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Overview

Updates: Susan Capalbo, MSU
GIS: Paul Rich, LANL
Geological Sequestration: Bob Smith, U Idaho
Terrestrial Sequestration: Susan Capalbo

Education and Outreach: Pamela Tomski,
EnTech Strategies
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Focal States: ldaho, Montana, South Dakota, Wyoming




Initial Partners:

Montana State University-Bozeman
University of Idaho
Boise State University
South Dakota School of Mines and Technology
Texas A&M University
ldaho National Engineering and Environmental Laboratory
Los Alamos National Laboratory
EnTech Strategies and New Directions
National Carbon Offset Coalition
Inland Northwest Regional Alliance
States of Montana, Governor’s Office
Nez Perce Tribe
The Confederated Salish and Kootenal Tribes
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New Coverage:
Wyoming

New Partners (confirmed):

Montana Bureau of Mines and Technology

University of Wyoming/
WY Carbon Sequestration Advisory Committee

ID Carbon Sequestration Advisory Committee/
ID Soil Conservation Service

Montana Department of Environmental Quality
Western Governors’ Association
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New Partners (not yet confirmed)

Puget Sound Energy
Colstrip “Big Four”

Ducks Unlimited, US

WY Department of Environmental Quality
Jackson Hole Center for Global Affairs

Sempra (CA, ID)
Plasma, INC (MT)

Mt Rural Electric Cooperatives
Eastern Montana Economic Coalition
MRED
Yellowstone Business Partners
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Collaborations
USDA and CASMGS
Canada -- BIOCAP CA
China —Shanxi Province
|IOGCC
Norway
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Primary:

e authorized: $1,198,279 (excluding labs, matching, etc.)
e spent: $416,344

* balance: $781,934

Matching:

e authorized: $399,610

e Spent: $148,563

e balance: $251,046

LANL and INEEL:
e authorized: $400,000




» Oct 2003 Outreach - action plan for carbon sequestration
Implementation

* Nov 2003 Qutreach - web site (to Jun 2005)

* Nov 2003 Qutreach - proceedings from innovation sessions/workshop
(ongoing to Mar 2005)

» Mar 2004 Advanced Concepts - planning standards, protocols and
contracting options ready to implement within the region in Phase Il
(ongoing to Mar 05)

» Sep 2004 Terrestrial Sequestration - data collection summaries for
rangeland

* Nov 2004 Advanced Concepts - contracting and project
Implementation handbook

* Nov 2004 Terrestrial Sequestration - literature review and data
collection report (changed from Mar 04 to include Wyoming)

* Dec 2004 Advanced Concepts - measurement, monitoring and
verification technology assessment report
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» Jan 2005 Geological Sequestration, GHG source and infrastructure
characterization - report on infrastructure data compilation and analysis
(changed from July 04 to include Wyoming)

» Jan 2005 Geological Sequestration - report and action plan on the
evaluation of geologic sinks and pilot project deployment (changed
from July 04 to include Wyoming)

» Jan 2005 Terrestrial Sequestration - action plan report and
Infrastructure needs for enhancing terrestrial sequestration sinks
(changed from Jul 04 to include Wyoming)

 Mar 2005 Geological Sequestration - report on technology needs
(changed from Nov 2004 to include Wyoming)

e Mar 2005 Terrestrial Sequestration - manuscript on carbon budget and
analyses/GIS database (changed from Sept 04 to include Wyoming)

e Mar 2005 Terrestrial Sequestration - report on the interface between C-
lock and producer decision support framework

» Mar 2005 Terrestrial Sequestration - volume table development



« Mar 2005 Advanced Concepts — report on results of best production
practice for soil C sequestration

e Jun 2005 Terrestrial Sequestration - report on evaluation of terrestrial
sinks (to include Wyoming — same time frame)

e Jun 2005 Advanced Concepts — report on the feasibility of
mineralization trapping in the Snake River Plain Basin.

e Jun 2005 Advanced Concepts — report on common methodology for
assessing tradeoffs among carbon sinks.

