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THIRD PARTY DISCLAIMER
This report has been prepared by Golder Associates Ltd. (Golder) for the benefit of the client to whom it is
addressed. The information and data contained herein represent Golder's best professional judgment in light of
the knowledge and information available to Golder at the time of preparation. Except as required by law, this
report and the information and data contained herein are to be treated as confidential and may be used and
relied upon only by the client, its officers and employees. Golder denies any liability whatsoever to other parties
who may obtain access to this report for any injury, loss or damage suffered by such parties arising from their
use of, or reliance upon, this report or any of its contents without the express written consent of Golder and the
client.
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1.0

INTRODUCTION

The Seepage Control Plan (SCP) addresses the design, implementation, monitoring and adaptive management
associated with Teck Coal Limited’s (Teck) Dry Creek Water Management System. The purpose of the SCP is to
characterize environment conditions relevant to the system, identify the potential exposure pathways by which
seepage from the Dry Creek Water Management System could occur, and outline mitigation measures that
could be employed to address the potential for seepage or control seepage in the event it is observed.
Section 2 of the SCP provides an overview of the Project, as well as the purpose and objectives of the Dry Creek
Water Management System. A characterization of the relevant environment components at the site of the Dry
Creek Water Management System is presented in Section 3 and a more detailed project description is presented
in Section 4. A discussion of the pathways that could contribute to seepage, and the specific mitigation
measures and adaptive management plan to address potential seepage pathways are discussed in Sections 5
and 6, respectively. A monitoring plan is outlined in Section 7.
The SCP has adopted an adaptive design approach to couple known site characteristics with a framework to trial
the design basis in the field, monitor performance, and modify the implemented design to provide the desired
level of performance. As such, the SCP is a living document that will be refined as additional information is
acquired from recently completed field investigations and during construction activities. In keeping with the
adaptive management philosophy adopted for the project the SCP will form an appendix of the OMS Manual and
will continue to be updated, as required, throughout the operational life of the system.

2.0
2.1

PROJECT OVERVIEW, PURPOSE AND OBJECTIVES
Project Overview

The existing Line Creek Operations (LCO) is located in the East Kootenay region of southeastern BC (Figure 1).
The proposed LCO Phase II Project (the Project) will be located north of the existing Line Creek mine, with the
majority of the footprint in the Dry Creek drainage basin. Portions of the footprint also extend into the drainage
basins of Grace Creek and a small unnamed creek. All of these streams are tributaries to the Fording River. The
Project footprint will encompass portions of two peaks, referred to as Burnt Ridge North and Mount Michael. As
an extension of the current operations, the Project will mine the same coal deposits being extracted by existing
mining operations, and will use the existing mine facilities to process and load the coal for transport to market.
Initial construction activities for the Project, including construction of water management facilities in the Dry
Creek valley, are expected to take 1 year to complete and are planned to occur over 2013/2014, with Project
initiation as soon as applicable permits and approvals are received.
The surface water management strategy for the active mining areas will be to direct as much surface flow as
possible to the upper Dry Creek drainage system, minimizing surface flows to the east tributary of Dry Creek and
avoiding to the extent possible and practical, water releases to Grace Creek and unnamed creek.
Mine-affected water from the upper Dry Creek will flow through a rock drain constructed in conjunction with the
waste rock spoils in the upper reaches of the Dry Creek valley. Where upper Dry exits the spoil it will be
collected and conveyed to the Dry Creek Water Management System.
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The Dry Creek Water Management System is comprised of a diversion embankment, head pond, and inlet
structure near the toe of the rock drain, a transfer pipeline from the inlet to a sediment pond system for treatment
of total suspended solids (TSS), an outfall from the sediment ponds to Reach 4 of Dry Creek for use during initial
construction (Year 1), and a conveyance pipeline from the sediment ponds to an instream diffuser that will
discharge flows to the Fording River after Year 1 (Figure 2). An active water treatment facility (AWTF) with a
treatment capacity 7,500 m3/d is planned to be commissioned in 2022 of the Project schedule, or as required to
meet instream water quality site performance objectives in Dry Creek1 (Teck, 2013a).

1

Water quality triggers are being developed that will further inform the timing of conveyance and active water treatment.
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The AWTF will receive water from the sediment ponds and discharge the treated effluent to the conveyance
pipeline. Discharge to the Fording River is planned via a multi-port diffuser to be located upstream of the
confluence of Dry Creek and the Fording River. The purpose of the diffuser is to facilitate mixing of the discharge
water with that of the Fording River.

2.2

Purpose and Objectives

This section outlines the rationale for managing seepage and the overall purpose and objectives of the Dry
Creek Water Management System in terms of how the system is intended to operate.
Weathering of waste rock generated from the mining process results in the leaching of naturally-occurring
elements contained within the rock. Surface water runoff through waste rock can mobilize these substances and
impact downstream water quality. The main constituents of interest are selenium, cadmium, sulphate, total
dissolved solids (TDS), nitrates and TSS. Other water quality considerations include managing for calcite
deposition. The above noted substances can adversely affect aquatic health when present in high enough
concentrations. The Dry Creek Water Management System is a key component of the LCO Phase II Project and
is designed to manage water quality to minimize the potential for adverse aquatic effects that could otherwise
result from changes to water quality.
The purpose of the Dry Creek Water Management Systems is to divert, convey, and treat mine-affected surface
runoff from the Dry Creek catchment area to meet the water quality objectives for the LCO Phase II Project. The
Dry Creek Water Management System is specifically designed to fulfill three key water quality objectives:



Minimize changes to water quality in Dry Creek for the constituents of interest (selenium, cadmium,
sulphate, TDS, nitrate and TSS) downstream of the east tributary.



Reduce seepage loss from the mine-affected water collection system with the intention of implementing
technically and economically feasible measures to meet an instream water quality site performance
objective of 10 μg/L selenium in Dry Creek (as a maximum 30-day mean concentration) (Teck, 2013a).



Meet proposed end-of-pipe limits in the Fording River (Teck, 2013b).

Incorporation of the Dry Creek Water Management System is expected to maintain water quality at levels that
will not cause adverse effects to aquatic health. Further details of the assessment of the potential effects of the
LCO Phase II Project on water quality and aquatic health are presented in Teck’s updated Waste Discharge
Permit Application (Teck, 2013c).
Seepage, for the purpose of this plan, is defined as a quantity of liquid (i.e., ground or surface water) that moves
through a porous media (i.e., overburden soils or fractured bedrock). Seepage has been identified as one of the
primary pathways by which mine-affected water could enter the Dry Creek, creating the potential for adverse
effects to water quality. Seepage control is thus a key component of meeting the instream site performance
objectives. Seepage through engineered structures may also result in physical instability or failure if the
structures are designed or constructed in the absence of due consideration to seepage control measures.
Seepage management requirements, therefore, have a significant effect on the design of the Dry Creek Water
Management System and the construction of containment systems (i.e., diversion embankment and sediment
ponds).
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The design for the Dry Creek Water Management System was based on site reconnaissance, targeted
geotechnical site investigations and preliminary hydrogeological data that suggested a vertical upward hydraulic
gradient. Hydrogeological and geotechnical conditions have been evaluated in developing designs to achieve
both the interception and containment of mine-affected water in upper Dry Creek. A sufficient upward gradient
would provide a hydraulic barrier to downward seepage of mine-affected water.
The diversion and head pond includes liner elements to control seepage. The inlet structure and conveyance
pipelines utilize clay plugs and welded seam high density polyelthylene (HDPE) pipe materials to effectively
contain mine-affected water. Sediment ponds will be lined to prevent leakage.
The overall system will employ leakage detection systems, underdrains for liner protection and leakage
monitoring, and a network of groundwater and surface water monitoring wells for system performance
monitoring. Additional monitoring equipment will be installed, such as flow measurement devices and TSS
sensors, to enable system performance assessment and reporting of developing trends. Together with surface
water hydrometric stations, the monitoring systems presented above consider the potential pathways presented
in later sections of this SCP and will assist in the assessment of suitable mitigation strategies should developing
trends be observed. The SCP employs an adaptive management strategy that is hinged on the performance
monitoring network.

