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Federal Review Panel Information Request 12

IR 12 – Tailings Hydraulic Conductivity
References:
EIS Guidelines, Section 2.7.2.4.2
EIS, Section 2.7.2.4
EIS Appendix B of 2.2.4-D (Report on the Preliminary Design of the Tailings Storage
Facility)
EIS Appendix 2.6.1.4 D-A (Baseline Groundwater Hydrology Assessment)
EIS Appendix 2.7.2.4 A-B (Water Management Report)
EIS Appendix 2.7.2.4 A-C (Numerical Hydrogeologic Analysis)
Related Comments:
CEAR # 276 (BC Ministry of Mines, Energy and Natural Gas)
CEAR # 272 (Natural Resources Canada)
CEAR # 290 (Tsilhqot’in National Government)
CEAR # 292 (Environment Canada)
Rationale:
For the post-closure period, the Proponent estimates seepage through the base of the
Tailings Storage Facility (TSF) to be approximately 9 L/s (Section 2.7.2.4, p.663;
Appendix 2.7.2.4A-C, p.17). This estimate was obtained by assuming that the hydraulic
conductivity of tailings was 1E-08 m/s (Appendix 2.7.2.4A-C, p.10).
Natural Resources Canada (NRCan) noted that Knight-Piésold Ltd. (KPL 2007) reports a
hydraulic conductivity value of 5E-07 m/s measured on a sample by a falling head test
after a drained settling test. The KPL (2010) reports an average value of 4.5E-08 m/s
measured on a sample using the same procedure. Knight-Piésold Ltd (2010) also
reports hydraulic conductivity values for the same material based on a consolidation test.
Measured values for this test range between 1.3E-07 m/s and 6.1E-06 m/s whereas
back calculated values range between 1.8 E-08 m/s and 4.4E- 09 m/s. The authors of
the report considered that measured values were too high and likely erroneous.
NRCan expressed concern that the Proponent has characterized the tailings seepage
rate by using only two samples with measurements of hydraulic conductivity on these
samples ranging over three orders of magnitude depending on the test methodology
used. The value used by the Proponent for numerical groundwater flow modeling and
estimates of TSF seepage (1E-08 m/s) is at the low end of this range and cannot,
according to NRCan, be considered conservative.
The seepage rate estimate was derived using a 3D MODFLOW numerical groundwater
flow model in which the TSF was represented using the “River Package” (Appendix
2.7.2.4A-C, p.10, p. 15, p. 23). This approach represents the TSF as a Cauchytype
boundary condition rather than as an explicit part of the model flow domain. The
boundary condition is determined through a specified head value that accounts for the
water level in the impoundment and a conductance value that accounts for the hydraulic
conductivity of the tailings.
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The 3D MODFLOW model contrasts with the 2D SEEP/W modeling presented in
Appendix B of Appendix 2.2.4-D in which the TSF is an explicit part of flow model
domain. In NRCan’s view, this approach does not account for flow patterns within the
TSF impoundment and does not yield estimates of seepage from the TSF that can be
accepted as reliable. The Panel would like to better understand these matters.
Information Requested:
The Panel requests that Taseko:
a. Provide the rationale used to select the tailings conductivity value of 1E-08 m/s
for numerical groundwater flow modeling and to estimate TSF seepage rather
than 5 x 10-8 m/s (the mean hydraulic conductivity of all glacial tills in the project
area) in the model for predicting seepage rates from the TSF.
b. Develop, and report on, a 3D numerical groundwater flow model for the purpose
of estimating seepage through the embankments and base of the TSF. The
model should feature the TSF as an explicit part of the model domain rather than
as a boundary condition. Materials within the TSF include PAG waste rock and
tailings of varying degrees of compaction and textural coarseness should be
used and be assigned realistic values for their hydraulic properties.
c. Conduct a sensitivity analysis of the seepage model using a higher hydraulic
conductivity for glacial till should be undertaken with a “worst case” scenario
using the highest hydraulic conductivities for all geologic materials included in the
model.
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Information Request #12a
Provide the rationale used to select the tailings conductivity value of 1 x 10-8 m/s for numerical
groundwater flow modeling and to estimate TSF seepage rather than 5 x 10-8 m/s (the mean
hydraulic conductivity of all glacial tills in the project area) in the model for predicting seepage
rates from the TSF.
Response Summary
The value of 1 x 10-8 m/s used for tailings hydraulic conductivity is considered appropriate for
estimating flux through the tailings mass, as described below. Furthermore, the value of 5 x 10-8
m/s for the till unit is appropriate for estimating seepage from the TSF basin, based on samples
collected at site over various site investigation programs. Both glacial till and tailings materials
are represented in both the 2D seepage model and the 3D numerical groundwater flow modeling
using values appropriate to their respective characteristics.
The response to IR12c presents a sensitivity analysis of the seepage modelling, where the
hydraulic conductivities of each unit were varied. These results show that seepage from the TSF
into the underlying groundwater system is driven primarily by the hydraulic conductivity of the
underlying geologic units, and less so by the conductance of the deposited tails and PAG. This is
consistent with the response to IR12b, which explains the representation of the TSF as a flux
boundary on the natural geologic materials.
Discussion
The glacial till and tailings mass were represented in both the 2D seepage model and the 3D
groundwater flow model. The following sections provide additional information on both the
glacial till and the tailings mass.
Glacial Till
An appropriate value for the hydraulic conductivity of the glacial till was selected based on a
review of the site specific data and published data. This review included results from the
following sources:




In situ testing undertaken in the Glacial Till unit at 14 test locations across the project
site.
Laboratory hydraulic conductivity of 18 Glacial Till samples from locations across the
project site.
Typical published values of hydraulic conductivity for Glacial Till.

Based on this review, in the 2D model an average hydraulic conductivity value of 1 x 10-8 m/s is
a reasonable estimate of the average in situ hydraulic conductivity of the Glacial Till for
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preliminary design. At the request of the Panel, the seepage sensitivity analysis has been
expanded to assess the effect of the variability of the hydraulic conductivity of embankment
foundation materials. This analysis is presented in the response to IR12c.
In the 3D model, the hydraulic conductivity assigned to the glacial till underlying the TSF was
assigned a value of 5 x 10-8 m/s. This hydraulic conductivity is slightly higher than the value
used in the 2D seepage analysis, but is considered to be more conservative since the intent of the
3D model is to predict seepage migration on a project scale. Sensitivity scenarios conducted with
the 3D model considered the glacial till hydraulic conductivity ranging from 2.5 x 10-7 to 1.0 x
10-8 m/s, capturing the value used in the 2D seepage analysis.
Tailings
Appropriate hydraulic conductivity values for the tailings mass were chosen based on review of
the available hydraulic conductivity data and tailings consolidation modelling. This review
included results from the following sources:





Laboratory hydraulic conductivity test results from tailings materials generated from
metallurgical test work undertaken on samples recovered from the project site.
Laboratory permeability test results from similar tailings materials recovered from other
mine sites for which Knight Piésold has provided technical advice.
Large strain tailings consolidation modelling.
Typical published values of hydraulic conductivity for similar tailings materials.

