS\�
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x 7KH UDGLXV RI LQIOXHQFH IRU IUHH�SURGXFW FROOHFWLRQ�
x 7KH DFKLHYDEOH UDWH RI IUHH�SURGXFW H[WUDFWLRQ�

x 7KH IUHTXHQF\ ZLWK ZKLFK WKH ROHRSKLOLF ILOWHU EHFRPHV IRXOHG� ,I WKH ILOWHU LV IUHTXHQWO\ IRXOHG� WKH

V\VWHP ZLOO RIWHQ EH VKXW GRZQ IRU PDLQWHQDQFH DQG LW ZLOO WDNH ORQJHU WR PHHW FOHDQXS JRDOV�

&RVW 5DQJH� �������� WR �������� SHU DFUH

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU VNLPPLQJ DUH GHVLJQDWHG LQ 7DEOH &5����

7DEOH &5���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW 6NLPPLQJ

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

([WUDFWLRQ ZHOO DQG VNLPPHU LQVWDOODWLRQ 2SHUDWLQJ DQG PDLQWHQDQFH ODERU

$LU FRPSUHVVRU LQVWDOODWLRQ 8WLOLWLHV

6LWH VXSHUYLVLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW0RQLWRULQJ ZHOO LQVWDOODWLRQ

6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�VLWH GLVSRVDO RI RUJDQLF OLTXLG

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦6NLPPLQJ§�
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Ground Surface

Water
Table
Water
Table
Water
Table

Organic Liquid
to Disposal

Air Displacement PumpAir Displacement PumpAir Displacement Pump

Hydrophobic
Mesh Filter

Light, Nonaqueous-Phase
Liquid Saturation

Light, Nonaqueous-Phase
Liquid Saturation

Light, Nonaqueous-Phase
Liquid Saturation

Compressed
Air

Supply

SKIMMING - LNAPL.CDRSKIMMING - LNAPL.CDRSKIMMING - LNAPL.CDR

)LJXUH &5�� 6NLPPLQJ
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&5�� 9HUWLFDO &XWRII :DOO

$EVWUDFW�

$ YHUWLFDO FXWRII ZDOO LV D VWUXFWXUH WKDW DFWV DV D EDUULHU WR SUHYHQW KRUL]RQWDO IORZ RI FRQWDPLQDWHG
JURXQGZDWHU RU QRQDTXHRXV�SKDVH OLTXLGV �1$3/V��

'HVFULSWLRQ�

7KHUH DUH VHYHUDO DSSURDFKHV WKDW KDYH EHHQ XVHG WR FRQWURO JURXQGZDWHU IORZ�

x 6KHHW SLOH FXWRII ZDOOV DUH FRQVWUXFWHG E\ GULYLQJ LQWHUORFNLQJ VWHHO RU KLJK�GHQVLW\ SRO\HWK\OHQH �+'3(�
LQWR WKH JURXQG� 7KH MRLQWV EHWZHHQ LQGLYLGXDO VKHHWV DUH W\SLFDOO\ SOXJJHG ZLWK D FOD\ VOXUU\ �VWHHO VKHHWV�

RU DQ H[SDQGLQJ JDVNHW �+'3( VKHHWV�� 7KH VWHHO SLOHV FDQ EH GULYHQ GLUHFWO\ LQWR WKH JURXQG� ZKLOH WKH

V\QWKHWLF SLOHV QHHG WR EH GULYHQ ZLWK D VWHHO EDFNLQJ WKDW LV UHPRYHG RQFH WKH V\QWKHWLF VKHHW LV LQ SODFH�

x 6OXUU\ ZDOOV FDQ EH FRQVWUXFWHG XVLQJ VHYHUDO GLIIHUHQW PHWKRGV� )RU H[DPSOH� ZLWK WKH WUHQFK

PHWKRG� D WUHQFK LV GXJ DQG EDFN ILOOHG ZLWK D VOXUU\ PL[WXUH RI EHQWRQLWH DQG QDWLYH PDWHULDOV� :LWK
D YLEUDWLQJ EHDP PHWKRG� D VWHHO SODWH LV IRUFHG LQWR WKH JURXQG� $V WKH SODWH LV UHPRYHG� EHQWRQLWH LV

LQMHFWHG WR ILOO WKH VSDFH RI WKH EHDP� $ W\SLFDO VOXUU\ ZDOO LQVWDOOHG E\ WUHQFKLQJ UDQJHV LQ ZLGWK

IURP DERXW ��� WR � P DQG FDQ EH LQVWDOOHG WR GHSWKV RI XS WR DSSUR[LPDWHO\ �� P� GHSHQGLQJ RQ WKH
VLWH JHRORJ\� 6OXUU\ ZDOOV FUHDWHG ZLWK WKH YLEUDWLQJ EHDP PHWKRG DUH PXFK QDUURZHU DQG DUH

