
of 0.7 m, will convey in excess of the 5-year peak discharge of 2.7 m³/s.  If needed, the flow 
could be maintained in the natural channel and a backfilled bridge crossing could be constructed 
further to the west using a longer diversion channel alignment.   

LET3, crossed next by the Mynheer Pit, is the largest channel in the Lendrum watershed.  The 
shallow, narrow pit section here may also be mined in 2-3 months to allow temporary pumping 
across a pit distance of 180 m and then backfilling for a subsequent lined bridge diversion 
(Diversion 8).  This diversion channel section, with a 1.6% grade, 2.5 m base width and active 
depth of 0.6 m, will convey in excess of the 5-year peak discharge of 3.2 m³/s.  This will 
maintain natural flows and allow for fish passage until the Mynheer Pit is reclaimed.  If needed, 
to eliminate any pumping, the flow could also be maintained in the natural channel until a 
backfilled bridge crossing is constructed to the west using a longer diversion channel alignment 
of about 450 m.   

Mynheer Pit backfilling and reclamation will be completed next, such that LET1 will drain east 
for 950 m at 0.4% grade within the pit to join LET3.  Shallow ponds with connecting channel 
segments will be provided for LET1 in this area.  LET1 and LET3 combined will then drain into 
LET3 natural channel to the Val d’Or Pit which will be mined next.  

The smaller west flowing Lendrum Creek channel joins LET3 just below the Val d’Or Pit.  
Above the LET3 confluence, Lendrum Creek will be entirely mined out along its length for 2.5 
km for the Val d’Or Pit.  Most of upper Lendrum Creek’s flow will have been redirected to 
LET3 via the Mynheer Pit as it intercepts several small north flowing tributary channels east of 
LET3 (ESRD Figure 75a-5).  Where clean water bypasses can be provided around active mining, 
these will be handled by pumps.  The typical maximum pump around rate for upper Lendrum 
Creek above the pit may be up to 0.4 m³/s to handle in excess of a 2-year peak flow rate.  

A 300 to 600 m long lined diversion channel, bridging 100 m over the Val d’Or Pit will be 
provided to convey the combined flow of LET1 and LET3 to the natural channel at the LET3-
Lendrum Creek confluence.  This diversion channel section, with a 1.3% grade, 3 m base width 
and active depth of 0.8 m, will convey in excess of the 5-year peak discharge of 5.9 m³/s.  This 
will maintain natural flows and allow for fish passage here until the Val d’Or Pit is reclaimed 
and filled as end pit lake 7.  Overflows or siphoned flows from the diversion plus upper Lendrum 
Creek channel inflow will fill this lake within 2 years.  The bridge section would be left largely 
in place and lowered, as required, when the lake fills.  Lower LET1 flows below the Val d’Or Pit 
could be restored with outflows from Lake 7 at the same level at elevation 1155 m (ESRD Figure 
75a-5).  The design width of the two outlets would control the relative magnitude of flow down 
each channel (currently about 38% to LET1 and 62% to the LET3/Lendrum confluence).    



 

Alternate Drainage Plans 

LET1 flow between Mynheer and Val d’Or (about a 350 m channel segment) will be eliminated 
as the flow will be directed over 950 m east into LET3 in the Mynheer reclaimed pit.  No 
alternate to this flow alignment is considered feasible here.  In addition, flow in lower LET1 
below the Val d’Or Pit will temporarily be lost until Lake 7 is filled.  Alternatively, minimum 
sustainable pumped bypass flows could be provided in it for a 2-4 year time period to allow for 
mining, reclamation and lake filling.  The mean monthly flow in LET1 from May to July is 
estimated at below 0.14 m³/s and 2 year peak flow is estimated at 1.4 m³/s.        

Lendrum Creek channel will be replaced with Lake 7 for a distance of 2.5 km.  No alternatives 
are considered feasible for this drainage. 

8.2 Pumping 

Short term (2-3 months) pumping may be used for LET1 and LET3 until the bypass flow can be 
routed through open channels.  A pump bypass is expected for upper Lendrum Creek channel 
above LET3 until Mynheer Pit is reclaimed for its drainage channel.  
 
Lake 7 filling will ‘skim’ high flows from Lendrum Creek and its tributaries LET1 and LET3 
through overflow weirs or pumping. 
 

8.3 Fisheries 
 
As described above, Lendrum Creek, LET1 and LET3 will each be subject to several diversions 
during mining.  In most cases flows will be diverted via open channels that will facilitate fish 
movements.  However, some pumping may be required for short periods of time.  An estimated 
2.5 km of Lendrum Creek will be permanently lost due to Val d’Or mine pit and flows will be 
directed into LET3.  The impacted habitat in Lendrum Creek and LET1 was considered to have 
moderate habitat potential while LET3 was considered to have high habitat potential.  The post-
mining plan will result in Lendrum Creek flowing into Lake 7 which will outlet into LET3.  Lake 
7 would be designed to maximize habitat suitability for fish and habitat enhancements could be 
incorporated in the in inlet and outlet channels.  The attenuating effect due to the lake is expected 
to have minimal impact on downstream flushing flows in Lendrum Creek (see response to ESRD 
SIR #77).  

9. Lund Creek 



9.1 Mining and Drainage (Section C, Figure C.3-7 to C.3-9) 
 
The main tributaries of Lund Creek to be cut off by mining by both Mynheer and Val d’Or Pits 
from west to east are: LDT1, LDT3 and Lund main (Figure 86-3).  Flows in these tributaries will 
be handled during mining by channels across the active pits similar to the other pit crossings of 
the main streams.     

