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A) GEOMORPHIC DESIGN FOR BEST PRACTICE MINE
REHABILITATION. A WHOLE GEOFLUV-NATURAL REGRADE
GEOMORPHIC REHABILITATION PROCESS
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1. Getting field
iInputs
(reference area)

ural Regrade Global Settings
Maximum distance between connecting channels [ft.]
Mawimumn distance from ridgeline to channel's head [ft.)
Slope at the mouth of the main valley bottom channel (%]

"8 channel reach [ft.]

2-yr, 1-hr [in.] [see documentation] Frain Map 0.60
B0-yr, B-hr [in] [see documentation) Frain Map 200
1

Target drainage density [ft./ac.]

Target drainage density variance [%]

[[] Farce ridges to be lawer than GeoFluy boundary

Angle from subridge to channel's perpendicular, upstream [deg.]
Morth or East straight-line slopes (%]

Maximurn straight-line slopes (%)

Maximurn cut £ fill variance [%)

Minimum cut / fill variance (%]

Cut swell factor

Fill shrink. factar

L aK J[ Cancel H Help ]
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2. CAD model of the site 3. Set the design area

Chevron Mckinley Coal
Mine NM, US, Earth
and Water Technology

Son Amat, limestone quarry (Majorca, Spain), with permission of Gravillas Son Amat

4. GeoFluv — Natural Regrade
design

DISTURBANCE REQ. COVERSOIL = 456 ACRES, 735,642 ©Y
ESTIMATED AVAILABLE STOCKPILE+SALVAGE = 795,000 CY

TOTAL AREA DRAINING TO CLYDE POND = 354 ACRES

EAST CHANNEL 1

Day Loma reclamation project, AML project 16 G-I, Freemont County,
Wyoming. BRS Inc.- Engineering Consultants, Wyoming, USA

LEGEND

SECTION LINE

EXISTING GROUND CONTOUR Cl=10"
DESIGN GROUND CONTOUR Cl=10"
EXISTING ACCESS ROAD

DESIGN BOUNDARY

MEANDER CHANMNEL

"A" CHANNEL
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5 C h k th d . Hancock GR, Martin Duque JF, Willgoose
. eC Ing e eS|g n GR. Geomorphic design and modelling at
catchment scale for best mine
rehabilitation — the Drayton mine example
(New South Wales, Australia). Submitted
to Environmental Modelling and Software

Modelled with
SIBERIA

6. Building the design

How these ‘natural’ landforms are built?
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Conventional earth movement in mine planning and rehabilitation

Map for guiding the download of waste (lifts) for
GeoFluv-Natural Regrade restorations
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How if the first time that we move the mine wastes...
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Moving the earth only once is efficient

In these images, a competitive company is building a GeoFluv
rehabilitation
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The machinery that regrades
the land has this screen

Ll B | {3

Tocls Project Tasks Moniter Reverse

Views v

ENGINEERING TECHNOLOGY

RESTORING EROSIONAL FEATURES IN THE DESERT
New Landform Design Software and Automated Machine
Guidance Combine in Award-Winning Reclamation Project
en to eight years, using the conventional
methads av at the time. and BHP

Billiton began looking for ways 1o speed up
the work 1o minimize this liability period.

The La Plata reclamation program faced a
hallenges. The swell factor of

tated an additional out-of-
dump because the swelled mate-
d not fit back into the mine pits.

Because of the unigue wpography. the
sfied with the gra-

and down-drain design
for slope reclamation that was the con-
ventional practice. The terraces and
dow ns were expensive to build,

pensive to mainiain because
sediment accumulation on the terraces
or animals burrowing through them
could cause slope washouts. I the
slope damage required major repair
work, the bond liability period could be

Using specially developed software and GPS guidance systems o dozers, BHP Billiton's La Plata mine retored
mined desedt lands efficiently and cost-effectively.