3.0

PROJECT SETTING

The front ranges of the Rocky Mountains consist of a succession of overthrust sheets lying between southwesterly dipping faults. Terrain is dominated by steep slopes and narrow valley bottoms and in many places
glaciation has accentuated the topography of the east- and northeast-facing slopes. The Elk River valley
(referred to colloquially as the Elk Valley) is generally underlain by sandy and shale rocks of the Jurassic and
Cretaceous eras. Rapidly or very rapidly drained soils usually occur on steep slopes with a thin layer of surficial
material over bedrock. Areas with poor or imperfect drainage occur on lower and toe slope positions and in
isolated areas along nearly level terrain.
The Elk Valley occurs in the Elk Valley Ecosection of BC and is largely forested, with forested areas comprised
mainly of coniferous stands. Dominant biogeoclimatic zones include the Engelmann Spruce — Subalpine Fir dry
cool variant and Engelmann Spruce — Subalpine Fir dry cool woodland subzone.
The Elk Valley is situated within the asserted traditional territory of the Ktunaxa Nation. The communities of
Fernie, Sparwood and Elkford are the primary communities in the Elk Valley. Crowsnest Pass, in Alberta, is also
located to the east. Major land use activities that occur within the Elk River and Fording River drainages include
coal mining, forestry, recreation and tourism.
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3.1

Physiography

3.1.1

Terrain

Elevations within the LCO Phase II Project area2 (Figure 3) range from a low of about 1,500 metres above sea
level (masl) next to the Fording River to highs of about 2,345 masl on Burnt Ridge North (BRN) to 2,475 masl at
the top of Mount Michael (MM).
Topography in the area generally varies according to elevation gradient. Approximately 15% of the slopes in the
area have slope gradients greater than 70%, while 64% of hill slopes have slope gradients between 26% and
70%. Hill slope aspects are generally east and west facing off of both MM and BRN. Gently sloping and nearly
level terrain is common along the valley bottoms (e.g., alongside Dry Creek) and on some of the glacio-fluvial
deposits in the northern portion of the area (e.g., adjacent to the Fording River). Hill slopes generally have
straight to slightly concave profiles.
Slope gradient and slope position have an obvious effect on drainage. A majority of the soils occur on steep
slopes and mid or upper slope positions, which are usually well to very rapidly drained. Moderate slope gradients
and lower slope or toe positions can be well drained, moderately well drained, or even imperfectly drained
depending on several factors. Less than 10% of the LCO Phase II Project area has been mapped with
moderately well drained soils and less than 5% of the area has been mapped with imperfectly or poorly drained
soils occurring at toe slopes or in depressional areas. Gently sloping or nearly level terrain often has variable
drainage related to factors such as seepage, depth to groundwater and parent material perviousness.

3.1.2

Geomorphic Processes

Geomorphic processes such as avalanching, rock fall, debris flows, debris torrents, soil creep and slow mass
movement have in the past and continue to deposit colluvial materials in the LCO Phase II Project area. Fluvial
processes such as braided channels and sinuous channels continue to deposit fluvial materials.

2

For the purpose of the SCP, the LCO Phase II Project area is used synonymously with the local study area defined for the surficial geology, soils and terrain baseline study in (Teck,
2011b) (see Figure 3).
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Rock fall and debris fall was observed along steep slopes at the southern end of BRN and the upper slopes of
MM. Rock and debris fall are often found in association with avalanche chutes. Debris torrents and debris flows
are types of mass movement that predominantly occur on the slopes of MM. Debris torrents and flows are often
associated with gullying, avalanche chutes and other forms of mass movement. Concave slumps were observed
and delineated at two locations in the area. Soil creep was observed at several locations in the area during field
investigations. These geomorphic processes cannot always be delineated on aerial photographs and field
investigations did not cover the entire area to ground truth all occurrences.
Snow avalanching was predominantly observed on the slopes of MM and was often found in association with
other mass movement processes and gullying. Nivation was observed at some lower slope positions in the
southern portion of the area and on the east side of MM. Gullying was usually observed in conjunction with mass
movement and/or avalanching geomorphic processes. Irregular sinuous channels and braided channels were
delineated near Dry Creek.

3.2

Geological Setting

The Elk Valley is located in the Front Ranges of the Rocky Mountains (Holland, 1976). The front ranges consist
of a succession of overthrust sheets lying between south-westerly dipping faults. In many places late Pleistocene
cirque glaciation has accentuated the topography of the east- and northeast-facing scarps. In the south part of
this region many of the valleys are underlain by sandy and shale rocks of the Jurassic and Cretaceous eras,
which is particularly true of the structural basin east of the range flanking the west side of the Elk River. This is
the Fernie basin which is largely the valley of the Elk River.
Geologic groups and formations in the region of the Elk Valley include the Rundle, Rocky Mountain Spray River,
Fernie, Kootenay and Blairmore. The Kootenay group consists of carbonaceous sandstone, silt stone and
mudstone from the Jurassic and Cretaceous eras. The Kootenay Group strata, which contain all of the coal
seams, consist of strata from the Morrissey Formation, the Mist Mountain Formation and the Elk Formation
(Gibson, 1979). The economic coal seams are found in the Mist Mountain Formation. The Fernie group consists
of grey, brownish-grey and black shale, siltstone and sandstone, limestone, glauconitic sandstone and shale.
The Rocky Mountain Formation consists of quartzitic, dolomitic and calcareous sandstone, dark grey sandstone,
dolomite, cherty dolomite and chert from the Pennsylvanian and Permian eras. The Spray Lake Formation
consists of dark grey silty shale, siltstone and shale, and light grey dolomitic or sideritic siltstone from the
Triassic era. The Rundle group consists of geologic strata from the Etherington, Mount Head, Livingstone,
Exshaw and Banff Formations from the Mississippian era.

