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Introduction and Topics

Background and history of Virginia mineral
sands (T1 + Zr) deposits and development

Summary of early operational challenges

Describe the Virginia Tech & lluka Resources
mining operations and research response and
development of reclamation success indicators

Review development of topsoil substitute
strategy and potential implications
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LLocation of mineral sands
ore bodies in Virginia (in
red). Similar ore bodies
lie approximately 100 km
south in North Carolina.
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Typical prime farmland with enrichment of heavy minerals to a
depth of >10 meters. This field was the top producing peanut field
In Virginia twice in the 1980°s and is used as our “unmined
control” for research comparisons. Mining began in 1997 after 8
years of exploration, landowner negotiations and research by
Virginia Tech. Over 4000 ha in Virginia and North Carolina will
be mined. 1500 ha have been mined to date.
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Surface (topsoil) enrichment of ilmenite+rutile+zircon is
frequently > 15% W:W. Subsoll is often > 5%o.




Typical highly
productive soll In
the Old Hickory
area. The topsoll Is
usually 3x enriched
In HM relative to
subsoill.

Productivity of this
soil in greatly
enhanced by the
low bulk density, x
well structured ot
subsoil that readily .
allows rooting to
125 cm or more.




Active mining at Old Hickory. Over 1500 ha have been disturbed
to date with approximately 750 returned to agricultural use.
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Topsoil in dikes in 2001




Early mine soil productivity' (before 2003) was limited by
significant segregation of tailings and slimes in pit
backfills. Pockets of white coarse tailings surrounded by
red, high clay slimes. Limited topsoil was available to
cover this pit.
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Topsoil Return Issues

* In many Instances, topsoil was used to
construct dikes before the swell factor was fully
understood, making it impossible to return
topsoil to mine pits.

e Vague state regulatory definition of “topsoil”
allowed the operator and certain landowners to
process topsoil for mineral return. This led to
threat of litigation in 2004 and all lands
received topsoil afterwards until after 2010.



lluka’s Efforts to Minimize
Talls/Slimes Segregation

Internal cross-dikes with flashboard risers

Smaller dewatering pits with multiple
discharge points

Moving the discharge point periodically
Reworking slimes pockets with trackhoes

Final grading to homogenize the surface



Tailing and Consolidation

Preparation for Regrading Activities —

= Weirs are used to allow the ponds to further dewater over time

= Opening Pond Walls allows maximum drainage to occur. The tailings can
self-dewater to the lowest possible level

iy



¢

Tailing and Consolidation ILUKA

Preparation for Regrading Activities — Installing Rim Ditches

= Once the ponds have been filled with tails, they are prepared for upcoming
regrading activities.

= Rim Ditches are used to aid dewatering
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Final pit grading; usually done just as soon i
as dozers can walk the surface, which means ﬂ
It’s wet. This maximizes compactive effort

on sandy materials.




2. 6.2004

Compaéted, platy replaced topsoil over highly
compacted tails/slimes subsoill.



Sequence of photos (by Chuck
Stilson/lluka) showing ripping
of subsoil and application of
topsoll for final reclamation.
The topsoill is spread with
dozers and then tilled/ripped
again to loosen compaction.
Ripping usually occurs below
topsoil; not through it.

Lime + P are added
to the subsoil before
ripping and then
lime + N-P-K are
added to the topsoil
based on soil test
results.



Regulatory Issues and Sustainability Indicators

* Threatened landowner litigation (2001-2003) revealed
that local county zoning/planning permits did require
full return of native topsoil (A+E horizons).

o State (Virginia) permit revisions required that lands
returned to rowcrop agriculture (e.g. corn, wheat,
soybeans) must equal the long-term county average
yields for those crops.

« All stakeholders agreed that comparison to (A) long
term (5-year) county crop yield averages and (B) local
high quality farmland would be the best indicators of
sustainability with respect to post-mine land use.



