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Recovery of mined lands
and waters to a regulatory
approved post-mining use

Reclamation



Actions taken to address A
release of hazardous Mining

materials likely affecting Reclamation
human health and the

environment |



Mining
Reclamation

Assisting in recovery of
degraded, damaged or
destroyed ecosystems



Sustainable
withdrawal of
materials from
the environment
for human use




Nature-Based
Solutions




We Live in a Multi-Hazard World

Norma% OK tornado ('-'-

AUGUST 25, 2017 at 10:00 PM CT

Near Rockport, Texas

f Category 4 Hurricane

. . 130 mph winds




1.6 7 Elhacham et al. 2020. Global human-made mass
exceeds all living biomass. Nature 588:442-444
1.4 —
1.2 Biomass
£ 104 |
5
g 0.8 ;
E 0.6 - Other (for example, plastic) %
B Metals |
0.4 -| WM Asphalt Anthropogenic
B Bricks mass
0.2 | W Aggregates (for example, gravel)
Bl Concrete

1900 1920 1940 1960 1980 2000 2020
Source: Todd Bridges Year



Working with Mother Nature not agamst her

m Ecological engineering

— The design of sustainable ecosystems
that integrate human society with its
natural environment for the benefit of
both (Mitsch and Jorgenson 2004)

m Engineering With Nature

— The intentional alignment of natural and
engineering processes to efficiently and

sustainably deliver economic,
environmental, and social benefits
through collaboration (Bridges 2018)
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Working with Mother Nature, not against her

m Nature-based solutions

— Actions to protect, sustainably manage, and restore natural and
modified ecosystems that address societal challenges effectively

and adaptively, simultaneously benefiting people and nature
(IUCN 2023)

m Natural infrastructure

— Use of preserved, restored, or enhanced elements or
combinations of vegetation and associated biology, land, water
and naturally occurring ecological processes to meet targeted
infrastructure outcomes (CCME 2018)

m Natural and nature-based features

— Landscape features to produce flood risk management benefits; R AR
may be natural (produced purely by natural processes) or NATIONAL NATU
nature-based (produced by a combination of natural processes ASSESSMENT
and human engineering (Bridges et al. 2021) il il il i

lovembel 3 to January 4, 202:
@ U.S. Global Change
Research Program
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= IMWA members were pioneers! =+

m PTS are NBS

m Mine water "NBS"” for four S
decades o
m Passive treatment is ecological FE5&

engineering - e
i PP W C “"Qﬁr 3

-~ -

US Bureau of Mines personnel at an early

- SO Why care abOUt thIS NEW passive treatment system, Friendship Hill
buzzword? National Historic Site, Pennsylvania



1. Success must be holistic and ai(nqb.[e_%
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Protect Your Health

Environmentally effecti
nVI ron en a y e eC Ive The soils and s d ents Yh cont: rmiul Ieyels of lead and other metals. i
S all hld dp g enale at:lh_e mﬁa{ﬁﬂﬁﬁ from exposuie ‘
. KEEP CLEAN ! Wahy ur hands and face bl m iﬁi&%
( bottles dpaf s if they have bee St e i
. O St effe Ct I Ve 3 R vel soil frorn your cfothlng, c’a‘mping euulp)nmi, and peiamnta ‘ @ E
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appr oved sOure Do not use river w: Always eat af ! © 187

Sl

clean s thegoud Cleal fhth ghlyandeat Iy'hf:llet

* FIJ\YCLEANJCh[dren houldplfingasy s and avoid lo seoil,
dust, and muddy areas.~No d
m CERCLA and NRDAR Bhmr -

more information call Panhandle. Heaunmsmﬁ'mwmaimw :

— Remediation and restoration as distinct |,
— Remediation to decrease risk
— Restoration to “baseline condition” =
m NBS = comprehensive answers o
*Comprehensive Environmental Response, Compensation, —

and Liability Act (Superfund) and Natural Resources
Damage Assessment and Restoration Signage in the Silver Valley, Idaho



2. Provision of co-benefits

m NBS provide ecosystem services

Human Wellbeing

Poverty/Security, Basic . Provisioning

Resources, Health, Good . .
Tangible products humans derive

Social Relations, Freedom of i
Choice and Action directly from ecosystems

ex: timber, food, drinking water, and
natural gas.

