of 0.7 m, will convey in excess of the 5-year peak discharge of 2.7 m¥/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.

LETS3, 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 m¥/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 m?/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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17  INTRODUCTION

Coal Valley Resources Inc (CVRI) received the renewed Environmental Protection and Enhancement
Act (EPEA) Al roval No. 11066-02-00 on Novem(er 10, 2010. The Al roval [rovides the
environmental conditions that govern the ol erations at the Coal Valley Mine (CVM).

Section 4.5 of the Al roval contained the following conditions:

L Dfe allrtlal tidder [all (1110 Ta rel1Ted [ ellal'd MU Criral) OrC 0 Tal [T [Te
CirecTr (1111 e [0, 2011, (e[ 1 ITerl e a Il rled [ il (1]le [lifeclr]

Omm e Dellled [ ellald MU Ot ral) Ot T al [Tall (Tellde, alla DT [0 all [ Te
(O 0 (e @l

(all DT Cellaltd O O Crilral) [ alll ald rel LT (Taler Clal T a T
ald lelelalllle T allll]

NN O all [ Ir ald delerl1Te [1el11al ellec [y lad ald [1Idel el T 1 1el 1] [aler
leCelll T riace ald [T Tyiacelald [elelall] e 0 Me] N Delald areal]
adlacel [T [Tdelell11]el1T]

(el O Hal [ O Oy [Me [(Tecel 11 elald reclal] allll | Jald
a0 OCrrecllle [leallrel] [l ere allriIrale, I [y leclalecled Hellalld c[ ]Il T]

This document [rovides the [rolbsal for the revised wetland monitoring [rogram. The [rolosal is
organiled as follows:

e asection descriling the results of elisting wetland monitoring at CVM[

e a section summariCing the [rolosal for a revised monitoring [rogram of wetlands situated
ad@cent to Lt and access road develoCment and a Clan to monitor the success of wetland
reclamation at CVM[and

e measures to [Totect affected wetland communities.

11 Mine Operations

The Coal Valley Mine is located in west-central All erta southwest of Edson (Figure 1). CVM uses a
comLination of dragline and truck and shovel mining methods. The dragline, e[cavators and trucks
remove over[_urden to access coal that is hauled to the [lant for [rocessing. Facilities at the mine
consist of the coal [rocessing [lant and sull ort facilities (administrative offices, maintenance
facilities, coal storage, and materials storage). Once mining is com(leted the develo ment areas are
reclaimed to the olTectives of the alTroved reclamation [lan.

Page 1 10-156
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100 Pit Deatering

There are two sources of water that enter the LitCsurface runoff from adlacent areas and groundwater
inflows. The groundwater inflow is not sulstantial so the installation of dewatering wells to lower the
groundwater levels [rior to mining is not reCuired. Dewatering wells have not ['een used at CVM for
more than 20 years where former underground workings were close to the [it.

All of the surface runoff and groundwater inflow to the Lits are directed to in-Lit sumCs where it is
fum(ed to a settling ('ond for treatment.

When the (it is active with coal-eltraction olerations the in-[it sum(s are fum[ked regularly. As the
[it olerations move away from a sumL(Jit is normal for Cum(ing to cease and for water to [e allowed
to accumulate in the Lit until such time as the reclamation is imCOemented. Under normal olCerating
conditions, fum(ing from a [articular sum(Imight take [lace for al ' rolimately si(Imonths to a year
from the time that the area was elcavated until ol erations were sufficiently distant to allow the
Cumtring to end.

(11l CURRENT [ ETLAND MONITORING PROGRAM

k| Mercoal Pl lase [1[] etland Comple[]

The wetland assessment conducted for the Mercoal Phase 2 Prolect Al lication (Luscar 2005)
identified a numLer of wetlands within the [rolosed mine develo[ment area. In [Carticular, a large
wetland comrlellcom(Tised of (atterned fen was identified adiacent to ‘rolosed [its in the Mercoal
Phase 2 area. A wetland monitoring ['lan was develol ed to meet rel uirements of the EPEA Al roval
No. 11066-01-07 to monitor the wetlands for effects of Lit develo_ment and changes in water levels
within the wetland com(le[l These wetlands are hereafter referred to as [South E[tension Wetlands.[]

In 2006, nine water monitoring [iel ometers were advanced within the South Eltension Wetlands, with
seven com(leted with screen intervals less than 10 m [Celow ground surface (MEMS 2006). Water
levels and water chemistry were monitored in 2006, 2007, 2008, and 200L. The results of four years
of monitoring within the wetlands were summariled in the 2000 annual groundwater monitoring reort
(MEMS 2010). Groundwater levels and water chemistry results are [resented in ALlLendiCJA.

Shallow [ieometers (less than 10 m del th) com[leted immediately [ ‘eneath the muskeg were found
to have water levels within 3 m of the land surface. Deeler [ielometers (40 and 85 m deel’) have
water levels in the range of 1.3 to 8 m [elow ground surface. One nested [air of [ie[ometers
(MERWL 10 and MER 11) show a downward hydraulic gradient from the wetlands to the underlying
“edrock.

TDS declined from all rolimately 1,100 mgIL in the initial sam(le to staliliLe [elow 400 mg(L in 200(.
Sodium followed a similar Cattern from 475 to Celow 148 mg(LL. SulChate was stalle at low
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concentrations and nitrate was very low to not detectalle. Selenium declined from an initial
concentration of 0.0032 in 2006 to non-detectalle in 200[.

The data shows that there were no issues with the lowering of groundwater levels as the drawdown of
water levels adiacent to ol erating Cits was minimal. There were no issues with groundwater [uality
that al [ eared to [e develoling within the South E[tension Wetlands at the mine [its. Malor ion
chemistry, as indicated Ly an e(amination of sodium, sulChate and TDS in the South E[tension
Wetlands showed no adverse trends. Nitrate was not increased [y mining activities. This comlound
is fre[uently not detectal le in monitors [oth close to and away from mining. Selenium was very low
to not detectalle in most areas Lrior to mining and remained that way after mining. Selenium in
concentration ul1to 0.003 mgl(LL was ol served under natural conditions in the South E[ tension
Wetlands.

1 Reclaimed [ etlands

In 2007, an evaluation of reclaimed wetlands at the mine was conducted (CVRI 2008). The study was
initiated to evaluate reclaimed wetlands and ril ‘arian ecosystems at the mine [y:

o determining and descriling the ty[es of wetlands!]
o descriling [lant secies com[ bsition and alundance!]
e determining soil characteristics(’

e com[aring reclaimed wetlands and riCarian ecosystems with natural wetlands and ril‘arian
ecosystems in the regionland

o defining tactical and ol erational strategies to develol 1wetlands without increasing material
handling rel uirements.

The evaluation showed that wetlands in the reclaimed Coal Valley Mine area are [roviding a variety of
ecological functions similar to natural wetland and rilarian systems. The reclamation successes
include:

o the creation of wetlands with [ones closely resem!ling natural shrul Iy rich fens, sedge rich
fens and Lower Foothills marshes!

¢ the estallishment of native sl ecies including lodgelble Line, willows, [alsam [ollar, river
alder, water sedge, [eaked sedge, short sedge, common horsetail, variegated horsetail,
yarrow, tufted moss, and golden moss(]

e silJoccurrences of rare [lant sCecies including a rare fern and four rare mosses(!
e anincrease in halitat value for some sl ecies of fish and waterfowland

e anincrease in the recreational fishing resource [ase, and as an attraction for tourism and
recreation.
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Most of the wetlands sam(led did not closely resem(le natural regional wetlands, [ut were found to
[rovide im[ortant ecological functions and services. Most natural wetlands in the area are ULLer
Foothills ['eatlands. Newly created wetlands in the reclaimed area will re[uire time for ['eat to
accumulate. With organic matter accumulation over time the soils and [lant communities on these
reclaimed sites are el T ected to "ecome more similar to those of natural wetlands.

Four sites had Cones resemCling natural mineral-soil wetlands(such as, marshes or swam(s. The
young successional stages of other reclaimed wetlands were dominated [y sl ecies not normally
associated with regional mature wetlands. Often these young reclaimed wetlands had a relatively
high Crolortion of non-native andlor weedy s[ecies.

Several factors that are e[ Tected to imrove the estallishment and function of wetlands at the mine
were recommended. Recommendations for future wetland reclamation have [een incorlorated into
conservation and reclamation [lans for the mine and are summariled in A[1T endil1B.

