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POTENITAL REVISIONS TO THE PROPOSED DEVELOPMENT PLAN 
WITH RESPECT TO WATERCOURSES & END PIT LAKE LAYOUT 

Since submission of the Robb Trend Project (Project) application CVRI has continued 
stakeholder consultation and review of the Project development plans both internally and with 
regulatory agencies.  Various options and alternatives have been identified which would lessen 
environmental impacts and add greater mitigation.  Several of these ideas where presented in 
ESRD SIR Appendix 86 as part of the first round of SIR responses.  Subsequently, additional 
alternatives aimed to reduce risks of fish habitat loss or alteration have been developed.  The 
following discussion provides a summation of these alternatives and presents them within a 
logical framework for review. 

The modifications addressed represent a ‘proactive’ and ‘adaptive’ response to concerns raised 
during the EIA review.  CVRI submits these revisions as an update to the proposed development 
plan. 

Watercourses 

Multiple minor development revisions are presented as improvements to the proposed Project 
plan in order to lessen impacts within watercourses and lower risks of fish habitat alteration or 
loss.  Several of these concepts where presented within ESRD SIR Appendix 86 while additional 
alternatives have been more recently identified.   

Eight potential ‘modifications’ have been identified throughout the Project area which effect 
changes to handling of watercourses and ultimate reclamation profiles for continued stream 
flows.  The locations of these revisions and the corresponding modification of the reclaimed 
landscape are identified in Figure 1 and 2. 

These potential revisions include: 

1. Bryan Creek 
The initial Project plan presented a diversion of Bryan Creek and final routing through 
Lake 2.  The projected HADD was 14,208 m2. 

Revision A 

ESRD SIR Appendix 86 described an alternative mine sequence which would reduce impact to 
Bryan Creek flows, fish habitat and final reclamation profile.  This plan would include the 
following sequence: 

 Short ’meandering sections’ of the existing channel would be short-circuited to keep the 
creek out of the Mynheer Pit limit.   

 The Mynheer Pit would be mined and reclaimed with the creek flowing around the pit 
within the natural channel.  Natural flows could be retained and fish habitat disruption 
eliminated. 

 The Mynheer Pit would be reclaimed.  A constructed creek channel, with fish habitat 
provisions would be developed in the pit bottom. 

 The Bryan Creek would be re-routed through the reclaimed channel as a permanent route. 
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 Lake 2 would outflow into Bryan Creek.  The outlet would be constructed to permit fish 
passage in/out of the lake. 

This ‘revised’ plan would reduce the projected fish habitat alteration.  The original scheme 
resulted in a habitat loss of loss 14,208 m2 and a reconstructed channel habitat of 4,891 m2.  The 
revised plan will provide no loss of habitat by replacement of the entire 19,079 m2 with 
reconstructed stream habitat. 

2. Hay Creek 
The initial Project plan presented loss of a portion of the headwaters of Hay Creek 
through mining of the area.  An end pit lake would be established that would connect to 
Hay Creek.  The projected HADD was 1,804 m2.  
No revisions to the plan have yet been identified. 

3. Erith River 
The initial Project plan presented diversions of portions of the Erith River and tributaries 
with inclusion of several end pit lakes as part of the reclamation plan.  Total HADD 
within the Erith River system was projected to reach (67,485 + 5,834 + 102 + 406 + 
7751) 81,578 m2. 

Revision A 

The initial development plan for the Erith River included diversion of nearly 5 km with 
reclamation replacing the channel with an end pit lake.  HADD was projected at 67,485 m2. 

ESRD SIR Appendix 86 described several alternatives which could result in reduced diversion 
lengths or fish habitat disruption. 

Revision B 

CVRI is prepared to follow a revised plan which would further reduce stream alterations.  The 
sequence would involve the following: 

 Mining would commence in the Val d’Or and McPherson Pits in Robb Main/Center.  
Development of the McPherson Pit would require short meandering sections of Erith 
River to be short-circuited to remove the river from the pit area.  Constructed channels 
complete with fish habitat provisions would be constructed to replace re-alignments. 

 The McPherson Pit would be mined and a constructed channel placed in the pit floor.  
This channel would provide appropriate fish habitat provisions.  The Erith River would 
then be re-routed through this constructed channel thereby maintaining natural flows, fish 
habitat and fish passage. 

 As the Erith River has been removed from the Mynheer Seam area the Mynheer Pit could 
then be developed and reclaimed.  The reclamation profile would provide a constructed 
channel through the pit bottom as a replacement to the original river channel.  
Appropriate meanders and pools will be incorporated into the route. 