Regulating
Benefits provided to society through

" s ecosyslem processes
Indirect Drivers of Change Natural Ecosystem

Demographic, Economic, Capital Services ex: climate regulation, water
Sociopolitical, Science & purification, pollination, and
Technology, Cultural and Religion decomposition.

Cultural

) Nonmaterial benefits
—_— ex: aesthetic value, recreation and things

which provide physical and mental
health

Direct Drivers of Change
LULC, Species, Technology Use, .
External Inputs, Harvest and Supportlng
Resource } Climate Change Indirect benefits to humans in that
Natural, Physical, and Biological "

they support all other services

Processes
ex: soil formation, nutrient and water PaSS|ve tl‘eatmen aba ndOﬂe ]
; . Milline. e G e cycling, and photosynthesis
Adaptation from the Millineum Ecosystem Services Assessment mlne, Tar ,Creek Supelfund Slte, Ok|ahoma




3. Closing the loop

m NBS promote resource recovery

m Passive treatment residuals
— Iron oxyhydroxides
— Sulfides or other residues
m Tailings and wastes
— Strategic minerals
— Critical minerals
— Rare earth elements




One Nundred Seventeenth Congress

4 . Re $ O u rce $ NMnited f%tuartztg tuf America

AT THE FIRST SESSION

egun and held at the City of Washington on Sunday.
e third day of January, tiwo thousand and tweenty-one

Unprecedented global availability

m United States
— Bipartisan Infrastructure Bill

— Inflation Reduction Act INFLATION
Bl R S

— Executive Order 14072 NN

— Engineering With Nature Program [Nzl

— National Nature Assessment

— DOE Critical Minerals opportunities

Executive Order 14072
Section 4: Deploying Nature-Based Solutions to ®

Tackle Climate Change and Enhance Resilience

Investment and Jobs Act”.

OPPORTUNITIES TO
ACCELERATE NATURE-
BASED SOLUTIONS:

A ROADMAP FOR CLIMATE
PROGRESS, THRIVING
NATURE, EQUITY, &
PROSPERITY

A REPORT TO TIIE

With Nature




4. Re$ource$

Harnessing the power
@) Yolied, | united Nations Economist Network (UNEN) of collaboration for nature-
based solutions

Thematic Brief

Unprecedented global availability | naturebases IR

Solutions

m United Nations e
m European Union i S
= United Kingdom s
m Australia -
m Canada

: A Landscape Analysis of
Decent Work Nature-based Solutions in
in Nature-based Canada
Solutions 2 0 z e

INDIA FORUM FOR Nature-Based

Natu re S(?lutloln.s 2023\ ‘.

Brisbane Convention

- BA -,} E E' 5 U L U Tl LJ ” & & Exhibition Centre

July, 2023



Nature-Based Solutions

m Applicable to both active
and legacy mine sites

m Restore functioning
ecological systems

m Provide multiple co-
benefits

m Close the resource
recovery loop

m Resources available







Tri-State Mining District — Picher Field
m >3000 km?Z mined, 1830s = 1970

m Mississippian sulfides (PbS, ZnS)
— 164x10° mtons crude ore <\
— 1.7x10° mtons Pb concentrates e e
— 9x10°% mtons Zn concentrates

m Quapaw Nation OK treaty lands

Sy
700N o — .- \_.,..;;:"ﬁ:- P b= =

36°55'0"N

Og’ MISSOURI

OKLAHOMA

m 100 million m3 mine pool
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Tar Creek Watershed Ottawa County, OK =0 need of nature based squtlonsI

No comprehensive nature-based solutions
approach, but several innovative research

 ummlmsl ai. haE 2

Juﬂ

and demonstration projects.