3l REVISED [ETLAND MONITORING PROGRAM

31 Ollectives

The [rolosed [fogram has ['een develoed to determine [otential effects within wetlands adiacent to
road and (it develo[ment, as well as to measure the success of current reclamation of wetlands. The
[rogram consists of three comlLonents:

Monitor surface and sulsurface water levels(]
Assess vegetation communitiesand

Monitor wetland reclamation success.
3 Met(ods

31 [letland Selection

Since 1182, a great deal of data has [een collected at the mine characteriling hydrology,
hydrogeology and vegetative [rol erties of wetlands across the entire mine. This information has
[een collected at different times, utiliCing multiCle methods and classification systems. To determine
the alIrolriate wetlands to monitor at the mine, a desktol] review of all wetland inventories and
assessments will ['e conducted. All historical and current wetland information will (e comliled into
one datalase and communities will (e classified using one common wetland classification system.
The most ul+to-date aerial Chotogralhs will (e reviewed to sulllement wetland mall’ing and a
(masterCwetland maOwill (e created.

Wetlands will then (e stratified [‘ased on wetland ty[ e, and those wetlands that are most likely to (e
affected [y reductions in water levels will (e given [riority (fens, swam(s, and marshes). In addition
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to the ty[e of wetlands, wetland sile will also [e considered in determining the selection of sites to [e
monitored.

A monitored wetland will (e [aired with a control wetland that is situated far enough away from the
mine that the develol ment will not have an effect on the wetland conditions. The control wetlands will
(e determined from a review of area hydrology and hydrogeology.

In undistured areas that are [ro[losed for mine develo_ment, monitoring [lots will (e estallished to
gather [aseline data that can [ e evaluated and com[ ared with monitoring data collected once active
mining is adlacent to those wetlands.

3 [ etland Claracterilation

The characterilation and delineation of wetlands will take into consideration the following
characteristics:

¢ wetland (hydrolhytic) vegetation(!

e hydric soils (moisture regime 7-)[]

o drainage ([oorly to very [oorly drained)and
e wetland hydrology.

33 [ ater Levels

Evidence of wetland hydrology (surface water) will “e determined through the resence of water
alove (marshes or fens) or within 5 cm of the surface (swam(s). Soil characteristics will also (e
documented to determine soil moisture regime (i.e. hydric soils). Indicators of hydric soils will include
low chroma matrillcolors, high organic matter, mottling and gleying within the soil [rofile, as well as
sulfidic odor and staining [y organic matter in the shallow sul‘surface (within 60 cm of the ground
surface).

Where surface water is [resent, the water line will (e delineated during early s(ring, mid-July, and
early Seltem(er to determine seasonal water level fluctuations. Staff gauges may also (e
estallished and monitored in select wetlands. As well, an inslection of culverts installed along roads
will Ce conducted to evaluate any effects on adlacent wetlands related to surface run-off or disru__tion
of flow. All records of surface water delineation and measurement will ['e documented and
“hotogral'hs will (e taken from the same location at each sam(ling event.

Groundwater levels will (e monitored in wetlands selected for monitoring (including controls). Shallow
LieLometers (110 m de[th) will Ce advanced and will (e monitored in late sCring and during fall until
mining is comllete. Once groundwater levels stalili’e, monitoring will "e conducted annually.
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30T O ater Cuality

Surface water Luality samCling will (e conducted annually in monitored and control wetlands with
water al ove ground surface. Groundwater [uality sam(ling will (e conducted in [oth late s(ring and
during fall for the first year following [ie[ometer installation, and annually for all sul‘seluent years.
Teml(erature, turlidity, and [H will (e measured at the time of sam(ling, and analysis will follow
Tarameters evaluated in the South El'tension Wetlands (Al TendillA).

305 Vegetation Communities

Vegetation monitoring sites will (e estal lished in selected monitored and control wetlands. Paired
sites will (e surveyed within each wetland that is adiacent to mine areas to evaluate Coth the area
immediately adl@cent to the mine develo_ment and wetland conditions further from the develoment.
A single site will (e estallished in each control wetland.

At each monitoring site, 2 meter wide [elt transects will (e estallished, across each wetland. The
start and end of each transect will Ce Cermanently marked with [ainted relar [ins and a metal stake
larelled with wetland and transect identifying information. Surveyors will walk along each transect,
recording all vegetation sl ecies ol served within the 2 m width. At the center of each transect, a 20 m
"y 20 m nested ['uadrat will (e estallished. Tree sl ecies and canol'y information will (e collected
from the 20 m [y 20 m Clot. A5 m Ly 5 m [uadrat will (e estallished within the 20 m [y 20 m
[uadrat, and shru(], for[}, graminoid, ['ryolhyte and lichen information will ['e collected. Within each
[uadrat, the total aerial cover of each sl ecies will (e estimated as a [ercentage of the [uadrat area.
Site and soil [rolerties will also e recorded at each 20 m [y 20 m [uadrat.

Collected vegetation data will (e used to evaluate wetland eltent, [uality and function Ly estimating
the num(er and aerial coverage of [lant sl ecies that are adal ted to wetland conditions (hydro[ hytic
vegetation).

316 Reclaimed [ etlands

Due to the length of time reluired for [eat develol ment, wetlands on reclaimed areas are not

e[l ected to resem(le natural Ceatlands for many years. Instead, reclaimed wetlands are e[ I ected to
reflect early successional states of wetlands that in time will resemle natural ['eatlands as [eat
accumulates.

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

11212 [leallrilalllderTall lal'alle [11Tclel I 1riace [rlallec (1IN 1eellle reclalallll]
(eclMel M Darl [} [el 11 Ter e al Tl riled [ D0l (] [Te [lirecl ]

(I e allriTal (der [(Tall c[ 11 e Melallale [T I Iel] [ U Cralle [N aterial 10
Te delel1lel 1T reclalled Cellaldald [(Tall cll I 1der e T
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fall rall [ JalJalll'l [T Dellald [Teclellald Uellald L Jaldr Dalllalm] (I dTred
Oelald cll[Jelellald (el el@lll] [Maldl [ [ laldlcalel]
md Oallll [ direcll Jacellell Il lallaled [rlallec [Tl Jalerallald

(el Oalln ] Melrrallll] [T ellal dTallle [eed [ [le [eed [1]

The intent of including the conditions in the Al roval is to advance the develoLment of the wetland
reclamation [rocess.

307 Measuring (] etland Reclamation Success

The evaluation of reclaimed wetland health and function will (‘e used to evaluate the success of
wetland reclamation at CVM. This rel uires the selection of varialles that can (e utililed to assess
each wetland's health and function. The following varialles have [ een selected as indicators of
wetland health and function to (e evaluated within reclaimed wetlands:

e connectivity to other wetlands(

e hydric soils(]

e moisture regimel]

e [Tresence, vigour, and alundance of hydrolhytic vegetationl
e [Tresence and alundance of locally native s eciesand

e [resence and alundance of non-nativelinvasive s’ ecies.

CVM will also evaluate ol “ortunities to utiliCe organic soil material in the develo[ment of reclaimed
wetlands and will consider the following:

fal rall THalJallll ) [ Dellald [Teclelald Uellal d (I [ laldlr [alllaln] Codmred
Oellald c[l[Jelellald (el el@llll] [Mald 1 [ laldlcalel]
NN Oalll 1] direclllacelel Il 11 allaled [rlalle [(TII[Jaleriallald

(e[ Oallm ] el Trallll] [T ellal diTallle [eed e [eed [1I]

The 2007 evaluation of reclaimed wetlands (GDC 2008) [ roduced a thorough accounting of the status
of reclaimed wetlands at the mine. A sulset of the surveyed reclaimed wetlands will (e selected and
re-evaluated to determine the state of heath and function, and what changes may have taken [lace
since the initial evaluation. During the desktolIreview, any mine areas reclaimed since 2007 will (e
identified for insection and will (‘e surveyed during the field monitoring [rogram.

318 Timelines

It is e[Tected that the initial comonents of the revised wetland monitoring [rogram will (e initiated in
the late summer of 2011. A thorough deskto( review will ['e conducted, and mine-adiacent, control,
and reclaimed wetlands that will Te surveyed in the field [rogram will ['e determined and mal T ed.
Shallow Ciefometers will (e installed in the selected wetlands in the winter of 201112. Surface water
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measurements will (e conducted in early s(ring, mid-July, and early Seltem(er of 2012, and
groundwater measurements will take Clace in the sLring and fall.

