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STANDARD TERRAIN MAPPING LEGEND 
(1) TERRAIN UNIT SYMBOLS 

Simple Terrain Units: e.g.. texture gFt-J process 
surficial material surface expression 

Note: Two or three letters may be used to describe any characteristic other than surficial material, or 
letters may be omitted if information is lacking. 

Comoosite Unit.% Two or three groups of letters are used to indicate that two or three kinds of terrain are 
present within a map unit. 

e.g., Mv . Rs indicates that “Mv” and “Rs” are of roughly equal extent 

MvlRs indicates that “Mv” is more extensive than “Rs” (about 2/l or 3/2) 

MvllRs indicates that “Mv” is much more extensive than “Rs” (about 3/l or 4/l), 

StatiaraphicUnits: Groups of letters are arranged one above the other where one or more kinds of surficial 
material overlie a diierent material or bedrock: 

e.g., && 
Rr 

indicates that “Mv” overlies “Rr”. 

/I& 
Rr 

indicates that “Rr” is partially buried by “Mv” 

:Z) MATERIALS 

A 

c 

D 
E 
F 

F” 

Anthmooaenic 1 Artificial materials, and materials modified bv human actions such that their 1 - 
materials 
Colluvium 

original physical appearance and properties-have been drastically altered. 
1 Products of gravitational slope movements; materials derived from local 
1 bedrock and-major deposit&derived from drift; includes talus and landslide 1 

Weathered bedrock 
Eolian sediments 
Fluvial materials 

“Active” fluvial 
materials 

deposits. 
Bedrock modified in situ by mechanical and chemical weathering. 
Sand and silt transported and deposited by wind; includes loess. 
Sands and gravels transported and deposited by streams and rivers; 
floodplains, terraces and alluvial fans. 
Active deposition zone on modern floodplains and fans; active channel 
zone. 



(2) MATERIALS cont’d 

F‘= Glaciofluvial materials Sands and gravels transported and deposited by meltwater streams: 
includes kames, eskers and outwash plains. 

I Ice Permanent ?.now and ice: glaciers. 
L Lacustrine sediments Fine sand, silt and clay deposited in lakes. 
L” Glaciolacustrine Fine sand, silt and clay deposited in ice-dammed lakes. 

sediments 
M Till Material deposited by glaciers without modification by flowing water. 

1 Tvoicallv cdnsists ofamixture of pebbles. cobbles and boulders in a matrix 1 _. _ 
of sand, silt and clay: diamicton. 

M’ Ablation till Material accumulated on top of a melting glacier; coarse textured and less 
consolidated than basal till. 

0 Organic materials Material resulting from the accumulation of decaying vegetative matter: 
includes peat and organic soils. 

I? Bedrock Outcrops, and bedrock within a few centimetres of the surface. 
U Undifferentiated Different surficial materials in such close proximity that they cannot be 

materials separated at the scale of the mapping. 
V Volcanic materials Unconsolidated pyroclastic sediments. 
W Marine sediments Sediments deposited bv settling and gravity flows in brackish or marine 

waters, and bkach sends and &aveIsI - 
Wti Glaciomarine Sediments laid down in marine waters in close proximity to glacier ice. 

(3) TEXTURE 

Specific Clastic Terms 
c clay <2/lm k cobbles I 34 - 256 mm 
z silt 1 62.5 - 2/lm b 1 boulders I > 256 mm 
s sand I3mm~~35r,m I z2 I hlnrkc ?I”“l,h hn,,ld.a.c - . . . . . . I-.Ir. . 

I 
“.““..1 1..5”.“. 1”” .I”.I 

I P 1 pebbles I2-64mm 

Common Clastic Terms 
f fines 
d mixed fragments 
9 gravel 
r rubble 
x angular fragments 
m mud 
Y shells 

any or all of c, z, and fine s 
pebbles and larger clasts in a matrix of fines 
any or both of p and k 
angular gravel 
mix of both r and a 
mix of both c and z 
shell or shell fragments 

Organic Terms 
e 1 fibric 
U mesic 
h I humic 

(4) SURFACE EXPRESSION 

a 
. b 

1 moderate slope(s) 1 predominantly planar slopes; 15-26- (27-49%) 
blanket material >I-2m thick with topography derived from underlying bedrock 