3.2.1

Soils

Soil development is strongly influenced by climate, parent material type, topography, drainage and vegetation all
acting over time. Annual mean temperature, growing degree, snow accumulations, persistence of snow pack
cover, the ratio of snow precipitation to rain precipitation and evapotranspiration, all vary across the region.
These differences in climatic factors affect soil temperature, available soil water, seepage, drainage, biological
activity, organic matter accumulation and ultimately soil development. Snow accumulations and persistence of
snow pack affects geomorphic process such as avalanche frequency and nivation.
Geomorphic process such as mass movement, avalanching and fluvial or colluvial deposition result in recently
deposited surficial material. Areas affected by these processes have juvenile to no pedogenic development and
are often classed as Regosols.
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Rapidly or very rapidly drained soils usually occur on steep slopes with a thin layer of surficial material over
bedrock. Soils are either Regosols or weakly-developed Brunisols. Areas with poor or imperfect drainage occur
on lower and toe slope positions and in isolated areas along nearly level terrain. Gleysolic and Organic soils
develop in water receiving areas with periodic or permanently saturated soil conditions.
Soil development in the region is influenced by vegetation as it relates to the accumulation of organic matter and
microbial activity, as well as illuviation and weathering. Vegetation is influenced by climate, drainage and
geomorphic processes. Accumulation of organic matter forms organic soils in poorly drained areas, organic (O)
and humified topsoil (Ah) horizons on imperfectly to poorly drained Gleysolic, Ah horizons on Sombric Brunisols
and litter fermented humus (LFH) horizons on other types of upland soils.
Relatively recent geomorphic processes in the LCO Phase II Project area including mass movement,
avalanching and fluvial or colluvial deposition have resulted in the development of Regosolic soils as there has
been insufficient time for pedogenic development. In slightly older colluvial deposits, some weakly developed
Brunisolic soils may occur. Brunisolic soils are most common on well-drained morainal parent material. Gleysolic
and Organic soils are uncommon in the area but occur in water receiving areas with periodic or permanent
saturated soil condition. These areas have imperfect to poor drainage and occur on lower slope and toe slope
positions, and in isolated areas on nearly level terrain.

3.2.1.1

Colluvium

Colluvium is the most common surficial material in the LCO Phase II Project area. Colluvial parent materials are
generally coarse textured with high angular and subangular coarse fragment content. Colluvial soils range in
thickness from less than 30 cm on the upper steep slopes of BRN and MM to more than several metres on
colluvial fans at the base of these ridges. Colluvium is sometimes interbedded with morainal deposits on the
lower slopes near Dry Creek.
Soils on colluvium consist of both Regosols and Brunisols, predominantly Orthic Dystric Brunisols, showing little
to juvenile subsoil development. Orthic Sombric Brunisols and some Podzols occur on colluvial soils in mid to
lower slope positions. Effective soil depth ranges from less than 30 cm to over one metre. Isolated areas of
Gleysols occur on some of the lower colluvial fans.

3.2.1.2

Morainal

Morainal surficial materials in the LCO Phase II Project area generally have a high subangular and subrounded
coarse fragment content and sandy loam, loam and clay loam texture. Soils on these materials include Orthic
Dystric Brunisols, Orthic Sombric Brunisols and some Podzols.
Morainal blankets and veneers are found on the upper, middle and lower side slopes of BRN. Morainal deposits
are often found in association with colluviums on side slopes. Deeper morainal deposits are found on moderately
sloping lower slopes along Dry Creek, north of the east tributary to Dry Creek.

3.2.1.3

Glaciofluvial

Glaciofluvial materials in the LCO Phase II Project area are coarse textured with high to very high rounded and
subrounded coarse fragment content. Coarse fragments and the fine earth fraction are well sorted and stratified.
Glaciofluvial plains and terraces are located in the northern portion of the LCO Phase II Project area on very
gentle to nearly level slopes. Soils on glaciofluvial materials are predominantly Orthic Dystric Brunisols.
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3.2.1.4

Fluvial

Fluvial materials in the LCO Phase II Project area are found on level to nearly level slopes near Dry Creek and to
a lesser extent along the east tributary to Dry Creek. Sometimes there are fluvial veneers or blankets overlying
colluvial and morainal deposits on toe slope positions near Dry Creek.

3.2.1.5

Organic

Organic surficial materials have been deposited by the accumulation of relatively poorly decomposed vegetative
material on poorly and very poorly drained areas. Organic materials are uncommon in the LCO Phase II Project
area (less than 1%) but are associated with areas of seepage and high water tables on nearly level to gently
sloping terrain.

3.2.1.6

Exposed and Weathered Bedrock

Exposed bedrock was found on the upper slopes and crest of BRN and MM. Exposed bedrock was often found
in association with very thin weathered saprolite or very thin colluvial veneers on steeper slopes.

3.3
3.3.1

Watershed Characterization
Surface Water

Hydrologic conditions in Dry Creek were characterized in support of the LCO Phase II Project EAC Application
(Teck, 2011a). This work included the modeling and analysis of the Dry Creek hydrology baseline. The simulated
daily flows for Dry Creek from 1971 to 2008, were analyzed to calculate the stream flow statistics shown in Table
1.
The simulated monthly flows of Dry Creek at the mouth are presented in Figure 4. The simulated highest mean
monthly flows occur in June and the simulated lowest mean monthly flows occur in March.
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Table 1

Stream Flow Hydrology for Dry Creek (at the mouth)
Flow Statistic

Statistic From Simulated Flows

Period of simulation

1971 to 2008

2

Drainage area [km ]

26.4

Elevation range of watershed [m]
3

7Q10 low flow [m /s]

1,500 to 2,600

(a)

0.071

3

Mean winter flow [m /s]

(b)

3

Mean summer flow [m /s]

0.153
(c)

0.700

3

Mean annual flow [m /s]

0.382

Mean annual yield [mm]

457

3

2-year flood flow [m /s]

2.35
3

Q10, 10-year flood flow [m /s]
3

(d)

Q100, 100-year flood flow [m /s]

4.34

(e)

(a)

7Q10 Low Flow = 7-day low flow with a 10-year return period.

(b)

Winter season period is from October 1 to April 30.

8.05

(c)

Summer season period is from May 1 to September 30

(d)

A ten-year flood is a flood event that has a 10% probability of occurring in any given year.

(e)

A one-hundred-year flood is a flood event that has a 1% probability of occurring in any given year.

Note: Table D5.2-16 from (Teck, 2011a)

Figure 4:

Monthly Simulated Flows for Dry Creek at the Mouth

Note: Based on simulation period of 1971 to 2008 (Teck 2011a).
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3.3.2

Groundwater

A hydrogeological model was also developed for Dry Creek (Teck, 2011c). The groundwater model is consistent
with the conceptual model and is supported by multiple data sets included in the hydrogeology baseline (Teck,
2011d) including geology data, climate data, surface water data, hydraulic head data, hydraulic testing data,
water quality data and references for groundwater flow systems in mountainous terrain (e.g., Forster, 1988a,b).
Groundwater in Dry Creek is considered local in the context that the majority of the groundwater recharge,
groundwater flow and groundwater discharge occurs within or near the watersheds. Hence, the majority of the
groundwater will leave the watershed as surface water versus groundwater. The reduction of permeability with
depth due to closing of fractures from increasing hydrostatic load and formations with shale content below the
Mist Mountain Formation3 will inhibit interbasin groundwater flow. The groundwater model supports the
conceptual model that shows a downward gradient in the recharge area that covers the ridge tops and upper
and middle valley flanks. The smaller discharge area is limited to the valley bottom and lower valley flank where
an upward gradient is expected in the bedrock.
The bedrock system discharges to tributary streams along the valley flanks and to the valley bottom sediments
before discharging to the valley stream. Stream flow records in the Elk Valley support gaining streams in the Elk
Valley at a large scale (km scale or larger) that is consistent with the model discussed above. At a smaller scale,
streams can be both losing and gaining depending on the stream gradient and the nature of the valley fill
sediments.

