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Oil & Gas Infrastructure Development Impacts in 
the San Juan Basin, NM

Improving Regional Carbon Sequestration 
Potential Estimates

Developing Technical Support for Market-Based 
Carbon Offset Projects



San Juan Basin Oil & Gas Impacts

1. Extent and density of new energy 
development.

2. Ecologic progression of well-pads and 
estimates of “treated” rangeland.

3. Hydrologic effect of roads and well-pads.



All Oil & Gas Development in New Mexico San Juan Basin

Utah Colorado

New MexicoArizona

Kernel Density PVC

Scaling factor: 1km

Yellow ≥ 5 wells within a 1km2 area of any given point

• Kernel Density Percent Volume Contours represents 
the boundary of the area that contains x% of the 
volume of a probability density distribution. 

– Hawth's Analysis Tools for ArcGIS, v 3.27 (2007)
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Estimates of Treatment

• Total legacy disturbance area:    248.5 ha
• Current Infrastructure “bare ground”:    91.1 ha
• Total Watershed Treatment Index:    0.633
• Annual grasses and forbs dominate “revegetated” areas.

Ahd – Area of Historic Disturbance  
A2009 – Area of Current Bare Ground 

(limited from aerial photography date) 

(Ahd – A2009)
Ahd

=     Treatment Index (TI)



First Well – Mesa Verde Formation
Drilled Wildcat (Mesa Verde) - 1951
Added other intervals – 1994
Work-over – 1961, 2002, 2007 

2005 2006 2009199719811955

Second Well – Fruitland Coal Gas
Drilled 2004 PIPELINE

TI = 0.591

Ahd = 0.98 ha
A2009 = 0.40 ha
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Woodland
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Legacy DisturbanceCurrent Bare Ground (2009)

TI = 0.756Ahd = 10.90 ha A2009 = 2.65 ha



Desalination Technology for Coal-Bed Natural Gas Produced Water?

Reverse Osmosis Performance
Dissolved Constituents Removal (11/12/08)

Soil Sample Results – Major Ions, Organics
(treated land section)



2008 Pilot
•50% overall efficiency (more membrane 
surface area required to improve)
•UF system: 75% efficiency
•RO system: 33% efficiency

Simplified 2008 Pilot Flow Diagram



Photo taken on 7/8/09 Pilot Produced Water Storage Tank 



Redistribution of Hydrology

Pre-Development Post - Road Construction

• Entrain – Reduction of the distance water travels before becoming a 
concentrated flow.



Hydrologic Impact of Road & Well-pads

• Roads and well-pads serve as conduits for focusing run-off.
• Most erosion occurs down slope of well-pads, however due to 

higher total area of the roads the net effect of roads and well-
pads are about even. (Matherne, 2006).

• We argue that subsurface (<1m) water flow may be more 
important then overland flow due to infiltration estimates in 
western states. (NRCS Interagency Rangeland Water Erosion Project)



Conclusions
• All of our estimates of ecological conditions and 

soil carbon pools show that there has been a 
decrease of carbon storage in the watershed. 
Cyclic disturbance at this scale will not support 
long term soil carbon storage.

• Because climatic and ecologic factors typically 
favor annual grasses and forbs in remediated 
areas in the San Juan Basin, true “restoration” will 
require serious inputs into the system.

• As coal gas plays near the terminus of its lifespan 
in the big geologic basins, other geologic 
formations will most likely be developed -
especially as they become more economical 
(driven by higher oil and gas prices). 



Phase II Tasks

• Surface Measurement Of Soil Carbon

• Remote Sensing Classification Protocols

• Ecological Process Models

• Regional Carbon Inventory

• Riparian Restoration in the San Juan 
Basin



Direct Measurements
of Soil Carbon

• Develop improved technologies and 
systems for direct measurements of soil 
and vegetation carbon 

– LIBS and NIRS
– Collect at existing long-term study sites
– Examine correlation with other 

technologies
– Principles for cost effective sampling



Soil Sampling

• Soil carbon analysis using LIBS and NIRS 
vs. standard lab methods
– Over 300 soil samples from Chihuahuan 

Desert in southern New Mexico

– 120 soils from La Manga Canyon from roads, 
wellpads, and surrounding vegetated areas

– Over 200 samples from Santa Rita 
Experimental Range (AZ, Sonoran Desert) and 
Fort Bliss (Trans Pecos region)



LIBS Results – La Manga 
Canyon

• Comparison of LIBS 
vs. Standard methods 
for samples from well 
pads and roads

• Generally, a good 
correspondence 
between LIBS results 
and standard methods 
for these sites with 
low soil carbon



LIBS Results – La Manga 
Canyon

• LIBS was used to examine carbon and nitrogen 
across ecological sites
– Mesa uplands had least variability across sampling sites
– Valley and Pinyon/Juniper sites had the most variability



NIRS Results

• Good correspondence between 
laboratory methods and NIRS 
estimates

• NIRS scanning revealed some 
outlier samples from La Manga 
canyon, especially from ecological 
sites within Pinyon/Juniper
– will need to add these to calibrations 

to improve prediction ability 

Constituent n        Mean
Standard 
Deviation R2

Standard 
Error

Organic carbon (%) 256 1.829 0.732 0.923 0.226
Nitrogen (%) 256 0.175 0.065 0.935 0.019
Total Carbon (%) 256 2.907 1.709 0.962 0.456



