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The Project

e First of a two-phase project: the foundation.
* Project elements:

— Collection of publicly-available information.
— Development of resource and constraint maps.
 Supplemental information for the County:

— County: aid with decision-making processes.
— Federal: Summary Rules, Resource Management Plans.

— Energy Policy Development for conventional and
renewable resources.
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The

The GIS Apprc

1. Energy Resource Locations

e Primary and secondary data collection; recognize limitations
e County staff, agencies, and resource experts

T —

2. Constraints to Development

e Regulatory, resource impacts, ownership, access, etc.

° County Commissioners and TRC

7

3. Energy Development Opportunities

e Least constrained energy resources
e Spectrum of opportunities, range of constraints

.




e Biomass
e Coal

e Coalbed Methan
Geother
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e Qil Shale
e Solar

e Uranium
e Wind




Data Aggregation

7 GB
US Geological Survey > 1’000 datasets :
Energy Resources Colorado Geological Survey
Program

Colorado Division of
Reclamation Mining & Safety

32 irigrams

Energy Information
Administration

Colorado Oil and Gas

National Renewables Conservation Commission

Energy Laboratory

Idaho National Lab Holy Cross Energy

US Forest Service Glenwood Springs

PostIndependent
Bureau of Land

Management

NOAA

156 datasets
Garfield County Energy Resource Geodatabase
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Geospatial Metadata

Metadata record: a set of data that
describes and gives information about
geographic data.

Metadata includes:

— Surface ownership

— Federal mineral ownership
— Reliability categories

— Section/township/range

— Range of overburden (feet)

RC




Annual Aerial Detection Overview Survey

File Geodatabase Feature Class

!
0y

Tags
biomass, forest insect, forest disease

| Summary

Aerial survey data sets are created annually to provide trend information on forest insects,
diseases, and other biotic and abiotic causes of tree mortality and tree damage; referred to
herein as "damage causal agents". Aerial surveys provide information on the current status for
many causal agents, and are important when examining insect activity trends by comparing
historical and current survey data over large areas.

Description

2012 USDA Forest Service, Rocky Mountain Region Aerial Detection Survey Data. This data
depicts the occurrence and location of forest insect, disease, and other biotic and abiotic
causes of tree mortality and tree damage. Aerial survey data is collected by observing areas of
tree damage or tree mortality from an aircraft and manually recording the information onto a
map.

Due to the nature of aenal surveys, this data will only provide rough estimates of location,
intensity and the resulting trend information for agents detectable from the air. Many of the
most destructive diseases are not represented in the data because these agents are not



Natural Gas

GARFIELD COUNTY ENERGY RESOURCE ATLAS
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BLM Continuous Gas Resources Conventional Gas Resources wagement. 2012 Of ad Ges Lewses
USFS Continuous gas accumulations are T'fmlmi ﬁnﬂg Ci L | gas .f,‘: ;:;{m:[i,m
Other Federal widespread in the County. These are pockets of gas that have been s = e
State reserves have been known to reside trapped by geological formations cpliohy - Comemssion . 20132
| in the tight sands of the Mesaverde into discrete areas and are relatively - 2013. Colorado O and Gas Information Sysiem
City system in this area since the late easy to recover using conventional e AR e 20 M
Joint 1950s, but the methods to extract extraction methods. These reserves US. Gaological Survey, 2013, Nabanal Assessment of Gil
NGO them only became availabie in the are found in two fotal petroleum and Gas Resource Update (March, 2013},

early 1990s. The reserves are found
in two petroleum systems: the
Mesarverde and the Mancos Mowry.

Mesaverde
Piceance Basin Conlinuous Gas
Piceance Basin Transitional Gas

systems: the Mesaverde and the
Phosphoria.

uinta-Piceance Basin Conventional Gas

2002 Pelroleum Systorms and Geologic Assessmant
o OF and Gas m the Uin nce Province, Utah and
Colorado. U.5. Geological Survey Digital Daia Series DDS
698,

Garfield County
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Solar Energy

GARFIELD COUNTY ENERGY RESOURCE ATLAS
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Legend

Net Metering © Existing Utility Scale Solar

hifla: Edy Naine = Potential Off-Grid Solar Site
No. Solar PV Systems

@ W Capacity I High Potential Solar Energy

Electric Transmission Lines
—--- Below 100 kV
+——« High voltage transmission
= Extra-high voltage transmission

SOLAR POWER is derived from direct beam
and diffuse radiation. Direct beam radiation
comes in a direct line from the sun, while
diffuse beam is scattered from the direct
beam by small particles, such as water
droplets or dust. On a clear day, most solar
radiation is direct beam, but on cloudy
days, it's diffuse.

Land Ownership
BLM
USFS

Other Federal

State
B city

Joint

NGO

Rile Energy Innovtion -
Centar Solar »

- " N -
Carbondale

Data Sources
Garfield Clean Energy. 2012 Garfieid County Govemment
Buidings Solar Rooflop Inventory.