* Jun 2005 Advanced Concepts — overall assessment and evaluation
report and workshop proceedings on advanced concepts for
geological and terrestrial sequestration.

e Jun 2005 Outreach — a summary of public comments.
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GIS

Paul Rich
Los Alamos National Laboratory

Randy Lee
ldaho National Engineering and
Environmental Laboratory

Karen Updegraff, Maribeth Price, and Rick Clawges
South Dakota School of Mines and Technology

Richard Aspinall and Leslie Jones
Montana State University



Big Sky GIS

Focal States: ldaho, Montana, South Dakota, Wyoming

Incorporate Geologic, Infrastructure, and
GHG Source Data into GIS
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Big Sky Geological GIS

INEEL Lead

e Focal States: Idaho, Montana, South Dakota, Wyoming

» Goal: assess geologic sequestration potential of
sedimentary and volcanic basins (deep saline aquifers,
depleted oil/gas reservoirs, deep unminable coal beds,
mafic/rock hosted fresh aquifers)

 First Year: develop GIS database structure; identify
sources of data; begin populating database

e Second Year: complete populating database; deliver
data for placement on server; use data to determine
geological sequestration potential

N=TL




Wells by Formation
CLOVERLY
coby
CROW MOUNTAIIN

DAKOTA
FORT UNION
FRONITER
JELM
LAKOTA
LANCE
MADISON
MEETEETSE
MESAVERDE
MORRISON
MUDDY
NUGGET
PHOSPHORIA
SUNDANCE
TENSLEEP
WIND RIVER




and

Process to Organize Data

Model Sequestration Potential

G1: Identify
Data Needs
and Sources

G4: Develop
GIS Database

GIS
Database
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G2: Define
Screening
Criteria

G5: Screen
GIS Database

G3: Develop
Assessment
Methodology

G6: Analyzes
Candidate
Sites

l

Candidate
Site List

G7: Update
GIS Database

Phase I
Site List

GIS
Assessment
Database
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Big Sky Terrestrial GIS

SDSMT Lead

» Goal: assess terrestrial sequestration potential, based
on evaluation of sources and sinks

 First Year: develop GIS database structure; identify
sources of data; begin populating database

e Second Year: complete populating database; deliver
data for placement on server; use data to determine
terrestrial sequestration potential

N=TL




Terrestrial Base Data

o Political: states, counties, cities, townships

e Demographic: population density, urban areas,
metropolitan statistical areas

e Environmental: fire perimeters 2000 and 2003 (MT)
* Hydrologic: rivers, streams, lakes, wetlands, dams

e Land management: Land ownership, national forests,
Indian reservations, National Wildlife Refuges, National
Forests

e Transportation: roads, railroads

N=TL




sources

 Point locations for major utility and industrial emitters
(SD complete, MT, ID, and WY In progress)

Major Categories (> 0.5 MMTCE)
Montana Idaho South Dakota

Cement Mfr

=

Manure Management

I:‘ Aluminium Prod
|:| Enteric Fermentation

Changes in Forest C Storage
l:l Manure Management

H

Enteric Fermentation
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Mat Gas Production Landfills

Nat Gas Production
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Terrestrial Sinks

 Climate
- Climate divisions (polygons)
- Cooperative weather stations (points)
- Summary for cooperative weather stations 1895-2003

 Tillage (CTIC)

- by acre by county for 1989 and 2000 (includes CRP and method)
 Soils

- STATSGO soll polygons (state level)

- SSURGO soil grids (county level)
30m grids; Sand, silt, clay percents and bulk density; not all counties

e Forests
- Forest C stocks/fluxes, 1997

e Land Cover (National Land Cover Data)
- Categorical data
- 30m grids
- Estimates made of land cover percentages in each county

. yr e 1 o
- l R - : M8 i
-— i Sk — el | E : S
) 5 o) i W e e iy ! -z
vetERTaa T DR T
e 3 3
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Terrestrial Carbon Baseline

. . 0- 14500
Metric Tons Carbon Equivalent % i

per Hectare I 201 - 43500

I 43501 - 58000
I coo1 - 72500
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Terrestrial Carbon Sequestration

Projected Average Yearly Income
Assuming a price of $15/ton of CO2

Average yearly income for LowTill land at $15/ton
in dollars Legend

[ ] counties
Lowtill C (kgfacr)
[ ]1s0-230
[ ]230-300
[ ]a00-37
[ ]av0-440
[ #40- 520
I 520 - 590
B o0 - 560
I s50- 730
Il 730500

Average Yearly Income for CRP land at $15/ton
in dollars

Legend
[ ] counties

CRP C (kgfacr)
[ ]1200- 1600
[ ] 1e00- 2000
[ ]2000-2300
[ ] 2s00-2700
2700 - 3100
I =100 - 3400
I 3400- 3800
I =500 - 4200
I 4200 - 4500
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Estimated Average Yearly Income
Assuming a price of $40/ton of CO2

Average yearly income for LowTill land at $40/ton
in dollars per acre

Legend

[ | counties
Lowtill C (kgfacr)
[ J1eo-230
2000
[ J=n0-3m0
[ 370-440
B 40-520
B 520 - 500
I 550 - 550
I ss0- 720
| RER

Koglacr per decade

Legend

[ countes
CRP C (kalacr)
[ ] 12001800
[ ] 1800 - 2000
[ 2000 - z200
] 2300 - 2700
B 270 - 3100
B 5100 - 3400
I <0035
I 0 4200
I <00 - 4500

Kglacr per decade




Carbon Cyberlnfrastructure

Enterprise GIS as the "glue"

sensor/data/model/analysis integration
Web Map

Al Server  Server sl
S\ ‘ — |- —
Field Worker ' 3_

]

| NATCARB portal Public

Spatial Partnerships servers
Data Engine

—

1
—
(1 Knowledge Base .