For LDT1, a 400 m diversion with 150 m as a lined bridge over the backfilled Mynheer Pit will 
be required (Diversion 11).  This will maintain natural flows and allow for fish passage here for 
about 6 years until the Mynheer Pit is reclaimed and Lake 9 is filled and established (ESRD 
Figure 75a-6).  The typical diversion channel section, with a 2.2% grade, 2 m base width and 
active depth of 0.5 m, will convey in excess of the 5-year peak discharge of 2.2 m³/s.  A second 
short 50 m diversion over the shallow McPherson Pit just above the Val d’Or Pit will also be 
required.  When the Val d’Or Pit is mined, a 500 m long similar sized diversion across it will 
also be required with 300 m as a lined bridge section over the pit.  This diversion bridge may be 
expected to remain for over 7 years until both lakes 8 and 9 are filled.  All of LDT1 channel 
between lakes 8 and 9 will be reconstructed. 

LDT3 is intercepted next by the three pits (Diversion 12).  A total diversion length of 550 m on 
the west end, in planned backfilled areas, would divert this tributary over the mined pits.  
Diversion sections would be staged for each pit.  The channel section would have a grade up to 
4.5%, a 1.5 m base width and an active depth of 0.5 m to convey in excess of the 5-year peak 
discharge of 1.8 m³/s.  A small east tributary to LDT3 above the Mynheer Pit would be pumped 
to this channel during mining.  The bridge bypass would remain in place at least 7 years until 
both Lakes 10 and 11 are filled.  When upper Lund is directed to Lake 10 via Lake 12 and out 
lower LDT3 (ESRD Figure 75a-7), the need for channel stabilization and enlargement of the 
lower 600 m reach of LDT3 to its confluence with Lund Creek will need to be investigated and 
undertaken, as required. 

Upper Lund Creek intercepted next will be diverted west along the high wall for 200-300 m then 
bridge across the Mynheer Pit and back east to its natural channel (Diversion 14).  This initial 
diversion alignment utilizes part of the final planned drainage route for upper Lund Creek.  The 
diversion would be 500 to 750 m long at a grade of 1.3 to 1.8% with a channel section base 
width of 1.5 m  and an active depth of 0.5 m to convey in excess of the 5-year peak discharge of 
1.7 m³/s.  As mining proceeds for the deep Val d’Or Pit the flow may eventually cease to allow 
pit filling from upper Lund flows.  End pit lake 12 would collect flows from upper Lund for 
several years.   

Alternate Drainage Plans 



No alternate drainage plans are considered feasible for upper Lund Creek without significant 
mine plan changes.  

9.2 Pumping 

No pumping will be required for the bypass as flow is routed through open channels during 
mining. Need for pumping from Lake 12 to contribute to downstream Lund Creek flows will 
need to be assessed. 
 
Lake 8 and 9 filling will ‘skim’ high flows from LDT1 through over flow weirs or pumping. 
Lake 10 and 11 filling will ‘skim’ high flows from LDT3 through over flow weirs or pumping. 
Lake 12 filling will collect flows from upper Lund Creek and PET1  for several years.  
 

9.3 Fisheries 

As indicated above there will be multiple open channel diversions constructed during mining to 
convey water around mine pits.  These diversions would be adequately sized to convey natural 
flows and accommodate fish movements.  Baseline investigations indicated moderate habitat 
potential within Lund Creek and low or sub-marginal habitat potential within Lund Creek 
tributaries.  Habitat enhancements could be incorporated into the construction of the long-term 
diversions to maximize habitat suitability and maintain habitat utility.  The proposed drainage 
scheme would involve an end pit lake system with 3 lakes that would have surface connection to 
the Lund Creek system.  Lakes 10 and 11 would be located on LDT3 and Lake 12 would be 
located on Lund Creek.  Under this scenario a portion of Lund Creek would remain permanently 
dry (above LDT3 and below Lake 12) since Lake 12 would collect flows from the upper Lund 
drainage and direct them to Lake 10, which would subsequently drain to Lund Creek via LDT3.  
CVRI will conduct additional investigations to assess baseline conditions for this section of the 
creek.  Due to this routing the flows in LDT3 would be higher than under baseline conditions and 
channel stabilization work will be required.  There may also be opportunity to construct habitat 
enhancements to improve habitat suitability.  Lake inlet and outlet channels could be enhanced to 
maximize habitat suitability for target species.  The attenuating effect due to the lake is expected 
to have minimal impact on downstream flushing flows in Lund Creek (see response to ESRD 
SIR #77). 

10. Unnamed Creek – Pembina Tributary PET1  

10.1 Mining and Drainage (Section C, Figure C.3-10 and C.3-11) 
 
A tributary of the Pembina River, PET1, will be initially intercepted by mining in the Mynheer 



Pit.  Flows will be diverted east around the end of the pit into the original channel (Figure 86-3).  
This will consist of a 300 m long diversion at a grade of 0.5%.  The channel section would have 
a 2 m base width and an active depth of 0.7 m to convey in excess of the 5-year peak discharge 
of 2.2 m³/s.  Prior to mining in the Val d’Or Pit the flow could be directed eastward through the 
Mynheer Pit to flow to the Pembina River.   

Following completion of mining PET1 flow will be directed into the Val d’Or end pit lake where 
it will exit into Lund Creek system. 
 

