
Actionable Earth Observation Insights 
for a Changing World
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The Project

Remote Measurement of Reclamation Success

Develop a suite of automated analytics that bring 
remote reclamation assessment technology to 
operational capacity for industry, agencies, and 
the interested public.
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Reclamation Analytics Suite
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Well Pad Site Selection

Whiting pads summer 2020 (n = 1,139) Whiting Pads selected for detailed analysis (n = 101)
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Remotely Sensed Earth Surfaces

Highlighted Features:

A. Interpolated noise
B. Tree
C. Storage tanks
D. Soil stockpile

Orthomosaic Digital Surface Model
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Field Sampling & Assessment

Duraroot surveyed 29 well 
pads for field validation.
- 19 in final reclamation
- 10 in partial reclamation

Two to three transects per 
well pad quantified soil 
cover, including vegetation, 
litter, rocks, and biotic 
crusts.
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Field Sampling & Assessment

Three to five photographs 
per well pad captured 
ground cover for ocular 
verification.
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Field Sampling & Assessment

Quantitative dataset produced by Duraroot field inspections and used for remote assessment validation.
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Field Sampling & Assessment

Qualitative dataset produced by NDIC field inspections and used for remote assessment validation.
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Broad-Scale Vegetation Assessment

Teren performed a broad-scale 
assessment of vegetation vigor and 
classification on 2,313 well pads 
operated by Whiting using 0.6-meter 
NAIP data.
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Broad-Scale Vegetation Assessment

Teren statistically compared the pad and off-pad 
reference areas to produce a Continuity Index of 
vegetation vigor and classification for each well pad.
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Broad-Scale Vegetation Assessment

Teren ranked the 2,313 Whiting well pads 
based on their Continuity Index scores to 
reveal hot spots.

The results enable streamlined prioritization 
of field visits or aerial data collection.

Limitations:
● Temporal relevance
● Coarse resolution
● 2-dimensional
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Vegetation Assessment

● Orthomosaic-based vegetation analytic assesses regrowth with high temporal relevance and accuracy.
● Automatically discerns ground cover type and determines total area and percentage of each type.

Unaltered orthomosaic Model output with classified bare soil (red) and 
vegetation (green)
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Vegetation Assessment

Vegetation vigor analysis on a well 
pad in interim reclamation.

Green indicates healthy vegetation 
with high levels of chlorophyll, and 
red indicates vegetation with low 
levels of chlorophyll.

Quantitative Outputs:
● Average percent cover
● Standard deviation
● Continuity index
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Vegetation Assessment

Vegetation structure analysis on a well 
pad in interim reclamation.

Red indicates taller woody vegetation, 
while blue indicates grass/forb 
vegetation.

Quantitative Outputs:
● Average vegetation structure
● Standard deviation
● Continuity index
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Vegetation Assessment

Model validation compared 
model outputs against 2,000 
sample points and 20 
1-meter plots distributed 
across all 100 Whiting well 
pad sites. 
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Vegetation Assessment
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Contouring Assessment

Digital surface model of well 
pad and reference area (A, left).

Contouring assessment where 
blue indicates shallow slopes 
and red indicates steeper 
slopes (B, right).

Quantitative Outputs:
● Average slope
● Standard deviation
● Continuity index
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Infrastructure Assessment

Infrastructure identification on 
an operating well pad’s digital 
surface model (A, left) and 
orthomosaic (B, right).

Features exhibited:
A. Stock tank
B. Well head
C. Truck
D. Misclassification
E. Pipe

Quantitative Outputs:
● Number of structures
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Infrastructure Assessment
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Surface Hydrology Assessment

Orthomosaic (A, left) and 
surface hydrology assessment 
(B, right) of an active well pad. 

The surface hydrology 
assessment models ponding 
and stormwater hazards, with 
darker blue indicating deeper 
inundation.
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Volumetrics Tool

The volumetrics tool enables the user to delineate the features 
of interest and calculates the volume in cubic yards for all of 
the delineated features.

Features exhibited:
A. Small building at 89.4 cubic yards
B. Bermed area at 56.3 cubic yards
C. Topsoil stockpile at 5,116 cubic yards
D. Concave area that accumulates water at -175 cubic yards
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Volumetrics Tool

3D perspective of an orthomosaic of a stockyard
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Model Development & Automation

Automation of the Reclamation Success Analytic Suite
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Case Study

Orthomosaic (left) and digital 
surface model (right) of the 
Christen 24-10 well pad, 
reference areas, and transects.

Christen 24-10 was in advanced 
stages of reclamation but had 
not yet received NDIC 
certification as of summer 2020.
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Case Study

Vegetation analytic output, with green 
indicating vegetation cover greater than 
15% and brown indicating bare ground.
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Case Study
Vegetation vigor analytic for the Christen 24-10 well pad and reference area with greener areas 
indicating high vegetation vigor and dark brown colors being bare soil or senescent vegetation.

Cumulative distribution function (CDF) comparing 
vegetation vigor between the well pad (red line) and the 
reference area (blue line).
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Case Study
Contouring analytic for the Christen 24-10 well pad and reference area with blue indicating 
low-gradient slope and red indicating high-gradient slope.

Cumulative Distribution Function (CDF) comparing 
contouring metrics between the Christen 24-10 pad 
(red line) and reference area (blue line).
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Case Study

Pad Veg. 
Cover (%)

Ref. (Off-Pad) 
Veg. Cover (%)

Pad 
Contouring

Avg/STD

Ref. (Off-Pad) 
Contouring

Avg/STD

Inundation Infrastructure CI Veg. 
Vigor

CI Veg. 
Structure

CI Contouring

77.4 95.2 2.5/0.9 3.4/1.8 0 0 .29 .15 .26

Pad Transect 1 Pad Transect 2 Off-Pad Transect 

Grass (%) 80 78 85

Forb (%) 2 3 5

Shrub (%) 0 0 0

Bare Ground (%) 18 19 10

Reclamation Success Assessment metrics for the Christen 24-10 well pad.

Field-based vegetation transects performed by Duraroot for the Christen 24-10 well pad. 
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Case Study

The automated Reclamation Success Assessment revealed these conditions for Christen 24-10 well pad:

● Well pad vegetation cover has been returned to at least 80% of the site’s original conditions.

● Well pad vegetation vigor differs by ~30% from the site’s original conditions.

● Well pad vegetation structure differs by ~15% from the site’s original conditions. 

● Well pad contouring differs by ~25% from the site’s original conditions.

● The well pad has no problematic inundation zones.

● The well pad has no remaining infrastructure.
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Cost Analysis

Manual Field 
Inspection

UAV Data 
Collection 
& Processing

Manned Aircraft 
Data Collection 
& Processing

Reclamation 
Success Analytics

Cost Per Pad - Whiting $142 $806 $217* $50

Cost Per Pad - NDIC $292

Mobilization Rate N/A $20,000 $15,000 N/A

*Assumes flying 50 square miles with a density of 100 well pads at a cost of $435 per square mile, or $0.68 per acre.
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Conclusions

● Proven feasibility of unbiased, accurate, automated, remote reclamation assessment.

● Reclamation Analytics Suite is validated, automated, and fully operational.

● Quantitative and geospatial data enable consistent analysis of well pad change through time.

● Outputs enable identification and prioritization of well pad conditions, optimizing site visits and 

improving economic efficiencies for industry and agencies.

● Cost-sharing of data capture across large geography would enable economies of scale.

● Implementation would benefit from a standard set of metrics and measurable objectives for 

defining reclamation success.
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