DeC|S|on Maker

Data Model -\

Warehouse Warehouse

System Dynamics Models

\

Operations Models

/_/

Process Models

Sensor
Network

Field 3
Measurement ps.
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Knowledge Base

"Digital Library", "Faithful Scribe", "Universal Translator", "Friendly Traffic Controller"

Measurement, Monitoring, Access and Decision
& Verification (MMV) Support

N~

/\/

/

* Remote sensing 9 « Data Access (NATCARB)
« Sensor arrays / networks Base - Data/model integration
» Ground truth Data Warehouse  Map-based analysis and

« National Carbon Atlas System Dynamics

W visualization
Process ModeIS/

*« MMV library
. W ... ] . Modfal cqmponent ' Oy H |:|
- Physical models archive (inputs, 0
« Operations models parameters...) =

» Scenario library

» Scenario analysis :
y * Integrated system behavior

* Quick analysis

el 2k -S'S»'
|
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Big Sky GIS Perspective

» Geologic and Terrestrial Data
e Coordination Between Partnerships
o Links with NATCARB

* National Carbon Cyberinfrastructure

N=TL




Geologic Sequestration

Robert W. Smith and Nathan P. Erickson
University of Idaho

Travis L. McLing
ldaho National Engineering and
Environmental Laboratory

Warren Barrash and William P. Clement
Boise State University

John P. Kaszuba
Los Alamos National Laboratory



Geologic Sequestration Objectives

e Evaluate geologic sequestration potential of
sedimentary and unconventional mafic volcanic
basins in Northern Rockies and Great Plains Region

- Favorable and worthy of further consideration
- Unfavorable
- Insufficient information to classify

o |[dentify potential pilot-scale sequestration site(s)
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USGS 1995
National Oil and Gas Assessment

ldaho

17, Idaho-Snake River Downwarp
| 127, Montana Thrust Belt

28, North-Central Montana

| 129 Southwest Montana

31, Williston Basin

‘| ]33, Powder River Basin

34, Big Horn Basin

35, Wind River Basin

36, Wyoming Thrust Belt

37, Southwestern Wyoming




Avalilable Information

* Wyoming Oil and Gas * Montana Board of Oil and
Conservation Commission  Gas Conservation
- Lithology and Location of wells - Lithology and Location of wells

- Pressure and Temperature

- Cores: Porosity, Permealbility,
and Saturation

- Water Chemistry

 [daho — no single data
source

- USGS Reports, Technical and
Geologic Papers, INEEL, and

» Montana Geological Society Geothermal Exploration Reports
- Data by oil field
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Organization of Database

e Access Database

e Converted to a Geodatabase in GIS

- Files contained in GDB
* Well Location and Lithology
o Water Analysis
* Pressure and Temperature
» Cores: Porosity, Permeability, and Saturation
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Geologic Seqguestration

* Disposal of CO, in deep geologic formations
- Depleted oil and gas reservoirs
- Saline aquifers
- Deep coal beds
- Mafic rocks
« Sequestration Processes
- Hydrodynamic trapping - Seal and Phase
- Solubllity trapping
- Mineral trapping
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Mineral Trapping
Xu, Apps and Pruess (2004)

Fixed CO, pressure of 260 bars

30
100 —

25 total (aqueous + sdid)
total (agueous + solid

20 <

15 =

C02 sequestered (kg/m™3 medium)
COZ2 sequesterad (kg/m** 3 medium)

CO2 seguestered (kg/m**3 medium)

40 40 -
10 4 20 20 -
- B
. m LI B L 0 __'F_T-T T + 1 T 1T ° 1 o 1 1T 5 1 E'.qulanu? 1
DE+0 2ZE+4 4E+4 ©GE+4 BE+4 E+5 0E+D ZE+4 4E+4 6GE+4 BE+4 1E+5 0 200 400 500 BOO 1000
Time (yr) Time (yr) Time (yr)
Glauconitic sandstone Gulf Coast sediments Dunite

~0.2g yrim-s ~3gyrim:s3 ~100 g yrim-
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Southwest Idaho
Mafic Rock Example