Alternate Drainage Plans 

An alternative is to reconstruct a creek channel into the reclaimed Mynheer Pit to keep the creek 
flow directed eastward to remain in the Pembina River system.  This would consist of a 1 km 
long channel at a low grade of about 0.2% to the upper valley flat of the Pembina River.  
Channel development and enhancement for about 600 m of an existing local drainage in the 
valley flat could then be provided.   

10.2 Pumping 

Surface flows will be intercepted by the mining operation and enter into the pit.  This water will 
be managed as mine waste water. 

10.3 Fisheries 

As described above, an open channel diversion would be constructed to handle flows during 
mining.  The channel would be adequately sized to convey natural flows and accommodate fish 
movements.  Habitat within the tributary was considered to have high habitat potential for fish 
resident to the Pembina basin.  Following mining CVRI’s proposed drainage scheme would 
involve permanent diversion of the flow from PET1 into the Lund Creek system via Lake 12.  In 
order to facilitate this plan a comprehensive fish salvage would be completed to remove all fish 
from the PET1 drainage.  Additional measures (i.e. de-watering the creek post-salvage but before 
connecting to the Lund system) could also be completed to ensure fish species from the Pembina 
basin were not transferred to the Lund system.  

An alternate post-mining drainage scheme that has reduced risk to aquatic resources in the Lund 
system would involve re-construction of the PET1 channel to direct the creek in an easterly 
direction so that it remains in the Pembina River system.  The constructed channel could be 
enhanced to maximize habitat suitability for target fish species. 
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1.0 INTRODUCTION 

Coal Valley Resources Inc (CVRI) received the renewed Environmental Protection and Enhancement 

Act (EPEA) Approval No. 11066-02-00 on November 10, 2010.  The Approval provides the 

environmental conditions that govern the operations at the Coal Valley Mine (CVM). 

Section 4.5 of the Approval contained the following conditions: 

4.5.5 The approval holder shall submit a revised Wetland Monitoring Program Proposal to the 

Director by June 30

th

, 2011, unless otherwise authorized in writing by the Director. 

4.5.6 The Revised Wetland Monitoring Program Proposal shall include, at a minimum all of the 

following information: 

(a) Existing wetland monitoring program information and results (water quality/quantity) 

and vegetative information; 

(b) A plan to monitor and determine potential effects of road and pit development on water 

levels (surface and subsurface) and vegetation communities within wetland areas 

adjacent to pit development; 

(c) A plan to monitor the success of wetland reclamation; and 

(d) Corrective measures, where appropriate, to protect affected wetland communities. 

This document provides the proposal for the revised wetland monitoring program.  The proposal is 

organized as follows: 

 a section describing the results of existing wetland monitoring at CVM; 

 a section summarizing the proposal for a revised monitoring program of wetlands situated 

adjacent to pit and access road development and a plan to monitor the success of wetland 

reclamation at CVM; and 

 measures to protect affected wetland communities. 

1.1 Mine Operations 

The Coal Valley Mine is located in west-central Alberta southwest of Edson (Figure 1).  CVM uses a 

combination of dragline and truck and shovel mining methods.  The dragline, excavators and trucks 

remove overburden to access coal that is hauled to the plant for processing.  Facilities at the mine 

consist of the coal processing plant and support facilities (administrative offices, maintenance 

facilities, coal storage, and materials storage).  Once mining is completed the development areas are 

reclaimed to the objectives of the approved reclamation plan.  
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1.2 Pit Dewatering 

There are two sources of water that enter the pit; surface runoff from adjacent areas and groundwater 

inflows.  The groundwater inflow is not substantial so the installation of dewatering wells to lower the 

groundwater levels prior to mining is not required.  Dewatering wells have not been used at CVM for 

more than 20 years where former underground workings were close to the pit.  

All of the surface runoff and groundwater inflow to the pits are directed to in-pit sumps where it is 

pumped to a settling pond for treatment.  

When the pit is active with coal-extraction operations the in-pit sumps are pumped regularly.  As the 

pit operations move away from a sump it is normal for pumping to cease and for water to be allowed 

to accumulate in the pit until such time as the reclamation is implemented.  Under normal operating 

conditions, pumping from a particular sump might take place for approximately six months to a year 

from the time that the area was excavated until operations were sufficiently distant to allow the 

pumping to end. 

2.0 CURRENT WETLAND MONITORING PROGRAM 

2.1 Mercoal Phase 2 Wetland Complex 

The wetland assessment conducted for the Mercoal Phase 2 Project Application (Luscar 2005) 

identified a number of wetlands within the proposed mine development area.  In particular, a large 

wetland complex comprised of patterned fen was identified adjacent to proposed pits in the Mercoal 

Phase 2 area.  A wetland monitoring plan was developed to meet requirements of the EPEA Approval 

No. 11066-01-07 to monitor the wetlands for effects of pit development and changes in water levels 

within the wetland complex.  These wetlands are hereafter referred to as “South Extension Wetlands.” 

In 2006, nine water monitoring piezometers were advanced within the South Extension Wetlands, with 

seven completed with screen intervals less than 10 m below ground surface (MEMS 2006).  Water 

levels and water chemistry were monitored in 2006, 2007, 2008, and 2009.  The results of four years 

of monitoring within the wetlands were summarized in the 2009 annual groundwater monitoring report 

(MEMS 2010).  Groundwater levels and water chemistry results are presented in Appendix A. 

Shallow piezometers (less than 10 m depth) completed immediately beneath the muskeg were found 

to have water levels within 3 m of the land surface.  Deeper piezometers (40 and 85 m deep) have 

water levels in the range of 1.3 to 8 m below ground surface.  One nested pair of piezometers 

(MERWL 10 and MER 11) show a downward hydraulic gradient from the wetlands to the underlying 

bedrock. 