The focus of any mining operation is  newly developed technologies for (opo-  restarted from the repair date.
recovery of the mineral reserve, whether  graphic (modeling) design and sutomated o ol e done faces
coal or other deposit, but often the great- machine control to achieve dramatic o~ 1 SOTEATCETC RSO0 40E8
est cost of mining is associated with mov-  results in productivity in its award -win- design led to great slope areas facing
ing, storing and replacing overburden —  ning reclamation projectat La Plata, MM S C T ST LI L

el e e e L s ARG uniform water retention across the
I have to meet many ATLAPLATA

mine. When th
ing reclamation,

Coal Age, March 2006 17

D9 dozer equipped with
machine control GPS
shaping “A” channel

Abandoned Mine Lands
Project 16 N-3
rehabilitated with GeoFluv
— Natural Regrade. Images
from Harold Hutson,
Project Engineer, BRS
Inc.- Engineering
Consultants, Wyoming,
us
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D9 dozer equipped with
machine control GPS
shaping “A” channel

Abandoned Mine Lands
Project 17 H-2B
(Wyoming, US)
rehabilitated with GeoFluv
— Natural Regrade. Images
from Harold Hutson,
Project Engineer, BRS
Inc.- Engineering
Consultants, Wyoming,
us
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Abandoned Mine Lands Project Lionkol (Wyoming, US) rehabilitated with GeoFluv — Natural Regrade.
Images from Harold Hutson, Project Engineer, BRS Inc.- Engineering Consultants, Wyoming, US
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Machinery regrading GeoFluv — Natural Regrade rehabilitations

Soil replacement and seeding complete GeoFluv — Natural Regrade rehabilitations

| —
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7. Monitoring

Experiment preparation for
sediment yield monitoring

Earth dams construction at La Plata, New México.

Photos by Edward Epp and Nicholas Bugosh
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B) GEOFLUV - NATURAL REGRADE BASED MINE REHABILITATION
EXAMPLES ALL OVER THE WORLD. BASIS FOR DISCUSSION
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1. EXAMPLES IN
THE US

Example of the
AML coal mine
(Indiana, US)
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CONVENTION A"
RECLAMATION &

NATURAL LANSEORIVESE.
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Tijeras limestone quarry (New Mexico, US)

M Water & Earth Technologies, Inc. 27
Conwlting

Water R and Envi |

La Plata mine, New Mexico, US
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La Plata mine, New Mexico, US
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La Plata mine, New Mexico, US
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La Plata mine, New Mexico, US

31

La Plata mine, New Mexico, US
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La Plata mine, New Mexico, US

GeoFluv rehabilitations at La Plata
5.65 - 8.25 t/halyr

Neighbour undisturbed native site
9.53 t/halyr

Bugosh and Epp (submitted to CATENA)
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San Juan mine, New
Mexico, USA

2004 “Best of the Best” award, mine
reclamation, USA

36
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Sands Mine in Wisconsin (US) in humid, temperate environment

This sand mine in northern Wisconsin has erodible sands that for many years led to maintenance and
repair of traditional slope reclamation. The earth material properties, clean and loose sand particles
made very difficult to reclaim with stability against erosion using traditional reclamation methods.
GeoFluv — Natural Regrade designs have passed heavy storms without requiring repair. The
reclamation designed also blends into the surroundings providing additional benefit at no additional
cost.

Gooagle Earth

37

Coal slurry stabilization
(Indiana, US) in a humid
temperate environment
(Minnehaha Mine, Sullivan
county)

Example of physical and
chemical stabilization

Informacién adicional en:
www.osmre.gov/programs/aw
ards/2015AMLWinners.shtm
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Contents lists avwilable ot Scencaliect

Ecological Engineering

Proposals for valley

fournal homepage: www.alsavins.comilacatalscolang

fills at the
H Geomorphic landform design alternatives for an existing valley fill in i
AppalaChlan central Appalachia, USA: Quantifying the key issues @
mou ntains Nathan C. DePriest **, Leslie C. Hopkinson *, John D. Quaranta ®, Peter R. Michael ",