 The Erith River will then be re-routed from the temporary channel in the McPherson Pit 
to the permanent route through the Mynheer Pit. 
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Revision C 

Similarly, a temporary channel will be provided for Erith River to pass by the Val d’Or Pit.  This 
channel will provide for natural flows and fish passage.  Replacement fish habitat will be 
provided in the channel.  A backfill bridge incorporated into the mining plan will provide for a 
permanent constructed river channel.  This channel will provide the permanent route for the river 
and will include appropriate fish habitat additions.  The end pit lakes will outlet into this channel 
and permit fish passage in/out of the lakes. 

These changes will provide ‘replacement’ channels during mining and incorporate a permanent 
replacement channel in the reclamation profile for continued natural flow and fish passage.  The 
original scheme resulted in a habitat loss of 67,485 m2.  The revised plan will provide a 
replacement stream channel as replacement to the entire river profile.  The entire 67,485 m2 of 
habitat will be replaced by stream habitat.   

3.1 ERT1 
The proposed development in this area would result in a HADD of 5,834 m2.  
Spawning activity in this reach of the river has been noted.   

Revision D 

ESRD SIR Appendix 86 suggested possible alternatives to the plan including eliminating a 
500 m section of the Mynheer Pit. 

Such changes would reduce HADD from 5,834 m2 to 1,000 m2. 

This change requires elimination of approximately 500 strike length of Mynheer Pit.  This would 
result in salvage of important spawning sites in ERT1.   

3.2 ERT1A 
Revision D would also eliminate the projected loss of 102 m2 of habitat loss to 
bring the disturbance to 0 m2. 

4. Bacon Creek 
The conceptual plan proposed was estimated to result approximately 2,777 m2 of HADD 
with an additional potential loss of 10,000 m2 from lost downstream flow. 

Revision E 

The revised mine plan will accommodate continued flow of Bacon Creek through the Project 
area.  The eastern end of the Mynheer Pit will be modified to permit continued flow of Bacon 
Creek, bypassing the pit.  The ‘backfilled’ dyke in Lake 5 (East) will be modified to 
accommodate a reconstructed stream to carry Bacon Creek across the mined pit to continue to 
the downstream channel. 

The original scheme resulted in a habitat loss of 2,777 m2 and a possible additional loss of 
10,000 m2 due to lost downstream flow.  The revised plan preserves the habitat and flow route 
thus eliminating these losses.   
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5. Halpenny Creek 
Habitat changes in the Halpenny system were estimated at (7,601 + 2,239 + 219) 
10,059 m2. 

Revision F 

ESRD SIR Appendix 86 suggested limits in coal extraction that would eliminate direct habitat 
impacts in upper Halpenny Creek (HLT1 and HLT2).  These changes would be justified to retain 
spawning habitat.  This would require removing approximately 700 m of Mynheer Pit from the 
Project. 

Implementation of these revisions would eliminate the loss of 10,059 m2 of habitat. 

6. Lendrum Creek 
The conceptual plan for development in the Lendrum Creek area was estimated to have 
an impact on HADD of (17,468 + 1923 + 22,161) 41,552 m2. 
No revisions to the plan have yet been identified. 

7. Lund Creek 
The conceptual plan for development in the Lund Creek area was estimated to have an 
impact on HADD of (11,026 + 0 + 2991 + 1091 + 2507 + 0) 17,615 m2. 
No revisions to the plan have yet been identified. 

8. Pembina East (Unnamed) 
The conceptual plan for development in the Pembina River East was estimated to have an 
impact on HADD of (154 + 5,236) 5,390 m2. 
ESRD SIR Appendix 86 suggested a revision to the drainage plan that would result in 
PET1 being directed through Mynheer Pit into the Pembina River. 

Revision G 

Recent reviews of the East end of the Project are suggesting that an additional ‘buffer’ between 
development and the Pembina River valley may be of advantage.  Should this concept be 
followed the east end of the Val d’Or pit would be shortened thus provided opportunity for PET 
to be rerouted around the end of the pit. 

This revision would result in a reduction of HADD from 5,390 m2 to 0 m2. 

9. Total Reduction  
Efforts to reduce impacts on watercourses have resulted in development modifications 
and changes to mining sequences that would result in reduction to watercourse impacts.  
These impact reductions directly reduce the HADD estimate for the overall Project. 
Table 1 provides the details of the changes so far identified and a summary (Table 2) is 
also provided highlighting the most notable modifications.  Additional reductions will be 
the focus of future, ongoing planning.  
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The potential revisions lead to a reduced overall footprint, reduced footprint on sensitive habitat 
(habitat with high utilization/sensitivity rating), and increased amount of habitat that is reclaimed 
as stream channel as compared to lake habitat.   

End Pit Lakes 

CVRI had previously provided discussion regarding possible modification to end pit lake layout 
in order to provide improvements to lake design with respect to fisheries capabilities (see ESRD 
SIR122b).   

1. Robb West 
Robb West (Val d’Or pits) can likely be developed in multiple phases so as to increase 
backfill quantity.  A larger bridge could be provided separating two smaller lakes.  This 
would lessen the water depth and corresponding fill times. 