TDS declined from approximately 1,100 mg/L in the initial sample to stabilize below 400 mg/L in 2009.  

Sodium followed a similar pattern from 475 to below 148 mg/L. Sulphate was stable at low 
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concentrations and nitrate was very low to not detectable.  Selenium declined from an initial 

concentration of 0.0032 in 2006 to non-detectable in 2009. 

The data shows that there were no issues with the lowering of groundwater levels as the drawdown of 

water levels adjacent to operating pits was minimal.  There were no issues with groundwater quality 

that appeared to be developing within the South Extension Wetlands at the mine pits.  Major ion 

chemistry, as indicated by an examination of sodium, sulphate and TDS in the South Extension 

Wetlands showed no adverse trends.  Nitrate was not increased by mining activities.  This compound 

is frequently not detectable in monitors both close to and away from mining.  Selenium was very low 

to not detectable in most areas prior to mining and remained that way after mining.  Selenium in 

concentration up to 0.003 mg/L was observed under natural conditions in the South Extension 

Wetlands. 

2.2 Reclaimed Wetlands 

In 2007, an evaluation of reclaimed wetlands at the mine was conducted (CVRI 2008).  The study was 

initiated to evaluate reclaimed wetlands and riparian ecosystems at the mine by: 

 determining and describing the types of wetlands; 

 describing plant species composition and abundance; 

 determining soil characteristics; 

 comparing reclaimed wetlands and riparian ecosystems with natural wetlands and riparian 

ecosystems in the region; and 

 defining tactical and operational strategies to develop wetlands without increasing material 

handling requirements. 

The evaluation showed that wetlands in the reclaimed Coal Valley Mine area are providing a variety of 

ecological functions similar to natural wetland and riparian systems.  The reclamation successes 

include: 

 the creation of wetlands with zones closely resembling natural shrubby rich fens, sedge rich 

fens and Lower Foothills marshes;  

 the establishment of native species including lodgepole pine, willows, balsam poplar, river 

alder, water sedge, beaked sedge, short sedge, common horsetail, variegated horsetail, 

yarrow, tufted moss, and golden moss; 

 six occurrences of rare plant species including a rare fern and four rare mosses; 

 an increase in habitat value for some species of fish and waterfowl; and 

 an increase in the recreational fishing resource base, and as an attraction for tourism and 

recreation. 
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Most of the wetlands sampled did not closely resemble natural regional wetlands, but were found to 

provide important ecological functions and services.  Most natural wetlands in the area are Upper 

Foothills peatlands.  Newly created wetlands in the reclaimed area will require time for peat to 

accumulate.  With organic matter accumulation over time the soils and plant communities on these 

reclaimed sites are expected to become more similar to those of natural wetlands.  

Four sites had zones resembling natural mineral-soil wetlands; such as, marshes or swamps.  The 

young successional stages of other reclaimed wetlands were dominated by species not normally 

associated with regional mature wetlands.  Often these young reclaimed wetlands had a relatively 

high proportion of non-native and/or weedy species.  

Several factors that are expected to improve the establishment and function of wetlands at the mine 

were recommended.  Recommendations for future wetland reclamation have been incorporated into 

conservation and reclamation plans for the mine and are summarized in Appendix B. 

3.0 REVISED WETLAND MONITORING PROGRAM 

3.1 Objectives 

The proposed program has been developed to determine potential effects within wetlands adjacent to 

road and pit development, as well as to measure the success of current reclamation of wetlands.  The 

program consists of three components: 

1. Monitor surface and subsurface water levels; 

2. Assess vegetation communities; and 

3. Monitor wetland reclamation success. 

3.2 Methods 

3.2.1 Wetland Selection 

Since 1982, a great deal of data has been collected at the mine characterizing hydrology, 

hydrogeology and vegetative properties of wetlands across the entire mine.  This information has 

been collected at different times, utilizing multiple methods and classification systems.  To determine 

the appropriate wetlands to monitor at the mine, a desktop review of all wetland inventories and 

assessments will be conducted.  All historical and current wetland information will be compiled into 

one database and communities will be classified using one common wetland classification system.  

The most up-to-date aerial photographs will be reviewed to supplement wetland mapping and a 

“master” wetland map will be created. 

Wetlands will then be stratified based on wetland type, and those wetlands that are most likely to be 

affected by reductions in water levels will be given priority (fens, swamps, and marshes).  In addition 
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to the type of wetlands, wetland size will also be considered in determining the selection of sites to be 

monitored. 

A monitored wetland will be paired with a control wetland that is situated far enough away from the 

mine that the development will not have an effect on the wetland conditions.  The control wetlands will 

be determined from a review of area hydrology and hydrogeology. 

In undisturbed areas that are proposed for mine development, monitoring plots will be established to 

gather baseline data that can be evaluated and compared with monitoring data collected once active 

mining is adjacent to those wetlands. 

3.2.2 Wetland Characterization 

The characterization and delineation of wetlands will take into consideration the following 

characteristics: 

 wetland (hydrophytic) vegetation; 

 hydric soils (moisture regime 7-9); 

 drainage (poorly to very poorly drained); and 

 wetland hydrology. 