(which may not be mapped) or surficial material 



material 
w variable thickness material of variable thickness with topography derived from underlying 

bedrock (may not be mapped) or surficial material 

x thin veneer a subset of v  (veneer), where there is a dominance of suficial materials 
about IO-25 centimeters thick 



(5) GEOLOGICAL PROCESSES AND MASS MOVEMENT SUB-CLASSES 

A Avalanches Slopes modified by frequent snow avalanches. 
Af Avalanches: major tracks In zones of coniferous forest: broad avalanche track(s) occupied by 

predominantly shrubby. deciduous vegetation. 
Am Avalanches: minor tracks Similar to above, but generally narrower than the height of adJaCent 

trees. 
I 

Aw 1 Avalanches: mixed 
*n l At+nches: old tracks 

t B I Bra!dma channel 

C I Crvoturbation 

Includes both major and minor avalanche tracks. 
Clearly visible on air photos, but less well defined than active tracks 
because they are partly or completely occupied by young conifers. 
Channel zone wth maw divemlng and rejommg channels: channels 
are laterally unstable. - - - - - 

I Heaving and churnina of soil and surficial materials due to frost action. 
D - Deflation Removal of sand and silt particles by wind action. 
t Glacial meltwater channels Areas crossed by meltwater channels that are too small or too 

numerous to map individually. 
F Failing Slope experiencing slow mass movement, such as sliding or slumping. 
H Kettled Area includes numerous small depressions and/or lakes where buried 

blocks of ice melted. 
I Irregularly sinuous Channel displays irregular turns and bends. 

channel 
J Anastamosing channel Channels diverge and converge around semi-permanent islands. 
K Karst processes Solution of carbonates (limestone, dolomite) resultmg m development 

of collapse and subsidence features. 
L Surface seepage Zones of active seepage often found along the base of slope positions. 
M Meandering channel Channel characterized by regular turns and bends. 
N Nwat!on Surface modtiled bv hollows developed around semi-permanent 



Mass Movement Sub-Classes 

(6) SOIL DRAINAGE CLASSES 

r rapidly drained water is removed from the soil rapidly in relation to supply 
w well drained water is removed from the soil readily but not rapidly 
In moderately well dralned water IS removed from the soil somewhat slowly in relation to supply 
i imperfectly drained water is removed from the soil sufficiently slowly in relation to supply to 

keep the soil wet for a significant part of the growing season 
P poorly dralned water is removed so slowly in relation to supply that the soil remains wet 

for a comparatively large part of the time the soil is not frozen 
v very poorly drained water is removed from the soil so slowly that the water table remains at 

or on the surface for the greater part of the time the soil is not frozen 
Where two drainaae classes are shown: 

if the symbols are separated by a comma, e.g., TV,?, then no intermediate classes are present; 
if the symbols are separated by a dash, e.g., ‘W-i”, than all intermediate classes are present. 

(7) SLOPE CLASSES 

1 1 o-3- (O-5%) I 3 1 1526- (27-49%) I 5 1 >35- (>70%) 
2 I 3-#-(5-27%) 4 - -0 I 

(6) BOUNDARY LINES AND SYMBOLS 

Boundary lines: definite boundary indefinite boundary assumed or arbitrary study area 
- _ _ _ boundary boundary 
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Figure 4.15-2 
NP vs AP 
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Figure 4.15-3 
Acid Potential 
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Figure 4.15-4 
Neutralization Potential 
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Figure 4.15-5 
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Figure 4.15-6 
pH vs NP 
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Figure 4.15-7 
NP vs AP 
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Figure 4.15-8 
NPlAP by Coalllnterburden Unit 
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Figure 6.2-l 

WILLOW CREEK 
Coal Stockpile Height Comparison 
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PHASE 1 
WASTE DUMP 
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2.0 PROJECT DESCRIPTION AND SCOPE OF REVIEW 