Once mining has ['een com[leted, surface drainage [atterns have ['een restored, and groundwater
levels have stalilired, water levels will (e monitored annually. Water [uality samles will (e collected
from monitored and control wetlands in the s(ring and fall during active mining and once mining is
comlleted samLles will e collected annually. Vegetation surveys will Ce conducted in the mid-
summer of 2012, and every two years after that. Reclaimed wetlands will also (e evaluated in 2012,
and the interval for sulseluent monitoring will (e determined [ased on the measured condition of
those wetlands.

Monitoring of wetlands at CVM is [rolosed to continue until the desired end wetland health and
functioning has [een determined to (e achieved.

33 Corrective Measures
In the event that mine develo[ment is o[ served to have a negative effect on adiacent wetlands,

corrective measures will Ce determined on a case s ecific [asis.

Some of the general ['est management [ ractices that will hel(Jto determine if corrective measures are
necessary will include the continued and regular monitoring of sites for the early identification of
issues, regular culvert insections to ensure drainage [atterns are maintained and weed management
activities to ['revent the sl read and estal lishment of weed sl ecies in healthy wetland communities.
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APPENDI A ISOUTH ECTENSION [ ] ETLANDS

[] ater Levels

[] ater C[lemistry
AT endiC’F from MEMs 2010 relCort 2000 O "al Delr] Ol Td0Daler MOy [ Cal DalleCI MTTe.
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APPENDI | F-1.SOUTH EL'TENSION
[l ETLANDS [ ATER LEVELS

Location [ Sout(] E[ tension | etlands
MER( L- | MERC L- | MER( L- | MER(L- | MERCIL- | MERC L- | MER(L- | MER[] L- | MER[ L- | MER[ L-
Pie[ometer Name( M 0 (3 0 (5 7 (8 0 10 11
| Ground Surface Elevation [m/11| 142181 |destroyed| 1420156 | 1427.48 | 1428.40 | 1427.00 1426.00 | 1426.00
Stick Up il 1.10 1.10 1.00 1.05 1.15 1.20 1.00 1.20 1.00
PieLometer Open Interval im(]| 1.4--2.6 1.3--2.8 | 4.7--6.2 4.5--6 3.5--5 |3[16--46.6| 4.[+7.0] | 82.6--8[] 5--8.1
Date
16-Jan-06 1420131 | 1420141 | 1428.85 | 1427.(4 | 1427.04 | 1425.23
28-AlT-06 1427.60 DEST 1427.38 | 1427.13 | 1428.411 | 1427.03 1425.18 | 1425.73
22-Jun-06 1428.711 1427.84 | 1427.24 | 1428.12 | 1426.83 1425.64 | 1425.(7]
06-Sel +06 1428.06 1427.38 | 1426.011 | 1427.86 | 1426.[3 1424.00 | 1425.62
26-Jan-07 1427.74 1427.10 1424.68 | 1425.10
06-Nov-07 1428.26 1421156 | 1426.78 | 1427.73 | 1426.00] 1410.78 | 1421.62
05-Nov-08 1428.46 1427.71 1413.60
12-Jan-0[] 1414.35
17-Aug-00] 1428.80 1421000 | 142713 | 1428.101 | 1426.50 141470 | 1422.76
17-Dec-00 142118 Frolen Frolen Frolen 1426.36 1413.68 | 1423.06
16-Jan-06 0.50 DEST 0.71 -0.46 0.55 1.86
28-Alr-06 2.21 2.18 0.35 0.00 0.06 5.25 5.43 0.82 0.27
22-Jun-06 1.02 1.72 0.24 0.37 0.26 6.04 6.18 0.36 0.01
06-Se[ +06 1.75 2.18 0.47) 0.63 0.16 7.01 7.47 1.10 0.38
26-Jan-07 2.07 2.46 6.701 7.25 1.32 0.10
06-Nov-07 1.55 0.00 0.50 0.76 1.00 15.22 4.38
05-Nov-08 1.35 1.85 2.30 2.50 12.40
12-Jan-0[] 1.35 11.65
17-Aug-00] 1.01 0.47 0.35 0.30 0.5 2.05 2.22 11.30 3.24
17-Dec-00 0.63 Frolen Frolen Frolen 0.73 5.71 6.21 12.32 2.[4




Appendi[1F-[1 Sout[]Etension [ etlands

Mining Areal ||

Sout[| E tension [ etlands

PieCometer Name [dept[ 1T/ MERC L-(1 (@06 m{{ MERC L-(1 MERC L -(8 (1:3-018 mC MER( L-(1 (1755 m(] MER*G:j 8 MER*S:J 35
Datel '] 2-Jan-06 2-Jan-06 2-Jan-06 2-Jan-06 2-Jan-06 2-Jan-06

Parameter
MACOR CONSTITUENTS
Calcium mgll 2014 741 44.8 7.3 44.4 30.7
Magnesium mgl 4.52 18.5 7.7 1.1 8.4 3.6
Sodium mgll 24.2 31.1 6.8 105 6.6 25.2
Potassium mgl 0.8 0.0 0.7 0.0 1.2 0.7
Car_onate mgl 5 5 5 5 5 5
Bicar_onate mgll 128 31 177 255 16 153
Sullhate mgl 27 1 6 4 6 6
Chloride mg!l 2 3 8 2 2 1

H 6.5 6.7 6. 8 74 6.5
Conductivity USicm 270 620 310 500 20 240
TDS mg!l 145 340 156 23 156 124
Nitrate mgll 0.2 [0.1 [0.1 0.4 [0.1 0.1
TRACE CONSTITUENTS
Aluminum mgll 0.05 0.16 0.03 0.02 0.01 0.04
Antimony mgll 0.000(] 0.0006 0.0007 0.0006 0.0007
Arsenic mgll 0.0027 0.0031 0.0033 0.0015 0.0006 0.0010]
Barium mgll 0.0764 0.170 0.0028 0.512 0.158
Beryllium mgll 0.0005 10.0005 0.0005 0.0005 0.0005
Bismuth mgll 0.00005 0.00005 0.00005 0.00005 0.00005
Boron mgll 0.062 0.006 0.007 0.047 0.011 0.035
Cadmium mgll 0.0001 0.0002 0.0001 0.0001 0.0001
Chromium mg!l 0.0015 0.0055 0.0048 0.0027 0.002
Colalt mgll 0.0012 0.0087 0.0006 0.0001 0.0001
Coller mgll 0.00 0.0064 0.0088 0.0037 0.0082
Iron mgll 2.08 10.4 0.67 0.05 0.023
Lead mgll 0.0004 0.0004 0.0002 0.0004 0.0001
Manganese mg(ll 0.001 8.64 0.62 0.010) 0.16
Mercury mgll 0.00001 0.00001 0.00001 0.00001 0.00001
Moly denum mgll 0.0004 0.0024 0.0006 0.0084 0.0000]
Nickel mgll 0.0015 0.0061 0.0008 0.0005 0.0001
Selenium mgll 0.0008 0.001 0.0005 0.0017 0.0006
Silver mgll 10.0002 £0.0002 0.0002 £0.0002 0.0002
Strontium mgll 0.118 0.48 0.170 0.086 0.415
Thallium mgll 0.00005 0.00005 0.00005 0.00005 [0.00005
Tin mgll 0.0032 0.0026 0.0027 0.0007 0.0005
Titanium mgll 0.0032 0.0045 0.00101 0.002 0.002
Uranium mgll £0.0001 0.0004 0.0001 0.0012 0.0001
Vanadium mgll 0.0002 0.0004 £0.0001 0.0002 0.0001 0.0002
Linc mgll 0.046 0.025 0.05 0.005 0.013 0.037