3.2.3 Water Levels 

Evidence of wetland hydrology (surface water) will be determined through the presence of water 

above (marshes or fens) or within 5 cm of the surface (swamps).  Soil characteristics will also be 

documented to determine soil moisture regime (i.e. hydric soils).  Indicators of hydric soils will include 

low chroma matrix colors, high organic matter, mottling and gleying within the soil profile, as well as 

sulfidic odor and staining by organic matter in the shallow subsurface (within 60 cm of the ground 

surface). 

Where surface water is present, the water line will be delineated during early spring, mid-July, and 

early September to determine seasonal water level fluctuations.  Staff gauges may also be 

established and monitored in select wetlands.  As well, an inspection of culverts installed along roads 

will be conducted to evaluate any effects on adjacent wetlands related to surface run-off or disruption 

of flow.  All records of surface water delineation and measurement will be documented and 

photographs will be taken from the same location at each sampling event. 

Groundwater levels will be monitored in wetlands selected for monitoring (including controls).  Shallow 

piezometers (<10 m depth) will be advanced and will be monitored in late spring and during fall until 

mining is complete.  Once groundwater levels stabilize, monitoring will be conducted annually.  
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3.2.4 Water Quality 

Surface water quality sampling will be conducted annually in monitored and control wetlands with 

water above ground surface.  Groundwater quality sampling will be conducted in both late spring and 

during fall for the first year following piezometer installation, and annually for all subsequent years.  

Temperature, turbidity, and pH will be measured at the time of sampling, and analysis will follow 

parameters evaluated in the South Extension Wetlands (Appendix A).    

3.2.5 Vegetation Communities 

Vegetation monitoring sites will be established in selected monitored and control wetlands.  Paired 

sites will be surveyed within each wetland that is adjacent to mine areas to evaluate both the area 

immediately adjacent to the mine development and wetland conditions further from the development.  

A single site will be established in each control wetland.  

At each monitoring site, 2 meter wide belt transects will be established, across each wetland.  The 

start and end of each transect will be permanently marked with painted rebar pins and a metal stake 

labelled with wetland and transect identifying information.  Surveyors will walk along each transect, 

recording all vegetation species observed within the 2 m width.  At the center of each transect, a 20 m 

by 20 m nested quadrat will be established.  Tree species and canopy information will be collected 

from the 20 m by 20 m plot.  A 5 m by 5 m quadrat will be established within the 20 m by 20 m 

quadrat, and shrub, forb, graminoid, bryophyte and lichen information will be collected.  Within each 

quadrat, the total aerial cover of each species will be estimated as a percentage of the quadrat area.  

Site and soil properties will also be recorded at each 20 m by 20 m quadrat. 

Collected vegetation data will be used to evaluate wetland extent, quality and function by estimating 

the number and aerial coverage of plant species that are adapted to wetland conditions (hydrophytic 

vegetation).  

3.2.6 Reclaimed Wetlands 

Due to the length of time required for peat development, wetlands on reclaimed areas are not 

expected to resemble natural peatlands for many years.  Instead, reclaimed wetlands are expected to 

reflect early successional states of wetlands that in time will resemble natural peatlands as peat 

accumulates.  

Approval 11066-00 contained the following conditions regarding the reclamation of wetlands: 

1.2.2 The approval holder shall salvage sufficient surface organic soil to meet the reclamation 

objectives in Part 6, unless otherwise authorized in writing by the Director. 

6.4.5 The approval holder shall continue to evaluate opportunities for utilizing organic soil material in 

the development of reclaimed wetlands and shall consider the following: 
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(a)  transplantation of wetland species and wetland plugs and/or maintaining undisturbed 

wetland complexes and vegetation islands in the landscape; 

(b)  maximum direct placement of salvaged organic soil material; and 

(c) maximum incorporation of wetland/native seed in the seed mix. 

The intent of including the conditions in the Approval is to advance the development of the wetland 

reclamation process. 

3.2.7 Measuring Wetland Reclamation Success 

The evaluation of reclaimed wetland health and function will be used to evaluate the success of 

wetland reclamation at CVM.  This requires the selection of variables that can be utilized to assess 

each wetland’s health and function.  The following variables have been selected as indicators of 

wetland health and function to be evaluated within reclaimed wetlands: 

 connectivity to other wetlands; 

 hydric soils; 

 moisture regime; 

 presence, vigour, and abundance of hydrophytic vegetation; 

 presence and abundance of locally native species; and 

 presence and abundance of non-native/invasive species. 

CVM will also evaluate opportunities to utilize organic soil material in the development of reclaimed 

wetlands and will consider the following: 

(a)  transplantation of wetland species and wetland plugs and/or maintaining undisturbed 

wetland complexes and vegetation islands in the landscape; 

(b)  maximum direct placement of salvaged organic soil material; and 

(c) maximum incorporation of wetland/native seed in the seed mix. 

The 2007 evaluation of reclaimed wetlands (GDC 2008) produced a thorough accounting of the status 

of reclaimed wetlands at the mine.  A subset of the surveyed reclaimed wetlands will be selected and 

re-evaluated to determine the state of heath and function, and what changes may have taken place 

since the initial evaluation.  During the desktop review, any mine areas reclaimed since 2007 will be 

identified for inspection and will be surveyed during the field monitoring program. 

3.2.8 Timelines 

It is expected that the initial components of the revised wetland monitoring program will be initiated in 

the late summer of 2011.  A thorough desktop review will be conducted, and mine-adjacent, control, 

and reclaimed wetlands that will be surveyed in the field program will be determined and mapped.  

Shallow piezometers will be installed in the selected wetlands in the winter of 2011/12.  Surface water 
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measurements will be conducted in early spring, mid-July, and early September of 2012, and 

groundwater measurements will take place in the spring and fall.  