W\SLFDOO\ LQVWDOOHG DW VKDOORZHU GHSWKV�

x *URXWLQJ LV DQRWKHU GLUHFW PHWKRG WR FRQWURO WKH PLJUDWLRQ RI FRQWDPLQDWHG JURXQGZDWHU� $ JURXW

ZDOO LV FRQVWUXFWHG E\ LQMHFWLQJ IOXLGV XQGHU SUHVVXUH LQWR WKH JURXQG� 7KH JURXW PRYHV DZD\ IURP
WKH ]RQH RI LQMHFWLRQ� ILOOV SRUHV LQ WKH IRUPDWLRQ� DQG VROLGLILHV� ZKLFK UHGXFHV WKH K\GUDXOLF

FRQGXFWLYLW\ RI WKH IRUPDWLRQ� 7\SLFDO JURXWLQJ FRPSRXQGV LQFOXGH FHPHQW� EHQWRQLWH� DQG VLOLFDWH�

x *HRPHPEUDQHV DUH V\QWKHWLF VKHHWV LQVWDOOHG LQ RSHQ RU VOXUU\�VXSSRUWHG WUHQFKHV WR FRQWURO

FRQWDPLQDQW VSUHDG� *HRPHPEUDQHV FDQ SURYLGH YHU\ ORZ K\GUDXOLF FRQGXFWLYLW\� 7KH VKHHWV

JHQHUDOO\ DUH FRQVWUXFWHG RI HLWKHU +'3( RU SRO\YLQ\O FKORULGH �39&�� 7KLV WHFKQRORJ\ LV VWLOO LQ WKH
GHYHORSPHQW VWDJH DQG WKHUH DUH FRQFHUQV UHJDUGLQJ ORQJ�WHUP SHUIRUPDQFH�

$SSOLFDELOLW\�

9HUWLFDO FXWRII ZDOOV DUH LQVWDOOHG WR OLPLW WKH PLJUDWLRQ RI FRQWDPLQDWHG JURXQGZDWHU DQG FDQ EH DSSOLHG WR

UHPHGLDWH KDORJHQDWHG DQG QRQKDORJHQWDWHG YRODWLOH RUJDQLF FRPSRXQGV �92&V� DQG VHPLYRODWLOH RUJDQLF
FRPSRXQGV �692&V�� SRO\FKORULQDWHG ELSKHQ\OV �3&%V�� RUGQDQFH FRPSRXQGV� LQRUJDQLFV� OLJKW�

QRQDTXHRXV�SKDVH OLTXLG �/1$3/�� DQG GHQVH� QRQDTXHRXV�SKDVH OLTXLG �'1$3/�� ,Q PDQ\ FDVHV EDUULHUV

FDQ EH LQVWDOOHG YHU\ TXLFNO\� WKXV SURYLGLQJ DGGLWLRQDO WLPH EHIRUH UHPHGLDO DFWLRQ LV UHTXLUHG� 9HUWLFDO

FXWRII ZDOOV FDQ EH XVHG LQ FRQMXQFWLRQ ZLWK SXPS�DQG�WUHDW V\VWHPV WR UHGXFH WKH YROXPH RI ZDWHU WKDW PXVW
EH H[WUDFWHG WR PDLQWDLQ K\GUDXOLF FRQWURO DURXQG D FRQWDPLQDQW VRXUFH�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH SURFHVV�

x &RQWDPLQDQWV UHPDLQ LQ SODFH DW WKH VLWH�

x $OO RI WKH PHWKRGV GHVFULEHG DERYH� H[FHSW JURXWLQJ� EHFRPH VLJQLILFDQWO\ PRUH FRVWO\ RU LPSRVVLEOH

WR LQVWDOO DW GHSWKV JUHDWHU WKDQ �� IHHW�

x 0RVW RI WKH DSSURDFKHV LQYROYH D ODUJH DPRXQW RI KHDY\ FRQVWUXFWLRQ�

x )RU EHVW SHUIRUPDQFH� WKH ZDOO VKRXOG EH NH\HG VHYHUDO IHHW LQWR D ORZ�SHUPHDELOLW\ OD\HU�



)LQDO �������73����

x 7KH ORFDWLRQ RI VKHHW SLOH ZDOOV UHTXLUHV SODQQLQJ WR DYRLG H[LVWLQJ VWUXFWXUHV RU XQGHUJURXQG XWLOLWLHV�

x *HQHUDOO\� YHUWLFDO FXWRII ZDOOV FDQQRW EH LQVWDOOHG DW VLWHV WKDW FRQWDLQ FRQVWUXFWLRQ UXEEOH RU FREEOHV

LQ WKH VXEVXUIDFH�

x /RQJ�WHUP SHUIRUPDQFH RI FXWRII ZDOOV LV QRW SURYHQ�

6WDWXV� &RQYHQWLRQDO

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

,QVWDOODWLRQ WLPH IRU D YHUWLFDO FXWRII ZDOO W\SLFDOO\ UDQJHV IURP � WR � PRQWKV� /RQJ�WHUP RSHUDWLRQ DQG

PDLQWHQDQFH LV UHTXLUHG WR PRQLWRU FXWRII ZDOO LQWHJULW\� 7KH SHULRG RI WLPH UHTXLULQJ DFWLYH PRQLWRULQJ
DQG PDLQWHQDQFH LV H[SHFWHG WR EH �� \HDUV RU ORQJHU� 7KH GXUDWLRQ RI RSHUDWLRQ DQG PDWHQDQFH LV

GHSHQGHQW RQ WKH IROORZLQJ FRQGLWLRQV�

x &OHDQXS JRDOV

x *HRK\GURORJLF VHWWLQJ

x &KHPLFDO QDWXUH RI WKH FRQWDPLQDQWV

x &RQFHQWUDWLRQ RI WKH FRQWDPLQDQWV�

&RVW 5DQJH� ��� WR ��� SHU VTXDUH IRRW RI EDUULHU ¤ VWHHO VKHHW SLOH ZLWK JURXWHG MRLQWV �'HSWK � ¤ ��©�
�� WR ��� SHU VTXDUH IRRW RI EDUULHU ¤ VRLO EHQWRQLWH VOXUU\ ZDOO �'HSWK � ¤ ��©�
�� WR ��� SHU VTXDUH IRRW RI EDUULHU ¤ VRLO EHQWRQLWH VOXUU\ ZDOO �'HSWK �� ¤ ���©�
��� WR ���� SHU VTXDUH IRRW RI EDUULHU ¤ JURXW ZDOO �'HSWK � ¤ ���©�
�� WR ��� SHU VTXDUH IRRW RI EDUULHU ¤ JHRPHPEUDQH �'HSWK � ¤ ��©�

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU D YHUWLFDO FXWRII ZDOO DUH GHVLJQDWHG LQ
7DEOH &5����

7DEOH &5���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW D 9HUWLFDO &XWRII :DOO

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

%DUULHU WUHQFK H[FDYDWLRQ
�D�

6LWH VXSHUYLVLRQ

%DUULHU LQVWDOODWLRQ 6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

6DPSOLQJ ZHOO LQVWDOODWLRQ 6DPSOLQJ DQG DQDO\VLV IRU SURFHVV FRQWURO

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

2II�VLWH GLVSRVDO RI VRLO H[FDYDWHG IURP WUHDWPHQW ZDOO WUHQFK
�D�

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH

VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

�D� $SSOLFDEOH RQO\ IRU VOXUU\ ZDOOV�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦6OXUU\ :DOOV§� ;������ ¦*URXW &XUWDLQ§� DQG ;������ ¦6KHHW 3LOLQJ§�
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Contaminant
Plume

Aquitard

Fill

Bentonite
Slurry

VERTICAL CUTOFF WALL.CDR

Water
Table

)LJXUH &5�� 9HUWLFDO &XWRII :DOO
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&5�� :DWHU +DUYHVWLQJ 9HJHWDWLRQ &RYHU

$EVWUDFW�

:DWHU KDUYHVWLQJ YHJHWDWLRQ FRYHULQJ LV D FRQWDLQPHQW WHFKQRORJ\ WKDW LQYROYHV XVLQJ SODQWV DQG HDUWKHQ
PDWHULDOV WR UHGXFH FRQWDPLQDQW PRELOLW\ DQG SURWHFW JURXQGZDWHU�

'HVFULSWLRQ�

:DWHU KDUYHVWLQJ YHJHWDWLRQ FRYHUV ZRUN E\ PDLQWDLQLQJ D KLJK HYDSRWUDQVSLUDWLRQ UDWH WR UHPRYH VXUIDFH

ZDWHU� DQG E\ XVLQJ D VWDEOH YHJHWDWLRQ FRYHU WR PD[LPL]H UXQRII ZKLOH OLPLWLQJ HURVLRQ� $ YHJHWDWLRQ
FRYHU FRQVLVWV RI D WRSVRLO URRW ]RQH VXSSRUWLQJ VHOHFWHG SODQWV� &ULWHULD IRU SODQW VHOHFWLRQ LQFOXGH WKH