1.1 Lake 1 
Potential modification to Lake 1 would provide some reduction in size and depth 
with lowering of the water level and increased backfill volume.  Additional littoral 
areas would also be achieved. 

1.2 Lake 2 
The modifications noted would result in a smaller lake with reduced depth and 
increased littoral areas. 
The proposed ‘watercourse’ revised plan (see Revision A) would eliminate the 
‘flow through’ of Bryan Creek although lake outlets to the creek could be achieved. 

2. Robb Main 
2.1 Lake 3 

Revised mining sequence could provide additional in pit backfill and provide a 
smaller lake with reduced depth and greater littoral zones.  

2.2 Lake 4 
Revisions in the handling of Erith River would result in the elimination of Lake 4 
and replacement with a constructed channel for permanent routing of Erith River. 

2.3 Lake 5 
Revised mining sequence could further reduce size and depth of Lake 5.  Backfilled 
dykes which sub-divide the lake segments could be left as submerged areas to 
develop wetlands or developed as barrier ridges to accommodate constructed stream 
channels as inter-connection between the lake segments.   

3. Robb Center 
Minor changes in the Robb Center area have been identified in order to reduce fish 
habitat loss.  Flow of Bacon Creek through the project area and continued to the 
downstream route is now accommodated.  Changes to mining in the upper Halpenny 
basin will accommodate continued flow of the upper tributaries. 
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3.1 Lake 6 
The ‘land bridge’ between Lake 5 and 6 will be modified to accommodate a 
constructed channel for Bacon Creek. 

3.2 Lake 7 
This lake is narrow and shallow.  Modifications to the reclaimed terrain will be 
considered to eliminate the lake in favor of wetlands. 

4. Robb East 
4.1 Lake 8 

No revisions to the lake profile are currently contemplated. 
4.2 Lake 9 

No revisions to the lake profile are currently contemplated. 
4.3 Lake 10 

This lake is narrow and shallow.  Modifications to the reclaimed terrain will be 
considered to eliminate the lake in favor of wetlands. 

4.4 Lake 11 
This lake is narrow and shallow.  Modifications to the reclaimed terrain will be 
considered to eliminate the lake in favor of wetlands. 

4.5 Lake 12 
The mine plan for this area accommodates a single large and deep pit.  Mine 
sequence may result in increased backfill opportunities which could lessen the 
depth of the lake and add greater littoral area.   
Internal review of the mine plan in response to providing a greater buffer between 
development and the Pembina River indicates likely elimination of the eastern ‘tip’ 
of the proposed pit.  This would accommodate rerouting of PET1 flow within a 
reconstructed channel. 

Mine Plan 

CVRI has introduced a variety of minor revisions to the proposed development plan in response 
to reducing impacts to watercourses and fish habitat.  These modifications will result in changes 
to the mine development through elimination of small pit segments.  The resulting loss of coal 
resource is balance by reduced environmental impact.  In many instances site specific high value 
environmental values are being protected by the mine revisions. 
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The ‘mine changes’ resulting from the current Project changes are identified below: 

1. Robb West 
1.1 Val D’Or Pit 

The western end of the Val D’Or pit will likely be subject to ‘end wall’ agreement 
between CVRI and Mancal.  No significant modification of the pit layout of coal 
recovery is anticipated.  

1.2 Mynheer Pit 
A revision in the mine sequence will allow The Bryan Creek to be replaced with a 
constructed channel in the bottom of the Mynheer Pit.   
There is no change in the coal recovery volumes. 

2. Robb Main 
2.1 Reclamation of the Mynheer Pit within the Erith River basin will be modified to 

provide a stream channel in place of the previous lake plan. 
No changes to the mine plan are anticipated. 

3. Robb Center 
3.1 Mining in the Mynheer Seam within Robb Center will be modified to accommodate 

retaining existing tributaries of Erith River and Bacon and Halpenny Creeks. 
Portions of the dragline pits proposed for recovery of the Mynheer Seam will be 
eliminated in favor of avoidance of disturbance of important stream flows thus 
salvaging high value fish habitat and maintaining integrity of stream flow routes. 
In total approximately 1,200 m of seam strike length will be dropped from the plan.  
This length is comprised of several smaller segments distributed through the Bacon 
and Halpenny basin.  CVRI estimates that approximately 400,000 RMT of coal 
resource would be left in place as a result of these changes. 