3.3.3

Surface Water-Groundwater Interaction

An upward hydraulic gradient through the reach of the proposed diversion structure on Dry Creek and the
presence of lower permeability material in the valley fill sediments will provide a barrier to seepage losses below
the proposed diversion structure. Data collected to date suggests that the valley fill sediments in the area of the
diversion structure includes colluvium and till/moraine with fine-grained matrix. To obtain additional data, Teck
initiated a groundwater-surface water field program in August 2013. The program includes installation of deep (at
or near bedrock) and shallow monitoring wells, water sampling in installed wells and in Dry Creek, hydraulic
testing and flow accretion studies. Results of the investigations will be used to evaluate the vertical gradient in
the valley fill sediments and to further assess potential pathways for surface water-groundwater interactions. The
results of all data collected will be used to refine the estimates of surface water-groundwater interactions.
Results from recently completed field investigations will be used to check and update the current understanding
of surface water-groundwater interactions and will be used to modify the current design of the Dry Creek Water
Management System, if needed. Preliminary results indicate artesian conditions were encountered in several of
the monitoring wells drilled in the valley fill sediments. Installed monitoring wells will form part of a monitoring
network that will be used to confirm the performance of the diversion structure during operation.

3

The Mist Mountain Formation contains the economic coal beds.
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4.0
4.1

PROJECT DESCRIPTION
Line Creek Operations Phase II Project

The LCO Phase II Project will generate about 637 million cubic metres of waste rock. About 129 million bank
cubic metres (bcm) of waste rock will be used as backfill at the BRN and MM pits in the Phase II area, and the
Burnt Ridge South and Mine Service Area West Extension pits at the existing Phase I area. The remainder of the
waste rock from the BRN and MM pits will be hauled to the new waste rock spoil area in the upper Dry Creek
valley. Development of the waste rock spoil area will continue through the life of the Project which has a planned
end date of 2031. Access development for waste and coal hauls will be incorporated into the mining sequence
for efficiency.
The LCO Phase II Project area will be reclaimed to meet end land use objectives of wildlife habitat and
opportunities for traditional use by First Nations and the public. Upon closure of the active mining areas, the site
will enter an active closure phase, defined as a post-mining period where the majority of the Project footprint has
undergone reclamation activities. The systems to support water quality management will require ongoing
monitoring and maintenance. These systems will continue to operate until water quality monitoring demonstrates
that a stable equilibrium in acceptable water quality (as defined by compliance limits and locations applicable at
the time of proposed decommissioning) has occurred and the waters draining from the LCO Phase II Project
area can be directly released into the receiving environment with minimal effects to instream water quality and
aquatic health. The water management systems will be reclaimed only once they are no longer required.
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4.2

Surface Water Management for the Project

4.2.1

Proposed Facilities

The main surface water management facilities for the Project include the following:



On-site operational facilities including ditches, sumps, pumps and pipes, to be installed as necessary to
manage surface water runoff from active mining areas, haul roads, lay down or parts storage areas,
marshalling areas and utility corridors and direct the mine-affected surface runoff to upper Dry Creek.



Water management structures in the Dry Creek drainage area, including:

 A rock drain integrated with the waste rock spoils in the upper reaches (Reaches 5 and 6) of Dry Creek
to convey Dry Creek flows and mine-affected water beneath the waste rock spoils. The rock drain will
begin to form when waste rock spoils advance over Dry Creek (about Year 3)

 An instream diversion structure composed of an earthfill embankment at the downstream end of Reach
5 of Dry Creek to form a head pond, an overflow spillway, and an intake structure, to facilitate the
interception and diversion of mine-affected water and blended non-contact runoff and groundwater from
the Dry Creek watershed upstream of the east tributary. The overflow spillway is designed to safely
convey surplus inflows ranging from the 10-year peak instantaneous to the 200-year peak
instantaneous flood.

 A transfer pipeline to convey flows to the sediment pond system from the intake at the diversion
structure. A flow splitting chamber will control and distribute inflows to the sediment pond system.

 A sediment pond system composed of three parallel sediment ponds4 to provide the capacity (surface
area and volume) needed to reduce TSS contained in the diverted water. The ponds have equal
internal dimensions with each pond intended to receive one third of the total design inflow. The ponds
will be located adjacent to Reach 4 of Dry Creek.

 The sediment ponds will be equipped with primary (riser) and secondary (free overflow spillway) outlet
works. The sediment ponds will be capable of returning clarified water directly to Dry Creek via a return
channel located at the downstream end of the lowest pond or transferring water to a conveyance
pipeline for conveyance to the Fording River, and after the installation of the AWTF, additional
treatment and conveyance to Fording River.

 An outfall structure (return channel) that will discharge water from the sediment pond system to Dry
Creek during initial development of the Project (Year 1).

 A conveyance pipeline system that will deliver water from the sediment pond system to a discharge
location on the Fording River, near the confluence of Dry Creek and the Fording River.

 A diffuser to facilitate cross-channel mixing of effluent into the Fording River.

4
Note that June 2013 and earlier references to the design of the Dry Creek Water Management System referred to a series of three cascading ponds. The design has been since updated
to three parallel ponds for added redundancy and operational effectiveness.

September 2013
Report No. 13-1345-0010 - Rev. A

18

SEEPAGE CONTROL PLAN

 An AWTF with a 7,500 m3/d treatment capacity, to be commissioned in 2022 (i.e., Year 9 in the
anticipated Project schedule) or as required to meet the water quality management objectives as
identified in Section 2.2. The AWTF will receive water from the sediment ponds and discharge the
treated water via the conveyance pipeline to the Fording River after the AWTF is commissioned.



Backfilled mine pits and pit lakes and their associated outlet structures.

The system is designed to operate on a continuous year round basis. The general arrangement and proposed
water management scheme for the proposed Dry Creek diversion works is shown in Figure 6.
The diversion structure will consist of a lined pond that will impound and contain mine-affected water in the head
pond. The head pond will perform as a pre-sediment pond to enable the collection of coarse material. The head
pond will enable the system to perform as a gravity fed system with specific hydraulic controls that limit the
diversion of water to the 10-year instantaneous peak flood flow of 1.8 m3/s at the point of diversion. Inflows for
the diversion in excess of 1.8 m3/s, and up to the 200-year inflow design flood (IDF) instantaneous peak of
3.2 m3/s at the point of diversion, will surcharge the head pond and pass over the spillway control sill and drain
to the natural watercourse of Dry Creek upstream of the east tributary.
The diverted flow will be routed via the transfer pipeline into the sediment ponds. The sediment ponds are
designed to operate in parallel, up to the 10-year flow, with the ability to isolate individual ponds to facilitate
routine maintenance during low flow periods, or during upset conditions. Isolation will be controlled using
manually-operated gate valves. The ponds will provide a fixed depth of dead storage for the accumulation of
sediment. Each pond will be equipped with primary (riser pipe decants) and secondary (free-overflow spillways)
outlets. A low flow drain will be incorporated into the primary outlets to facilitate pond dewatering. Sediment will
be removed to the 15 µm gradation within the sediment ponds.
The conveyance pipeline will be designed to carry flows up to the instantaneous 10-year peak flood event. The
pipeline will parallel the Dry Creek road. The pipeline alignment passes under an existing Fortis Gas line,
Canadian Pacific Railway line, and Fording Highway near the confluence of Dry Creek and the Fording River.
Effluent will be discharged via diffuser to the Fording River to facilitate mixing.
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4.3