Pie Valley Coal Ltd. (PVC) is a joint venture formed !?oom Falls Mountain Coal Inc.. (subsidiary ofGlobaltex 
Industries Inc.), BCR Ventures Ltd. (subsidiary of BC Rail Ltd.) and Mitsui Matsushhna Canada Ltd. 
(subsidiary of Mitsui Matsushhna of Japan). The operator is PVC. Exploration for coal in the general project 
area dates from construction of the John Hart Highway (Highway 97) through Pie Pass. The lirst serious 
attempt to develop coal at the Wiiow Creek site was made in the early 1980’s by DavidMinerals Limited. 
David Minerals obtained an approval for an underground coal mine on the northern part of the project area 
through submission of a Stage II report. In 1994, Global& Coal Corporation (subsidiary of Glob&x 
Industries Inc.) began exploration efforts directed towards developing a small open-pit mining operation. The 
exploration and study work has continued from that time to the present. 

The PVC properties are located within the Pine Pass area in the Peace River District of no&east British 
Colombia. The coal licenses flank the Pine River Valley approximately 45 km southwest of the town of 
Chetwynd, with the majority ofthe licenses situated on the south side of the Pie River. The approximate 
centre ofthe license area is located on NTS Map 930/9 at longitude 122 17’ west and latitude 55 36’ north. 

Primary road access to the general area (see illustration on page 11) is via the John Hart Highway (Highway 
97) which is an all-weather paved highway connecting the Peace River District with the central interior city of 
Prince George, B.C. Near the properly, the highway is located along the northern side of the Pine River 
Valley, with secondary and tertiary roads that branch off and provide ground access to most ofthe license 
area. Daring the early 198Os, a bridge was constructed over the Pie River providing access to the coal 
reserve areas now referred to as the Willow and Falling Creek Blocks. This bridge and approach will be 
upgraded by PVC and Canfor in 1999. This work had been planned by Canfor for 1998. Access within the 
Willow Creek portion of the propem is currently via the Willow Creek forestry road, as well as exploration 
roads. The forestry road will be upgraded to service mining operations. 

BC Rail operates a rail lie through the Pine River Valley to service the Peace River District. The rail 
provides direct access to the port of Vancouver, B.C. or indirect access, via Canadian National Railway at 
Prince George, to the Ridley Island Coal Port at Prince Rupert, B.C. In the vicinity ofthe Willow Creek 
property, the rail line lies on the south side ofthe Pine River, immediately adjacent to sites suitable for plant 
and shop facility construction and coal shipment. 



Natoral gas supply is available about 2 km l&n the property and a connection to an elechic power supply can 
be made about 2 km from the proposed site of the surface facilities; the powerliie requires upgrading from 
single-phase to threephase from Ha&r to the site along Highway 97. Potable water supply is readily 
available through wells drilled in the gravels that lie in the v&y adjacent to the Pine River. 

The Peace River District is serviced by daily commercial airline flights to the cities of Dawson Creek and Fort 
St John. These services have respective road distances to the Willow Creek Project properties of roughly 148 
km and 203 km. 

The property is situated in the Rocky Mountain Inner Foothills physiographical region. It is characterized by 
relatively low, rounded, northwest southeast-trending ridges and valleys, and is dissected by the 1.5 km wide 
Pie River Valley. The elevation difference relative to the Pie River Valley, withii the license area, is 
approximately 670 In. 

Elevations range from 630 m along the Pie River Valley to 1,300 m along the eastern property limits. The 
Pine River watershed cuts across and draiis the property. In addition, glaciation appears to have had a large 
influence in shaping the topography of the license area. 

The properly is forested by jackpiie and minor spruce. Poplar stands occur in low areas such as the Pine 
River Valley, and in wet areas adjacent to creeks and seepages. Most of the forested terrain may be classified 
as open forest (i.e., with little or no underbrush). The exceptions are the wet areas where willows and devil’s 
club are common. 

Wildlife noted in the area consist of grizzly bear, black bear, moose, caribou, deer and wolves. Fish present in 
the area have been reported to include dolly varden, northern pike, forage fti, mountain whitefish, Arctic 
grayliig, and rainbow trout. Bull trout, a species related to dolly varden, has also been reported f?om this area. 
On the Willow Creek Block these species are 
found in the Pie River. Some species, namely dolly varden, rainbow trout, mountain whitefish and forage 
fish, are also present in the lower reaches of Willow Creek for about 3.4 km, to a point where their upstream 
progress is impeded by a waterfall. 