4. Robb East 
4.1 The eastern most pit of the project is located within an over-thickened ‘pod’ of the 

Val d’Or Seam.  Early drilling results suggest that the ‘pod’ is truncated west of the 
Pembina River.  Various factors will also need consideration in determining the 
appropriate ‘buffer’ between the proposed pit and the Pembina River floodplain.  
CVRI anticipates modification of the eastern limit of this pit to increase the buffer 
zone. 
Such an increased buffer zone would support a bypass of the PET1 stream thus 
maintaining the fish habitat and flow values of the stream. 
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Summary 

CVRI presents the alternatives identified above as desired modification to the proposed Project.  
While these revisions will result in minor changes to the overall Project impact CVRI believes 
that all the options provide positive contributions to the Project and result in reductions to 
magnitude and risk of environmental impacts.  Therefore CVRI believes the overall EIA 
assessment for the proposed Project benefits from the updates proposed. 
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TABLES 



 

Reconstructed 
Channel Lake/Other Total Habitat 

Impacted
Reconstructed 

Channel Lake/Other Fallow 
Channel

Total Habitat 
Impacted

Reconstructed 
Channel Lake/Other Fallow 

Channel
Total Habitat 

Impacted

Low 4,708        4,708                 4,708              4,708             4,708              4,708               

High 9,500        9,500                 9,500              9,500             9,500              9,500               

Low TBD 2,625              2,625             2,625              2,625               
Estimated habitat impacts on upper Bryan Creek, to be assessed in 2013. These 
impacts can be avoided by modifying western dump to not encroach on upper Bryan 
Creek

High 2,777        2,777                 1,377              1,000         2,777             2,777              2,777               Bacon Creek was originally to be reclaimed as Lake 4/5, then as half reconstructed 
channel/half lake, now being reclaimed as all reconstructed channel

High 10,000               10,000           -                  Bacon Creek was originally being diverted into Lake 4/5 but now Bacon Creek flows 
will be maintained

Erith River High 67,485      67,485               67,485       67,485           67,485            67,485             Represents options of either reclaiming to lakes or reconsructing the Erith River

ERT1 High 5,834        5,834                 1,000              1,000             1,000              1,000               
Only if 500m of the Mynheer Pit is not developed (leaving majority of ERT1 
undisturbed). 400m upstream of confluence is still disturbed by the Val d'Or Pit and 
will be reclaimed as reconstructed channel

ERT1A Low 102           102                    -                -                  Only if 500m of the Mynheer Pit is not developed (leaving ERT1A undisturbed)

ERT2 Low 406                 406                    406                 406                406                 406                  

ERT3 Low 7,751        7,751                 7,751         7,751             7,751         7,751               

Low 1,804        1,804                 2,325         2,325             2,325         2,325               Revised analysis

Low 10,000               10,000        10,000           10,000        10,000             This represents habitat that will be lost due to downstream flows being diverted away 
from Hay Creek while filling Lake 3. Habitat will be assessed in 2013.

Halpenny Creek Low 1,910        1,910                 4,129         4,129             4,129         4,129               Reclaimed as Lake 6

High 5,691        5,691                 4,435              4,435             -                  -                  Only if 400m of the Mynheer Pit is not developed (leaving majority of Halpenny 
Creek undisturbed)

HLT1 Mod 2,239        2,239                 2,239         2,239             -             -                  Only if 200m of the Mynheer Pit is not developed (leaving HLT1 undisturbed)

HLT2 Low 219           219                    219                 219                -                  -                  Only if 150m of the Mynheer Pit is not developed (leaving HLT2 undisturbed)

Lendrum Creek Mod 17,468      17,468               17,468       17,468           17,468       17,468             

Mod 982                 941           1,923                 1,600              1,682         3,282             1,600              1,682         3,282               Reclaimed as pond/channel

Mod 5,000                 5,000             5,000               This represents habitat that will be lost due to flows being diverted away from LET1 
to LET3.

LET3 High 12,021            10,140      22,161               6,595              1,364         7,959             6,595              1,364         7,959               Revised Analysis

Mod 11,026      11,026               2,505              4,814         7,319             2,505              4,814         7,319               Lund Creek reclaimed as vegetation, reconstructed channel and lake

Mod TBD 5,300         5,300             5,300         5,300               Estimated impact on Lund Creek (from FMF 885 to confluence with LDT3), habitat 
to be assessed in 2013

Mod 12,000               12,000           12,000             This represents habitat that will be lost due to downstream flows being diverted away 
from Lund Creek. Habitat will be assessed in 2013

LDT1 Low 640                 2,351        2,991                 640                 2,351         2,991             640                 2,351         2,991               Revised analysis

LDT1A Low 1,091        1,091                 1,091         1,091             1,091         1,091               

LDT2 Low TBD 209            209                209            209                  No habitat impacts were identified in the Application but it now appears like there 
may be some minimal impacts

LDT3 Low 507                 2,000        2,507                 1,800              2,031         3,831             1,800              2,031         3,831               Revised analysis

LDT4 Low TBD 113            113                113            113                  No habitat impacts were identified in the Application but it now appears like there 
may be some minimal impacts

LDT5 Low 154           154                    154            154                154            154                  

Pembina PET1 High 5,236        5,236                 5,236              5,236             5,236              5,236               