Schedule

A project schedule is provided in Table 2.
Table 2

Schedule
2013
Q4

2014
Q1

Q2

Q3

Q4

‘15

‘16

‘17

‘18

‘19

‘20

‘21

‘22

‘23

‘24

‘25

‘31

Active
Closure

Construction
Diversion and Intake

Commissioning
Operations
Construction

Sediment Ponds

Commissioning
Operations
Construction

Conveyance Pipeline
and Outfall

Commissioning
Operations

Mining Pre-Development
Mining Operations
Active Water Treatment Facility

5.0
5.1

POTENTIAL EXPOSURE PATHWAYS AND MITIGATION
Overview

Both the initial design basis and detailed design were developed having considered potential exposure
pathways. Recently completed field investigations were designed to provide additional characterization of the
valley subsurface materials. Early evaluation of the 2013 field investigation data are providing evidence that an
upward hydraulic gradient does exist. Detailed analysis of the data acquired from the field is underway and will
be used to validate the design basis and approach. Major design changes are not anticipated to be required
based on the preliminary data from the field investigations. This will be confirmed with the pending evaluation of
the results from the recently completed field investigations.
The following sections provide a description of the potential pathways for mine-affected water to escape the Dry
Creek Water Management System and seep into Dry Creek (exposure pathways). For clarity, the potential
pathways have been summarized to five component areas:
1)

upper Dry Creek;

2)

diversion structure and intake;

3)

transfer pipeline;

4)

sediment ponds and associated discharge to Dry Creek; and

5)

conveyance pipeline to the Fording River.

The potential exposure pathways and streams of water are annotated on Figure 7.
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5.2

Upper Dry Creek

Two pathways that could potentially release mine-affected water into the environment in upper Dry Creek have
been identified below.

5.2.1

Pathway 1 – Migration to Deep Groundwater Aquifer

There is the potential for groundwater and infiltrated surface water to pass through the spoil pile and migrate
downward into the deep groundwater aquifer that underlies Dry Creek (Forster, 1988a, pp. pages 999-1010).
There is a very low likelihood of this pathway because the bedrock groundwater system in a mountainous setting
would provide for an upward gradient in the bedrock in the valley bottom (Jamieson, 1983, pp. 21, 168-177).

5.2.2

Pathway 2 – Migration Through The Valley Fill Sediments

Mine-affected water from the waste rock will either discharge to Dry Creek or infiltrate to the underlying valley fill
sediments. The upward gradient in the bedrock will inhibit downward migration into the bedrock and possibly into
the valley fill sediments if there is sufficient upward gradient. The ultimate fate of the mine-affected water at the
diversion structure is dependent on surface water-groundwater conditions at the proposed diversion structure. If
there is an upward gradient or lower permeability sediment in the valley fill sediment in vicinity of the diversion
structure, it will direct groundwater to surface water.

5.3

Diversion Structure

The diversion structure consists of an engineered embankment structure constructed across upper Dry Creek.
The embankment will establish a head pond that will intercept water and allow the diversion of mine-affected
water using an intake connected to a transfer pipeline that will convey water to the sediment ponds.
Three pathways have been identified in the vicinity of the diversion structure that relate to the mine-affected
water seeping under, around, or through the structure. The design employs liner systems to capture and contain
mine-affected water. Where pipes pass through liner systems, the design employs leak prevention measures
through the use of specific connection details and impervious soil plugs. The construction quality control (QC)
plan adopted by the contractor, together with quality assurance (QA) visual inspection activities and third party
testing, will provide a means to control and actively mitigate these seepage pathways.

5.3.1

Pathway 3 – Underseepage

Underseepage refers to any water that migrates below the diversion and intake structure. This may occur within
the underlying natural soil/bedrock formations or at the interface between natural formations and the engineered
structure. Underseepage is of particular concern for earth-fill embankments as improper control can lead to
instability or internal failure of the embankment or liner system. Underseepage is also a potential pathway for
mine-affected water to migrate into the uncontrolled environment.
The design has incorporated underdrains as a means to control instability of the embankment and liner due to
uplift pressures. This is anticipated largely as a consequence of expected upward gradients in the valley
deposits. Early results of field investigations are positive and are anticipated to validate this design.
The underdrains allow for the interception, safe conveyance, and discharge of groundwater and facilitate
monitoring of seepage water quality.
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5.3.2

Pathway 4 – Seepage Bypass

The diversion head pond will require excavation to facilitate construction of the underdrain and liner systems.
Excavation within the natural valley materials may expose subsurface materials having higher permeability and
promote lateral seepage. This process is similar to that of underseepage.
The upward gradients anticipated within the valley deposits are viewed as a positive condition that will resist the
infiltration of mine-affected seepage water from permeating the valley deposits. The liner system is designed to
contain and prevent mine-affected water from reaching areas of potential lateral seepage. The leakage detection
system, together with water quality monitoring of the underdrain system and groundwater monitoring wells, will
facilitate early detection of a developing condition and aid in the adoption of potential additional mitigation
strategies

5.3.3

Pathway 5 – Head Pond Leakage

Head pond leakage is a function of construction quality and the presence of defects, irregularities, or damage to
engineered liner products (i.e., geosynthetic products).
Leakage risks are mitigated through rigorous quality assurance/quality control (QA/QC) during manufacturing,
transport, handling, and placement of engineering products and during the construction of the diversion structure
and the head pond liner. The head pond will utilize a double liner system with integrated leak detection system
with provision for the addition of recovery systems, if required.

5.4

Transfer Pipeline

The transfer pipeline will convey intercepted water to the sediment ponds. The pipeline will be designed as a
watertight system including the provision of appropriate seals, pipe connections (mechanical couplings or
thermoplastic welds), and selection of materials.

5.4.1

Pathway 6 – Pipeline Leakage

There is the potential for the transfer pipeline to leak at points of connection or in locations where the pipeline or
its fixtures have been damaged or improperly installed.
The pipeline is expected to vary between partial (free surface flow) and full pipe (pressure flow) conditions. The
specifications for materials and fixtures will include provisions such that the pressure rating of the transfer
pipeline and associated fixtures exceed the maximum foreseeable pressures that could be generated by the
system. It is anticipated that the transfer pipeline will present low risk in terms of potential seepage losses to the
environment provided that appropriate quality assurance and quality control procedures are enacted from initial
manufacturing through to construction and commissioning.

5.5

Sediment Ponds

Three sediment ponds constructed in a parallel arrangement are proposed. The volume of water within the
ponds will fluctuate based on the hydrologic response of the catchment that delivers flows to the point of
diversion. Potential seepage losses through the bed and side slopes of the ponds are a function of the head
(elevation of water within the pond) and the permeability of the pond structure. Seepage losses may also occur
where the engineered structure and containment system is penetrated by structural works such as pipes.
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Anti-seepage measures will be implemented to reduce the risk of structural instability due to internal erosion and
to inhibit the loss of mine-affected water prior to appropriate treatment. The sediment ponds will also incorporate
the double liner and leak detection system as per the proposed head pond liner design.
Note that the sediment ponds will be designed and constructed with secondary outlet works (spillways) that will
allow for the safe discharge of flood events in excess of the 10-year flood and up to the 200-year flood that may
occur within the Dry Creek valley. The intent of these outlet works is to safely discharge flood flows to Dry Creek
without impacting the structural integrity of the berms that form the impoundments. It is assumed that the effects
of adverse water quality associated with overflow discharge will be short term and secondary to the
environmental effects associated with large quantities of natural floodwater passing directly down Dry Creek.