All units, e[cet "H and conductivity, are in mg/LL




Appendil1F-[1 Sout[]Etension [ etlands

[ ater Cemistry

Mining Areal ||

Sout[| E'tension [ etlands

Pie[ometer Name [dept/ 1] MER( L-(8 [3(16-66 m[] MERC L-10] (816-8'm[] MER[L-11 (5-81 m[]
Datel '] 22-Jun-06 | 6-Se[+06 | 15-Nov-07 | 12-Jan-001| 0C+Sel+00 | 22-Jun-06 | 6-Sel+06 | 15-Nov-07 | 12-Jan-0C] | 0(-Se(+0 | 22-Jun-06 | 6-Se+07
Parameter
MACOR CONSTITUENTS
Calcium mgll (1.6 10.4 7.6 1 8.12 4.0 5.7 36.2 37.0 46 36.2 36.1
Magnesium mgll 1.8 2 0.6 1.6 1.46 1.3 1.4 6.8 7.6 .88 7.5 8
Sodium mgll 142 157 152 146 148 212 473 23 28 26.0] 4 5
Potassium mgll 2.6 2.6 2.8 25 242 4.7 3.0 1.7 1.7 1.66 0.0 0.0
CarLonate mgll 16 10 14 7 14.4 50 38 5 5 5 5 5
Bicar_onate mgll 386.0 412.0 415 432 420 48110 1150.0 200 227 255 151.0 148
Sullhate mgl 4 0. 2 0.5 0.5 24.7 5.7 3.7 6.5 8.08 34 27
Chloride mg!l 3 2 1 1 1.13 15 10 1 1 0.5 1 1
H 8.7 8.5 8.6 8.5 8.5 .2 8.6 8.2 8.1 8.17 8.3 8.2
Conductivity USicm 623 643 660 647 654 867 1760 312 351 35 233 235
TDS mgll 370 387 385 380 383 562 1110 171 18 218 126 125
Nitrate mgll [0.1 0.1 [0.1 [0.01 [0.05 0.1 [0.1 [0.1 [0.01 [0.05 [0.1 (0.1
TRACE CONSTITUENTS
Aluminum mgll 0.0 [0.01 0.13 [0.01 [0.01 2.26 0.31 0.4 [0.01 [0.01 0.05 0.01
Antimony mgll £0.0004 0.0005 0.0007 £0.0004 [0.0004 0.0018 0.0032 0.0007 £0.0004 [0.0004 0.0004 [0.0004
Arsenic mgll 0.0087 0.0060! 0.00C6 0.0067 0.00747 0.18 0.0478 0.0067 0.0013 0.00143 0.0026 0.0010]
Barium mgll 0.512 0.627 0.436 0.581 0.502 2.68 0.426 0.741 0.551 0.653 0.486 0.452
Beryllium mgll £0.0005 10.0005 10.0005 0.0005 0.0005 0.0018 0.0005 10.0005 0.0005 £0.0005 0.0005 0.0005
Bismuth mgll 0.00005 £0.00005 | 10.00005 | [0.00005 | [0.00005 0.00006 [0.00005 | 10.00005 | (0.00005 | (10.00005 0.00005 | 10.00005
Boron mgll 0.062 0.056 0.056 0.058 0.05401 0.172 0.062 0.031 0.025 0.0202 0.008 0.01
Cadmium mgl 0.0001 0.0001 0.0001 0.0001 0.0001 0.0003 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Chromium mg!l 0.0008 0.0004 0.0006 0.0004 0.0004 0.001 0.0008 0.0008 0.0004 0.0004 0.0011 0.0004
Colalt mgl 0.0001 0.0001 0.0002 0.0001 0.0001 0.0367 0.0007 0.0007 0.0002 0.00024 0.0001 0.0002
Coller mgl 0.002 0.0006 0.0067 0.0006 0.0006 0.0104 0.002 0.0256 0.0006 0.0006 0.0008 0.0006
Iron mgll 0.081 0.006 0.521 0.022 0.014 16.3 0.678 0.451 0.005 0.01 0.04 0.008
Lead mgll 0.0008 £0.0001 0.0014 0.0001 [0.0001 0.04(8 0.0007 0.0044 0.0001 0.0001 0.0002 0.0002
Manganese mgll 0.012 0.000] 0.036 0.007 0.0067 0.0455 0.018 0.2401 0.001 0.251 0.101] 0.216
Mercury mgll £0.00001 0.00001 £0.0001 0.00001 0.00002 [0.00001 | £0.00001 £0.0001 £0.00001 £0.00002 0.00001 0.00001
Moly denum mgll 0.0008 0.0000! 0.0010] 0.0008 0.00087 0.0005 0.02(3 0.0016 0.0012 0.0013 0.0007 0.0006
Nickel mgll 0.0003 0.0004 0.0008 0.0002 0.0002 0.101 0.0033 0.00201 0.001 0.00118 0.0001 0.0000]
Selenium mgll 10.0004 0.0005 0.0004 10.0004 0.0004 0.0027 0.0032 0.0004 10.0004 £0.0004 0.0004 [0.0004
Silver mgll 10.0002 10.0002 10.0002 10.0002 0.0002 0.0002 £0.0002 £0.0002 10.0002 10.0002 0.0002 [0.0002
Strontium mgll 0.2701 0.3401 0.25 0.345 0.323 0.2 0.306 0.58 0.601 0.811 0.445 0.463
Thallium mgll 0.00005 [0.00005 | 10.00005 | [0.00005 | [0.00005 0.00006 [0.00005 | 0.00005 | [0.00005 | [10.00005 [0.00005 [0.00005
Tin mgll 0.0002 0.3401 0.0002 0.0002 [0.0002 0.0003 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
Titanium mgll 0.0034 0.0006 0.004 0.0011 0.00141 0.0052 0.00711 0.0061 0.001 0.00077 0.0013 0.0006
Uranium mgll 0.0004 0.0001 0.0004 0.0001 [0.0001 0.0043 0.003 0.0007 0.0003 0.00044 0.0003 0.0002
Vanadium mgll 0.0007 0.0001 0.0003 0.0001 [0.0001 0.0257 0.0035 0.0008 0.0002 0.00022 0.0004 0.0001
Linc mgll 0.006 0.007 0.017 0.003 0.0028 0.286 0.011 [0.0002 0.003 0.0056 0.003 0.013

All units, e[celt 'H and conductivity, are in mg/LL
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Appendi I F-3 Trend Clarts

TDS and Sodium in MERWL-08
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Millennium EMS Solutions Ltd.

Elcer(t from GDC 2008 relort [llallallll] [ leclallled ] ellald ald [arlall el llrcellll I al DalleIMlel]

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
slkecies invading e[ T osed [anks.

2. Create larger drainage [asins with longer,
more gently sloing channels and fewer ol’en
delressions.

Encourage more consistent water levels,
discourage eval oration of small wetlandsl
more closely emulate natural Foothills wetland
systems.

3. Attem(t to connect as many wetlands as
“ossil le through channel systems

More closely emulate natural Foothills wetland
systems(encourage sl read of wetland
sl ecies throughout wetland com(leles.

4. Attem(t to connect reclaimed wetlands with
natural ones, [articularly in the ulstream
Cortion of channels.

Encourage ingress of native s(ecies Ly using
natural wetlands as a [roagule source.

5. Make shores of lakes more gently sloled.

Encourage growth of [Cones of emergent and
transitional wetland vegetation around lakes
for [lant and wildlife halitat.

6. Make a series of shallow wetlands at the
same level, and close and connected to, end
(it lakes.

Create large marshes or fens with consistent
water availalle from lakes.

7. Create shallower, gently sloled [asins
connected to outflow streams from lakes.

Create large marshes or fens with consistent
water availalle from lakes.

8. Plant [lack s[ruce, tamarack, river alder,
[og [irch, swam(] [irch, [rickly rose,

native willows, [falsam Collar, red-osier
dogwood, shrully cinCuefoil, [racted
honeysuckle, and native sl ecies of [I[Iellin
areas where soil is consistently moist.

Encourage growth of these native s ecies
around wetlands, and create shade and
organic matter for estallishment of other
wetland vegetation. Shading will also aid
moisture retention.

[l (a) Use more native slecies in reclamation,
and (L)) monitor reclaimed areas for weed
outlreaks, treating when necessary.

Encourage estal lishment and growth of native
slCecies and natural ecosystems.

10. Use non-native sl ecies only for s(ecial
CurCoses where native s(ecies are not
availalle to meet the ollectives.

Limit the introduction and sCread of non-native
slecies. Use the [est slecies availalle to do
the (0[] (e.g. erosion control, nurse crol} etc.)

11. Place [eat in areas where ground will (e
consistently saturated.

Encourage natural, wet [eaty soils for
estallishment of [eatland vegetation.

