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Silverton, CO — Zn, Cu, Pb tailings and waste rock, mineralized soils, acid generating rock
Vernal, UT - Oil and Gas Well Pad, calcareous soils, compaction and crusting
Eureka, NV — Open pit gold mine waste rock pile, calcareous soils, large grain size and low C
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What will biochar do?

Increase soil organic carbon;

Increase water holding capacity of soils;

Increase pH and cation-exchange capacity;

Decrease soil bulk density;

Increases percentage of 1-2 mm water stable aggregates;
Increase population and diversity of soil microorganisms;
Sequester carbon (70-80% fixed C/mass);

Reduce transport of PAH’s in soils

Reduce the concentrations of As, Cd, Zn, Pb, Cu, Fe, and N, K
in soil leachates



Questions

Will applying biochar improve soil conditions and increase
plant growth?

e Vegetation growth and vigor
e Soil moisture dynamics
* Soil chemistry

What are the most effective methods of using biochar for
mine lands in terms of S, C, and restoration outcomes?

e Application rates and methods
e Determine site or site-type specific restoration methods
e Conduct large scale and paired experiments
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- Catastrophe on the Animas
.f Toxic water floods river after EPA disaster at Gold King Mine in Silverton
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Implications for Monitoring
Going Forward

USGS sampled metals in the Animas
during spring runo.ff in |99.5-96 finding Metals Transport
that the Animas River carries large metal Lower Animas River
loads during high streamflow 7n + Cd + 2,300

_ Cu +Pb 2,000
— Mostly colloidal (85-99%) |:>
— Some dissolved (I — 15%)

Exclude Al, Fe

1,300
1995

1996

The GKM plume was similar to a day of
high spring runoff for combined metals.

Mass Transport (kg/day)

50

Monitoring can expect high metal loads Background Spring Snow GKM Plume 8/27 Storm
during rain and snowmelt and will need Melt (USGS)
to account for the complexity of Durango Farmington
contributing sources in the watershed

GKM contaminants may be difficult to
isolate during future high runoff from
existing and ongoing AMD
contamination.

GKM metal load in the lower Animas was similar to one day of
high spring runoff



https://www.epa.gov/sites/production/files/201602/documents/analysisfatetransportmetals.pdf
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Figure 3. Generalized map of alteration types in the Animas River watershed study area. Data in Bove , Yager and others (2007)
and Yager and others (2007).
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Randomized block design

Three treatments (B, B+M, M)
Alpine mix of grasses (USFS supplied)
30% by volume biochar additions
VWC (%)

Veg cover (%) estimates ~40 days,

1 year after seeding
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Biochar Biochar - Mulch  Muich Seed Only Biochar Biochar - Mulch Mulch Seed Only

Comparison (mine) Diff of Means Comparison (acid) Diff of Means
Biochar vs. Muich 12.73 Biochar - Mulch vs. Muich 13.2

Biochar vs. Seed Only 12.32 Biochar - Mulch vs. Seed Only 13.1
Biochar - Mulch vs. Muich 11.44 Biochar vs. Mulch 12.643

Biochar - Mulch vs. Seed Only 11.03 Biochar vs. Seed Only 12.543
Biochar vs. Biochar - Mulch 1.29 Biochar - Mulch vs. Biochar 0.557
Seed Only vs. Mulch 0.41 Seed Only vs. Mulch 0.1
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Spatial arrangement of vegetation
establishment

Animal browse




Utah State Biomass Resource Group/QEP
Resources - Biochar Trials




What is the value of adding biochar here?