Original Report 14,556            160,427    211,983             

Level 1 Revision 42,646            121,506     201,552         

Level 2 Revision 106,877          50,782       184,659           

Legend

Modified Development Plan

Revised Value

To Be Confirmed (2013)

Table 1 - Fish Habitat Impact Comparison 

Total

CommentsLevel 2 Revision

Fish Habitat Impacted (m²)

Centre

East

Application Level 1 Revision

Main

Bacon Creek

Lund Creek

LET1

Bryan CreekWest

Bryan Creek was originally to be reclaimed as  Lake 2, now is being reclaimed as 
reconstructed channel

Hay Creek

Sensitivity

Lendrum

Lund

Mine Area Basin Waterbody

Bryan

Bacon

Erith 

Hay

Halpenny



Total Habitat 
Available 

Total Littoral Habitat
Total Habitat 

Available
Total Littoral Habitat

(m2) (m2) % (m2) % (m2) (m2) % (m2) (m2) (m2) (m2)

Application 211,983 14,556 7 197,427 93 128,684 12,021 9 5,650,000 1,082,000 603,000 83,000

Level 1 Revision 201,552 42,646 21 158,906 79 118,392 28,143 24 3,374,000 678,000 2,168,000 309,000

Level 2 Revision 184,659 106,877 58 77,782 42 93,957 92,593 99 3,374,000 678,000 2,168,000 309,000

Table 2 - Fish Habitat Impact Comparison Summary 

Total Habitat Impacts 

Flow-Through End Pit Lakes Off-Channel End Pit Lakes
Total Impacts to High Sensitivity Habitat 

Reclaimed to Channel

Total Impacts to 
High Sensitivity 

Habitat
Total Habitat Not Reclaimed to ChannelTotal Habitat Reclaimed to Channel
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1.0 INTRODUCTION

Coal Valley Resources Inc. (CVRI) operates a number of coal mines in the vicinity of Robb, Alberta

(Figure 1). Groundwater monitoring has been taking place for over thirty years in a network of

observation wells located adjacent to the mines (Figure 2).

The anticipation of drawdown of groundwater levels impacting nearby peat lands and wetlands (and,

potentially water courses) led to the installation of a monitoring system specifically at the South

Extension Wetland (Wetland)(Figures 2 and 3).

The South Extension Wetland is a patterned open fen with no internal lawns. Patterned fens are

characterized by an interlocking pattern of large open, wet hollows or pools of water (flarks) and

drier wooded strings and margins (P) (Halsey and Vitt 1996). The strings are oriented perpendicular

to the water flow, forming sinuous ribs within the gently sloping terrain (Halsey and Vitt 1996). The

flarks are often dominated by graminoid species (sedges and wetland grasses) and mosses. The drier

wooded strings are dominated by white spruce, shrubs, forbs, grasses and feather mosses.

Ground cover within patterned fens can be quite diverse, depending on whether the fen is poor,

moderate-rich, or extreme-rich. The South Extension Wetland is primarily a poor fen dominated by

Sphagnum species within the flarks.

Previous assessment of drawdown adjacent to CVRI mine pits has been done approximately 10 km to

the northwest at hydrogeological cross section 4,000 E (CVRI, 2012). This report demonstrated that:

 At a distance of 100 m from the operating pit declines of the water table were approximately

10 % of the 45 m depth of the pit.

 Water levels recovered to nearly pre-mining conditions in 4 to 9 months after mining ceased.

The purpose of this document is to provide a detailed assessment of the effects of pit dewatering on

water levels in and beneath the South Extension Wetlands (Figure 3). These effects are assessed over

the period of April 2006 through November, 2012.

Dewatering in mine pits in this area was accomplished with in-pit sumps. Dewatering wells in

advance of mining were not used. Groundwater inflow can be adequately managed by in-pit sumps.

After mining operations have moved far enough away, pumping of the in-pit sumps ceases and water

levels are allowed to rise in the pit. Berms may be employed to prevent water from moving along the

pit to the operating area.
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Mine operations potentially affecting the Wetland can be described as follows:

 All mine pits were approximately 40 m deep in the vicinity of the Wetland. The drawdown of

the water table at the location of a pit can therefore be assumed to be 40 m. Throughout the

time frame described in the following bullets the maximum drawdown of the water table in

the four mine pits located at the southeast and northwest ends of the Wetland was

approximately 40 m.

 Mining in Pit 122W (Figure 3) advanced from the southeast. At approximately 400 m from the

Wetland in November, 2005, Pit 122W temporarily stopped advancing and the operations

were moved to Pit 142W. CVRI cannot determine if dewatering activities ceased in Pit 122W

at this time.

 Monitoring of water levels in the Wetland commenced in April 2006 (Appendix A).