Idaho-Snake River Downwarp Province - Plays

Explanation
L | Miocene Lacustrine (Lake Bruneau) Play
u Pliocene Lacustrine (Lake Idaho) Play
l—;l Oldler Tertiary Play

I:I Idaho-Snake River Downwarp Province
|_| State Boundaries

Depth Below
Land Surface

1,000 ft
305 m

2,000 ft
610 m

3,000 ft
915 m

4,000 ft

1220m |

5,000 ft

1524 m |

6,000 ft
1829 m

7,000 ft
2134 m

8,000 ft
2,439 m

9,000 ft
2,744 m

10,000 ft
3,049 m

11,000 ft
3,354 m

12,000 ft
3,659 m

13,000 ft
3963 m

14,000 ft
4,268 m

15,000 ft

4513 m |

AGE

Nampa, Caldwell and Meridian Area

Groups and Formations

Snake River Group

Idaho Group(Lake Idaho)

Bandury Basalt

Lithology Description

Sands and Gravels/Basalt

4 Interbedded Silt, Sand and Clay

ark grey to black basalt, tuff and
tuffaceaous siltstone, fine to medium
grained white sand: rhyolite along

M margins of plain.

Basalt, interbedded sand and or
sandstone

Lacustrine lignitic shale, clay, sandstone,
S diatomite, oolitic limestone, ash, tuff, and
lava flows

Pliocene Lacustrine (Lake Idaho) Play
Reservoir: fluvial and lacustrine sandstone,
siltstone, conglomerate, and oolitic or algal

carbonates

Maximum depth to top of play: 10,000 ft

Maximum thickness: 9,000 ft

()
=4
[
(5]
2
a
Columbia River Basalt Group
[
=4
[
(5]
2
=
fan
8
2 Older Tertiary Rocks?
9]
=
o

Fluvial, lacustrine, and possibly marine
clastics and carbonates

Pre-Miocene Play
Reservoir: Potentially marine carbonates and
clastics of Paleozoic and early Mesozoic age,
which are probably highly fractured and possibly
metamorphosed
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Oxides
SiO,
TiO,
Al,O4

Fe,O3
FeO

MnO
MgO
CaO
Na,O
K,O

PZOS
Total

Normalized Mineralogy
Snake River Plain Basalt

Wt % Normalized Mineralogy Ti, P Free
46.10 Wt % Wt %
2.60
K-Feldspar
14.51 Orthoclase (Or) 5.51 KAISi;Og 5.51
Plagioclase
2.62 Albite (Ab) 20.89 NaCaAl;SisO5 46.66
10.57 Anorthite (An) 25.77
Clionpyroxene
0.20 Diopside (Di) 17.09 CazMg,FeSigO;g 17.07
Orthopyroxene
8.49 Hypersthene (Hy) 3.31 Mg,FeSi;Oq 3.31
Olivine
10.34 Olivine (QOl) 16.64 Mg.Fe,Si;O;, 16.64
2.47 Magnetite (Mt) 3.80 Magnetite Fe;O, 3.80
0.93 IImenite (Il) 4.93
0.70 Apatite (Ap) 1.63
99.53 Total 99.55 Total 92.98

Surface Area

cm? g

123

115

87
87
84

115



Model Conditions

e Porosity =2 12.5 %

-6
-6

.25% supercritical CO,
.25% groundwater

e Pressure - 200 bars (2 km hydrostatic load)
 Temperature - 40 °C

eSU
Re
eCa

per critical CO,, density - 821 kg m-3
ative reactions rates from “literature” rate law

Ibrated to estimated basalt reaction rate of

150 mg L yr! (Roback et al. 2001)
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Reaction Rate I\/Iodel

R=k, -A-(a% +1072+10°° -a—°-25} 1—%

H +

1.0 I _

0.8 \\
k, Forward Rate Constant .
A Surface Area =

. 0 IP = 02}

a,,, Hydrogen ion activity (pH) S 0o
Q lon Activity Quotient s AN ]
K Equilibrium Constant 04 |

o 3 4 5 6 ; 8 9 10
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Hydrodynamlc Solubility, & Mineral Trapping

Mafic Volcanic Rocks
60

50

Hydrodynamic

40 Mineral

30 F

20 |

Stored CO, (kg m™)

10 Solubility

0 /- T SN Y Y TN N N N - [ \-a-l—l——_l_
0 100 200 300 400 500
Time (years)




Summary

* Hydrodynamic, solublility and mineral trapping
contribute to long-term storage of CO,

* Relative importance of mineral trapping Is a
function of rock type

e For mafic rocks, mineral trapping is dominate
mechanism after ~150 years

e Mineral trapping eliminates risk of leakage
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Monitoring Issues