The climate ofthe region may be classified as northern temperate. Daily temperatures range &xn a mean 
maximum of 7 C to a mean miniiom of minus 6 C, with a mean daily temperature of 1 C. Extreme 
temperatures range from a maximum of 32 C to a minimum of minus 48 C. The average annual number of 
days with IYost is 210. 

The mean total precipitation in the region is approximately 425 mm, which includes the rainfall equivalent of 
a mean snowfall of 165 cm. The average annual number of days with measurable precipitation is 95. The 
greatest recorded rainfall in 24 hours is 66.5 mm. 

For the purposes of the environmental asxssment review, the project was deemed to include the construction, 
operation/maintenance and abandonment of a new coal mine. More spec@dly, the scope of review included 
the foilowing on-site and ofl-site facilities: 

On-site facilities: 

. an open pit coal mine with annual production of 900,000 tonnes; 

. wash plant and related facilities; 



. coal stockpile; 

. tailing disposal ponds/sediment ponds and structures; and 

. rail load-out facility. 

Off-site facilities: 

. accessibaul roads and related infrastnxhue; 

. power supply; and 

n port facilities’ capacity/capability to handle PVC’s coal shipment. 
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APPENDIX 

getailed Nfini!mv Information Resuirementx 

for the’ Globaltcx Willw Cbek Coal Proiect.. 

DraR 
l.. Hvdsolbpy 

A hydrological anaJ@s~and stream flow manitming progmoa is kqnired fk the. A@ica~oti 
Report This will support Water and Waste Management planning and engine-g deep 
acrivitiu. &.I outlioc of &a re@.ram~ for surface water quantity is p-ted bclo~, 
forcotideradoxL _ 

. in order to carry out regionalization or Extsapalation of stream fiow, SOBIB basic 
physicgraphic watershed characteristics should ba compiled for ganged and project-*ted 
streams. Thsf0lbwingarenormallypfesentcd: . 

L drainage area 
- dcvariDn range 
- median elevadoq 
- chamlol profiles 

If the &sting. stream 5w/1uuoff data (is. federal sites’F%e River rbove Mow&~ Creek 
07PBDlO (terminated?) and Pine River at East Pine OTFBOOl) can be transposed to +jcct - 
r&red wate.r~h.ads, es- should be provided. The Pine River at mm Creek should 
be correlated ro East KS. Available climate data will form an iutegral part of ti nnalvsis. 

On the basis of this a.na@is, data gaps should be identified and the required mod&g 
program outlined The program should in&ate locatiq instrumentation (water level 
=eorder, StafE gaugt, current meter or weir, et+ observation ft-~qwncy and Mod. of 

. obsematim. The program shotid empha&e &e main impan p &iiut.aries to Pine 
River. 



2 

l.2 Vohxne Runoff fl?.xhn~ 

Estimates of mon?hQ and annual runoff axe essential for water quaEty manag&nent and 
water supply desirpl of: 

- the pit, ar;uie dump xti and ponds; 
- the three Fine Rim uiiut8lies in questiolq 
- Pina River near the mine site; 
- the praposed water supply. 

‘Ihe mean a&& seven-day average flow is required to detme mean co&i- on or 
dl three tributary drainages, and sped* at de pit, waste dump and sediment pond sites. 

A seven-day average Iow flow estimate for the ten-year recurremz iJltefval is usenti for 
all developed dtainage~ in the mine area. This Jhoald be provided for the snumsr and 
winter low Bow puiods and the March pr~&shct period to help in detumining weter 
cpli@ Ioads. It is recommended that these estimates be made from data co.Uccted during 
the monitoring period and be compazed to regiomcd. data where posiil~. 

l.4. %kitanta&ous Peak Row 

An instantaneous peals floqv estimate for the 2CGyear ~ecurrcnce 5ntezxl is required for the 
design of diwrsion and interception ditches at the plant site, and for waste dumps and 
ponds. ?Jte sediment ponds are required to contain a 2OU-year, 26hour precipitation Event 
on the catehmcnt xea 

Peak flow estimates may require the use of +cipitation data; using for example the 
Rational method. Rainfan intensity data may be available for the sea but should &o be 
provided for a station established witbin the project ans Regional information ia available 
from cbatts available in the %ainfaU Frequency At& for Cawla” by Hogg and Carr (lsss) 
CC the Hydrology Section mamxel, Water Managuucnt Emnch. Estimates can also be 
provided wing the HydroIogy Section’s regional psk POW frequency procedures. 