Reclamation Research Farm

\'7 8 Carraway-Winn

Cooperators: lluka Resources, Virginia Tech, the Carraway-Winn Family, Virginia Health Dept.. I LUK A
Virginia Division of Minaral Mining, Synagro Technologies Inc., and Clarke Farms. LLC

The adficultural fields behind thiz sign were mined for heavy minerals (titanium and
zirconiimoxides) several years-ago. Currently, these mined [ands are being relumiesd
to:prodlctive agricuitural usesthraugh-a Virgnia Tech research and demonstraton project
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Experimental Design

 Located on property of litigant with
large (0.5 ha each x 4 replications) plots
managed with full scale farm operations.
Installed fall 2004 and cropped through

2013.

* Low quality mine soils due to pre-2001
tailing and dewatering procedures,
compaction and lack of topsoil return.



Mine soil profile from
research plots showing
significant buried
topsoil and
mixing/banding of
dissimilar materials In
upper profile.

This soil was very
compact with almost
no rooting below 30
cm.




Experimental Design

(1) Topsoil -- 15 cm topsoil + P (300 kg/ha) + lime (7
Mg/ha) underlying tailings. All plots Iin experiment
were ripped (2x) to ~75 cm.

(2) Tailings Control -- N-P-K + lime directly to tailings.

(3, 4) Biosolids (78 Mg/ha) + lime directly to tailings
with tillage (plowing + disk) or no-tillage every year.

(5; external) Non-mined prime farmland control with
Identical management to mined land plots

All treatments received N-P-K and lime as needed every year.



Row crop plots with numbers and treatments

201 (4) topsoil
202 (2) biosolids, no-till

203 (1) control
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204 (3) biosolids, conventional till
301 (2) biosolids, no-till
302 (3) biosolids, conventional till

303 (4) topsoil

304 (1) control
49’-_(1) control

402 (4) topsoil
403 (3) biosolids, conventional Fill
= 1404 (2) biosolids, no-till
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Corn yield (bu/ac)
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Table 2: IWean corn, wheat, and sovbean yields (13% mosture) and cotton lint weld by treatment for the Caraway-Winn
Reclamation Fesearch Farm and the Clarke Fann wonined control wath Dinwnddie Cownty averages indicated.

2005 | EI_][Iﬁ | 2007 | EE_II]E IEI][ID | EDID | 011 | EDIE
B 0y- n Y- n0y- n0y-
Treatment Com Wheat heat, Com  Wheat heat Cottonn Wheat hean Cotn Wheat hean
e S —
(Mg ha™)

173.0cT 7680

LBE-MT (10907 (516
173.0c 67 5ab
LBE-CT (1083 (4.56)
Th ol4a 639
(topzoly (379 (4.25
C 136.0b 60.%9a
(controly  (8.33) (4.09
I -
Clatke
(un- 224.0d 1027
mined) (14307 (6.90)
Dinwad-
die Co. 107 gi
Average (6.7) (3.76)

6.1° 5460 &d0c

(0.41) (343) (5.64)
65 576b 93¢
(0.44) (362 (6.27)
76 1153 727
(0.50) (7.23) (4.80)
56 116.32 69.00
(0.3%) (7.30) (4.64)

3177 158.1c 58.1a
(157 (9513 (3903

17 63 73
(L4T)  (39) (4.90)

37.3h

_ 41.0a

(251) (1.1-8-} (2.76)

3. Jab

- 40.6a

(147) (L17) (179

52.Bab

3973

(2.20) (1.1-83 (1.67)

3l.5a

37 3a

(212) (1.n_:=;j (2513

47.7c

- 701k

(3120) (1.5_2_} (@713

y i R
(17530118
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l6da 757a 477a 364c
(L10Y (475) (3.20) (245)
1432 8462 472 37lc
(006) (477) (31T (240)
171a 6502 474a 374c
(L15) (413) (3.18) (250
1632 760a 4632 4.3
(L10Y (530) (3.11) (2.34)