The combined vertical hydraulic conductivity tailings data from this review is shown on Figure
12A-1.
Tailings hydraulic conductivity measurements provided as part of tailings consolidation testing
were identified as erroneous in the Knight Piésold report (EIS Appendix B of 2.2.4-D Report on
the Preliminary Design of the Tailings Storage Facility). The measured values suggested that the
hydraulic conductivity at high stresses (lower void ratio) are higher than hydraulic conductivity
values provided by settling tests (very low stress and high void ratio). The test data was
corrected as shown on the attached Figure 12A-1 by calculating the vertical hydraulic
conductivity based on the coefficient of consolidation (cv) and the coefficient of volume change
(mv).
The corrected tailings vertical hydraulic conductivity correlates well with the two hydraulic
conductivity values (5 x 10-7 m/s and 4.5 x 10-8 m/s) from falling head values recorded during
tailings settling tests. The settling tests represent tailings after sedimentation but before any
significant consolidation (i.e. fresh tailings near the surface of the deposit). As can be seen from
Figure 12A-1, the corrected data correlates well with hydraulic conductivity testing undertaken
on tailings from other mine sites, and with published data. A vertical hydraulic conductivity of 1
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x 10-8 m/s is therefore shown to be a reasonable estimate of the consolidated tailings materials,
whilst a vertical hydraulic conductivity of 1 x 10-7 m/s is shown to be appropriate for the
unconsolidated tailings materials.
In the 3D model, the vertical tailings conductivity value of 1 x 10-8 m/s along with the thickness
of tailings in the TSF was used to calculate a representative conductance value for the cells
representing tailings within the TSF. This approach is described in detail as part of the response
to IR12b.
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Information Request #12b
Develop, and report on, a 3D numerical groundwater flow model for the purpose of estimating
seepage through the embankments and base of the TSF. The model should feature the TSF as an
explicit part of the model domain rather than as a boundary condition. Materials within the TSF
include PAG waste rock and tailings of varying degrees of compaction and textural coarseness
should be used and be assigned realistic values for their hydraulic properties.
Response Summary
Taseko believes the 2D seepage model and 3D numerical groundwater flow model that have
been used to estimate seepage for the New Prosperity TSF achieve the same result as a 3D model
that includes the TSF as an explicit part of the model domain, and that a reasonable estimate of
seepage from the TSF has been calculated already to assess potential impacts to the receiving
environment. The development of a 3D numerical model with the attributes requested will not
provide any improved refinement in the estimates of seepage to those already completed.
The 2D seepage model and the 3D numerical groundwater model both incorporate tailings and
PAG waste rock units with different realistic hydraulic conductivities.
The 3D numerical model was specifically developed at a regional scale, and this representation is
deemed appropriate. Reducing the model scale to that of the project (i.e. inclusion of specific
layers within the TSF) is not expected to produce substantially different results than existing
simulation predictions.
Furthermore, the current model provides a single base case for the pre-development groundwater
conditions allowing for direct comparison between the pre-development and post-development
scenarios. Modeling of the TSF at the embankment scale would require artificial boundary
conditions that would allow water to enter and leave the model domain introducing error into the
results.
Discussion
The following approaches were taken to estimate seepage rates from the TSF:
2D Embankment Scale Seepage Modelling
KP conducted two-dimensional (2D) groundwater flow simulations using SEEP/W (the “2D
model”) to provide preliminary estimates of seepage rates through the embankment and shallow
foundation materials for the Main, South and West embankments (i.e. sectional embankment
scale). The specific objectives of this work were to estimate pore pressure conditions in the
embankments to support slope stability assessments and design of filter zones and embankment
scale seepage interception collection facilities. These analyses used four cross sections for the
Main embankment, two for the South embankment and one for the West embankment. This
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work is documented in Appendix 2-2-4-D (KP 2012a) of the EIS which describes the link
between the 2D model and the water balance.
The TSF design allows for seepage collection and recycle ponds downstream of the Main, West
and South Embankments. The Main embankment design also includes depressurization wells
installed at the downstream toe. The purpose of these wells is primarily to reduce potential
hydraulic uplift pressures/exit gradients in the downstream shell zone of the embankment (i.e. to
enhance embankment stability). As a secondary effect, these wells will also serve to intercept
potential shallow seepage under the embankments.
The selection of hydrogeologic parameters, and the scale of hydrostratigraphic layering included
in the 2D model were driven by the need to investigate potential hydraulic conditions that may
affect embankment stability, and by the need to provide robust design for seepage interception
and collection facilities (i.e. design pumping rates and pond capacities). As such, different
ranges of parameters than for the median range parameters generally applied in the calibrated 3D
model (see below) were used to investigate the effects of e.g. lower hydraulic conductivity till
overlying a higher hydraulic conductivity basalt at the embankment scale. This is a conservative
design case used to examine potential vertical hydraulic gradients at the core zone and in the
downstream embankment shell zone and led to the design of vertical depressurization wells to
mitigate high pressures where these conditions may be identified during embankment
construction.
Based on the results of the 2D seepage modelling and on significant design and operations
experience with tailings storage facilities, KP estimated a final seepage rate of 46 – 60 L/s from
the TSF, divided as follows:


25 – 30 L/s for the Main Embankment



20 – 25 L/s for the South Embankment



1 – 5 L/s for the West Embankment

KP (2012a) also estimates that 65% will be lost through the embankments and immediately
recaptured by the embankment seepage collection systems, and that 35% of the seepage will be
lost through the shallow foundations. Specific portions of the shallow seepage foundation are
recaptured further downstream by seepage collection ponds and groundwater interception wells
(if ongoing water quality monitoring indicates this is required). The seepage estimates along with
climate and surface hydrology runoff estimates are used to design and size the infrastructure that
will handle embankment scale seepage interception/depressurization well flows and storm water
runoff from the dam slope.
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Incorporating these groundwater seepage pump back wells into the 3D model shows that
groundwater seepage recovery wells downstream of the main embankment will effectively
capture the majority of seepage migrating north from the TSF towards Fish Lake. For water
balance and water quality modelling, it was conservatively assumed that these downstream
recovery wells will capture 60% of seepage which bypasses the seepage collection ponds
(shallow and deep foundation seepage).
Given the relatively small volumes of seepage water estimated to flow in the direction of the
south and west embankments that may bypass the seepage collection systems, it was unnecessary
to incorporate groundwater seepage pump back wells into the 3D groundwater flow model.
3D Model Boundary Conditions and Scale Effects
The River Package (Harbaugh and McDonald 1996) was used to simulate material properties and
hydraulic heads within the TSF footprint. This represents the TSF as a “Cauchy Type” or “Type
2” boundary condition where the flux of water into/ out of the model is dependent on the head
value and the assigned conductance value. The TSF head value was assigned based on the
predicted TSF filling schedule and the corresponding TSF pond elevation predicted by the water
balance modelling (KP 2012b). The conductance of the cells was assigned based on the
distribution and thickness of materials in the TSF (either PAG or tails or no conductance where
the pond overlies basin materials), with the hydraulic conductivity values of Tails K = 1.0 x 10-8
m/s and PAG K = 1.0 x 10-4 m/s.
At the regional scale, this representation is deemed appropriate for several reasons:


In order to represent the suggested level of detail with respect to the TSF embankments
and material distribution within the 3D model would require a level of model refinement
and subsequent computational time disproportionate to the level of perceived
certainty/accuracy in the output. In other words the “refinement” would be the addition of
model complexity, which while appearing to provide greater precision, would be
inconsistent with the accuracy of inputs and results. A refined representation at the
project scale is not expected to produce significantly different results than existing
simulation predictions, and certainly nothing that isn’t already captured within the
sensitivity analysis.



Using a Cauchy type boundary condition allows for direct comparison between the predevelopment and post-development conditions. This allows for numerical modelling of
pre and post-development conditions using the same groundwater modelling domain and
code and provides a single base case for the pre-development groundwater conditions.

12-10

Taseko Mines Limited



Response to Information Request 12b

The grid size and computational time required to model the TSF at the embankment scale
would require reducing the model area to smaller than the watershed-scale. This would
require assigning constant or general head boundaries along model domain edges. These
artificial boundary conditions allow water to enter and leave the model and cause
“boundary effects” which introduce sources of error

As the TSF fills, groundwater flow within the tailings will be driven by consolidation towards
the drainage boundaries in the TSF. Fundamentally, these drainage boundaries will include: 1)
lateral groundwater flow towards the edges of the TSF, 2) lateral groundwater flow towards the
coarser PAG material, 3) vertical flow upwards to the TSF pond, 4) vertical flow downwards
into the underlying groundwater system.
Lateral flows from the TSF towards the valley sidewalls will be curtailed by high head inflows
from the basin sidewalls, or will exit to the supernatant pond where water will either evaporate,
be pumped back to process as reclaim, or infiltrate vertically to the groundwater system.
Flow into the groundwater system will be mediated by the hydraulic conductivity of the
underlying materials (PAG, tailings, glacial till, or rock). This is essentially the same condition
simulated by the Cauchy type boundary condition in the groundwater flow model.
As discussed above, at the embankments, geotechnical design practice is to prevent the
development of pore pressures within the dam shells using drains and filters. Accepted industry
practice is to simulate these conditions using 2D seepage analyses. Different hydraulic
parameters are used in the basin scale and embankment scale models specifically to account for
the difference in model scale (i.e. hydraulic conductivity is a scale dependent property). As the
intent of the 2D seepage analysis is to support the embankments drains, seepage collection pond
and pump design and sizing, a more conservative range of parameters is used.
Locally the main differences between the 2D and 3D representations of the TSF assessments are
some small differences in flux magnitudes and directions around the dam abutments and
foundations. However, these differences are within the purview of the geotechnical engineers
and are mitigated in drain and foundation design, and captured within the sensitivity simulation
results.
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Information Request #12c
Conduct a sensitivity analysis of the seepage model using a higher hydraulic conductivity for
glacial till should be undertaken with a “worst case” scenario using the highest hydraulic
conductivities for all geologic materials included in the model.
Response Summary
A sensitivity analysis of the TSF seepage estimates through the embankments was conducted for
the 2D seepage model, as requested by the Panel. The hydraulic conductivities of the Glacial
Till, Fractured/Weathered Basalt and the Competent Basalt were varied, as shown in Table 12C1 below. The results of the sensitivity analysis indicated that total seepage through the
embankment walls could range from 30 l/sec up to 160 l/s, depending upon the combination of
hydraulic conductivities selected. The conservative estimate values used in the design of the
TSF, as well as in the EIS were 50 to 60 l/sec. These values are considered conservative from
the perspective of investigating potential hydraulic conditions that may affect embankment
stability, as outlined in the response to IR12b. The proposed mitigation of depressurization
wells, seepage collection ponds and groundwater pump back wells can be optimized and
expanded to increase seepage capture, should the seepage rates be greater.
An additional sensitivity analysis was conducted for the TSF basin seepage in the 3D numerical
model. It showed that the basin seepage could range from 2 l/sec to 42 l/sec, depending upon the
variation in hydraulic conductivities. The value selected for the EIS was 9 l/sec based on the
selected hydraulic conductivities for the glacial till and shallow bedrock for the New Prosperity
project site. These results show that seepage from the TSF into the underlying groundwater
system is driven primarily by the hydraulic conductivity of the underlying geologic units, and
less so by the conductance of the deposited tails and PAG. Although higher values are not
expected, these can be accommodated through optimization and expansion of the groundwater
pump back wells.
Discussion
2D Model Sensitivity Analysis and Results
In response to the Panels request, additional seepage analyses have been undertaken to
characterize the variation in seepage rates through the TSF. This has been achieved by varying
the hydraulic conductivity parameters of the foundation materials. Variations in the hydraulic
conductivities of three foundation materials were considered in the sensitivity analyses. This
included the Glacial Till, Fractured/Weathered Basalt and Competent Basalt materials. A figure
illustrating the typical geometry of these units is provided in Figure 12C-1 (reproduced from EIS
Appendix B of 2.2.4-D Report on the Preliminary Design of the Tailings Storage Facility). The
results of these analyses are presented in Table 12C-1.
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Table 12C-1. Seepage Sensitivity Analysis Results: Variation in Hydraulic Conductivity of
Foundation Materials
Saturated Permeability, KH (m/s)