Topsoil addition Straw Mulch
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The long-term objective of final reclamation is to set the course for eventual
ecosystem restoration, and take the steps necessary to ensure that long-term
objectives will be reached through natural processes.
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Delivered/spread at >10% moisture
content to reduce dust.

aek




Surface application




Soil storage Co-application wit
composted manure




~20 cubic yards/acre
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Dennis Hinkamp — Utah State University Extension
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https://www.youtube.com/watch?v=25OR8I-h-pE&feature=youtu.be
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Soil Moisture Sensor Network
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Soil Moisture
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Soil Moisture (v/v)
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BioGyp

Group Median 25%
BioGyp 0.230 0.184
Gypsum 0.168 0.130
Straw 0.156 0.117

Gypsum

Comparison P<0.05
BioGyp vs Straw  Yes
BioGyp vs Gypsum Yes
Gypsum vs Straw  Yes
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June 30, 2015
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March 23, 2016

Aeolian transport?









Islands of Establishment




Spatial heterogeneity of soil biochar content affects soil quality and @ S
wheat growth and yield

Manuel Olmo **, Ana Maria Lozano®, Vidal Barron ", Rafael Villar®

* freg e Ermbygin, Ferultod de Gencivs, Lniersided de Girdobg, 1480 1 Cdrdoby. Spain
B Nernstorm et de Agronomiz, Uiniversided de Cérdoba, 1471 Gordolbe, Spain

Science of the Total Environment 562 (2016) 690-700
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Name Wells

KERR-MCGEE OIL & GAS ONSHORE, L.P. 4932
NEWFIELD PRODUCTION COMPANY 4512
EOG RESOURCES, INC. 1945
QEP ENERGY COMPANY 1541
LINN OPERATING, INC. 1518
XTO ENERGY INC 1174
RESOLUTE NATURAL RESOURCES 819
CRESCENT POINT ENERGY U.S. CORP 744
CONOCOPHILLIPS COMPANY 726
BILL BARRETT CORP 712
ENDURING RESOURCES, LLC 633
EP ENERGY E&P COMPANY, L.P. 609
PETROGLYPH OPERATING CO 568
ENERVEST OPERATING, LLC 525
GASCO PRODUCTION COMPANY 302
ULTRA RESOURCES INC 235
QUESTAR EXPLORATION & PRODUCTION CO 220
ANADARKO E&P ONSHORE, LLC 206
CHEVRON USA INC 194
FINLEY RESOURCES, INC. 194
WESGRA CORPORATION 188
CITATION OIL & GAS CORP 186
GULF OIL CORPORATION 166
QEP UINTA BASIN, INC. 165
AMOCO PRODUCTION COMPANY 156
WEXPRO COMPANY 139
RUNNING FOXES PETROLEUM, INC. 132
LONE MTN PRODUCTION CO 131
SHENANDOAH ENERGY INC 127
SHELL OIL COMPANY 124
FOREST OIL CORPORATION 121
HARKEN SOUTHWEST CORP 121
ROSEWOOD RESOURCES INC 121
COASTAL OIL & GAS CORP 116
LOMAX EXPLORATION COMPANY 114
SUPERIOR OIL COMPANY 111
TEXACO INC 111
WESTPORT OIL & GAS CO LP 110

DOMINION EXPL & PROD INC 107
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I:] Aspen/Birch Group
5 I Douglas-fir Group

- Fir/Spruce/Mountain Hemlock Grou

A ‘:]Pinyon/JuniperGroup
- Ponderosa Pine Group
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Frunta

Centertiel

.Seurces Esn HERE DeLorme TomTom Intezmap mcremen EBEOHUSGS, FAO, NPS, NRCAN;
GeoBase‘ icN® Kadast%r RIL, Ordnance Survey, Esri Japan, METI, Esrl Chinal(iHeng:Kong), SWISSlOpO-‘ .
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Biochar Application Studies Key Take Away’s:

1. Regionally appropriate demonstration sites.
Detailed site characterization accounts for non-linear effects:
animals, climatic variability, business environment.
Combine quantitative and qualitative, discrete and continuous




Mayflower t
ponds seen as a

possible solution

‘rodect

Combination active treatment
and filter bag precipitate
collection.

1 of 4 major draining adits for
~6 months




Thank You

Debbie Dumrose — USFS

Darren McAvoy — Utah State University
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Questions?

Chris Peltz
chris@researchservicesco.com
970.691.6351
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