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» Alters the vegetation, soils,
bedrock, and landforms

» Changes the surface

hydrology, groundwater, and
flow paths

» Changes ecology of the
site




Surface Mining - |
Problems ¥

» Surface
M Loss of vegetation
M Loss of soll
M Erosion
B Runoff

M Stream pollution

» Subsurface
M Acid drainage

M Groundwater
contamination




Mine Land Reclamation with Surface
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» Surface Barrier (Cover,
Cap)

M is an engineered
surface structure

M covers the exposed
rocks

M isolates rockpile/tailing
M reduces erosion

M provides a medium for
vegetation growth

M reduces drainage

» Targets of concern: waste, environment, and
barrier
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Surface Barrier Use on Mine Land
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Soil covers for tailings impoundments, waste rock piles,
backfilled pits and heap leach pads (Rykaart et al. 2006)

Continent Country Number of Cases
North America Canada 40
United States 85
South America Brazil 4
Chile 2
Africa South Africa 13
Europe Sweden 6
United Kingdom 2
Germany 18
France, Czechoslovakia 1 each
Greece, Norway, Spain 1 each
Australia Australia 18
Asia Indonesia 5
China 1
Total 200 ’




o

Pacific Northwest
NATIONAL LABORATORY

O bJ e C t I V e S Proudly Operated by Battelle Since 1965

» Introduce a holistic
approach considering

M the actions (DEM)
® Design
® Evaluation
® Monitoring

M the targets (WEB)
® Waste site
® Environment
® Barrier

» Demonstrate application of the DEM-WEB holistic approach at
the Prototype Hanford Barrier
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Surface Barrier — DEM Actions and
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I_-Iant_ord

» Design (D) Sihae
M types — What types of barrier to Rem 7
use? T

M life — 10s, 100s, or 1000s of “hemg
years?

M function — waste isolation?
infiltration reduction?

» Evaluation (E)
M performance evaluation
B impact evaluation

» Monitoring (M)
B What and how?
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Holistic Approach — DEM-WEB

» Each WEB system is site-
specific

_ Environment
» Hence, the DEM is also
site-specific
S
Design
Evaluation

Monitoring
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Example — Radioactive Nuclear Waste Pacific Northwest
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Containment at Hanford

Columbia River

/
/
/
/

Groundwater ——>

11



o

Pacific Northwest

I I I - t = A r h P h NATIONAL LABORATORY
O I S I C p p O aC aS e S Proudly Operated by Battelle Since 1965

—' RCRA/CERCLA

I Characterization

Feasibility Study

|

- ‘ Remedy
Evaluation

Treatability Testing -+

Process —_
‘ Monitoring I Corrective Action Decision BBy ‘ Design
Evaluation

— Remedial Action —

‘ Performance  __
Monitoring _ Performance
Site Closure — .
Evaluation

ﬁlﬁlﬁlﬁlﬁ

— Environment Impacts —
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Prototype Hanford Barrier - Design

» Performance Criteria

B Function in a semiarid to sub-humid climate.
10,000 years

B Have a design life of 1000 years.
M Limit drainage to less than 0.5 mm yr. o) for

B Limit runoff. contaminants
B Be maintenance free. Ll
B Minimize erosion.

B Meet or exceed RCRA performance criteria.

Multi-Layered ETC

Barrier 2:1 Basalt Riprap
10:1 Pit-Run Gravel | Side Slope
Side Slope \ I ; /

Asphalt concrete layer with a 5-mm-thick
polymer-modified fluid-applied asphalt coating

Waste Crib



Prototype Hanford Barrier — Design (2)
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Access Roadway

Ur.}par Silt Loam
w { Pea Gravel Admix 1.0 m

Lower Silt Loam 1.0 m

Sand Filter 0.15 m

Gravel Filter 0.3 m —\\_‘\\

Basalt Rip Rap 1.5 m

Basalt Side Slope

Neutron Probe
Access Tubes

2

—

0.3 m /
Composite Asphalt 0.15 m /

(Asphalt with Fluid Applied

Asphalt and Curbed) EP“?WI'BE

Sandy Soil
(Structural) Fill

In Situ Soil

Ega12068 2
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1E 2E 3E 4E 5E 6E
Prototype Hanford ey
Barrier — Monitoring
Gravel
- - - Hoad !.
» Barrier monitoring | ;
B 14 Water balance EECTET — I
e iy 000 DSE(I“Markers S o35 fc(%“i
stations pErzaeeme et BIE,
folols
B 14 Lateral neutron 2| [ 59
probe T o etk 5o o R
; o ISl e i FC67 3
B 1 runoff plot L= A ECE
P | PR q B3
B 12 monitoring plots L Mo i
. [ U U (O S U N AN - - o B cas(
» Waste Zone monitoring | | 2 %z/*é?:,:;
. . w | | s s o st0 st stz E @1:? aps
B Non-intrusive s|| ss5ses
geophysical methods L i R
» Environment monitoring o £ K e s
B Groundwater quality amxem 1L/
monitoring wells t: I I T I R "J
Gravel Road
‘& Existing Monitoring Station & cG“IgI[::z; b
" New Water Fluxmeter
€ New ECHO Probe Set
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» Performance Evaluation
M Past/present: monitoring data

[ ]
Em,. goun_ =

IS Em 5 § m“&%”m“ §5=‘sn £ gy
M Future: smmg"ﬂm'le e S s B e 3 b
VOLUME == == RS> ST 225 2 ol PPUCATONS W
. = SOFTWARE = = 2