5.5.1

Pathway 7 – Leakage through the Pond Cross Section

Leakage may occur through the bed and side slopes of the pond structures. This process is a function of the
elevation head of the water in each pond, the permeability of the structures, and the hydraulic gradient through
the structure.
The water level in the pond is subject to environmental variability and operator control within a very specific
operating range (i.e., between empty – during maintenance and full supply level – during peak flow events). The
permeability of the structure can be reduced by providing a double liner system. The hydraulic gradient may be
made more favourable by maintaining a lower operating water level in the ponds and by lengthening the flow
path through the built cross section of the earthfill berms that form the ponds.
Double systems and integrated leak detection and recovery systems (LDRS) will improve retention, provide
redundancy, and render opportunity to monitor pond performance and integrity.

5.5.2

Pathway 8 – Leakage at Pipe-Soil Interfaces

The inclusion of piping or other features that break up the continuity of the constructed pond structures introduce
potential pathways for the migration of impounded water. Compaction of soil fill materials directly adjacent to
internal pipe works can be less effective given efforts to prevent damage to the pipes during construction. Three
common methods may be employed to inhibit the flow of seepage around pipes that pass through
embankments. These methods include anti-seep collars, drainage diaphragms, and soil sealing.
Filter diaphragms provide a means of intercepting seepage that may begin flowing along the pipe-backfill
interface. Filter diaphragms consist of zones of fine aggregate that extend along the length of the pipes down
through to the toe of the constructed embankment (confining berms) such that intercepted seepage is safety
conveyed through the fill zone. The seepage would then be collected and directed to the ponds for treatment.
The use of soil plugs involves building up the engineered fill slopes to the elevation corresponding to the top of
pipe then excavating a minimal trench in the fill corresponding to a depth and width just slightly larger than the
diameter of the pipe. The haunches and free space around the pipe would then be backfilled with the same
material as the surrounding embankment and hand-compacted directly around the pipe until the tope of pipe is
reached. This approach is only applicable to pipes less than 300 mm in diameter where sound construction
quality controls are applied.
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A combination of filter diaphragms and soil plugs are proposed for inclusion in the design of the project as they
are the preferred means of addressing seepage around conduits that pass through embankment fills and liner
systems.

5.6

Conveyance Pipeline and Outfall Diffuser

The conveyance pipeline will convey clarified water (TSS removed) overflow from the ponds and treated effluent
from the AWTF. The conveyance pipeline will effectively run down gradient from the AWTF and the sediment
ponds paralleling the existing Dry Creek road until it reaches Ewin Road. The conveyance pipeline will then turn
to the east running to a suitable location where the Fortis BC natural gas pipeline, Canadian Pacific Rail tracks,
and Fording Road must be crossed. The crossing will likely consist of an auger bore followed by the placement
of an oversized steel casing. The conveyance pipeline will be passed through the casing and continue
downstream to a point where the pipe will discharge into Fording River via an outfall diffuser. The final designs
for crossing the natural gas pipeline, the rail tracks and the highway are subject to approval by the infrastructure
owners.

5.6.1

Pathway 9 – Pipeline Leakage

There is the potential for the conveyance pipeline to leak at points of connection or in locations where the
pipeline or its fixtures have been damaged or improperly installed.
The pipeline is expected to vary between partial (free surface flow) and full pipe (pressure flow) conditions. The
specifications for materials and fixtures will include provisions such that the pressure rating of the transfer
pipeline and associated fixtures exceed the maximum foreseeable pressures that could be generated by the
system. It is anticipated that the transfer pipeline will present low risk in terms of potential seepage losses to the
environment provided that appropriate quality assurance and quality control procedures are enacted from initial
manufacturing through to construction and commissioning.
Leakage may occur through the conveyance pipeline by a similar mechanism to Pathway 6 as described for the
transfer pipeline. This is considered a low risk pathway – particularly given that water in the conveyance pipeline
will consist of treated effluent and clarified water overflow.

6.0

SPECIFIC MITIGATION MEASURES AND ADAPTIVE MANAGEMENT

Various mitigation measures that may be employed as part of the Dry Creek Water Management System have
been identified in Section 5.0. The application of specific additional measures will depend on the actual
conditions encountered during construction and subsequent operation and monitoring.
Recognizing that elements of uncertainty may exist until ground is broken during construction an adaptive
management approach has been adopted to iteratively improve the design, construction, and operation of the
Dry Creek Water Management System based on known conditions (i.e., ground conditions observed at site
investigation locations), anticipated conditions (i.e., localized assumptions based on observed conditions on
site), and contingency for potential unknown conditions (i.e., presence of ground conditions that vary from the
observed/anticipated conditions).
Using the adaptive management approach, hypotheses will be tested to confirm performance; outcomes will be
monitored to refine hypotheses; and decisions will be revised to adapt to observed conditions. Assessing
management options and subsequent monitoring activities will provide the basis for future activities.
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The adaptive management strategy will be implemented in three key stages:



during design – as field investigations and subsequent results are analyzed and complied;



during construction and commissioning – as driven by the construction quality control plan; and



throughout operations – as performance criteria are evaluated using monitoring data.

The base diversion structure design will consist of a combination earth-fill/rock-fill embankment with an
integrated composite liner system. This configuration is expected to provide complete retention of intercepted
water that reaches the system.
The pre-installed network of monitoring wells and surface water sampling stations will enable assessment of
performance of the system and will provide information necessary to make decisions. The monitoring network
will be able to detect seepage losses using unique geochemical signatures associated with mine-affected water.
The monitoring network described in Section 7.0 will be used to assess seepage capture efficiency prior to
operational placement of waste rock in the proposed spoil pile during the pre-construction stage of the LCO
Phase II expansion. Detection of seepage will trigger a heuristic response consisting of the installation of
additional measures and/or systems to incrementally improve the performance of the system.
It is recognized that there is residual uncertainty associated with subsurface conditions that cannot be fully
assessed until the system is constructed and the performance is assessed. This is being accounted for during
preliminary and detailed design using qualified design assumptions based on a combination of observed site
conditions and professional engineering judgement. The ability to monitor and correctly interpret the local
conditions is critical to maintaining a selenium concentration of 10 µg/L in Dry Creek.
An adaptive design approach is adopted to effectively leverage the site information that is currently in-hand while
taking advantage of an adaptive framework that can allow the design to evolve fluidly as our understanding of
the site conditions improve.
The approach will be initiated through the installation of a network of performance monitoring well sites around
the proposed diversion and intake structures prior to construction. These groundwater wells and surface water
monitoring sites will be used to confirm design assumptions. A portion of the installed network will be preserved
through construction and will form part of the performance monitoring system around the diversion. Depending
on monitoring trends and results, mitigation strategies may be developed or implemented to improve system
performance. These measures will be implemented in stages to facilitate a design that is best suited to observed
site conditions and actual system performance.
The proposed approach is shown in Figure 8.
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The diversion structure’s adaptive management approach and design basis includes the following steps:
1)

Pre-install performance monitoring sites (surface water monitoring sites and groundwater monitoring wells).

2)

Design a diversion embankment with an integrated dual liner and leakage detection and recovery system.
The liner would cover the entire impoundment formed by the diversion embankment. The liner will also
include an underdrain to alleviate uplift pressures that could impact the performance of the liner systems.
The underdrain may also be used as a water quality monitoring point for leakage testing or background
information. This is considered the base design on which incremental measures may be added to improve
performance. The “gaining” reach and steep valley walls provides conceptual confidence that water likely
reports to Dry Creek and is not generally lost sub-surface.