1.5 &x?rometeorlotica~ Data Rcauiremenk 

Data collection in support of Stage 1 Report prcp8ration arin rsquirc the following activities: 

a) pcmanenr hydrometric stations should .be inn;llled on: 

- Wilkm, Middle and Far East Creeks at the BCR cnsings; 
- watxcourscs immecKatcIy downstream of proposed rcdimcnt ponds; 
- wSCxcourses irnmediatdy dawnstream of pit and waste dump ercas; 
- Plot River at Globalrex bridge trussing; 



3 

/ ,? . ,’ .L..’ 
,: 

These stations shcruld be uxWrmrted so that they are capable of me the full 
range of fIow conditions -ted at each site throughout the year (understanding that 
ma&r fIows may be frozen or dry during seasonal exfremcs). Data should bc recorded 
at least twlcc week@ t.hro@our the year and more frequently during extreme eveTlff 

Continuor~r flow recording dwices are requkcd in the area. The purpose of these 
statJons is to provide ‘wntinuow flow data of a quaEiy equal to that provided by Water 
Survey of Chada T&s iilfetmation could then be used to gemrate daily discharges ax 
other point% Location of the ConlelMus ncordet is open to disaEsiozx 

If a good correlation between Rue River flows at Globakx bridge and East Pine can 
be prow& a long term site at Global% bridge may Mt be nczcss~. 

‘Monitoring of the PJiuow Creek tributary dowustrem. of the propo%d uppa~tc rock 
dump sb.ould’bt commenud as kr two years prior to development of that area of the 
pit. - 

. . 

- * b) a rak gauge and c&hxuous record@ device will be required at tha proposed mine site 
todetermiac~~monthbrtotatprecfeiration(raiaandsnow). Amanualraingaqe 
may be adequate if a high’ frequency of maiutenance can be assured. 

The dire&on and speed of prevailing wind shouJd be recxmkd at the mim site to assist 
in deter&&g polhttant dilution capability of the local airshed Rccm-ded air 
tcmporarunzs should be pmvided. 

b) : the Comply sbticI’eon$d;er i@. estab&hmknt of a szuxxourse- iekding &tion for 
thiiprojectirea. .’ - 

d) at least one fall season of flow.data’shouldbe included in the Application Re&L 

- All measurement stations are to be installed9o a standard such that they are capable of 
providing water record data throughout the life of the mine. These stations shouId be 
placed in a location where they will not be subject to disturbance AU hydrometric stations 
are IO bc metered for SrafE gauge caliiratiog thro@ the mine lifk on a frequency acceptable 
totheMinimy. . 

stat? gauges will be required on the sediment psmds. The gauges should be read dtig the 
eolhion of water qisdity samples, and will assist in providing a mow complete imprts&n 
of local w$er&ed hydrology. 

2. Water Manaement Plan 

Based on the hydrolo&d information caUeeted, a plan for the managwnent, use, aud 
protcctian of surke and ground water is required for this project. TIE Water Management 
Branch and Environmental Protection offices in Prince George shotid be wnsulted if 
questions arise in the preparation of the plan. 

Proje? hfonnatiba relative to #e facilities and mmgemcnt of smface aqd p-d water 
4-W and quality &o~d be PEuenred on a tnpographic map. 