 Mining in Pit 142W, as well as associated dewatering activities, commenced in November,

2005 and the pit progressed northwest until July, 2006. The Wetland lies along the north and

northwest boundaries of Pit 142W. Dewatering activities ceased in Pit 142W in July, 2006.

 Mining operations moved back to Pit 122W in July, 2006 and continued until September 2006.

The Wetland lies at the northwest end of Pit 122W. Dewatering of Pit 122W ceased in

September, 2006.

 Mining operation moved to the southeast end of Pit 123, adjacent to the Wetland, in

September, 2006 and progressed northwest away from the Wetland. Operations would have

progressed sufficiently northwestward by January, 2007 that dewatering likely ceased at that

time.

 Mining returned to the vicinity of the Wetland in approximately June 2009. Pit 143,

progressing southeastward, came within approximately 500 m of the Wetlands at that time. In

January, 2010 the southeast limit of Pit 143 was reached and mining, along with dewatering,

ceased in this area.

 These pits are not yet reclaimed to the approved configuration. It may therefore be presumed

that a decline of the water table at the pit remains to some extent. Figure 3 shows that water is

present in each of the pits however the level of this water likely remains below pre-pit

conditions.

2.0 OBSERVATIONS

There are 12 monitoring wells at 10 locations within the Wetlands (Figure 3). Many of these wells

have been in place since 2006 and the remainder were installed in 2009. Water levels in these wells

are presented in Appendix A. Construction diagrams and geological logs are presented in

Appendix B. Most wells are completed in the peat deposits of the wetland however two are

completed significantly below the base of the peat and reflect conditions in the underlying coal seams
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in the bedrock. Figure 4 presents a cross section through the Wetland showing the projected location

of monitoring sites. This figure also shows the hydrographs of the individual observation wells as

well as an approximate time frame for the pit activities described above.

The borehole logs in Appendix B reveal the following geological sequence from surface to depth:

 Peat – observed up to 6.5 m in thickness.

 Clay or glacial till – highly plastic – observed to be approximately 4 m thick and present in all

boreholes.

 Paskapoo and Coalspur Formations (bedrock).

The following sections discuss specific conditions at each of the monitoring sites. Table 1 provides a

number of characteristics of the individual monitoring wells. The three “level change” intervals were

chosen to approximately coincide with pit activities as follows:

 2006-08: The period when mining first approached the Wetland through the completion of

both southeast pits as well as pit 123.

 2008-10: The period when mining was away from the Wetland toward the northwest and

subsequently returned I pit 143.

 2010-12: The period when mining was no longer active near the Wetland.
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Table 1 Characteristics of Wetland Monitoring Wells.

Monitoring

Well Name

(MERWL)

Former

Name

Depth

(m)
Soil Type

Distance

from nearest

pit (m)

Level

Change (m)

2006-08

Level

Change

(m)

2008-10

Level

Change

(m)

2010-12

01 A835-03 3 clay 50 nil nil nil

03 A835-05 3 peat 75 nil nil nil

04 A835-06 6 peat/clay 625 nil nil nil

05 A835-07 6 peat 500 nil nil nil

07b A835-10 2 peat 400 nil nil nr

08 (Nest with 09) ValD’Or#1 46 coal 400 -2+/+6 -6 nr

09 (nest with 08) Val D’Or#2 8 clay 400 2+/+6 -5 +5

10 (nest with 11)
Mynheer

#1
89 coal 250 -15 +5 nr

11 (nest with 10)
Mynheer

#2
8 clay 250 -4 +2 nil

12 A2010-01 7 Clay till 550 nr nr -1/+4

14 A2010-03 8
Gravel/clay

till
500 nr nr -2/+4

15 A2010-04 8 Clay till 350 nr nr -2/+4

16 A2010-05 8 Clay till 600 nr nr -2/+6

Key; nr= no record; nil= no significant change

The surface of the peat in the Wetland varies from 1426 to 1430 m asl at the various monitoring sites.

The depth to water below land surface can therefore be seen to be in the range of 0 to 3 m (Figure 4)

for MERWL 01, 03, 04, 05 and 7b throughout the period of record.
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2.1 MERWL 01

MERWL 01 is completed in clay immediately beneath 0.3 m of peat. The well is immediately

southeast of Pit 123. Water levels in this well have not changed significantly between 2006 and 2012.

2.2 MERWL 03

MERWL 03 is completed in peat. Approximately 3 m of peat is present at this location. The well is

approximately 75 m southeast of Pit 123. Water levels in this well have not changed significantly

between 2006 and 2012.

2.3 MERWL 04

MERWL 04 is completed at the peat – clay contact. The peat at this location is approximately 5.5 m

thick. The well is approximately 625 m from Pits 122W or 142W. Water levels have not changed

significantly between 2006 and 2012.

2.4 MERWL 05

MERWL 05 is completed at 6 m depth in peat. The thickness of the peat at this location is 6.5 m. The

well is approximately 500 m from Pit 142W. Water levels have not changed significantly between

2006 and 2012.