3)

Monitor wells and surface water sites to confirm performance. This can occur during the initial construction
of the Dry Creek Water Management System. The water passing through, under, or around the diversion
structure may have a unique geochemical signature that can be detected; alternatively, tracer testing may
be utilized to provide a more robust assessment. Two conditions are possible:
a. Diversion Performance Positive – no changes to the system; advance to operational status
b. Diversion Performance Negative – assess the negative performance indicators and, using the
adaptive management strategy, develop optional measures to correct the observed
performance. Implement the selected measures and resume performance monitoring.

Incremental engineering measures that may be implemented to improve system performance include the
following:



Partial vertical cut off constructed at the upstream extent of the head pond liner. This will effectively “train”
or direct near surface groundwater; encouraging it to breakout and enter upper Dry Creek immediately
upstream of the head pond. This may be an effective lower cost alternative and will require monitoring to
confirm performance.



Full vertical cut off. This is an effective but higher cost solution based on our current understanding of the
site; however, further site characterization through the installation of the monitoring wells and/or
construction efforts may indicate that this is a realistic option.



Upstream channel lining. The head pond liner could be extended upstream along upper Dry Creek to
improve retention of mine-affected water.



Pump back system. A pumping well may be installed downstream of the diversion structure to intercept and
return seepage to the head pond and/or sediment ponds. This is an active measure that requires operator
intervention and management for the life of the operation.

September 2013
Report No. 13-1345-0010 - Rev. A

29

SEEPAGE CONTROL PLAN

7.0
7.1

MONITORING PLAN
Overview

The monitoring strategy involves providing the capability of assessing the quantity and quality of surface water
and groundwater flowing in the vicinity of upper Dry Creek and the interaction between these systems as it
pertains to the functionality of the Dry Creek Water Management System.
The monitoring network proposed for the Dry Creek Water Management System is outlined in Table 3.
Table 3

Monitoring Locations

Type of Monitoring

Hydrometric sites

Groundwater wells

Leak Detection and
Recovery Systems

Monitoring Site

Description

East Tributary at Dry Creek road

658,254E 5,541,290N

Dry Creek at Mouth

656,535E 5,544,651N

Existing water level transducer and data logger

Head pond level logger

658,238E 5,541,046N

New level logger to be installed following
construction

Existing water level transducer and data logger

Deep groundwater well installation

MW13-01D

658,173E 5,541,229N

MW13-01S

658,178E 5,541,232N

Shallow groundwater well installation

MW13-02D

658,243E 5,541,085N

Deep groundwater well installation

MW13-02S

658,242E 5,541,077N

Shallow groundwater well installation

MW13-03D

658,278E 5,541,059N

Deep groundwater well installation

MW13-03S

658,281E 5,541,053N

Shallow groundwater well installation

MW13-05D

658,267E 5,540,933

Deep groundwater well installation

MW13-05S

658,270E 5,540,998N

Shallow groundwater well installation

MW13-06D

658,307E 5,540,954N

Deep groundwater well installation

MW13-06S

658,316E 5,540,947N

Shallow groundwater well installation

LDRS1 (Head Pond)

658,238E 5,541,046N

Seepage quality and quality

LDRS2 (Pond 1)

658,015E 5,541,495N

Seepage quality and quality

LDRS3 (Pond 2)

657,968E 5,541,730N

Seepage quality and quality

LDRS4 (Pond 3)

657,891E 5,541,988N

Seepage quality and quality

LC_DCET

658,260E 5,541,292N

East Tributary of Dry Creek at FSR

Dry Creek D/S of the sediment
(a)
pond

657,806E 5,541,981N

Dry Creek D/S of the sediment pond

Dry Creek at the Reach 1/2
(a)
Break

656,917E 5,543,808N

Dry Creek at the Reach 1/2 Break

LC_DC1

656,519E 5,544,658N

Dry Creek near the Mouth

657,806E 5,541,981N

Dry Creek 100 m downstream from the sediment
pond discharge

LC_LC5

652,977E 5,528,919N

Fording River near Mouth

Fording River downstream of the
(a)
Conveyance Discharge

656,223E 5,545,216

Fording River downstream of the Conveyance
Discharge

Dry Creek 100 m downstream
Surface Water Quality from the sediment pond
(a)
Sampling Sites
discharge

(a)

Coordinates
(UTM Zone 11U)

LC_DC13

657,891E 5,541,993N

Dry Creek sediment Pond discharge

LC_FRusDC

656,067E 5,545,175N

Fording River upstream Dry Creek

LC_FRdsDC

656,856E 5,544,699N

Fording River downstream Dry Creek

Monitoring Site Label to be defined.

Note: Additional monitoring will also be undertaken at local and regional sites to confirm environmental assessment predictions and address
uncertainties. The full monitoring program is outlined in the Updated Waste Discharge Permit Application (Teck, 2013c,d).
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Two existing hydrometric stations are located within the Dry Creek basin and provide a continuous log of water
level readings at the mouth of the East Tributary at the Dry Creek Road, and at the mouth of the Dry Creek near
Ewin Road. The design of the Dry Creek Water Management System will include a water level logger within the
diversion head pond. In aggregate, these three stations, as listed in Table 3, will generate continuous records
that can be post-processed to provide naturalized stream flow information.
In addition to the above-noted hydrometric stations, the following will be used to provide operational guidance
and system performance information:



a water level logger located in a flow splitter box downstream of the diversion;



a flow measurement recorder within the treated water collector pipe downstream of the sediment ponds;



diversion pond level logger; and



receiving environment flow and water quality monitoring .

The groundwater monitoring network is expected to consist of 5 groundwater monitoring sites. Two wells have
been installed at each groundwater monitoring site – one shallow installation and one deep installation. The
deep wells have been extended to the bedrock-overburden interface (or up to a depth of 50 m below the ground
surface5) while the shallow wells were installed to intercept soil strata that are most likely to transmit seepage. It
is anticipated that vibrating wire or baro-divers (or suitable alternative) will be installed to collect a continuous
record of water levels within the wells.
The head pond and each sediment pond will also include LDRS. Each of the LDRS will include a sampling port
to allow for water quality assessment.
Surface water quality and flows monitoring will be used to supplement performance monitoring, monitor
compliance with regulatory permit conditions, refine hydrological and water quality models and inform decisions
regarding implementation of adaptive mitigation to improve the design and operational performance of the Dry
Creek Water Management System. Water quality monitoring against water quality triggers will also be used to
inform operational decisions regarding timing of conveyance and commissioning of the AWTF.
The general arrangement of the monitoring network is shown in Figure 9a and b.

5

If the bedrock is >50 m, groundwater is less likely to be important to surface water-groundwater interaction relevant to the fate of mineaffected water at the proposed diversion structure.
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7.2

Monitoring Procedures

Monitoring procedures are summarized in Table 4. The monitoring procedures are currently in development and
will be included with the next iteration of the SCP.
Table 4

Monitoring Procedures

Monitoring Type

Description

Surface water hydrometric
monitoring






Automated data collection
Manual stream flow measurement requirements
Rating curve development
Sensor drift correction

Groundwater monitoring wells
(quantity and quality)







Automated data collection
Water quality sampling procedures
Water quality parameters to be analyzed
Manual static water level measurement
Sensor drift correction

Leak Detection and Recovery
Systems




Manual assessment of intercepted seepage
Water quality sampling procedures

Surface Water Quality




Water quality sampling procedures
Water quality parameters to be analyzed

Each monitoring procedure will have consistent field standards with respect to basic field note requirements,
nomenclature, internal/external reporting protocols, and record keeping requirements. The frequency and
duration of monitoring/sampling will be defined in the specific procedure documents and will be consistent with
appropriate regulatory guidance (e.g., BC MOE, 2003).