Garfield Clean Enargy. 2103. Grand Totals to Data, Installad

PV Capacily

Holy Cross Energy, 2013

National Renewable Energy Laboratory [NREL] 2012
Averaga Annual Direct Nomnal Iiradiance Fillered by Slope
Less than 3%,

US. Envionmental Protection Agency [EPA]. 2013. RE
Powering America's Land

L Garfield County

December 2013
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Geothermal Energy
GARFIELD COUNTY ENERGY RESOURCE ATLAS
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with depth. The average geothermal gradient Low-tempermture geathermal pobenbal Mederate- 1o high-
geetheral po

worldwide is 25°C/km. Heat flow in the county ..in-.n af pobential [ - .
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& &

GEOTHERMAL ENERGY is heal derived from the
earth. Heat is produced deep within the earh
through a number of processesz, mest
predominantly radicactive decay. This heat
then flews from the earih's depihs to its
surface, where it can be captured and,

F on lhe lempers and | Land Ownership
waler, used in applicalions ranging from ELM

temperature

direction. The highest geothermal gradienis
are found around Glemwood Spring and in the
far west of the county.

hame, office, and aquaculiure pond heating to
eleciricity generation.

Geothermal energy is described using heat
flow and gradient. Heal flow contours illustrate
the movement of heat from the earth’s interior
to its surface in mWm2, while geothermal
gradienis describe the change in temperature

-

Data Sources
Colomda Geological Survay

E Low Temp Potential Mod to High- T Deep Ent | Geothermal Systems
B ity Areas around Glenwood Spring are most ial . The area Potential. The east third of the county is
Joint for di: y and d E Ci and Gl Springs has amaong I_ha most favorable areas
NGO of low-temperature (below 90°C) derale potential for tienal o for EGS deval pr _EGS
geothermal resources. iy te high- are

geothermal development

reservoirs made by‘t’lrilling andlilal:ll.lring. I e Gﬂ.l:ﬁ(’fd Cﬂ'ﬂﬂfy =
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Opportunities and Constraints

e Tasked with identifying and mapping all

constraints to energy development.

e Constraints: limit or prevent development.

 [and Use, Land Management, Infrastructure,

Natural Resources, Reqgulatory Policy, Biology.

e Lack of constraints: reveals development

opportunities.

e Inform policy decisions on several platforms.

Q

TRC




{8 |dentify All Constraints

2 Collect Data

Produce Maps




18 Identify All Constraints

e What counts as a constraint?
— Subjective and open to interpretation

— Some constraints are not represented by existing data
* Air Quality: needs regional model to generate usable data

* Are all constraints equal or are some constraints
more weighted than others?

 Which resources are constrained by each
constraint? Varies by energy resource

e How best to collaborate with County staff and the
Board of County Commissioners.

QTRC




18 Identify All Constraints

e TRC staff draft th
Commissioners ra

e Take the average of the ratings.

e Eliminate Minor constraints.
* Moderate + Major = Constraints

QTRC




Energy Resources

Constraints

Biomass

Coal Bed
Methane

Geothermal

Gravel &
Aggregate

Hydroelectric

Natural Gas

100-Year Floodplains

X

X

X

X

X

Air Space

Areas of Critical Environmental Concern (ACEC)

Bighorn Sheep Range
IB_Iack Bear Range

|EIk Range

|Moose Range

|Mule Deer Range

|Pronghorn Range

x| x|=x|x|x]|x|>x

X x|x|x|x|=x]|=x

Cities / Towns (proximity to)

AR A I A A A

XX |xX|X|xX|x<|x<|x

XX XK|=X|X|=x|=x|x

Compressor Stations

Geologic Hazards: Slope Hazard

Geologic Hazards: Soils Hazard

Gealagic Hazards: Surficial Geology Hazard

Groundwater

Jurisdictional Wetlands

JLand Ownership (public / private)

|“No Lease” stipulation Area

|No Surface Occupancy areas (NSO)

e e

===

XXX |X|X|=x|=x|>x

RIX|X|X|X|=x|x|x

|Pipelines

|Private Conservation Easements

>

XX IR XX | X | XXX XX | XXX |X|=x|=x|=x|=x

HIX | XXX |X|X|x|x|x

> x| |x|>x|>x

>

=

|Public Lands Grazing Allotments

=

|Railroads

[Rivers / Streams

|Roadless Areas

Schools

State Parks

Threatened and Endangered Species

T&E Habitat - Boreal Toad

T&E Habitat - Colorado Pikeminnow

T&E Habitat - Razorback Sucker

T&E Habitat - Cutthroat Trout

T&E Habitat - Kit Fox

T&E Habitat - Lynx

T&E Habitat - River Otter

Greater Sage Grouse Habitat

XXX |x|x|x|x|x|x|>x]|>x|>x
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XX |x|x|x|xX|x|x|x|>x|x
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Transmission Lines

RIX|I X | X | XX | X |X|=®|=X|x|=x|=x|=x|=x

X X ||| x|x|x|X|x|>x|>x|>x|>x|x|x

KKK |X | XXX |X|X|®|X|=X|xX|=x|=x

Water Wells

Wild and Scenic Rivers (Federal designation)

Wilderness Areas

Wilderness Study Areas

XKIX|=x|x

Wildfire Hazards

> ==

===

TOTAL

35

27

19

35

35




2 Collect Data

e Limited to publicly available data.
* Research & coordinate with multiple agencies.

