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Study Background

2 year study began in August 2012
Funded by Office of Surface Mining

Working in collaboration with BHP-

Billiton
0 La Plata Mine

Results and Conclusions will be
developed as research continues
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La Plata Mine, New Mexico
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 Open pit mine that
produced coal until 2002

» Over 800 hectares in size

* Approx. 6000 ft elevation

* Approx. 12 inches of annual
precipitation

e Reclaimed using GeoFluv™
approach



Objectives

1. Evaluate the effectiveness of geomorphic
reclamation at producing conditions that closely
mimic those found in natural analog basins and
channels

2. Assess the effectiveness of watershed models in

iInforming the geomorphic reclamation process

o Water Erosion Prediction Project (WEPP)
o Sediment, Erosion, Discharge by Computer Aided Design (SEDCAD)

3. Investigate the long-term stability of reclaimed
land including the impacts of extreme events



Selection of Watersheds

e Three watersheds selected due to similarities in

slope, aspect, and size
o Well Vegetated Reclaimed Site
o Moderately-Vegetated Reclaimed Site
o Undisturbed Natural Site

« Watersheds sit within 2.5 km of one another




Selection of Watersheds

Moderately Vegetated Well Vegetated Undisturbed Natural
Reclaimed Watershed Reclaimed Watershed
e Watershed y



Obijective 1

 Evaluate the effectiveness of
geomorphic reclamation at producing
conditions that closely mimic those
found in natural analog basins and
channels



Field Sampling

e |n situ soll measurements

o0 Temperature
o0 Moisture content
0 Vegetation

Disturbed soil sampling

o Particle size distribution

0 Specific gravity

o Organic matter

o Cation exchange capacity

Undisturbed soil sampling

o Saturated hydraulic conductivity
o Water retention curves

Check-dams installed
V-notch weilrs installed



Field Sampling




Field Site Soil Characteristics
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Field Site Soil Characteristics
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Obijective 2

* Assess the effectiveness of watershed
models in informing the geomorphic
reclamation process

o How well do the models predict runoff and erosion totals
from sites?

o How much field collected data is necessary to produce
reasonable results?



Water Erosion Prediction
Project (WEPP)

« Development by the USDA began in 1985 to
expand upon the Universal Soil Loss Equation
(USLE)

o USLE - gives annual erosion predictions

o WEPP - spatial and temporal information about erosion and
deposition on a hillslope or watershed



Applications of WEPP

Agricultural Sites

Forested Sites

Rangeland Sites

Geomorphic Reclamation Sites at La Plata Mine




WEPP Overview

Model Inputs
o Define the Topography
» Hillslope

» Watershed

o Channels, hillslope,
Impoundments, outlets

o Climate data
o Soil data
0 Vegetation management

Model Output (annual basis)
o0 Runoff Volumes and Hydrographs
o Sediment yields
o Characteristics of Eroded Sediment



Delineation of Watersheds




Study Watersheds at La Plata Mine




Importing Watersheds to
EPP Model_

cach] o w0 | MunOplons | P |
Sl Databioie Eckton: DUNCANON sl =
S File Nt Sl Tt Mbad: Iokial St Lk (%)
DURCERON =] [5I o= i
Inked Evcebily. 472 Iined) [ s Modd Chleuls
[ e ) T Hawe Mode Cakculate
Cifical Shas: [T B2 T Have Mo Cokcudoln
EIl. Hyn. Corabisivity. |0L1B1S I I Hwve Model Caiculain
Layoe] Depanpny [ sanaps) | ciayme) [ ovganicon] cicimean] mockm | -
10 mi e JEL] (1] 25
2 |+ T () ) [¥] Fi]
‘ - L) W e [ (1] 31 l
/ =
.A‘\‘A\ /
P A
A =
LN !
&/ X >
& / I~ Usn Rosicong Lopes | |
Arkicknyty Mats E Ksak fermh] [T
[ Engiuh Unty

di

T U T R T I

Wit earrastian for graes) 2521 (M)

o
393283 37.7008] 378345 40501 424084] 419219 390116 38.1055] 413646 12998 63| 309285 11 Slape Profe Fter LR
axsom| wa3ssa| on owan] mawon| as.asss| svsorul swsre| seowns| erer| ssasea] pisrel aassss
151673 S08T53] 26795)] IASOM| ALIGA| 220750 JLODDS| 58043 186547 ZROG0S] 514064] 24421 r
Cay  [Clay iy F
toam [0 [ | oo | tom | toam | b | toam | s | om0 | oam 125 £ T
00 4=
E 15
#ith comecuon o g 00, §
| saown| sirsm| asce| & so
25 £
oo b b D L Ty
L] 50 100 15 ;e 20 ks
Distance ft) " Enghth © Makic
vareed | Pioem | St | s cwed | Hw |




Defining Hillslopes

Hillslope defined by
cross-section taken in
Arc-GIS

Hillslope defined by 10
equidistant slope points

nnnnnnnnnnnnnnnn

Hillslope defined by
simplified S-shape using
average slope



WEPP Watershed Approaches

 Natural, Well Vegetated, & Moderately Vegetated
o Cross-section Hillslope
o 10 slope points Hillslope
o Simplified S-shape Hillslope




Initial WEPP Results

Average Depth of Eroded Sediment {(mm) assuming 1.5 gfcc
Storm Frequency (years)

Well Vegetated 10 25 50 100
Profile Hillslope 70.05 245.27 425.53 658.67
10 point Hillslope 0.08 0.25 0.38 0.51
Simplified Hillslope 0.04 0.16 0.26 0.36
Watershed - Profile 0.45 123 213 2.99
Watershed - 10 point 0.03 0.12 0.19 0.27
Watershed - S simplified 0.03 0.10 0.17 0.23

« WEPP model unable to handle the complexities
of the cross-sectional description of the hillslope



Runoff Depth {mm)
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WEPP Runoff Prediction

WEPP Runoff Prediction -

WEPP Runoff Prediction -
Watershed Approach
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Depth of Eroded sediment {mm)

o o o o o o
= %] w I Ul =]
o o o o o o

©
o
S

WEPP Erosion Prediction —
Hillslope Approaches

WEPP Erosion Predictions -
Simplified S-shape hillslopes

WEPP Erosion Predictions - Hillslopes
with 10 slope points defined
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WEPP Erosion Prediction -
Watershed Approaches

Watershed approach using simplified
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WEPP Erosion Predictions -

S-shape hillslopes

WEPP Erosion Predictions -
Watershed approach with 10 slope
points per hillslope
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Effects of Increased
Vegetation at Reclaimed Sites

WEPP Erosion Predictions - Watershed approach with 10
slope points per hillslope
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Future Work

e Future research using GeoWEPP will aid in more

accurate watershed delineation methods.

o WEPP is limited to rectangular shaped hillslopes in addition to limited
access points along channels




Objective 3

e Investigate the long-term stability of
reclaimed land including the impacts
of extreme events



Conclusions

Early model runs hint that geomorphic reclamation
sites are successful in producing erosion totals similar
to natural basins

WEPP hillslopes and watersheds can not be too
complex, as the model will over predict sediment
yields

Check-dams and V-notch weirs should help to
Inform the accuracy of model predictions, as well
as aid in calibration of model
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