2.5 MERWL 07b

MERWL 07b is completed at a depth of 2 m in peat. The thickness of the peat is approximately 2 m at

this location. The well is approximately 400 m northwest of Pit 142W. Water levels have not changed

significantly between 2006 and 2010.

2.6 MERWL 08 and 09

These adjacent wells are completed at depths of 8 and 46 m between Pits 143 and 123. MERWL 08 is

completed in the clay underlying the peat while MERWL 9 is completed in the Val D’Or coal seam in

the Coalspur Formation.

Water levels in both wells declined approximately 1 m in mid-2006 and subsequently rose 6 m to

January 2009. This reflects the end of operations in Pit 122 and the cessation of dewatering in that pit.

The decline after January 2009 reflects the approach of operations in Pit 143 at that time. The data

after January 2010 for these two wells is a bit sparse however drawdown likely ceased in mid-2010

when Pit 143 ceased operations and water level in MERWL 09 (the shallow well) , and likely MERWL

08 as well, rose by 6 m to 2012.
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2.7 MERWL 10 and 11

These adjacent wells are completed at depths of 8 and 89 m between Pits 143 and 123. MERWL 10 is

completed in the clay underlying the peat while MERWL 11 is completed in the Mynheer coal seam in

the Coalspur Formation.

Water levels in the shallow MERWL 11 declined by 4 m between 2006 and 2008, rose by 2 m between

2008 and 2010 and have remained stable between 2010 and 2012. This likely reflects the effects of

operations at Pits 122W and 142W and the lack of any influence from the more northwesterly pits 123

and 143.

Water levels in the coal at 89 m depth declined 15 m between 2006 and 2008 likely reflecting

operations at the southeasterly pits. Water levels rose several metres in the 2008 to 2010 period and

appeared to stabilize into 2010.

2.8 MERWL 12

MERWL 12 is completed at a depth of 6 to 7 m in clay till. The thickness of the peat is approximately

5 m at this location. The well is approximately 550 m northwest of Pit 142W.

Water levels declined approximately 1 m in early 2010 and have risen 4 m in 2011 and 2012. The 1 m

decline in water level in early 2010 is similar to that occurring at MERWL 08, also completed in the till

underlying the peat, at that time.

2.9 MERWL 14

MERWL 12 is completed at a depth of 7 to 8 m in gravel and clay till. The thickness of the peat is

approximately 4 m at this location and is underlain by 1 m of gravel. The well is approximately 500 m

north of Pit 142W.

Water levels declined approximately 2 m in early 2010 and have risen 4 m in 2011 and 2012. The 2 m

decline in water level in early 2010 is similar to that occurring at MERWL 08, also completed in the till

underlying the peat, at that time.

2.10 MERWL 15

MERWL 15 is completed at a depth of 7 to 8 m in clay till. The thickness of the peat is approximately

5 m at this location. The well is approximately 350 m northwest of Pit 123.

Water levels declined approximately 2 m in early 2010 and have risen 4 m in 2011 and 2012. The 2 m

decline in water level in early 2010 is similar to that occurring at MERWL 08, also completed in the till

underlying the peat, at that time.
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2.11 MERWL 16

MERWL 16 is completed at a depth of 7 to 8 m in clay till. The thickness of the peat is approximately

5 m at this location. The well is approximately 600 m north of Pit 142W.

Water levels declined approximately 2 m in early 2010 and have risen 6 m in 2011 and 2012. The 2 m

decline in water level in early 2010 is similar to that occurring at MERWL 08, also completed in the till

underlying the peat, at that time.

3.0 SUMMARY AND CONCLUSIONS

Geological conditions in the area are important to the formation and preservation of the Wetland. At

the time of formation of the Wetland, the presence of clay or clay till deposits of presumably low

hydraulic conductivity in the depression under the Wetlands resulted in moist conditions that

favored vegetative growth and inhibited decay due to the presence of standing water. Currently,

these same conditions buffer the Wetland against the temporary effects of drawdown of hydraulic

head in the underlying mineral soils caused by mining operations.

The water level information collected at the Wetlands conclusively shows that:

 There is downward flow of groundwater out of the Wetland under non-mining conditions.

 This is indicated by downward hydraulic gradients from the wells completed in peat

(MERWL 01, 03, 04, 07a) and those completed significantly greater depth

(MERWL 08, 09, 10, 11).

 Due to the presence of clay under the Wetland and the presumed low hydraulic

conductivity of that clay, the amount of downward flow of groundwater out of the

Wetland was low.

 Adjacent mine pits resulted in drawdown of water levels in the bedrock that extended beneath

the Wetland.

 This occurred at MERWL 09 and 10.

 These drawdowns occurred at depths of 46 and 89 m respectively in the bedrock – they do

not reflect conditions in water table in the overlying peat.