Paul F. Ziemkiewicz ©

* epertement of Ol sl i sl Enginorstng. West Virgius Umiersiy, 11 e G111, Mo pamiomn, WY 00K L4
-, e o by FEnbengh, M IR (54
Pt Vingioia Masee A dnasruse, W Vieginad sversity, AL e 4054, Morpastonss, Wi 5508, 114

Pastureland

Benched
Valley-fill Face

——— Zee Location of
Groin Ditches Location of proposed
proposed valley fill toe
valley fill toe

Russell, H., DePriest, N., Quaranta, J.D., 2014. Stability analysis comparison of conventional
valley-fill to geomorphic landform designs. Trans. Soc. Min. Metall. Explor. 336, 414-420.
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3. EXAMPLES IN
SOUTH AMERICA

Coal mine geomorphic (GeoFluv)
rehabilitation in a tropical
environment with grazing land
uses (Bijao mine, SATOR, Argos
Group, Colombia)

Puerto Libertador,
Cordoba

*High precipitation
(>1,000 mm/yr)

+ Ecologically and
visually sensitive
landscape

40
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Landforms as
planned

The Traditional reclamation _ e GeoFluv

landform has three main features: -
landforms

Final Void-Pit to Lake
*Regraded overburden (backfilling)
*Out-of-Pit Waste Dump

*GeoFluv alternative designs

LY

Landforms
as planned

(1) Steeply sloping, uniform
gradient banks to the final
void would limit its safe
access by humans,
livestock, and wildlife.

GebFION
(1) The GeoFluv alternative

allows for naturally
functioning slopes leading
to the pond that provide
safe access to the void,
while minimizing erosion

42

21



14/04/2018

(2) The backfill grading buries the natural
drainage pattern, losing hydrologic connectivity.

(3) The out-of-pit waste dump has a minimized
disturbance footprint, but it is very unstable
against erosion, provides minimal reclamation
land use benefit, and is an unsightly monolith on
the landscape.

(2) Establishing a fully functioning hydrologic
system for the storm runoff, and restoring = A e TS e G o oF luv

hydrologic connectivity was possible without : : landforms,
extending the toe limits. ol o

(3) The waste dump geomorphic rehabilitation
has benefitted by extending its toe as needed to
accommodate the volume of waste material, to
convey storm water runoff without the accelerated
erosion

Mina Invierno, Isla Riesco, Magallanes Region, Chile

4 'lﬁ"\'iierno

4

Riesco Island

Climate: semiarid,
moderate oceanic

) Low temperature
: _ . Strong winds (130 km/h)

Magallanes Region

Chilean Patagonia
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Out-of-pit
(external)
waste dump

Geomorphic
Reclamation through
GeoFluv — Natural
Regrade was an
alternative, but failed
to be implemented

45
4. EXAMPLES IN SPAIN AND PORTUGAL
arianza (1) B
;
[ Alpodroches (1) B, Tortosa (2)

._ \falencla(‘l)(‘l : Majorca (1) 5 ity

i @) cate 2 punt (8)

DESIGNED (7)

APPROVED (6)

APPLICATION (2)
BASE MAP SOURCE: 46

https://www.pinterest.com.au/pin/510877151466792348/
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____Main channels

GeoFluv —
Natural
Regrade at El
Machorro mine

(Alto Tajo) |

| Local base level

r — Rounded hills

47

Not possible (because of the altered earth material), to restore the original slope or drainage pattern, but
we can make a functional topography for the new earth material

= 5 %

48
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Sediment yield monitoring
for 5 years (2012-2017)

4.02 t/halyr

Zapico et al. (2018). Ecological
Engineering 111: 100-116
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GeoFluv-Natural Regrade
at Maria Jose mine (Alto Tajo)
= a— - - - :‘.h".'_‘-
— T e Why is important to be precise (both at
i i o e designing and at building)
50
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GeoFluv Natural Regrade for
the Alto Tajo abandoned mines

Sand quarry (Somolinos, Guadalajara)

Failing “A”
Channels. Why?
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