1. Geophysical Method
* Property measured

2. Acquisition Geometry
e Information about subsurface
* Interpretation

3. Physical Properties

e Sensitivity to parameters of
Interest
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Geophysical Monitoring

Time-lapse imaging

e Acquire data over time
-Pre-injection
-Post-injection

« Compare to baseline image

 VVery sensitive
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Seismic
e Wave type

- P-waves
- S-waves

e Geometry

- Surface reflection
- VSP
- Crosshole tomography

Electromagnetic (EM)

 Electrical Resistivity
Tomography (ERT) — zero
frequency EM

e Electromagnetic imaging —
low frequency EM
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Terrestrial Sequestration

Susan Capalbo, John Antle, Perry Miller
Montana State University

Pat ZiImmerman
South Dakota School of Mines &Tech

Jerry Stuth
Texas A&M

Dick Benson
LANL

Ted Dodge
National Carbon Offset Coalition



Terrestrlal Sequestration Component
* Bridge to Geological sequestration
e Technical potential
e Economic potential
- finding those elusive supply curves for soil carbon

e Regional, aggregate analysis in support of policies for
GHG reductions

* Producer decision-support framework(s)
* Pilot studies for carbon trading

« MMV technologies

 Collaboration with USDA, EPA

e International transferability

* Risk assessment framework in conjunction with advanced
concepts



Progress

Task 4: database and literature review — completed at
county scale for technical potential (rangeland, cropland,
reclaimed mine lands, forestry)

- Baseline carbon levels

- Maximum carbon levels

Task 5: input in GIS data base format — near completion
by Jan 05

In Progress
Task 6: overlay technical potential with economic potential
Task 7: modeling and policy potentials



Highlights

Rangeland project:

 MT, ID, SD

« 31.5 million hectares (state, private, reservations)

o classification: moderate potential -- 21 million hectares
high potential — 10 million hectares

e potentials based on precipitation, MLRA, land tenure,
cover type

e assessed in conjunction with USDA/NRCS (Joel Brown)
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Idaka, Soauth Drkgsta,

Major Land Resource Areas

B eovn cisciates Prain I | Morthem Racky Mountsin valleys I riecthem Rolling High Prans; Southem Part
- Nortvern Drark Brown Glsciated Plains |_I Morthem Racky Mountains |_ Pierre Shale Plains and Badands

- Norhem Intermauntain Desertic Basing - Morhem Ralling High Plains; Eastam Part - Pigrre Shade Plains; Northem Part

B rotem Rocky wountain Fosthits [l Morthern Ralling High Piains. torthern Part [l Rovine son state Piain
0 25 50 100 150
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Federal Land and Indian Reservations
i | Agrcultursl Research Service ARS - Indian Reservations BIA - Msational Park NP5 - Wilderness BLM

- Alr Force DOD - Metional Batiefield NPS - Mational Recrestion Area FE | | Wildemess FS

B - cows o EngineersDOD. || National Forest F5 [ National Recreation Area NPS [ | Wildemess FWS
B+ oo B visiional Historic Site ves [ vetions widite Refuge Frvs [l videmess Study ares BLM
i Bureau of Reclarmnation BOR - Mational Manument NPS - Public Camain Land BLM ij Wildemess Study Area FE

Q 25 S0 100 150
T
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Rangeland Cover Types

[ shublang
E GrasalandiHerbaceous
[ ] Paswremay
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National Land Cover

E MLRA+Rain+Fed Land - CormmercialindustrialTransportation - Evergreen Forest - Row Crops

B cven water [ ] Bere Rockisandiciay [ ] mixed Forest B 5t Gsins

[ ] Perenmisitce Saow [ QuamiesiStrip Mines/Gravel Fits || Shrubland [ Fatow
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[ ] High intensity Resicential [0 Decicusus Forest [ rassianamersaceons [ | wioody Wtiangs N
| | Faature/Hay - Emergent Herbaceous Wetlands A
o0 30 &0 120 180 24,
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Sampling units (red lines) used in spatial cross tabulation for Montana.
Sampling units represent intersection of MLRA, climatic potential,
land tenure, and land cover.



I\/Iontana AND BlgSky Reglon Totals
(hectares)
High Climatic Potential

e Indian Reservations 476,300 1,932,096
e Private or Other Non-Federal 1,629,173 8,347,725

Moderate Climatic Potential
e Indian Reservations 1,518,059 3,098,461
* Private or Other Non-Federal 12,847,170 18,155,895

Low Climatic Potential

e Indian Reservations 77 77
e Private or Other Non-Federal 82,745 94,380
Totals 16,470,702 31,534,178

Use this information in economic analysis of cost of
sequestering a ton of carbon



Economic Project or Projects
 Leverage with funding from USDA/CASMGS and USAID

» Key Factors in Ag Soil C Sequestration: Spatial Heterogeneity

- Carbon rates vary due to bio-physical conditions (soils,
climate)

- Opportunity costs vary spatially due to factors affecting
productivity and

- profitability
- soils & climate
- production practices

- farm-specific management factors (experience, education,
attitudes, etc.)