10-156




Appendix 173

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



ENVIRONMENTAL

PROPOSAL FOR THE
CONTINUATION OF THE NATIVE SHRUB ESTABLISHMENT PROGRAM
AT
COAL VALLEY MINE

Prepared For:

| Main Menu | Search |

Coal Valley Resources Inc.
Bag Service 5000

Edson, Alberta

T7E 1WI

Prepared By:

Navus Environmental Inec.
8525 Davies Road
Edmonton, Alberta

T6E 4N3

April 2012



| Main Menu | Search |

Coal Valley Resources Inc. Proposal for the Continuation of the Native Shrub Establishment Program
Coal Valley Mine April 2012
TABLE OF CONTENTS
1.0 INTRODUCTION 1
2.0 BACKGROUND 1

2.1 Reclamation at Coal Valley Mine I
2.2 2010 Native Shrub Establishment Program 2
3.0 PROPOSED REVEGETATION PROJECTS 4
3.1 Monitoring of the 2010 Native Shrub Establishment Program 4
3.1.1  Rationale 4
3.1.2  Scope of Work 4
3.1.3  Methods 4
3.2 Refinement of Whole Plant and Root Cutting Transplanting Methods 6
3.2.1  Rationale 6
3.2.2  Scope of Work 7
3.2.3  Methods 8
3.3 Refinement of Root Plug Transplanting Methods 9
3.3.1  Rationale 9
3.3.2  Scope of Work 10
3.3.3  Methods 10
3.4 Refinement of Direct Placement Methods 11
3.4.1  Rationale 1
3.4.2  Scope of Work 12
3.5 Future Revegetation Programs 14
40 REFERENCES 15
5.0 LIMITATIONS 16
LIST OF FIGURES

Figure 1. Conceptual Planting Scheme

i =

Navu

ERVIRONMENTAL



| Main Menu | Search |

Coal Valley Resources Inc. Proposal for the Continuation of the Native Shrub Establishment Program
Coal Valley Mine April 2012

1.0 INTRODUCTION

Coal Valley Resources Inc. (CVRI) is seeking to continue developing techniques for establishing
native shrub species on disturbed land at Coal Valley Mine. Navus Environmental Inc. (Navus),
began a native shrub establishment program at Coal Valley Mine in 2010. Establishment results
from the program showed that directly transplanting vegetative propagules and root plugs of
mountain huckleberry (Vaccinium membranaceum) from undisturbed (pre-mined) land to
reclaimed (post-mined) is an economical way to establish native shrub species; however,
improvements to collection, planting and establishment rates could be made (Navus, 2011). The
following document provides a general description of Navus’ proposal for continuation of the
2010 Native Shrub Establishment Program (2010 Program). Background information, proposed
revegetation projects and a general schedule, scope of work and cost estimate for each project are
presented in this document. More detailed methods, a finalized schedule and cost estimate will
be provided after feedback has been received from CVRI and after a site visit has been

conducted.

Navus is an Edmonton, Alberta based environmental consulting firm that provides services to the
oil and gas industry and coal and oil sands mining industries which include reclamation,
remediation, vegetation management planning, soil and vegetation assessments, soil salvage

monitoring and applied re-vegetation research.

2.0 BACKGROUND

2.1 Reclamation at Coal Valley Mine

Coal Valley Mine is owned by Coal Valley Resources Inc. and is located 100 km southwest of
Edson within township 49, ranges 21, 22 and 23, township 48, ranges 20, 21 and 22, township
47, ranges 19, 20 and 21 and township 46, range 19 all west of the 5" meridian. Surface mining

techniques have been used at Coal Valley Mine since 1978 and several hundred hectares have

been disturbed and subsequently reclaimed.

Currently, mining and reclamation is carried out under Environmental Protection and
Enhancement Act (EPEA) #00011066-02-00 (as amended) which became effective November

10, 2010. Based on this act and the reclamation plan contain in CVRI Mercoal West and
|
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Yellowhead Tower Mine Extension Project: Project Application (CVRI, 2008), reclaimed and
revegetated land at Coal Valley Mine must be capable of “supporting a self-sustaining, locally
common forest ecosystem” and be revegetated to “target the establishment of a self-sustaining,
locally common cordilleran forest ecosystem, integrated with the surrounding area” (Section 6.3;
EPEA #00011066-02-00). On the Mercoal West and Yellowhead Tower Mine Extension Project
Area, CVRI has proposed to reclaim the area to a mosaic of closed coniferous forest, open
forests/grasslands and riparian areas through initial seeding of herbaceous species to stabilize the
soil followed by planting of a few woody species. Infill of additional native species will occur by
natural succession which will result in the establishment of a functioning forest ecosystem

(CVRI, 2008).

Two studies have been conducted to examine native plant establishment and succession at Coal
Valley Mine following revegetation: a vegetation survey conducted by Strong (2000) in 1996 on
sites reclaimed between 1979 and 1994 and a vegetation survey looking at succession at Coal
Valley Mine conducted by Longman (2007). Strong (2000) found that there were 95 locally
common, native species growing on reclaimed land at Coal Valley Mine; however, the native
species (other than planted trees) covered less than 5% of the surveyed area. Older reclaimed
areas with tree canopy cover did tend to have a higher percentage of cover from native species,
suggesting succession and infill is occurring at Coal Valley Mine but at a very slow rate. Strong
(2000) suggested that reclaimed land at Coal Valley Mine had fewer shrub species and a lower
density of stems than other disturbances which may be reducing tree growth and infill of other
native species (ie. nitrogen fixing shrubs that enrich the soil nitrogen levels and birds being
attracted to berries growing on shrubs and while feeding dropping seeds from other native
species). Longman (2007) found that native vegetation establishment showed a higher
correlation with lodgepole pine (Pinus contorta) cover than years since revegetation, and areas
reclaimed in the early 1980°s still had a relatively high cover of non-native species. Longman

(2007) suggested that establishing native shrubs may benefit species richness.

2.2 2010 Native Shrub Establishment Program
In May and June 2010, Navus began a native shrub establishment program (2010 Program) to

increase that rate of succession and infill of native species on reclaimed land at Coal Valley

2 | ——
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Mine. Navus supervised and directed the Fox Creek Development group in the collection and
planting of mountain huckleberry root cuttings and whole plants (root cutting with the above-
ground portion of plant still attached) from undisturbed land to reclaimed land at Coal Valley
Mine. The root cuttings and whole plants (vegetative propagules) were planted on plots
approximately 20 m x 20 m in size on reclaimed land that had a closed or nearly-closed canopy
of lodgepole pine (Pit 20/21), an area that had been seeded to a reclamation mix of grasses and
legumes (Pit 131/141) and an area that had been topsoiled in 2010 but had not been seeded (Pit
28). Whole plants, root cuttings planted horizontally and root cuttings planted at a 45 degree
angle (to maximize access to deeper soil moisture) were transplanted at each of these locations.
The cuttings were monitored in 2010 and 2011 for new shoots and/or new leaves. In September
2011, approximately 10 to 15% of the cuttings had established (ie. produced new shoots and/or
leaves). Whole plants had the highest establishment rates on areas that had been topsoiled in
2010 (Pit 28). Root cuttings had the highest establishment rates on areas where there was a
closed lodgepole pine canopy (Pit 20/21). Root cuttings planted horizontally had higher
establishment rates than root cuttings planted at a 45 degree angle. Erosion and poor root to soil

contact resulted in lower than expected establishment rates.

Root or LFH plugs, 10 cm x 10 cm x 10 cm in size, consisting of undisturbed LFH, mineral soil
(Ae horizon) and the roots contained within the LFH and mineral soil were collected from an
undisturbed area and transplanted to a reclaimed land that had a closed or nearly-closed canopy
of lodgepole pine (Pit 20/21) and to an area that had been seeded to a reclamation mix of grasses
and legumes (Pit 131/141). Mountain huckleberry was targeted during plug collection and in
September 2011 mountain huckleberry had survived in 90% of the transplanted plugs. In
addition to mountain huckleberry, several other native species survived within the plugs and
began to colonize areas surrounding the transplanted plug that previously had non-native grasses
and legumes. Plugs transplanted to areas with a closed canopy of lodgepole pine had greater
survival of huckleberry and other native species. Plug collection and planting was labour

intensive and time-consuming.

As part of the 2010 Native Shrub Establishment Program, LFH and Ae soil horizons were also

salvaged from pre-mined land and directly placed on an area that had been topsoiled with

. s
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stockpiled material in 2010 but had not been seeded (Pit 28). By September 2011, 12 different
native species had established from the directly placed LFH and Ae soil horizons including

mountain huckleberry and densities of lodgepole pine seedlings equivalent to 15,000 stems/ha
(Navus, 2011).