7.3

Measurable System Parameters

7.3.1

Overview

Measurable system parameters refer to facility-specific parameters that will be actively monitored to assess the
performance of the Dry Creek Water Management System. These parameters are readily measurable and the
resultant readings may trigger specific responses. These parameters include water levels recorded in the
monitoring wells, surface water elevations, and water quality readings in near-field surface water sampling sites.
It is expected that parameters will vary seasonally and it will be important to account for variation that occurs
naturally. Establishing the seasonal variability is a continuous process and must be evaluated periodically to set
appropriate thresholds for each parameter.

7.3.2

Surface Water Hydrometric Monitoring

Surface water hydrometric monitoring sites are intended to quantify the volumetric flow rate of water (discharge)
of instream environments (i.e., upper Dry Creek, the east tributary, or at or near the Fording River point of
discharge). This approach requires the development of a stage (water level)-discharge relationship. Stagedischarge relationships are established by manually surveying the instream water level and corresponding
discharge as the stream fluctuates over a full range of flows. These data points are plotted and regression
equations are developed to provide algebraic relationships between stage (readily measured through in situ
sensors) and discharge. Note that the validity of stage-discharge relationships is dependent on the selection of a
stable channel reach, evaluation of a sufficient range of unique stage and discharge, and the application of an
appropriate form of regression. This relationship is known as a rating curve.
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Real time or logged discharge measurement is facilitated using automated instrumentation (i.e., pressure
sensors or bubbler sensors). This involves measuring and recording water level and processing the data points
using the rating curve equation developed for the specific gauge location.

7.3.3

Groundwater Monitoring Wells

The network of groundwater monitoring wells will be used to assess the seasonal variation in groundwater
levels. In addition, water quality sampling will be performed. The data will be analyzed and compared to
background measurements or threshold values and evaluated for trends. Trigger levels will be established that
will follow a hierarchy that will range from increased sampling frequency to mitigation action required.
The wells will also be manually sampled to facilitate water quality analyses including the full spectrum of
CCME/MoE analytes (BC MOE, 2012).

7.3.4

Leak Detection and Recovery Systems

LDRS will be installed beneath the diversion head pond and each of the sediment pond facilities. The LDRS will
consist of a combination of geocomposite drains (geosynthetic elements that facilitate the collection and
transmission of intercepted liquid) and perforated pipe collection system in the base of each pond. The LDRS will
be positioned between two impervious materials (top: geomembrane, bottom: geosynthetic clay liner) such that
they are isolated from both the impounded mine-affected water and from intrusion from groundwater from below.
The LDRS will collect any leakage and/or intruded groundwater and drain to a localized low point which can be
monitored and sampled. The sampling ports will be located adjacent to the rim of the ponds in order to facilitate
ease of sampling. No instrumentation is proposed at this time; however, the sampling ports may be retrofitted
should conditions suggest that more active monitoring be required.
The LDRS will be dry under normal operating conditions with the presence, quantity, and quality of water in the
LDRS indicating the nature and source of potential leaks within the system.
The condition of each LDRS will be monitoring and logged using the following classifications:



Dry



Moist (condensation present, not necessarily indicating system fault)



Damp – small quantity of water present



Wet – large quantity of water present

Sampled water will be tested using rapid assessment techniques to determine the origin of the water (leakage of
mine-affected water or intruded groundwater).
Observed damp or wet conditions within an LDRS will trigger operational response that may include increased
monitoring, emergency maintenance, and/or temporary alteration to the operating mode for the given facility.

7.3.5

Surface Water Quality

A number of surface water quality monitoring sites will be included within the system. These will include
monitoring sites within the operating system and in the external receiving environment.
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7.3.5.1

Internal Surface Water Quality Monitoring

Internal surface water quality monitoring includes both automated sensing and manual sampling.
Automated sensing is limited to pH and TSS within each of the sediment ponds. This data will be recorded using
electronic datalogging devices.
Manual sampling will be conducted at pre-defined locations within the water management system. These sites
will be designed to facilitate ease of access and safe sampling. Manual samples will be hygienically-bottled,
shipped with a secure chain of custody, and tested at an approved, independent environmental laboratory.

7.3.5.2

Receiving Environment Water Quality Monitoring

Consistent with the Updated Waste Discharge Permit Application (Teck, 2013c), receiving environment water
quality monitoring sites will facilitate assessment of the impact of clarified or treated effluent upon release into
the greater environment. Manual sampling will be conducted at pre-defined locations within the water
management system. Sites include those that are upstream, at the point of release, and downstream.
Sites of Dry Creek Water Management System infrastructure will be designed to facilitate ease of access and
safe sampling. Manual samples will be hygienically-bottled, shipped with a secure chain of custody, and tested
at an approved, independent environmental laboratory.

7.4

Trigger Levels

7.4.1

Water Quality Performance

Trigger levels represent conditions that meet or exceed pre-defined thresholds associated with measurable
system parameters. Site-specific trigger levels will be developed once correlations are established between
monitoring system stations and measurable system parameters.
Data collected through the monitoring program will be evaluated against baseline data and performance
thresholds for trends and results of the monitoring program will be presented in annual reports. Responses to
trigger levels will be developed as required to meet instream water quality site performance objectives and will
range from increased sampling frequency to active mitigation, as required.

7.4.2

Diversion and Sediment Pond Embankment Performance

The embankments for the diversion and for each of the three sediment ponds will be subject to a monitoring plan
that will take into account the complexity of the site, structure, purpose, consequences, and other site-specific
considerations. Monitoring data collected for the diversion and sediment pond embankments will be analyzed to
confirm system performance. The OMS Manual that will be prepared for this project will contain the requirements
of the monitoring program and is necessary to provide the assurance of the operational performance and
continued safety of the project works with specific attention to the diversion embankment and sediment pond
structures.
Monitoring data collected for evaluation may include:



upstream and downstream flow records for Dry Creek;



pond water levels (head pond and each sediment pond);



hydrometric gauge readings;
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water level measurements in the groundwater monitoring wells;



at surface seepage monitoring;



regular and unplanned (i.e.: during/after flood events) field visual inspections; and,



photographic (digital) records.

Following site commissioning, baseline monitoring data will be assembled and evaluated to provide thresholds or
trigger levels for specific events associated with measured parameters. Triggers occur when pre-defined
thresholds are met or exceeded.
Established thresholds and trigger levels will facilitate timely response to mitigate developing trends that, if left
unattended, may compromise the continued operation and safety of the system.
A site visit will be carried out immediately following a trigger event. Thresholds will be re-evaluated as a result of
the real-time observations and information collected during the site visit. Each pre-defined trigger will have an
appropriate response as described in Section 7.5, below.

7.5

Response

Monitoring data and site inspections will provide the necessary information to facilitate early response and
implementation of operations or management decisions. Early response may include the development of
mitigation strategies to reverse developing trends or triggers.
Potential response actions may include:



increased monitoring;



operations adjustments through the sediment ponds;



adjustment to threshold values following the evaluation assembled data;



structural repairs; and,



major constructed modifications.
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8.0

CLOSURE

GOLDER ASSOCIATES LTD.

Corey Aurala, P.Eng.
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