- prices (location)



Payment
Soils Data Climate Data Economic Data Levels or Policy,
Scenarios
—>
Century Economic
Model Production
Model
/\ Land Use
/\ Management
Soil C Economic Outcomes

Levels (Net Returns, Marginal Costs)
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Additional
adopters with
contract

Non-adopters

Adopters without

contract \ A

'U L — — —

Carbon supply curve derived from area
between 0 and P under density function

Opportunity
Cost perton C
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Spatial Distribution of Opportunity Cost and Carbon Supply Curve
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Suite of Models

e Central US analysis

 Montana MLRA scale

e Fleld/farm scale
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Simulated Soil Carbon Sequestration
from Fallow Reduction

with a $50 per metric ton Carbon Price
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Simulated Soil Carbon Sequestration
from Conservation Tillage
with a $50 per metric ton Carbon Price
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Carbon Price ($/mt)
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Fallow and Conservation Tillage Contract Participation, Central U.S. Wheat

& Fallow
m Cons Till Wheat
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* [ ]
. [ |
o =
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Participation
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Fallow and Conservation Tillage Carbon Supply Curves, Central U.S.

250

200

*
]

ol
> ——o

150 -

100 -

Carbon Price ($/mt)

50 ] =

0 5000 10000 15000 20000 25000

Carbon (1000 metric tons)

& Fallow ®m Cons Till Wheat < Cons Till CSH X Total




Carbon Price ($/mt)

250

Montana Fallow Carbon Supply Curves for Econometric-Process
and Opportunity Cost Models
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Preliminary Results for Central U.S.

 Preliminary estimates for Central U.S. region indicate that
supply is elastic at low C prices, approaches maximum at
$100/ton
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Carbon (tonnes/hectare)
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Area l Area 2 Area 3

O Spring Wheat on Fallow B Winter Wheat on Fallow B Permanent Grass
O Spring Wheat B Winter Wheat

Soil Levels Predicted by the Century Model
for Cropping Systems in Montana
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Terrestrial Carbon Baseline

[ ]o-14500
Metric Tons Carbon Equivalent I 14501 - 29000

per Hectare B 2001 - 43500
B <:501 - 58000
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Metric Tons
Carbon per
hectare
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Pilot studies: Golden Triangle of MT

Perry Miller, Ross Brickelmeyer
Rick Engel, Montana State University
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Methods

* Field studies — measure change in SOC as
change from conventional tillage to no till

* Work with actual producers
e Bottom line:
0.13 - 0.4t C/halyr
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Carbon Sequestration
Potential in North Central
Montana

1.3 M ha cropland in yellow

triangle
Estimated: .4AMMTC/yr

Q: How compare with Modeling
Amounts?

A: Within 10% (high side)
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C-Lock: producer-decision support framework

* Provides interface among science, policy, producers, and
buyers

* Designed to maximize income to producers and to minimize
risk to purchasers in scientifically-defensible, reproducible
way

« Example of privatizing services — clean air, clean water,
decreased sedimentation that can be provided by
producers in addition to commodities



* Web-based system

 Allows landowners to register land parcels for which
carbon emission reduction credits (CERCSs)

 CERCs estimated and certified based on client-specified
management changes

e Individual producers optimize potential income because
each parcel estimated using site-specific parameters

 uses publicly-available spatial and climate databases and
CENTURY to estimate soil carbon stocks

o field-specific modeling approach helps ensure project
additionality, or that sequestered carbon is in excess of
that which would occur under business-as-usual (BAU)
management
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Field Information for Joe Smith - Microsoft Internet Explorer

Field Information for Joe Smith

To quantify and certify Carbon Emission Reduction Credits that can be generated and sold by individual producers in South Dakota.
C+ ock Home | Log-in/My info | What's New

" Indicates required data

Each field must contain only one type of crop (or grass) at the present time. This field must be managed all in the same manner (cuitivation, fertilizer, irrigation. etc.):
otherwise, it must be divided into sub-fields for the purpose of calculating carbon credits.

“Field Name: [loe Smith

*Zounty Mame: |Buffalo -

Field Identification:
State Code Farm Mumber TractID FieldID  Sub-division

Information
46 IBE | |5 |c =l

*What is your role for this field?