3.0 PROPOSED REVEGETATION PROJECTS

Based on the results of 2010 Program and the meeting between Navus and CVRI on February

16, 2012, the following revegetation projects are proposed by Navus.

Note: Several projects are proposed; however, CVRI may choose to approve only the project(s)

or parts of projects which are most applicable to the revegetation goals at Coal Valley Mine.

3.1 Monitoring of the 2010 Native Shrub Establishment Program

3.1.1 Rationale

Continued monitoring of the 2010 Program will help determine the long-term success of the
transplanting methods used as well as the potential for the transplanted mountain huckleberry

plants to colonize or spread to surrounding areas.

3.1.2 Scope of Work

The following is a proposed scope of work for continued monitoring of the 2010 Program:
e Re-stake the transplanted vegetative propagules to aid in locating them during
monitoring.
e Monitor the growth and spread of the transplanted mountain huckleberry whole plants,
root cuttings and root/LFH plugs in the early fall of 2012 and 2013.

e Prepare an annual report.

3.1.3  Methods

The corners of the plots (replicates) where mountain huckleberry whole plant, root cuttings and
root plug (vegetative propagules) were transplanted will be re-staked using wood lathe. Each

individual vegetative propagule that was planted within the plots will be located and re-marked

4 e
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with painted skewers. The skewers used for re-marking the propagules will be longer than those
used in the 2010 Program allowing them to be placed deeper into the soil and remain in place for
several years. Monitoring and re-staking will not occur at replicates 2 and 3 as these locations
were located near an undisturbed forest (<50 m) and encroachment of natural species over the
past 20+ years since reclamation will make it difficult to discern the location of the planted

cuttings (ie. Navus, 2011).

Monitoring of the survival, height and spread of each vegetative propagules will be carried out
annually in late August or September of 2012 and 2013. Monitoring will be similar to that during
the 2010 Program (Navus, 2011) and will involve determining the survival of planted root
cuttings or whole plants (ie. if they have produced shoots or have green/living leaves). In
addition to the 2010 Program methods, if the cutting has or whole plant has survived, its height
will be determined as well as the number of new shoots produced and their distance and cardinal
direction from the originally planted cutting. Height measurements will help determine growth
and the long-term suitability of the planting location (je. areas with tree canopy cover compared
to recently topsoiled areas with no tree canopy cover). Determining the number of shoots and
distance the shoots have spread from the originally planted cutting will help determine if cuttings
can be used to colonize surrounding areas and the rate at which it occurs. These measurements

will help determine an optimal planting density.

Similar to the 2010 program, monitoring of the root plugs will involve identifying each surviving
species growing from the plug as well as the cover/density of each species. In addition, the
number of plants that have spread from the plug to the surrounding area including the maximum
distance and cardinal direction each species has grown from the plug will also be measured. To
determine whether a species growing outside of the plug came from a source within the plug or
from natural infill from the surrounding areas, it will be compared to species within the plug and
species within the surrounding area. Measuring the distance each species has grown from the
plug will help determine if plugs can be used to colonize surrounding areas with native species
and the rate at which it occurs. These measurements will help determine an optimal planting

density. The composition and cover of the vegetation within a | m radius surrounding the plug

navu
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will also be recorded to determine if there is an effect of the surrounding vegetation (ie. seed

mix) on the ability of native species to colonize it.

3.2  Refinement of Whole Plant and Root Cutting Transplanting Methods

3.2.1 Rationale

Methods used to collect and plant mountain huckleberry plant whole plants and root cuttings in
the 2010 Program resulted in establishment rates between 10 and 15%. Based on the results of
the 2010 Program, it was recommended by Navus (2011) that the following improvements to the
collection and planting techniques could result in higher establishment rates:

e Collect vegetative propagules in the fall or early spring prior to bud or leaf flush when
root carbohydrate reserves are highest. Fall collection is recommended because in the
spring, the optimal collection period can be easily missed if temperatures warm up
rapidly.

e Ensure that root-soil contact is made during planting

o Plant the roots of whole plants at deeper depths so they have access to greater soil
moisture (as long as a portion of the attached stem is above-ground) - root cuttings
should not be planted deeper as the suckers/stems growing from them may not be able to
reach the soil surface.

e Collect longer root cuttings as this may increase survival. In a greenhouse setting 10 cm
long cuttings had similar establishment rates as 15 cm long cuttings and using 10 cm
cuttings was most economical (Navus, 2009); however, the increased stress in an
outdoor setting may make 15 cm long cuttings more economical due to higher

establishment rates.

In addition to the recommendations made in the 2010 Program, the following improvements to
the program may also increase establishment success:

e Collecting roots with fine roots attached to ensure that a root and not a stem has been
collected; plant stems often grow along or within the LFH and can be easily mistaken for
roots and stem cuttings typically do not establish as well as root/rhizome cuttings
(Stevens, 2000).

ERVRONMENTAL
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e The use of different plant(ing) spacing treatments may affect planting efficiencies,
establishment success and ability of the planted propagules to colonize surrounding
areas. Planting propagules in large clusters may increase planting efficiency and allow
for planting to target areas with optimal soil moisture/nutrient conditions. The

established propagules may then colonize the surrounding areas.

The collection and planting methods may also be applied to locally common and native shrub
species other than mountain huckleberry which was targeted in the 2010 Program. Coal Valley
Mine is located within the Upper Foothills Natural Subregion of Alberta and several different
ecosites are present ranging from subxeric b-ecosites and hygric h-ecosites to various wetland
types in valleys (Beckingham et al, 1996). Common herbaceous species to these ecosistes
include bunchberry (Cornus canadensis), heart-leaved arnica (Arnica cordifolia), bishop’s cap
(Mitella nuda) and palmate-leaved coltsfoot (Patasites palmatus). Common shrubs to these
ecosites include Labrador tea (Ledum groenlandicum), bog cranberry (Vaccinium vitis-ideas),
dwarf bilberry (Vaccinium caespitosum) and blueberry (Vaccinium myrtilloides). Canada
buffaloberry (Shepherdia Canadensis) and low-bush cranberry (Viburnum edule) can also be
found in low densities in and around Coal Valley Mine. Willow and alder species are also found
in the area; however, these species often naturally revegetate and CVRI has developed planting

programs for these species.

3.2.2 Scope of Work

The following is a proposed scope of work for refinement of the whole plant and root cutting
transplanting methods:
¢ Conduct a site visit to determine collection and planting locations
e Direct and supervise the collection and planting of vegetative propagules from three
different native shrub species by local aboriginal groups (ie. Fox Creek Development)
and/or CVRI summer employees
e Monitor the establishment and survival of the transplanted vegetative propagules in the

early fall of 2013 and 2014

e Prepare an annual report and give recommendations for implementation at an operational

scale

EXVIRONMENTAL



| Main Menu | Search |

Coal Valley Resources Inc. Proposal for the Continuation of the Native Shrub Establishment Program
Coal Valley Mine April 2012

3.2.3 Methods

Mountain huckleberry will be targeted for refinement of the collection and planting techniques.
Labrador tea and blueberry will also be collected and planted using the same techniques.
Labrador tea and blueberry reproduce vegetatively and are commonly found in association with

mountain huckleberry at Coal Valley Mine.

Root cuttings and whole plants will be collected from a pre-mined (undisturbed) location in late
September of 2012 and planted on reclaimed land at Coal Valley Mine (exact locations to be
determined). Local aboriginal groups or CVRI (student) employees will collect and plant the
vegetative propagules but will be given detailed directions for collection and planting by Navus
personnel and be supervised by Navus personnel during collection and planting. Collection
locations will be located on areas where there is a high density of the targeted species to ensure
maximum efficiency of collection. Collection techniques will be similar to those used in the
2010 Program (Navus, 2011); however, care will be taken to ensure that root cuttings have some

fine roots attached and root cuttings will be cut to a length of approximately 15 cm.