Glacial Till

Fractured/
Weathered
Basalt

Competent
Basalt

Total Seepage
Through
Embankment
Walls (l/sec)

1 x 10-8

3 x 10-6

3x10-7

50 to 60

5 x 10-8

3 x 10-6

3 x 10-7

140 to 150

1 x 10-7

5 x 10-6

5 x 10-7

150 to 160

1 x 10-8

1 x 10-6

1 x 10-7

30 to 40

Case

Conservative estimate as
used in KP design report
(ref: VA101-266/27-3
Appendix B)
Intermediate Case
Worst Case
(requested by the Panel)
Reasonable Estimate Case1
1

Typically the level of accuracy of hydraulic conductivity is an order of magnitude. The values
used in the conservative estimate in the design report use mean field data values.

3D Model Sensitivity Analysis and Results
3D model sensitivity analysis have been conducted and reported on in Appendix 2.7.2.4 A-C of
the 2012 EIS. The corresponding glacial till hydraulic conductivity values and seepage estimate
results are summarized in Table 12C-2.

12-14

Taseko Mines Limited

Response to Information Request 12c

Table 12C-2. 3D Model TSF Seepage Sensitivity Results
Hydraulic Conductivity K (m/s)
Glacial Till

Shallow Bedrock (Basalt)

Seepage through
TSF Foundation
Materials (L/s)

Base Case

5.0 x 10-8

2.0 x 10-7

9

Low
Case

Conductivity

1.0 x 10-8

4.0 x 10-8

2

High Conductivity or
“Worst Case”

2.5 x 10-7

1.0 x 10-6

42

The results show that seepage from the TSF into the underlying groundwater system is driven
primarily by the hydraulic conductivity of the underlying geologic units, and less so by the
conductance of the deposited tails and PAG.
In the 3D model, materials under the TSF basin consist of glacial till varying from 5 to 15 m
thick underlain by bedrock. These glacial till materials have been extensively investigated (KP
2012a) with drilling and test pitting investigations and have been confirmed to form a natural
low permeability liner throughout the TSF footprint. The till thickness used in the 3D model was
based on the glacial till isopach map produced by KP (2012a). These figures are both included as
Figures 12C-2 and Figure 12C-3. Accounting for the sensitivity scenarios described above, the
hydraulic conductivity of the glacial till in the 3D model ranges from 1.0x10-8 to 2.5x10-7m/s.
Additional site investigations during detailed design will include test pit investigations to verify
the presence of at least a 2 m thickness of competent low permeability glacial till prior to
inundation by the tailings pond and before completion of the embankment raises. Based on field
and laboratory testing, and experience from other projects in the general area (Mt. Polley,
Gibraltar), the expected hydraulic conductivity of compacted glacial till is approximately 1.0 x
10-9 m/s, an order of magnitude lower than the values used in both the 2D and 3D analysis.
The “worst case” sensitivity scenario occurs where the till conductivity is the highest. In the 3D
model, this is the high conductivity sensitivity case where the till conductivity is assumed to be
2.5 x 10-7 m/s. Any higher hydraulic conductivity till encountered will be limited in extent and
in isolated areas within the extent of the TSF and easily remedied with the application of
additional till or compaction
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