@ | own and manage this land
© | own but do not manage this land
© | manage but do not awn this land
© | rent and manage this land

*Area of this field in acres [10000

*Percentage of this field that is tillable most years |50 %

Please enter the average soil texture values for this field, if known. If you are not sure leave them blank, and we will estimate them from soil maps. Use percentages,
eg. 40% sand, 40% silt, 20% clay. (The total percentage must equal 100%.)

Fraction sand [10 % Fraction silt |20 % Fraction clayl?ﬂ Ya

Enter Field Location | —

Click here to locate your field.

Save and Close | Cancel |
: El
Staﬂl” @Eud. | @Micr.. | @ macr. | Ecim... | Escal. | @User...”@Fiel_. | Hen e & »d Gy R Tagd 016 AM
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Overview for Joe Smith

To quantify and certify Carbon Emission Reduction Credits that can be generated and sold by individual producers in South Dakota.
C- ock Home | Log-in/My info | What's New

State Legislator

To add information about the hisfony ofthis fieid use the [Ediff links. Upan completion of ali required data, a [View] link will appear. Fram the {View] page vou will have the abiilfy
fo print your data for review. You may edif vour dala unfif vou choose to calculate your credits

Field Information

Field Mame: Jog Smith [Edif] [View]
Field Location: [Edit

General History
1900 to 1989 [Edit

Detailed History

1990 [Edit]
19¢1 [Edit]
1002 [Edif]
1993 [Eit]
19¢4 [Edit]
1905 [Edit]
1996 [Edit]
1997 [Ecit]
1908 [Edit]
1099 [Edit]
2000 [Edit]
2001 [Edit]
2002 [Edif] —
2002 [Edit]

El

o
EiEilStaﬁlH EpEud.. | @Micr... | @ Macr.. 15l | @User...”@Ove_._ |J RN RORCH _§-] |<ﬁ-g°§ﬁﬁ@@%ﬂ§£5lﬂ 9:19 AM

@ Clim...
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1990 Detailed History for Joe Smith
To quantify and certify Carbon Emission Reduction Credits that can be generated and sold by individual producers in South Dakota.
C-L ock Home | Log-in/My Info | What's New
Crop Type: Com
Cultivation [Edit Values
Type Month
Disc Wlarch
Disc April
Planter May
Row-Cultivatar June
Row-Cultivator July
toldboard Plow October
Fertilizer [Edit Values
Amount (Lbsfacre) Type Month —
N B K S
a0 20 0 0 Ciry EN
Organic Matter Additions [Edit Values
Month Type Amount (Tonslacre)
Irrigation [Edit Values
Month Type Amount (Inches)

phAstart| &HEu. | W@Mic. | @Ma..

@i

@sc.. | €lus.. [[@ne.. TR T

= |
GBNHSFRAYRPEE 921 AM
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The South Dakota Carbon Sequestration Project

To gquantify and certify Carbon Emission Reduction Credits that can be

generated ard sofd by individual producers in South Dakota.
C-Lock Honre | Log-irdMy Infio | Whaf's Mew | Log-owf

[CERC Report for John Doe Thursday, May 9, 2002]

Producer: John Doe
Producer [D: 999-599

Field ID; 45-115-52-2002859
Murmber of acres: 160

Maximum potential | Certified CERCs Reserve CERCs
Decade E nding:| CERCs generated generated since generated since
since 1990 1990 1990
2000 820 767 53
2010 2044 2451 52
2020 J653 3593 94

Producer-committed credits--

Carbon Pool maintenance 1259 accrued + 2334 committed

Send Commentsto C-lock

S - 20002002 - SDSMET - AL Rlgh s Reserved
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Estimated Average Yearly Income
Assuming a price of $40/ton of CO2

Average yearly income for LowTill land at $40/ton
in dollars per acre

Legend

| Counties
Lowtill G (kglacr)
[ ]w0-230
[]=230-300
[ ]ao0-370
[ 570-440
I 440 - 520
B 520 - 590
B 500 - 650
| R
I 7:0- 500
Kglacr per decade

Legend

[ ] Counties
CRP C (kgfacr)
[ 1200. 1600
[ 1800 - 2000
[ ]2000-2300
] 2300 - 2700
I =700 - 3100
[ 100 - 3400
I 400 - 3800
I se00 - 4200
B <200 - 4500

Kgfacr per decade
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Projected Average Yearly Income
Assuming a price of $15/on of CO2

Average yearly income for LowTill land at $15/ton
in dollars Legend

[ ] counties
Lowtill C {(kg/acr)
[ ]1s0-230
[ ]2s0-300
[ ]=00-370
[ ]370-440
[ 440- 520
I 520- 590
I 500 - 560
B 0 - =0
Il 0 =00