Once mining has been completed, surface drainage patterns have been restored, and groundwater 

levels have stabilized, water levels will be monitored annually.  Water quality samples will be collected 

from monitored and control wetlands in the spring and fall during active mining and once mining is 

completed samples will be collected annually.  Vegetation surveys will be conducted in the mid-

summer of 2012, and every two years after that.  Reclaimed wetlands will also be evaluated in 2012, 

and the interval for subsequent monitoring will be determined based on the measured condition of 

those wetlands. 

Monitoring of wetlands at CVM is proposed to continue until the desired end wetland health and 

functioning has been determined to be achieved.  

3.3 Corrective Measures 

In the event that mine development is observed to have a negative effect on adjacent wetlands, 

corrective measures will be determined on a case specific basis.  

Some of the general best management practices that will help to determine if corrective measures are 

necessary will include the continued and regular monitoring of sites for the early identification of 

issues, regular culvert inspections to ensure drainage patterns are maintained and weed management 

activities to prevent the spread and establishment of weed species in healthy wetland communities. 
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APPENDIX A:  SOUTH EXTENSION WETLANDS 

Water Levels 

Water Chemistry 

Appendix F from MEMs 2010 report 2009 Annual Report – Groundwater Monitoring Coal Valley Mine. 
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1.10 1.10 1.00 1.05 1.15 1.20 1.00 1.20 1.00

1.4--2.6 1.3--2.8 4.7--6.2 4.5--6 3.5--5 39.6--46.6 4.9--7.9 82.6--89 5--8.1

1429.31 1429.41 1428.85 1427.94 1427.94 1425.23
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1414.35

1428.80 1429.09 1427.13 1428.19 1426.50 1414.70 1422.76

1429.18 Frozen Frozen Frozen 1426.36 1413.68 1423.06

0.50 DEST 0.71 -0.46 0.55 1.86

2.21  2.18 0.35 0.00 0.06 5.25 5.43 0.82 0.27

1.02  1.72 0.24 0.37 0.26 6.04 6.18 0.36 0.01

1.75  2.18 0.49 0.63 0.16 7.01 7.47 1.10 0.38

2.07  2.46 6.79 7.25 1.32 0.10

1.55  0.00 0.50 0.76 1.00 15.22 4.38

1.35  1.85 2.30 2.50 12.40

 1.35 11.65

1.01  0.47 0.35 0.30 0.59 2.05 2.22 11.30 3.24

0.63 Frozen Frozen Frozen 0.73 5.71 6.21 12.32 2.94

APPENDIX F-1. SOUTH EXTENSION 

WETLANDS WATER LEVELS

Date

DEPTH TO WATER BELOW GROUND SURFACE (m)

Location >

Piezometer Name>

Ground Surface Elevation (m)>

Piezometer Open Interval (m)>

05-Nov-08

12-Jan-09

South Extension Wetlands

06-Sep-06

22-Jun-06

Stick Up (m)>

28-Apr-06

16-Jan-06

26-Jan-07

17-Dec-09

17-Aug-09

17-Aug-09

12-Jan-09

05-Nov-08

06-Nov-07

26-Jan-07

16-Jan-06

06-Sep-06

28-Apr-06

22-Jun-06

06-Nov-07

17-Dec-09



Mining Area>>

Piezometer Name (depth)>>  MERWL-01 (1.4-2.6 m) MERWL-02 MERWL -03 (1.3-2.8 m) MERWL-04 (4.55 m)

MERWL-05 (4.5-

6 m)

MERWL-07 (3.5-

5 m)