257b 1991 6670 329
(173)(1248) (445 (221)

15 131 727 4
(L01Y (3.2) (433) (295)

* Values followed by different le tters are significantly different (p=0.05).
' CWEEF sovhean vields for 2006 were very low in parthecanse excessive wetness prohdoited an appropriately timed

harvest,

' State average (county average notavalable)



2005 Corn Yields (Mg/ha)
Topsoil/Lime/NPK 3.8 c*

Calls + Biosolids: 10.9 a

Tails + Lime + NPK: 85D

Unmined adjacent: 14.3
County Average: 0./
(2000 — 2005)

Adjacent prime farmland —

Orangeburg Soll with same *Yields within experiment followed by
management as plot area. different letters were different at p > 0.01




Topsoll yields were reduced by

compaction and heavy crusting. Are

these “problems” typical of the
__topsoll replacement process?




2006 Wheat Yields (Mag/ha)

Topsoil/Lime/NPK 4.3 Winter Wheat on

Carraway-Winn
Farm in May of 2006

Calls + Biosolids: 4.8

Tails + Lime + NPK: 4.1

Unmined adjacent: 6.9
County Average: 3.8
(2000 — 2005)

Adjacent prime farmland —
Orangeburg Soil with same
management as plot area.




Soybeans established in wheat stubble on Carraway-Winn farm, July 2006
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Treatment

Biosolids-NT

Biosolids-CT

TS (+ topsoil)

C (tailings control)

UM - Clarke
(unmined)

Dinwiddie Co.

N Ve

2011* 2012

Corn Wheat Soybeans

-------- bu/ac  (Mg/ha) ----------
/5.7 a 47.7a 36.4c
(4.75) (3.20) (2.45)
84.6a 47.2a 37.1c
(4.77) (3.17) (2.49)
65.9a 47.4a 37.4c
(4.13) (3.18) (2.51)
76.0a 46.3a 34.8b
(5.30) (3.11) (2.34)
199.1b 66.2b 32.9a
(12.48) (4.45) (2.21)
131 72 44
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*Very wet
year.

**Long
term county
data include
~50% full-
season
soybeans.
Plot yields
are for
short season
soybeans
planted in
June after
wheat.



Topsoil Return vs. 2010 Topsoil Substitute Amendment &
ILUKA

Conventional --Topsoil Return

= Topsoil stored during the land
preparation process is returned

= Pull pans have been used, but
trucks and dozers have proven
most effective
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In 2010, the state
(Virginia) approved
the use of tailings
derived “topsoil
substitutes” with
landowner
concurrence. This
was based on C-W
experiment yields.
Several new mine
areas have utilized
this option to date. 31




CONCLUSIONS

With few exceptions (topsoll in early years), crop
yields from the four reclamation treatments
routinely exceeded local (Dinwiddie County)
five-year county averages.

No iImprovement was seen for topsoil return vs.
properly amended and managed tailings.

In comparison to native unmined land, crop
yields from the reclamation plots typically were
reduced by 20 to 30%o.



CONCLUSIONS

In fairness, the local non-mined plots were extremely
productive Virginia farmland and therefore represent a
very high standard of comparison.

However, the fact that the 2012 soybean yield on the
mined land actually exceeded Ilocal native prime
farmlands clearly indicates that over the long term,
return of 90% or more of pre-mining productivity levels
may actually be possible.



CONCLUSIONS

One important outcome of this research program
(in 2010) was the fact that the company was able
to gain approval for a "'topsoil substitute
variance' from the state regulatory authority.

Once implemented, this will result in much
higher mining royalty streams to landowners,
higher local mineral severance tax revenues and
Improved profitability + long-term stability for
the mining company (lluka Resources).



CONCLUSIONS

As documented In this paper, the key
to our success has been the detailed
level of interaction and
understanding achieved between the
academic researchers from Virginia
Tech and the mining engineers and
professionals with lluka.
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