Average Yearly Income for CRP land at $15/ton

in dollars Legend

[ ] counties

CRP C (kgfacr)
[ ] 1200- 1500
[ ] 1600- 2000
[ ]2000- 2300
[ ]=300-2700
[ 2700- 3100
I =100 3400
I 400 3500
I =e00- <200
I 200 - 4500




Extensions of C-Lock
(phase |, yr 2 and Phase Il)

e Add economic component
e Extension to MT, WY (possibly Eastern WA and OR)

o L everage with USDA funding for pilot on Cheyenne River
Sioux Tribe — 400 producers, 1 million acres of tribal lands

(funded as part of USDA conservation program)
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Education & Outreach

Pamela Tomski
EnTech Strategies, LLC

Montana State University



A nEw B -ﬁ.;h:.rgfcq-' ewtara, ldaha, South Daksta, v "5.r|'tur.q d.tlu. ﬂh.:r.

Task Deliverables
 Action Plan
*Web Site
e Poster
e Fact Sheet
* Workshops, Symposia, Roundtables
e CO2 Networks
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What We Have Learned
 Climate change is 800 Ib gorilla
e Sequestration associated with terrestrial

e General interest in concept; no overt
hostility

» Questions about permanence/safety

 Economic development matters a lot
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Approach: Year 1
e Materials Development
- Action Plan
- Web Site (www.bigskyco?2.org)
- Poster

- Fact Sheets



 Discussions with Key Decision Makers, State and
Community Leaders

- State Carbon Sequestration Advisory Committees
- Environmental NGOs
- Tribal Council Leaders
- Economic Development Groups
- Departments of Environmental Quality and EPA
e Establish Network to Disseminate Information

- Access to about 800 people



Big Skyluus

Approach: Year 2

 Establish CO2 Networks
* Workshops/Symposia
* Web Site Enhancements

- Expand Links to Site

- Bulletin Board

- Incorporate GIS
e Student Research Paper Contest
o Utilize Listserv Network to Report on Progress
* Broaden News Coverage
e International



Keeping Score: Year 1

* Presentations: 27

e Poster Sessions: 3

e External Meetings: 22

* Workshops/Symposia: 1

e News Articles: 6



Upcoming Scheduled Evnts

» ldaho Carbon Sequestration Advisory Committee: Dec 9

» Tribal Carbon Sequestration Forestry Workshop: Jan 11-12
 Tribal Ag Sequestration Workshop: Jan 13-14
« 51" North West Harvesting Energy Conference: Jan 20-21
» E. Montana Economic Development Coalition:
Jan 20
 Electric Utilities Environmental Conference:
Jan 24-26
* Montanans for Responsible Energy Development:
April 2005



The National Carbon Offset Coalition

* 8 non-profit resource conservation organizations

e Technical/financial support from federal (EPA,
NRCS), state (conservation districts, forestry
agencies) and tribal organizations

e Goal: create an administrative framework to
encourage private and tribal landowners to
participate in a future carbon credit market.



Institutional Approach

* Working through local organizations to reach
landowners and facilitate carbon sink projects

e Assisting with marketing carbon sequestration
units (CSU'’s) resulting from projects

- Developing a Portfolio
» Benefit of large numbers

* Providing credibility and stabllity
* Managing long term obligations



Planning Handbook

e Audience — Technical staff who work with
landowners. Experienced in planning; but not in
carbon project requirements

e Goal — Improve the guantity, quality, consistency,
and credibility of NCOC carbon sequestration
projects



Handbook Organization

e Part 1 — Background and Context

- Build awareness of international and U.S. policy issues
and general planning considerations in carbon
sequestration projects

e Part 2 — Carbon Trading and Marketing
- Background on existing experience in markets

e Part 3 — Registering Carbon Credits

- The emergence of national, regional, and state registries
(1605(b), California, RGGI, etc.)



Handbook Organization

e Part 4 — The National Carbon Offset Coalition
- NCOC requirements, processes, and services

e Part 5 — Carbon Sequestration and Emission
Reduction in Agriculture and Forestry

- Background on conservation and management practices
that affect carbon stocks in soil and wood

e Part 6 — Project Planning
- Integration with other programs; NCOC process



Handbook Orglztlon

e Part 7 — Project Economics
- Guidelines for estimating costs and benefits

* Part 8 — Appendices
- Rule of Thumb estimating, Models, Measurements
- Tables and Charts, Conversion Units
 Handbook Supplements

- EXCEL Carbon Calculator for Soil and Wood
- EXCEL Project Economic Calculator
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