Beneficial reuse of “chat”

m Favorable properties as aggregate
m Must be encapsulated

@ Pb (mg/ky)
dcd (mg/kg)
B Zn (mg/kg)

]
=3
=3
o

-
(5]
[=]
=]

Cd and Pb (mg/kg)

4750 2000 425 180 75
Particle Size (pm)

Active work on

strategic and critical
mineral recovery

i _-E,L_f

50 70 0 40 60 80

% Chat in mix designs




A2\ Quapaw

Land reclamation N - 2tiend

m Currently a tribally-led clean up

m First-ever tribally led remedial response
cooperative agreement (2013)

m Now contracted for all state and federal
lead projects

m 6.5x10% mtons source materials

m Recognize utility of NBS approach for
remediation and restoration

Incorporation of Traditional
Ecological Knowledge



reatment Systems..




@ Mayer Ranch
« USEPA CWA

104(b)(3) funding |

« Online 11/2008 &

10 process units

* Flow = 420 Ipm 4= & By T
-Area=225ha  J - Wpend: Wetlands i ‘p
Wate li h
Fquality changes Mass retention
In Out

y = o7 o Annual (kg) 15-Years (kq)
P ' ' Fe 36500 547500
Fe (mg/L) 160 0.33

Zn 1550 23250

Zn (mg/L) 6.91 0.14 Pb 20 300
P L : <PQL

b (mg/L)  0.093 Q Cd 3.3 50

Cd (mg/L) 0.015 <PQL




Southeast Commerce Passive Treatment System Effldent”%ﬁ _
B |

L‘-‘-v-—# ?

® Southeast Commerce'"flU'G-'nts = e E’i |
- OSEE/DEQ funding =~ «== 51 . : ti T .
* Online 02/2017 | 1 |  Surface | Reaeration/
» 4 process units | SRR flow _ h final polishing.
* Flow = 600 Ipm , | wetland Vertical i unit
 Area = 1 ha _.-.'}', ‘pondt B mEa @ flow
. P EE rr S bloreactor fi&w '
Water qualllrt]y changgs;t Mass retention

oH c 94 6.83 Annual (kg)  7-Years (kg)
Fe (ma/L) 140 0.79 Fe 34700 243000
Zn (mg/L)  6.54 0.07 £ 1575 11000
Pb (mg/L) 0.279 <PQL Pb o 450

Cd 5 35

Cd (mg/L) 0.195 <PQL
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Langmuir Phosphorus Sorption Isotherms

Mine drainage residuals: 35,000 mg/Kg

® MDR

—MDR Langmuir
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Linking mining reclamation,

r’f,-

environmental remediation, and *

ttel

Lias )

ecological restoration
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Conclusions

= THINK BIG!

m Holistic and flexible nature-based solutions approach

m Provides efficient model to reach multiple objectives and
deliver numerous co-benefits

m System-based comprehension of interconnected hydrological,
biogeochemical, ecological, and other processes

m Sustainable paradigm to address complex and interrelated
215t century challenges
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CREW Partners

m  Our private landowners

m  Our major funding partners

m  Our research collaborators

Mayer, Pritchard, Martin, Corbus families

USEPA Water Quality Division
USGS Toxic Substances Hydrology Program
Grand River Dam Authority
ODEQ Land Protection Division
USACE Engineering With Nature S,
Many other funding partners
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The UNIVERSITY of OKLAHOMA
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Quapaw Nation of Oklahoma he UNIVERSITY of OKLAHOMA ’ ;:‘ 3 gl College of Engineering

LEAD Agency

Cities of Commerce and Norman
Northeastern Oklahoma A&M College
Central Oklahoma Master Conservancy District
CH2M-Hill team and subcontractors

Improving our future by degrees
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