Date>> 2-Jan-06 2-Jan-06 2-Jan-06 2-Jan-06 2-Jan-06 2-Jan-06

Calcium mg/l 29.4 74.1 44.8 7.3 44.4 30.7

Magnesium mg/l 4.52 18.5 7.7 1.1 8.4 3.6

Sodium mg/l 24.2 31.1 6.8 105 6.6 25.2

Potassium mg/l 0.8 0.9 0.7 0.9 1.2 0.7

Carbonate mg/l <5 <5 <5 <5 <5 <5

Bicarbonate mg/l 128 391 177 255 196 153

Sulphate mg/l 27 19 <6 49 <6 <6

Chloride mg/l 2 3 8 2 2 <1

pH 6.5 6.7 6.9 8 7.4 6.5

Conductivity US/cm 270 620 310 500 290 240

TDS mg/l 145 340 156 293 156 124

Nitrate mg/l 0.2 <0.1 <0.1 0.4 <0.1 <0.1

Aluminum mg/l 0.05 0.16 0.03 0.02 0.01 0.04

Antimony mg/l 0.0009 0.0006 0.0007 0.0006 0.0007  

Arsenic mg/l 0.0027 0.0031 0.0033 0.0015 0.0006 0.0019

Barium mg/l 0.0764 0.179 0.0928 0.512 0.158  

Beryllium mg/l <0.0005 <0.0005 <0.0005 <0.0005 <0.0005  

Bismuth mg/l <0.00005 <0.00005 <0.00005 <0.00005 <0.00005  

Boron mg/l 0.062 0.006 0.007 0.047 0.011 0.035

Cadmium mg/l 0.0001 0.0002 <0.0001 <0.0001 <0.0001  

Chromium mg/l 0.0015 0.0055 0.0048 0.0027 0.002   

Cobalt mg/l 0.0012 0.0087 0.0006 <0.0001 <0.0001  

Copper mg/l 0.0099 0.0064 0.0088 0.0037 0.0082  

Iron mg/l 2.08 10.4 0.67 0.05 0.023  

Lead mg/l 0.0004 0.0004 0.0002 0.0004 0.0001  

Manganese mg/l 0.901 8.64 0.62 0.019 0.16  

Mercury mg/l <0.00001 <0.00001 <0.00001 <0.00001 <0.00001  

Molybdenum mg/l 0.0004 0.0024 0.0006 0.0084 0.0009  

Nickel mg/l 0.0015 0.0061 0.0008 0.0005 <0.0001  

Selenium mg/l 0.0008 0.001 0.0005 0.0017 0.0006  

Silver mg/l <0.0002 <0.0002 <0.0002 <0.0002 <0.0002  

Strontium mg/l 0.118 0.48 0.179 0.086 0.415  

Thallium mg/l <0.00005 <0.00005 <0.00005 <0.00005 <0.00005  

Tin mg/l 0.0032 0.0026 0.0027 0.0007 0.0005  

Titanium mg/l 0.0032 0.0045 0.0019 0.002 0.002  

Uranium mg/l <0.0001 0.0004 <0.0001 0.0012 0.0001  

Vanadium mg/l 0.0002 0.0004 <0.0001 0.0002 0.0001 0.0002

Zinc mg/l 0.046 0.025 0.05 0.005 0.013 0.037

All units, except pH and conductivity, are in mg/L  

Parameter

MAJOR CONSTITUENTS

TRACE CONSTITUENTS

Appendix F-2  South Extension Wetlands                                                                                                                                                                                              

South Extension Wetlands



Mining Area>>

Piezometer Name (depth)>>  

Date>>

Calcium mg/l

Magnesium mg/l

Sodium mg/l

Potassium mg/l

Carbonate mg/l

Bicarbonate mg/l

Sulphate mg/l

Chloride mg/l

pH

Conductivity US/cm

TDS mg/l

Nitrate mg/l

Aluminum mg/l

Antimony mg/l

Arsenic mg/l

Barium mg/l

Beryllium mg/l

Bismuth mg/l

Boron mg/l

Cadmium mg/l

Chromium mg/l

Cobalt mg/l

Copper mg/l

Iron mg/l

Lead mg/l

Manganese mg/l

Mercury mg/l

Molybdenum mg/l

Nickel mg/l

Selenium mg/l

Silver mg/l

Strontium mg/l

Thallium mg/l

Tin mg/l

Titanium mg/l

Uranium mg/l

Vanadium mg/l

Zinc mg/l

All units, except pH and conductivity, are in mg/L

Parameter

MAJOR CONSTITUENTS

TRACE CONSTITUENTS

Appendix F-2  South Extension Wetlands                

22-Jun-06 6-Sep-06 15-Nov-07 12-Jan-09 09-Sep-09 22-Jun-06 6-Sep-06 15-Nov-07 12-Jan-09 09-Sep-09 22-Jun-06 6-Sep-07

9.6 10.4 7.6 9.1 8.12 4.9 5.7 36.2 37.9 46 36.2 36.1

1.8 2 0.6 1.6 1.46 1.3 1.4 6.8 7.6 9.88 7.5 8

142 157 152 146 148 212 473 23 28 26.9 4 5

2.6 2.6 2.8 2.5 2.42 4.7 3.9 1.7 1.7 1.66 0.9 0.9

16 10 14 7 14.4 59 38 <5 <5 <5 <5 <5

386.0 412.0 415 432 420 489.0 1150.0 200 227 255 151.0 148

4.9 0.9 2.9 <0.5 <0.5 24.7 5.7 3.7 6.5 8.08 3.4 2.7

3 2 1 1 1.13 15 10 1 <1 <0.5 <1 <1

8.7 8.5 8.6 8.5 8.5 9.2 8.6 8.2 8.1 8.17 8.3 8.2

623 643 660 647 654 867 1760 312 351 395 233 235

370 387 385 380 383 562 1110 171 193 218 126 125

<0.1 <0.1 <0.1 <0.01 <0.05 0.1 <0.1 <0.1 <0.01 <0.05 <0.1 <0.1

0.09 <0.01 0.13 <0.01 <0.01 2.26 0.31 0.4 <0.01 <0.01 0.05 0.01

<0.0004 0.0005 0.0007 <0.0004 <0.0004 0.0018 0.0032 0.0007 <0.0004 <0.0004 0.0004 <0.0004

0.0087 0.0069 0.0096 0.0067 0.00747 0.18 0.0478 0.0067 0.0013 0.00143 0.0026 0.0019

0.512 0.627 0.436 0.581 0.502 2.68 0.426 0.741 0.551 0.653 0.486 0.452

<0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.0018 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005

<0.00005 <0.00005 <0.00005 <0.00005 <0.00005 0.00006 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005

0.062 0.056 0.056 0.058 0.0549 0.172 0.062 0.031 0.025 0.0202 0.008 0.01

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0003 <0.0001 0.0001 <0.0001 <0.0001 <0.0001 <0.0001

0.0008 <0.0004 0.0006 <0.0004 <0.0004 0.001 0.0008 0.0008 <0.0004 <0.0004 0.0011 <0.0004

0.0001 0.0001 0.0002 <0.0001 <0.0001 0.0367 0.0007 0.0007 0.0002 0.00024 0.0001 0.0002

0.002 <0.0006 0.0067 <0.0006 <0.0006 0.0194 0.0029 0.0256 <0.0006 <0.0006 0.0008 <0.0006