IROORZLQJ�

x +DUG\ WR WKH DUHD

x +LJK HYDSRWUDQVSLUDWLRQ UDWH

x $ URRW VWUXFWXUH WKDW SURYLGHV D VWDEOH VXUIDFH WR SURPRWH UXQRII�

7KH SODQWV
 QDWXUDO JURZWK SURFHVVHV PD[LPL]H UHPRYDO RI SUHFLSLWDWLRQ IDOOLQJ RQ RU DURXQG WKH VXUIDFH

RYHU WKH LQ VLWX ZDVWH� 7KH WRSVRLO FRYHU PD\ EH VORSHG DQG�RU SURYLGHG ZLWK WUHQFKHV RU GUDLQV WR

PD[LPL]H UXQRII� &DSLOODU\ EDUULHU OD\HUV XVXDOO\ DUH LQFOXGHG XQGHU WKH WRSVRLO WR VWRUH DQG GLVWULEXWH
H[FHVV ZDWHU GXULQJ ZHW VHDVRQV RU KHDY\ SUHFLSLWDWLRQ HYHQWV� 7KH VWRUHG ZDWHU PDLQWDLQV FRQWLQXHG

SODQW JURZWK GXULQJ GU\ VHDVRQV DQG UHVLVWV GRZQZDUG PRYHPHQW RI ZDWHU�

$ ZDWHU KDUYHVWLQJ YHJHWDWLRQ FRYHU LV XVHG WR LPSURYH FRQWDPLQDQW FRQWDLQPHQW E\ UHGXFLQJ ZDWHU

PRYHPHQW IURP WKH VXUIDFH GRZQZDUG WKURXJK ZDVWH OHIW LQ SODFH DW D VLWH� 7KH YHJHWDWLRQ FRYHU PD\ EH

XVHG DORQH RU DV WKH WRS OD\HU RI D PXOWLOD\HU FDS� :DWHU KDUYHVWLQJ YHJHWDWLRQ FRYHUV DUH SDUWLFXODUO\

XVHIXO IRU VHPLDULG DQG DULG VLWHV ZKHUH FRQYHQWLRQDO FDSV WKDW UHO\ RQ D FRPSDFWHG FOD\ OD\HU DUH VWURQJO\
VXEMHFW WR GHVVLFDWLRQ FUDFNLQJ�

,I JDV JHQHUDWLRQ LQ WKH ZDVWH YROXPH PXVW EH FRQWUROOHG� D SHUPHDEOH YHQW OD\HU FDQ EH SODFHG RQ WKH
VXUIDFH DV WKH ILUVW OD\HU RI WKH FDS� 9DSRU H[WUDFWLRQ E\ DSSO\LQJ D YDFXXP WR WKH YHQW OD\HU DW SRLQWV

DORQJ WKH HGJH RI WKH FDS DOORZV FROOHFWLRQ RI JDV IRU WUHDWPHQW�

$SSOLFDELOLW\�

$ ZDWHU KDUYHVWLQJ FRYHU LV XVHG WR FRQWDLQ KDORJHQDWHG DQG QRQKDORJHQDWHG YRODWLOH RUJDQLF FRPSRXQGV

�92&V� DQG VHPLYRODWLOH RUJDQLF FRPSRXQGV �692&V�� SRO\FKORULQDWHG ELSKHQ\OV �3&%V�� RUGQDQFH
FRPSRXQGV� DQG LQRUJDQLFV� :DWHU KDUYHVWLQJ FRYHUV DUH DOWHUQDWLYHV WR D FRQYHQWLRQDO PXOWLOD\HU FDS

DQG SURYLGH HTXLYDOHQW SHUIRUPDQFH WR D 5HVRXUFH &RQVHUYDWLRQ DQG 5HFRYHU\ $FW �5&5$� 6XEWLWOH & RU

' FDS DW VLPLODU RU ORZHU FRVW� :DWHU KDUYHVWLQJ FRYHUV DUH SDUWLFXODUO\ DSSOLFDEOH IRU XVH LQ VHPLDULG RU
DULG HQYLURQPHQWV�

/LPLWDWLRQV�

7KH IROORZLQJ IDFWRUV PD\ OLPLW WKH DSSOLFDELOLW\ DQG HIIHFWLYHQHVV RI WKH WHFKQRORJ\�

x &RQWDPLQDQWV UHPDLQ LQ SODFH DW WKH VLWH�

x $FWXDO RSHUDWLQJ OLIH LV XQFHUWDLQ�

x 5HTXLUHV ORQJ�WHUP PRQLWRULQJ DQG PDLQWHQDQFH�
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x :DWHU UHPRYDO UDWH PD\ YDU\ ZLWK WKH VHDVRQV�

x 6HYHUDO JURZLQJ VHDVRQV PD\ EH QHHGHG WR IXOO\ HVWDEOLVK WKH FRYHU�

x &DQQRW EH LQVWDOOHG GXULQJ IUR]HQ RU VDWXUDWHG JURXQG FRQGLWLRQV�

x 8QXVXDO HYHQWV �H�J�� ILUH RU VWURQJ VWRUP� FDQ GDPDJH ODUJH DUHDV RI WKH FDS VXUIDFH�

6WDWXV� ,QQRYDWLYH

2SHUDWLRQ DQG 0DLQWHQDQFH 'XUDWLRQ�

,QVWDOODWLRQ WLPH IRU D ZDWHU KDUYHVWLQJ YHJHWDWLRQ FRYHU W\SLFDOO\ UDQJHV IURP � WR � PRQWKV� /RQJ�WHUP

RSHUDWLRQ DQG PDLQWHQDQFH LV UHTXLUHG WR PRQLWRU FRYHU LQWHJULW\ DQG PDLQWDLQ KHDOWK\ YHJHWDWLRQ� 7KH

SHULRG RI WLPH UHTXLULQJ DFWLYH PRQLWRULQJ DQG PDLQWHQDQFH LV H[SHFWHG WR EH �� \HDU RU ORQJHU�

&RVW 5DQJH� �������� WR ���������� SHU DFUH

7KH PDMRU FRVW LWHPV LQFOXGHG LQ WKH FRVW HVWLPDWH UDQJH IRU ZDWHU KDUYHVWLQJ FRYHUV DUH GHVLJQDWHG LQ
7DEOH &5����

7DEOH &5���� 0DMRU &RVW ,WHPV WR ,PSOHPHQW :DWHU +DUYHVWLQJ &RYHUV

3UHWUHDWPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

)L[HG &RVW ,WHPV ,QFOXGHG 9DULDEOH &RVW ,WHPV ,QFOXGHG

6LWH FOHDULQJ /RQJ�WHUP LQVSHFWLRQ

&UHZ DQG HTXLSPHQW PRELOL]DWLRQ 5HSDLU RI HURVLRQ GDPDJH

%RUURZ SLW LGHQWLILFDWLRQ DQG WHVWLQJ 6LWH VXSHUYLVLRQ

,QLWLDO VXUIDFH FRPSDFWLRQ

&DSLOODU\ EDUULHU SODFHPHQW

6RLO OD\HU SODFHPHQW

:DWHU KDUYHVWLQJ YHJHWDWLRQ SODFHPHQW

(GJH GUDLQDJH VZDOH SUHSDUDWLRQ

6LWH TXDOLW\ DVVXUDQFH DQG KHDOWK DQG VDIHW\ VXSSRUW

5HVLGXDOV 0DQDJHPHQW $FWLYLWLHV ,QFOXGHG LQ &RVW

1RQH

&RPPHQWV

,QGLUHFW FRVWV VXFK DV SURMHFW PDQDJHPHQW� GHVLJQ DQG HQJLQHHULQJ� YHQGRU VHOHFWLRQ� KRPH RIILFH
VXSSRUW� SHUPLW SUHSDUDWLRQ DQG IHHV� UHJXODWRU\ LQWHUDFWLRQ� VLWH FKDUDFWHUL]DWLRQ� WUHDWDELOLW\ WHVWLQJ�

SHUIRUPDQFH ERQG� DQG FRQWLQJHQFLHV DUH QRW LQFOXGHG LQ WKH HVWLPDWHG FRVW UDQJH�

:%6 &RUUHVSRQGHQFH� 7KLV WHFKQRORJ\ FRUUHVSRQGV WR WKH VHFRQG DQG WKLUG OHYHO :%6 HOHPHQWV

;������ ¦8SSHU 9HJHWDWLYH �7RSVRLO� /D\HU§�
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VEGETATION COVER.CDR

Material Thickness

2.0 ft

2.0 ft

1.5 ft

Filter Fabric

Native Vegetation

Native Soil

Slope to DrainSlope to DrainSlope to Drain

Existing SurfaceExisting SurfaceExisting Surface

SandSand

GravelGravel

)LJXUH &5�� :DWHU +DUYHVWLQJ 9HJHWDWLRQ &RYHU
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