The collected whole plants and root cuttings for each species will be planted on areas that have
been recently topsoiled with stockpiled material and on areas that have a closed or nearly closed
lodgepole pine canopy (exact locations to be determined). These locations had the highest
establishment rates during the 2010 program. Several plant spacing treatments will be used: in
evenly distributed rows (similar to the 2010 Program) and in clusters (exact size and spacing to
be determined). Each species, propagule type (whole plant and root cutting) and plant spacing
combination will be replicated at least 3 times at each planting area (ie. areas that have been
recently topsoiled and on areas that have a closed or nearly closed lodgepole pine canopy). Each
replicate will cover an area of approximately 1 ha which will include all treatment combinations.
The overall planting density will be approximately 5,000 stems/ha. All replicates as well as
additional programs will be planted in the same general area so that the total revegetated area is
significant at an operational scale (ie mosaic of different techniques covering one large area).

The design of the planting is depicted in Figure 1.

:
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Planting methods will be similar to those used in the 2010 Program (Navus, 2011) except that the
roots of whole plants will be planted at a depth of 10 to 15 cm and root cuttings will only be
planted horizontally at a depth of 5 to 8 cm (deeper than during the 2010 program). Horizontal
planting had higher establishment rates than planting at a 45 degree angle during the 2010
program (Navus, 2011). After the root has been placed in the ground, the slit that was cut to plant
the cutting will need to be closed and root-soil contact must be made. On recently topsoiled
areas, the slit can be closed by using one’s foot to push the slit close, pushing loose soil onto the
slit area and then packing the soil down with one’s foot. On areas with a closed lodgepole pine
canopy, due to the increased density of roots from the trees and roots from grasses and legumes
seeded during reclamation, closing the slit can be more difficult and may require loosening up

soil around the slit so that it can be pushed into the slit in and then packed down with one’s foot.

The establishment and spread (colonization of surrounding areas) of the planted propagules will
be monitored annually in September of 2013 and 2014. Monitoring will be carried in three 10 x
10 m randomly placed subplots for each planting scheme and species within the each planting
replicate. Subplots on the clustered plant spacing will target the cluster locations. Vegetative
propagules planted within these subplots will be marked to allow for easy location of the cuttings
and whole plants during monitoring. In each subplot the number of root cuttings or whole plants
that have survived (ie. produced new shoots or have living leaves) will be counted. Provided
there is successful establishment, spread or colonization of surrounding areas can be monitored
in subsequent years (ie. 2015) as the plants will not significantly spread during the first two

growing seasons.

3.3  Refinement of Root Plug Transplanting Methods

3.3.1 Rationale

Collection and planting of root/LFH plugs during the 2010 Program resulted in high
establishment rates of mountain huckleberry and various other locally common and native shrub
and herbaceous species; however, the process was labour intensive and time consuming.
Reducing plug size and determining the optimal planting spacing could reduce labour and time

required for transplanting root plugs.
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3.3.2 Scope of Work
The following is a proposed scope of work for refinement of root plug transplanting methods:
e Conduct a site visit to determine collection and planting locations
e Direct and supervise the collection and planting of root plugs by local aboriginal groups
(ie. Fox Creek Development) and/or CVRI (summer) employees
e Monitor the establishment of native species from the transplanted root plugs in the early
fall of 2013 and 2014
e Prepare an annual report and give recommendations for implementation at an operational

scale

3.3.3 Methods

Root plugs will be collected from a pre-mined (undisturbed) location in the early summer of
2012 and planted on reclaimed land at Coal Valley Mine (exact locations to be determined).
Local aboriginal groups or CVRI (student) employees will collect and plant the vegetative
propagules but will be given detailed directions for collection and planting by Navus personnel

and be supervised by Navus personnel during collection and planting.

Various sized plugs will be collected (exact sizes to be determined); smaller plug sizes may
increase collection and planting efficiency but may affect establishment success and spread or
colonization of surrounding areas. A spade was used to cut out the plugs in in the 2010 Program
(Navus, 2011); however, the use or development of a coring tool (exact tool to be determined)
may also increase the efficiency of collection and planting. When collecting the plugs at least
one of either mountain huckleberry, Labrador tea, bog cranberry, blueberry and dwarf bilberry

will be targeted (ie. growing within the collected plug).

The collected root plugs will be planted on areas that have been recently topsoiled with
stockpiled material and on areas that have a closed or nearly closed lodgepole pine canopy (exact
locations to be determined). The density or plant(ing) spacing will be varied for each sized plug
to determine the optimal spacing for colonization of surrounding areas (exact densities to be
determined). Planting may also be done in clusters similar to the planting of whole plants and

root cuttings in order to target areas with the best soil and moisture conditions and increase

10 -
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planting efficiency. Planting methods will be similar to those used in the 2010 Program (Navus,
2011). Each plug size and planting density combination will be replicated 3 times. Each replicate
will cover an area of approximately 1 ha which will include all plug size and density
combinations. The overall planting density will be approximately 2,000 plugs/ha. All replicates
as well as additional programs will be planted in the same general area so that the total
revegetated area is significant at an operational scale (ie mosaic of different techniques covering

one large area). The design of the planting is depicted in Figure 1.

The establishment and spread (colonization of surrounding areas) of the planted propagules will
be monitored annually in September of 2013 and 2014. Monitoring will be carried in three 10 x
10 m randomly placed subplots within each planting replicate. Subplots on clustered plant
spacing will target the cluster locations. Monitoring of the root plugs will involve identifying
each surviving species growing from the plug as well as their cover/density. The species and
number of plants that have spread from the plug to the surrounding area including the maximum
distance each species has grown from the plug will also be measured. To determine whether a
species growing outside of the plug came from a source within the plug or from natural infill
from the surrounding areas, it will be compared to species within the plug and species within the
surrounding area. Measuring the distance each species has grown from the plug and the rate at
which it occurs, will help determine an optimal planting density. The composition and cover of
the vegetation within a 1 m radius surrounding the plug will also be recorded to determine if
there is an effect of the surrounding vegetation (ie. seed mix) on the ability of native species to

colonize it.

3.4  Refinement of Direct Placement Methods

3.4.1 Rationale

Salvage and direct placement of LFH and Ae soil horizons on top of areas that have already been
placed with stockpiled topsoil during the 2010 Program resulted in high establishment rates of
native herbaceous, shrub and tree species. These methods can be applied at an operational scale;
however, it requires heavy machinery, can be costly due to long haul distances between salvage
and placement locations. If placement of LFH and Ae soil horizons in small “islands™ can be

used to colonize surrounding areas, it may make direct placement more feasible as less material

navus
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is necessary. The use of “island” placement may also make it possible to place it underneath a
forest canopy where there has been minimal understory development. Size of the “islands” could
affect colonization of the surrounding area as larger islands may develop a greater diversity of
species and support a higher density of plants; however, smaller islands may not support as great

of a diversity but a higher density of the “islands” could be placed across the landscape.

3.4.2 Scope of Work
The following is a proposed scope of work for refinement of direct placement methods:
e Conduct a site visit to determine salvage and placement locations
e Direct CVRI employees in the salvage and direct placement of the LFH and Ae soil
horizons
e Monitor the establishment of native species from the placed material in the early fall of
2013 and 2014
e Prepare an annual report and give recommendations for implementation at an operational

scale

LFH and Ae soil horizons will be salvaged from a pre-mined (undisturbed) location in the fall of
2012 and directly placed on reclaimed land at Coal Valley Mine (exact locations to be
determined). Equipment used for salvage and direct placement of the soil horizons will be
organized by CVRI. Navus personnel will give directions to the equipment operators regarding

salvage and placement depth of the soil horizons.

LFH and Ae soil horizons should be salvaged to a depth that will include the entire LFH soil
horizon and at least 10 ¢cm of the Ae soil horizon. Including deeper soil horizons will dilute the
seed bank and propagules within the LFH and result in minimal vegetation establishment after
placement (Mackenzie and Naeth, 2011). Salvaging with a smaller bulldozer (Caterpillar D6 to
D8) will allow for an optimal salvage depth. The salvaged material can be loaded into trucks and

transported to the placement locations.

The salvaged soil horizons will be directly placed on areas that have recently been placed with
stockpiled topsoil and on areas that have a closed or nearly closed lodgepole pine canopy (exact
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locations to be determined). Placement can occur in the same areas as the root cutting and root
plug planting (ie. mosaic of different techniques covering one large area) (Figure 1). On the
placement areas, the salvaged soil horizons will be placed in variously sized islands (number of
islands to be determined depending on CVRI equipment availability). Each island size treatment
will be replicated 3 times. The area each replicate covers will be determined depending on CVRI

equipment availability. The design of the placement scheme is depicted in Figure 1.