Remote Sensing Protocols

• Develop remote sensing and classification 
protocols to improve mesocsale (km2) soil 
and vegetation carbon estimates

– Vegetation “State” Determination

– Integrate with carbon sampling and Ecological 
Process models



Remote Sensing Activities
• Soil:vegetation combinations have been mapped 

for 5 million acres in southern New Mexico

– Methods include use of ASTER imagery, image 
classification software, and aerial photography for 
verification

– Able to classify vegetation into “states” for state and 
transition modeling

• A similar approach was used for the San Juan 
Basin Restoration Pilot



Ecological Process Model 
Activities

• Construct ecological process models 
(State and Transition)

– Models to describe the vegetation states for a 
given soil unit and factors that drive the 
transition between states

– Identify and characterize current 
soil/vegetation conditions.

– Develop state and transition models 
associated with land use under carbon 
sequestration



State and Transition Model 
Development Activities

• Worked with various groups to insure that carbon 
components are included into state and transition 
model development

• Met with developers of Century model to discuss 
protocols for modeling vegetation states for 
carbon analysis on rangelands
– Carbon sequestration will generally require a state 

change
– Need to incorporate vegetation utilization into model 

framework

• State and transition models were developed for 
San Juan Basin restoration area



State and Transition Model –
La Manga Canyon Uplands

State and Transition model for the Upland Ecological Sites 



Regional Carbon Inventory 
Activities

• Carbon Sequestration Pilot Programs

• Carbon Decision Support Tool

• Early Warning System Integration



Pilot Programs For Terrestrial 
Carbon Sequestration

• New Mexico Department of 
Transportation  
– proposals to implement carbon research 

on highway right of ways.
– Monitoring system based on SW partnership 

protocols.  

• Rangeland Carbon Offset Projects in New 
Mexico and Montana
– Develop sampling protocols
– Incorporate existing drought early warning 

technology to adjust stocking rates



Carbon Decision Support Tool
Map Driven User Interface

Carbon Practice Selection 
(State and Transition [S&T] interface)

Climate
Data

Soils 
Data

Remote
Sensing

Data

Decision Support
Engine  (Comet-VR, 

Carbon Potential 
Assessment, Spatial

Queries, etc.

Map Output
Report 
Output

S&T
Data

Other Ag
Data

Web Soil
Survey

Carbon
Sampling

Map Driven User Interface

Carbon Practice Selection 
(State and Transition [S&T] interface)

Climate
Data

Soils 
Data

Remote
Sensing

Data

Decision Support
Engine  (Comet-VR, 

APEX, Potential 
Assessment, Spatial

Queries, etc.

Map Output
Report 
Output

S&T
Data

Other Ag
Data

Web Soil
Survey

Carbon
Sampling



Carbon Decision Support 
Tool

• Core model will be the Agricultural 
Policy/Environmental eXtender (APEX) model
– Offers the ability to simulate production and carbon 

sequestration on whole farms or landscapes 
• Supports transfers of nutrients, water, and animal movement between 

landforms or sub-watersheds Uses Century Model algorithms for carbon 
modeling

• Allows examination of carbon sequestration in association with 
ecosystem services such as water quality

– Rangeland carbon modeling in APEX is being improved 
• Adding selective grazing component for multiple kinds and classes of 

grazers
• Improving management scenario building for rangelands



Decision Tool Process
Parcel Selection and
Sub Watershed Delineation

Carbon Change

Model Output



Verification Protocol 
Development

• Regional default rates

• Maintain vegetation cover 
– Controlling harvest

• Space and time
– Respond to drought (early 

warning)
• Define areas of 

drought/response

• Verification protocols
– Verify management, not 

carbon flux

http://www.chicagoclimatex.com/docs/offsets/
CCX_Sustainably_Managed_Rangeland_Soil_Carbon_Sequestration_Final.pdf



Building Early Warning 
Products

Plant Growth
Models

Mapping and
Forecasting

NDVI Imagery
(Greenness)

Site Analysis

Near Real-Time 
Climate

Standing Crop
Mapping



• By 2006 develop instrumentation and measurement protocols for 
wide-scale carbon accounting and trading schemes 

• By 2008, develop to the point of commercial deployment systems 
that protect human and ecosystem health and cost no more than 
$10 per metric ton.

• By 2010 develop instrumentation and protocols to accurately 
measure, monitor, and verify,  < 10% of the total sequestration cost. 

• Provide a portfolio of commercial ready sequestration systems for 
the 2012 assessment under the Global Climate Change Initiative. 

Goals Of DOE Regional 
Partnerships



• Commercial scale projects have been delivered 
to a market

• Currently developing more robust verification 
protocols

• Waxman-Markey assigned responsibility for 
agriculture (including terrestrial sequestration) to 
USDA

• USDA Office of Ecosystem Services

Commercial Scale Projects