® Data extrapolation 5 LARCGE: BI ) INFﬁIﬁIﬁMAENIIIEEN EEAR'%@ELAYR%LS
® Controlled tests WM%LTUQNRAEE R R jﬁﬁﬁﬁgﬁnggﬁ"
. . S BASED TIMESI-I-ImD

® Computer simulation mmwsmsNEJ Sr“ﬁ:"nfﬁﬂfﬁm 'SEARCH =-

a=8 FINDING
" u3E S = Eﬁm NEW INTATIVE ECDIOMI gy STESUTD 25 REORS i WO 1005 5
E S sux aante S z TEMABYTES waner V9T it
PEOPLE TRAFFIC RELATED TIME SENSOR g NOW

» Environment impact evaluation

M Past: Groundwater monitoring
data

B Future: computer simulation

STOMP
Subsurface Transport Over Multiple Phases

i -

T =
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Prototype Hanford Barrier - Tests

» Enhanced precipitation
test

M Nov. 1994 to Oct. 1997 |
M Irrigated the north section to SRSUtERl
1,000,000
about 3x the average
precipitation (3x160 = 480
mm/yr)

» Controlled burn test

B The north section was
burned in Sept. 2008

August 2, 2016 17
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The STOMP Simulator
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» PNNL’s analytical tool for investigating coupled processes involving

B multifluid flow, heat transport, geochemistry, and geomechanics in the
subsurface,

B evaporation at the ground surface and transpiration from plants.

GEOLOGIC SEQUESTRATION

For U.S. Department of Energy and Industry For U.S. Department of Energy, U.S Department of
+ Deep Sedimentary Saline Formations Defense, and Superfund sites and Industry
 Deep Basaltic Saline Formations _ « NAPL and DNAPL Fate, Transport and Remediation
| * Enhanced Oil Recovery | 3 « Air Sparging

l“ 3 » Soil Desiccation

s = Reactive Barriers
oo,
h.

ENVIRONMENTAL REMEDIATION

UNCONVENTIONAL HYDRCARBON o= RONMENTAL STEWARD
\ED Y DMEN
DEVELOPMEN - : For U.S. Department of Energy, U.S Nuclear Regulatory
For U.S. Department of Energy and Industry R é Commission and Industry
+ Methane Gas Hydrate Production » Unsaturated and Saturated Flow
» Oil Shale ; » Radionuclide and Contaminant Fate and Transport
* Shale Gas - = Vegetated Surface Barrier Design
* Natural Gas Sgst ANSPOF » Freeze-Wall Technology
s Compressed Air Storage 0 19E3 » Storage Tank Leaks
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» Mine closure or abandoned mine remediation

M Investigate remediation options

B Understand the processes of mine drainage for

optimal management

B Optimize the design of a surface barrier

M Guide site monitoring

M Predict barrier performance and impacts to the

environment

August 2, 2016 19
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Performance of the Prototype
Hanford Barrier
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Depth (m)

The initial Soil Water Content Distribution (irrigated)
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Soil Water Content Dynamics in 9/94-3/95 (irrigated)

Depth (m)
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IR -

WaterContent(m3/m3) 004 006 008 01 012 014 016 018 02 022 024 026 028 03 032 034 036
dry moist wet . very wet

|

|

Date: 1995- 3-27 Obs

Depth (m)

“The wettest condition in 1995

I;.--I L I L I L I 1T T I L I T T I L I T T I L I I I T T I L I |
-12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12
Horizontal Distance (m)
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Soil Water Content Dynamics in 3/95-10/95 (irrigated)

Depth (m)

=~

Water Content (m®/m3) 004 0.06 0.08 01 0.12 014 016 018 02 022 024 026 028 0.3 0.32 034 036

dry moist | g . very wet
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Depth (m)

IR -

Water Content (m3/m?®) 0.04 006 008 01 012 014 016 018 02 022 024 026 028 03 032 034 036

Date: 1995-10-24 Obs

dry moist wet . very wet

0.2 -
0.4—2
0.6 - : : :
ok * Soil became drier thru spring/summer
;- e The whole soil profile became dry
1.2  The vegetation used up all the stored
1.4 water
1.6—§
18 =
5
B EEERUED NUEICES LR ERER D I NURIEE [ROUEIC RN ED AU R R RUCEL
-12 -10 -8 -6 -4 2 0 2 4 6 8 10 12

Hori-zontal Distance (m)
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Prototype Hanford Barrier — Past
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» Water content in the ETC barrier (3X precipitation)
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Prototype Hanford Barrier

» Water content in the ETC barrier (no irrigation)

Station North Avg - I e

Wi 005 01 015 02 025 03 035

I:I 2 : :_::. g :-:E- F :_.:: e

06
0.3

T I

Data Gap

Depth {m)

1.2
1.4
1.6

Data Gap
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Time

No irrigation in WY09 and after.
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Prototype Hanford Barrier — ~7
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Store-and Release Mechanism

» Winter vs. Summer
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Prototype Hanford Barrier — ~7
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Prototype Hanford Barrier —
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Future Performance

» Water content distribution at 50 and 1000 years
(demonstration)

T Time - 10001 T T T T [ .
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» The holistic approach considers the relationships
between all the components of the DEM-WEB systems

» The holistic approach has been demonstrated at the
Prototype Hanford Barrier

M the PHB design is robust and can be adapted to other
sites

M the vadose zone, groundwater, and geophysical
monitoring tools are ready for use

M the STOMP evaluation and prediction tool is well tested for
barrier performance evaluation

» The holistic approach can be used for mine land
remediation
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