0.081 0.006 0.521 0.022 0.014 16.3 0.678 0.451 <0.005 <0.01 0.04 0.008

0.0008 <0.0001 0.0014 <0.0001 <0.0001 0.0498 0.0007 0.0044 <0.0001 <0.0001 0.0002 0.0002

0.012 0.009 0.036 0.007 0.0067 0.0455 0.018 0.249 0.001 0.251 0.199 0.216

<0.00001 <0.00001 <0.0001 <0.00001 <0.00002 <0.00001 <0.00001 <0.0001 <0.00001 <0.00002 <0.00001 <0.00001

0.0008 0.0009 0.0019 0.0008 0.00087 0.0095 0.0293 0.0016 0.0012 0.0013 0.0007 0.0006

0.0003 0.0004 0.0008 0.0002 0.0002 0.101 0.0033 0.0029 0.001 0.00118 <0.0001 0.0009

<0.0004 0.0005 0.0004 <0.0004 <0.0004 0.0027 0.0032 0.0004 <0.0004 <0.0004 <0.0004 <0.0004

<0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

0.279 0.349 0.25 0.345 0.323 0.929 0.306 0.58 0.601 0.811 0.445 0.463

<0.00005 <0.00005 <0.00005 <0.00005 <0.00005 0.00006 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005

<0.0002 0.349 <0.0002 <0.0002 <0.0002 0.0003 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

0.0034 0.0006 0.004 0.0011 0.00141 0.0052 0.0079 0.0061 0.001 0.00077 0.0013 0.0006

0.0004 <0.0001 0.0004 <0.0001 <0.0001 0.0043 0.003 0.0007 0.0003 0.00044 0.0003 0.0002

0.0007 <0.0001 0.0003 <0.0001 <0.0001 0.0257 0.0035 0.0008 0.0002 0.00022 0.0004 0.0001

0.006 0.007 0.017 0.003 0.0028 0.286 0.011 <0.0002 0.003 0.0056 0.003 0.013

                                                                          Water Chemistry

MERWL-11 (5-8.1 m)

South Extension Wetlands

MERWL-08 (39.6-46.6 m) MERWL-10   (82.6-89 m)



 Coal Valley Mine 

 2009 Annual Report Groundwater Monitoring 

Millennium EMS Solutions Ltd. January, 2010 

 

. 09-156 

 

 

Appendix F-3  Trend Charts 
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TDS and Sodium in MERWL-10
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APPENDIX B:  RECOMMENDATIONS FOR FUTURE WETLAND RECLAMATION 
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Excerpt from GDC 2008 report Evaluation of Reclaimed Wetland and Riparian Resources in Coal Valley Mine. 

Recommendation Reason 

1. Create wetlands with more consistent water 

levels (this is also addressed in some of the 

following recommendations). 

More effective growth of wetland vegetation 

and discouragement of growth of weedy 

species invading exposed banks. 

2. Create larger drainage basins with longer, 

more gently sloping channels and fewer open 

depressions. 

Encourage more consistent water levels, 

discourage evaporation of small wetlands; 

more closely emulate natural Foothills wetland 

systems. 

3. Attempt to connect as many wetlands as 

possible through channel systems 

More closely emulate natural Foothills wetland 

systems; encourage spread of wetland 

species throughout wetland complexes. 

4. Attempt to connect reclaimed wetlands with 

natural ones, particularly in the upstream 

portion of channels. 

Encourage ingress of native species by using 

natural wetlands as a propagule source. 

5. Make shores of lakes more gently sloped. 

Encourage growth of zones of emergent and 

transitional wetland vegetation around lakes 

for plant and wildlife habitat. 

6. Make a series of shallow wetlands at the 

same level, and close and connected to, end 

pit lakes. 

Create large marshes or fens with consistent 

water available from lakes. 

7. Create shallower, gently sloped basins 

connected to outflow streams from lakes. 

Create large marshes or fens with consistent 

water available from lakes. 

8. Plant black spruce, tamarack, river alder, 

bog birch, swamp birch, prickly rose, 

native willows, balsam poplar, red-osier 

dogwood, shrubby cinquefoil, bracted 

honeysuckle, and native species of Ribes in 

areas where soil is consistently moist. 

Encourage growth of these native species 

around wetlands, and create shade and 

organic matter for establishment of other 

wetland vegetation. Shading will also aid 

moisture retention. 

9. (a) Use more native species in reclamation, 

and (b) monitor reclaimed areas for weed 

outbreaks, treating when necessary. 

Encourage establishment and growth of native 

species and natural ecosystems. 

10. Use non-native species only for special 

purposes where native species are not 

available to meet the objectives. 

Limit the introduction and spread of non-native 

species. Use the best species available to do 

the job (e.g. erosion control, nurse crop, etc.) 

11. Place peat in areas where ground will be 

consistently saturated. 

Encourage natural, wet peaty soils for 

establishment of peatland vegetation. 

 



Appendix 173 

Proposal for the Continuation of the Native Shrub 
Establishment Program at Coal Valley Mine









































Appendix 197 

Bird Species Abundance in the Robb Trend LSA from 
Mid-April to Mid-July, 2009-2001 



Appendix 197.  Bird Species Abundance in the Robb Trend LSA from Mid-April to 
Mid-July, 2009-2001.  Sample Size is: late April = 52 plots, early May = 45 plots, early 
June = 67 plots, late June = 49 plots, early July = 89 plots.  Abundance was Standardized as 
Birds per Plot. 
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