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station. The weather station environment is
similar to the TSE, located approximately 40
km southeast of the TSF and at a similar el-
evation.

The Landsat data processing using the 3T
model produced 30 m by 30 m areal predic-
tions of the actual monthly evaporation for
the period from 1996-2015. The aerially dis-
tributed monthly evaporation rates were then
summarized to yield monthly evaporation
volumes from the TSE

The boundary of the TSF between 1996
and 2015 was estimated on an approximate
six month time interval using Landsat reflec-
tance data and application of a site-specific
processing algorithm. The boundary between
the TSF embankment and impoundment
area was based on the location of the cyclone
header pipe visible in aerial photographs.
Estimated TSF areas were validated against
aerial photographs and area estimates from
the TSF annual monitoring report.

Results

The estimated monthly average AE depths
and rates from 1996 through 2015 are pro-

vided in Figure 1 and Figure 2, respectively.
To delineate AE from the actively wetted em-
bankment areas, predicted AE was separated
into impoundment and embankment areas.
Examples of the predicted growth of the TSF
and the spatially distributed AE in the winter
and summer of 2005 and 2015 are provided
in Figure 3.

Mining operations were suspended be-
tween July 1999 and September 2004, result-
ing in decreased AE due to water no longer
being directed onto the TSF surface as part of
the tailings slurry (Figure 1 and 2). Tailings
deposition resumed October 2004 with the
restart of mining and estimated AE increased
(Figure 1 and 2).

Estimated monthly impoundment AE
rates were in excess of 150 mm/month during
the summer months when solar energy and
evaporative demand is at its peak, to less than
20 mm/month during the winter months
when evaporative demand is at its minimum
(Figure 1). Due to the increase in the evapo-
rative surface of the TSE, estimated TSF im-
poundment AE volume rates increased over
time from an annual maximum of 60 l/s in
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Figure 1 Estimated monthly evaporation depth
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Figure 3 Example distributed evaporation from the TSF
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1996 to 350 I/s or greater after 2012 (Figure
2, Figure 3).

Greater AE depths were estimated for the
impoundment than the embankment due to
the higher moisture retaining characteristics
of the finer grained impoundment tailings
and presence of wet/ponded conditions in the
decant pond area (Figure 1 through 3). Addi-
tionally, water was added to the embankment
only during the summer cyclone period. The
greater impoundment AE depth and surface
area compared to the embankment resulted
in considerably greater estimated AE rates
from the impoundment (Figure 2).

TSF areas estimated from Landsat re-
flectance data were also used to predict the
tailings depth distribution (Figure 4). In ad-
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dition, the biweekly AE data allowed us to
understand the progression of the tailing
placement, such that tailing material esti-
mates (i.e. underflow, overflow, mixed and
slime tailings) could be made. These data
were then used to develop a distributed seep-
age model based on tailing material proper-
ties and a predicted water balance using site
specific data and the AE model. To validate
the Landsat TSF area estimates, they were
compared to mine annual report storage
curve estimates and showed good agreement
(Figure 5). The TSF had a rapid growth pro-
gression early-on during operations between
1996 and 1999 as the embankment grew and
the basin was filled in with tailings.

July 2015, Aerial: USDA NAIP, 2015
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Figure 4 Estimated Tailings Depth Distribution

Li

Inecwatins in Hyceology

&

Wolkersdorfer, Ch.,; Sartz, L.; Weber, A,; Burgess, J.; Tremblay, G. (Editors)

1109



11th ICARD | IMWA | MWD Conference - “Risk to Opportunity”

700
600
500
®
[]
£ 400
Q
=
g 0
& A
200
100
0 b==
Jan-96 Dec-98 Dec-01 Dec-04 Dec-07 Dec-10 Dec-13
Time
— Impoundment = == Embankment 4 Storage Curve Estimate
Figure 5 Estimated TSF embankment and impoundment areas
Conclusions Acknowledgements

The 3T model provides a cost-effective and
accurate method to calculate high resolu-
tion spatial and temporal estimates of TSF
AE, and it also captures seasonal changes in
AE and surface ponding. Estimated monthly
AE ranged from over 150 mm/month dur-
ing the summer months, to less than 20 mm/
day during the winter months. Estimated TSF
evaporation increased over time from an an-
nual maximum of 60 /s to greater than 350
1/s due to the increase in the evaporative sur-
face of the TSE. Landsat based 3T model es-
timates of the TSF surface area were in good
agreement with storage curve tailings area es-
timates, and also provided a high resolution
estimate of the tailings footprint distribution
over time. Additional benefits to the method
include the ability to predict tailings depth
and the progression of tailings placement
over time which can then be used to prepare
estimates of tailings material types and a dis-
tributed seepage model.

The authors thank Robinson Nevada Mining
Company for granting permission to publish
this work.
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