 This drawdown even extended, to some degree, to the glacial deposits below the Wetlands.

 This may have occurred prior to the period of record in MERWL 12, 14, 15 and 16.

 This occurred at MERWL 09 but not at MERWL 11.

 This phenomenon is therefore not ubiquitous throughout the Wetland.

 In spite of this drawdown in the mineral deposits below the Wetland, the water table in the

peat of the Wetlands was not lowered regardless of proximity to the mine pit.
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 This is shown in MERWL 01, 03, 04, 05 and 07b.

 The water table in the peat remained approximately at the surface and virtually

unchanged throughout the period of 2006 through 2012.

Thus, although the natural downward hydraulic gradient was increased by mining activities, the

downward flow of water from the Wetland did not increase sufficiently to cause any measureable

change in the water table within the peat deposits.

This information demonstrates that a drawdown of hydraulic head of as much as 40 m produced no

demonstrable impact on the Wetland. This lack of impact occurred despite the fact that pits were

present on two ends of the 1,500 metre-long Wetland and that the lowering of the water level in the

pits has been present since 2006.
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APPENDIX A: WATER LEVELS IN SOUTH EXTENSION WETLANDS
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Piezometer

Name>
MERWL-01 MERWL-03 MERWL-04 MERWL-05 MERWL-07b MERWL-08 MERWL-09

Former Name> A835-03 A835-05 A835-06 A835-07 A835-10 PIEZ#1VALD PIEZ#2VALD

Piezometer Open

Interval (m)>
1.4--2.6 1.3--2.8 4.7--6.2 4.5--6 39.6--46.6 4.9--7.9

Date WATER LEVEL ELEVATION (m)

28-Apr-06 1427.85 1427.38 1427.13 1428.49 1425.59 1419.96 1419.82

22-Jun-06 1429.04 1427.84 1427.24 1428.12 1425.69 1418.99 1418.53

6-Sep-06 1428.31 1427.38 1426.99 1427.86

6-Nov-07 1428.51 1427.73 1426.98 1427.82 1424.85 1424.15 1423.85

5-Nov-08 1428.71 1427.71 1424.90 1424.50

12-Jan-09 1424.65

17-Aug-09 1429.05 1429.09 1427.13 1428.19 1425.26 1423.95 1423.78

17-Dec-09 1429.18 1425.12 1420.29 1419.79

19-Jan-10 1428.70 1425.06 1418.20

1-Mar-10 1428.28 1425.03

7-Apr-10 1428.10 1425.08 1416.71

15-Aug-10 1428.66 1427.36 1426.90 1427.52 1425.28 1416.33

24-Sep-11 1429.36 1429.30 1426.85 1427.41

2-Nov-12 1428.45 1427.08 1422.94
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Piezometer Name> MERWL-10 MERWL-11 MERWL-12 MERWL-14 MERWL-15 MERWL-16

Former Name> PIEZ#1MYN PIEZ#2MYN A2010-01 A2010- 03 A2010-04 A2010-05

Piezometer Open

Interval (m)>
82.6--89 5--8.1 6-7.5 6.1-7.6 6.9-8.4 6.9-8.4

Date WATER LEVEL ELEVATION (m)

28-Apr-06 1425.64 1425.99

22-Jun-06 1424.90 1425.62

6-Sep-06

6-Nov-07 1410.78 1421.62

5-Nov-08 1413.60

12-Jan-09 1414.35

17-Aug-09 1414.70 1422.76

17-Dec-09 1413.68 1423.06

19-Jan-10 1413.84 1423.39

1-Mar-10 1414.20 1423.60 1422.70 1424.93 1425.01 1421.52

7-Apr-10 1414.16 1423.58 1421.89 1423.44 1423.29 1420.38

15-Aug-10 1414.11 1424.03 1421.54 1423.22 1423.03 1420.12

24-Sep-11 1422.32 1424.30 1424.34 1421.20

2-Nov-12 frozen 1423.9 1425.84 1426.86 1427.00 1426.08
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APPENDIX B: GEOLOGICAL LOGS AND MONITORING WELL COMPLETIONS
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AUTHENTICATION

Form: MEMS-APEGA-BS

The Engineering, Geosciences Professions Act (the Act) of Alberta requires that engineering,

geological or geophysical work be authenticated by the application of:

 The professional seal or stamp of the individual member responsible for preparing the work;

and

 The corporate permit number or stamp of the company employing the responsible individual

member.

This section identifies those portions of this report that fall under the Act and will be authenticated in

compliance with the Act.

The report entitled “Drawdown Adjacent to Mining Pits South Extension Wetlands In Coal Valley

Area” dated May, 2013 meets the definition of geology within the Act and are authenticated with

APEGA Permit to Practice Number P07002 and the professional stamp applied below:

Millennium EMS Solutions Ltd. provides the same level of quality assurance to our clients throughout

this report.
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