* Incomplete/partial, time & space patchwork,
mystery data

— Land trusts, protected habitat, airspace

e Post-processing (projections, clipping,
formatting)

 More processing (simplification, clarity)
— Wildfire Hazard (1.8 M polys, 16 classifications)

QTRC




3 Produce Maps

e 40 constraints +
calamity

e Constraint Density ... layered like a cake




Constraints for Natural Gas
GARFIELD COUNTY ENERGY RESOURCE ATLAS
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Constraints Used in Natural Gas Analysis

100-Year Floodplains Soils Hazard T&E Habitat - Boreal Toad BLM
Areas of Critical Environmental Concern  Surficial Geology Hazard T&E Habitat - Colorado Pikeminnow USFS
Bighorn Sheep Range Groundwater T&E Habitat - Razorback Sucker - Cther Federal
Black Bear Range Juriscictional Wetlands T&E Habitat - Cutthroat Trout State
Elk Range “No Lease” Stipulation Areas T&E Habitat - Kit Fox - City
Moase Range Neo Surface Occupancy Areas TRE Habitat - Lynx o Joint
Mule Deer Range Private Conservation Easements T&E Habitat - River Otter NGO
Pronghorn Range Roadless Areas Greater Sage Grouse Habitat
Cities / Towns State Parks Wildemess Study Areas Private
Slope Hazard Threatened and Endangered Species  Wildfire Hazards :
Land Ownership e Garfield County
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Constraints for Coalbed Methane
GARFIELD COUNTY ENERGY RESOURCE ATLAS
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Constraints Used in Coalbed Methane Analysis
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100-Year Floodplains Soils Hazard T&E Habitat - Boreal Toad BLM
Areas of Critical Environmental Concern  Surficial Geology Hazard T&E Habitat - Colorado Pikeminnaw USFS
Bighorn Sheep Range Groundwater T&E Habitat - Razorback Sucker | Other Federal
Black Bear Range Jurisdictional Wetlands T&E Habitat - Cutthroat Trout State
Elk Range “No Lease” Stipulation Areas T&E Habitat - Kit Fox - City
Moose Range No Surface Occupancy Areas T&E Habitat - Lynx ! Joint
Mule Deer Range Private Conservation Easements T&E Habitat - River Otter NGO
Pronghorn Range Roadless Areas Greater Sage Grouse Habitat 2
Cities / Towns State Parks ‘Wilderness Study Areas Private
Slope Hazard Threatened and Endangered Species  Wildfire Hazards
Land Ownership | &= Garfield County
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Least Constraint Density* Most
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*Constraint Density represents the number of resource-specific constraints which
overlap any area within Garfield County, ranging from least to most constrained

Constraints Used in Coalbed Methane Analysis

100-Year Floodplains Soils Hazard T&E Habitat - Boreal Toad

Areas of Critical Environmental Concern Surficial Geology Hazard T&E Habitat - Colorado Pikeminnow
Bighorn Sheep Range Groundwater T&E Habitat - Razorback Sucker
Black Bear Range Jurisdictional Wetlands T&E Habitat - Cutthroat Trout

Elk Range “No Lease” Stipulation Areas T&E Habitat - Kit Fox

Moose Range No Surface Occupancy Areas T&E Habitat - Lynx

Mule Deer Range Private Conservation Easements T&E Habitat - River Otter

Pronghorn Range Roadless Areas Greater Sage Grouse Habitat

Cities / Towns State Parks Wilderness Study Areas

Slope Hazard Threatened and Endangered Species Wildfire Hazards

TRC




Constraints for Solar
GARFIELD COUNTY ENERGY RESOURCE ATLAS
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Constraints for Geothermal
GARFIELD COUNTY ENERGY RESOURCE ATLAS
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Energy Resource Inventory: Summary Report

 Purpose of the Energy Resource Inventory
— Methodology and process

* |[nventory and Evaluation of Energy Resources

— Constraints / regulatory exclusions: public and private
— Energy resources: mineral, renewable, non-renewable

e Opportunities and Constraint Analysis

— Each energy source: graphic and narrative
— Quantification of area by constraint density

e Findings and Implications

QTRC



Next Steps

* Use the data and maps for planning decisions
 Energy development
* Resource protection
e Supplement the Comprehensive Plan

e Creation of a user-friendly publicly available tool
* Internet-base for accessibility

 |dentification and development of data to address
data gaps

e Energy resource policy development (Phase 2)
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