Spreading the salvaged soil horizons on recently topsoiled areas will be logistically simpler than
placing it under a closed or nearly closed lodgepole pine canopy. A bulldozer (Caterpillar D6 to
D8) could be used to spread the soil horizons on the recently topsoiled areas where it is placed in
larger islands; although smaller equipment may be more efficient for spreading the soil horizons
of smaller islands (ie. Bobcat). The soil horizons should be placed at a depth similar to that
which they were salvaged but not shallower than 10 cm. “Track-packing” of the placed soil
horizons should be kept to a minimum and the surface should be left rough to create microsites

for vegetation establishment.

For placement of the salvaged material under a closed lodegepole pine canopy, smaller
equipment will be needed. The salvaged material can be transported as close to the placement
locations using haul trucks and then dumped and ferried to the desired locations using small
equipment (ie. Bobcat or Gator). Stands that have natural paths (ie. areas of sparse trees) and are
readily accessible from a main road will be chosen for placement to limit damage to the tree

stand.

The establishment and spread (colonization of surrounding areas) of the planted propagules will
be monitored annually in September of 2013 and 2014. Monitoring will be carried on five
placement islands (or portion of island if the island is greater than 4 m x 4 m) for each sized
island within each replicate. Monitoring of the placed soil horizons will involve identifying each
surviving species growing on the island as well as the cover/density of each species and the
species and number of plants that have spread from the island to the surrounding area including
the maximum distance each species has grown from the island. To determine whether a species

growing outside of the island came from a source within the island or from natural infill from the
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surrounding areas, it will be compared to species within the island and species within the
surrounding area. Measuring the distance each species has grown from the island will help
determine an optimal planting density. The composition and cover of the vegetation within a 1
m radius surrounding the islands will also be recorded to determine if there is an effect of the

surrounding vegetation (ie. seed mix) on the ability of native species to colonize it.

3.5  Future Revegetation Programs
Based on the current revegetation requirements and any future requirements that may be
implemented, the following list provides a brief description of additional revegetation programs
that may aid CVRI in meeting their revegetation goals for Coal Valley Mine:
e Developping methods for revegetating wetland or riparian areas around end pit lakes
using direct placement of wetland propagules or transplanting wetland propagules
e Determining if a seed mix can be developed that optimizes colonization of the reclaimed
land with native species but still is suitable for erosion control
e Developing methods for establishing a greater diversity of native forb species on
reclaimed land
e Developing methods to maintain the viability of propagules within stockpiled topsoil (ie.

revegetating stockpiles) so they can be used as a propagule source when they are placed
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5.0 LIMITATIONS
This document has been prepared for the sole benefit of Coal Valley Resources Inc. (CVRI). No

other person or entity may use this document or the ideas within it without the express written
consent of Navus Environmental Inc. (Navus). Any use of this document by a third party, or any
reliance on decisions made based on it, or damages suffered as a result of the use of this

document are the sole responsibility of the user.

The information contained in this document is based upon work undertaken by trained
professional and technical staff in accordance with generally accepted scientific practices current
at the time the document was prepared. Recommendations presented in this document should not

be considered legal advice.
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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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0.3000 ¢

0.2500 -

0.2000 -
0.1500 -
0.1000 -
00500 +
00000 -

— MOumMing Warbler
(Birds Per Plot)

-

Late ApriEarty Mafarky Jund.ate JundEarky July

0.3000

Common Yellowthroat (Birds Per
Plot)

02500 +
0.2000 +
0.1500 +

0.1000 -

e { im0 YellOwthroat
(Birds Per Plot)

00500 -
0.0000 +

Late  Cady fardy Late Cary
April May  bme  June  July

Wilson's Warbler (Birds Per Plot)

05000 -
04500 -

04000 -
0.3500 -

0.3000

01500 -
0.2000 -
0.1500 -
01000 -
00500 -
0.0000 -

—Wison's Warbler
(Birds Per Plot)

T

i
5%
is
is
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Chipping Sparrow (Birds Per Plot)

06000 ¢

0.5000 +
04000 +
0.3000 +
0.2000 +
0.1000 -+

00000 +

— Chigping Sparrom
{Birds Pe Plet)

§

Late ApnEarly Mafarty Jund.ate Juncfarly huly

| Main Menu | Search |

Le Conte's Sparrow (Birds Per Plot)

00180 -

00160 -
00140 -
00120 +
00100 -
00080 -
00060 -
00040 -
00020 -
00000 +

w0 Conte’s Sparrow
(Birds Per Plot)

il

Late ApriEarty Mafaly Jund ate JoncEarly huly

0.1800 -
0.1600 -
0.1400 -
01200 -
0.1000 -
0.0800 +
0.0600 ~
0.0400 -
0.0200 -
0.0000 -

Clay-colored Sparrow (Birds Per Plot)

(Birds Per Plot)

Song Sparrow (Birds Per Plot)

/\J —Song Sparrow (Birds
Per Plot)

Wte By  Eary  Late  Early
April  May  June  June  July

1.2000

Lincoln's Sparrow (Birds Per Plot)

10000 +

08000 -
06000 +
04000 -
0.2000 -

0.0000 +

— Lincoin's Sparrow
(Brds Per Plot)

Jj

Late Apeiarty MnEarly Jund.ate June€arly July

White-throated Sparrow (Birds Per
Plot)

—Whatethroated
Sparrow (Berds Per
Pict)

>

Late Apnarly Mafary Jundate June€arly July

02500

0.2000 -

0.1500 -

01000 -

0.0500 -

0.0000 -

Swamp Sparrow (Birds Per Plot)

— Swaenp Spacrow (Birds
Per Plot)

06000 1
05000 +
0.4000 |
03000 +
0.2000 +
0.1000 +
0.0000 +
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Western Tanager (Birds Per Plot) Rose-breasted Grosbeak (Birds Per
00800 - Plot)
00700 - 0.1600 -
0.0800 + 0.1400 -
00500 - 0.1200 -
00400 - 0.1000 -
Vi Ty 0.0800 - —Rose-breasted
00300 - (Bards Per Plot) 0.0600 - Grosbeak (Birds Per
00200 - 0.0400 - Piot)
00000 - 0.0000 -+
Late Aprifarly Mafarly Jund ste June€ardy hady Late ApaEarly Mafarly Jund ate Junc€arly Iy
Red-winged Blackbird (birds per plot) Brown-headed Cowbird (Birds Per
. Plot)
7 1 0.2000
‘ +
s 4 01500
4 -
— e wrged 01000 —Beown-headed
31 Wikt Cowbird (Burds Per
- 00500 - Poy
1 -
0 Y om *
e Apri EarlyMay  Early  Late e Eacly My Late ApriEary Mafarly Jundaate huneEacty July
June
Pine Grosbeak (Birds Per Plot) Purple Finch (Birds Per Plot)
0.0250 0.0700
0.0200 - 0.0600
0.0500 -
0.0150 - 0.0400
0.0100 - — Pine Grosbeak (Berds 00300 - — Purple Finch (Birds Per
Per Plot) 00200 Plot)
0.0050 -
00100 -
0.0000 + 0.0000
Late  Early Eody Late Eory Late  Eardy Ealy  Late Early
Aol May  June ek July April  May  June  June My
Red Crossbill (Birds Per Plot) White-winged Crossbill (Birds Per
o Plot)
0.0500 - 0.5000
00800 1 0.2000 -
0.0300 - !
R Crossbill (Burds Per s
0.0200 + Piot) 0.2000 + — White-winged Crossbill
0.0100 - i {Birds Pes Phot)
0.0000 + 0.0000 +
Late Cary Exdy Late Eardy Late Early Eady Late Eady
Aprd My June June iy Apnl  May  June  Jume My




Common Redpoll (Birds Per Plot)

00250 -

00200 +

00150 -

00100 -

(Birds Per Piot)

0.0050 +

0.0000 +

Late Apeiarky Marfarly hundate JuncEary July

Pine Siskin (Birds Per Plot)

15000 -
16000 -
1.4000 +
1.2000 +
10000

08000 -
06000 +

e P Sighin [Birdis Pex
Pice)

04000
0.2000 +

00000 +

is
T
ig
is
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0.0250 +

00200 +

00150 -

00100 +

0.0050 +

0.0000 -

Evening Grosbeak (Birds Per Plot)
——Evening Grosbeak
[Birds Per Plot)
Late Apnarly Marady Jundate Junearly July
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