. 
For the mine site, the scale 
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: should be 15ODO or better, witb contour &xv& of 5 mcrexs DT lesJ. ProjfXt maPP& 
JhauId indicate: 

- hxatiuns ofsdimuat ponds, wasm dumpi, coal mxk@s, 5x9 and explasivt stomge, 
equipment service facilities, access roads, and other facilities; 

*- d&cage amas, with natwa& interception and contaminated~dminage arcas shown 
=P-% 

-wlterdisposaI~ 
- potable water supply system; 
- drainage far slap0 and =ipte dump szabihitr; 
-ctrablag5ditck~ 
- deIin6aticm of th5 2lXLy5ar floodplain on & natural streams afkted by the pmjee 
- channel stabilization of existingw+ter courses where requirc~ 
-+atlons.atwhiehaquif5rswiUbein~d; . 
- Iacaticm of hydrometenrIo@=l +atiorq 
- Iocations of a3 water mqliug, hydrcanetric, and biologkal ‘(periphyton, b?thos, 

fiber&) starion& 
- locatirms of an gmundwatcr stepa. 
-.alI acc6ss roads. 

In addition, the App&kion Report should present: 

- a water Man& estimate (with diagrams) spc&uaDy for the sedimcvnt pox@ 
- draft applications for vater Ec&ces co&m&g to the water balance; 
- preliminary dasigxqf .$ie @merit pcmd.@+ns; . . _ - .: j. :. 
- design flows, velociiies and crois-sectional details for all proposed changs to natural 

stream channels, drainago ditches, stream cmxings by roads, Ed 
- a description of surface runoff and drainage control systems proposed at the.tic; 

plant, pond and dump sites fa tiUmize the impact of sqmded solids on the 
onvkmment; 

- a dcscriptirm of any measures. necessary to prevent damage to any @&ties from 
tloadin~ 

- an afta~i.5 of local water availability at all proppsed points of d.iverSian; 
- details of the location and type of water swap works nccessay for theprojca 
-them=Imumandmioimum dihltian tapabilities of local dIainag5s; 
- surface and subau&m dra@gc patterns based on topographkal mmcys, gedogicd 

and gmtechnicai imesti~tians in both the undergromd and pond areas; 

NO~~tqualiy~tthcdownstream~ccncs~intsofany~~~m~meet~5r~~ 
guide&es of the Water Management Branch for the U-d pvrposcs. 

Thenseof15daimwat5ris suppimed. Use of recycled pi: watti and supeznates from 
sedbent impoundmenu will not require mtc.r Ecaxes. The Application Report should 
include details of water supply storage and distribution system and quantities uxd for 
vaxiaus puapasos. A Water Licence wili be required for initial mine supply water frem 
surface supplies. Draft copies of wanzr Iifencs applications and approvals should be 
inchded in the Applica?ian Report. 

App+s for tiort tasm use of water @ot exceeding 6 mcmihs) may be required for 
tempo- famps, pilot pIants, and the. like. Furtbemmre, approvals for changes in and 
&aur a mCam may be required far stream aakugs and other changes to watercourses. 
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hqii~%S regarding lkn~~ccs and approvals should be directed TO regional Tyater 
Management Branch staEE in Prince George. 

3. Aauatic Baseline Stucliu 

Maiut&nce of Pine River water quality is very Qxutanr due to the rive~?s recreational 
sigaiiicance zmd its use as a potabIe supply by the District of ChetWgna. The basin is 
exposed to an ioereasing amount of industrial development, most ofwhkh has the potential 
co inqac~ wacnr qwdity. l’%e cxistbg biological diversity of the river, nemssruy to sustain 
these and fizture human uses, must be maintained. 
. 

Scrfact and ground water hydrology is crucial. to any project of this .nature. The company 
is advised to review sections 1 and 2 of these terms of reference for their relevance to an 
acceptable water qua&y prcscntation. 

. A kSving envk&nnent dati collection program was implemented by David Minerals in 
l981.. The biinistcy expects any of ZIG ‘iebant data, collected by either the F’mpnent or 
the Mhistxy to bs inchxied in the Application Report. 

3.1 Proaam Obketives 

The objectives of the Aquatic Baseline Monitoring Program stem from the impact . 
assessu~crdr process, and are: 

1. To pr&ide ‘a water qu&ty database that can be used to for&ate sub-basin specific 
water quality objoctiv~ and 

2, To provide a physical, chemical and bioIogicz+l database that can be used to predict 
and ro monitor the eigaiksnce of impacts from the proposed dev&pmenL 

, .. Both objectives r&r-e rpliabk meamrernent of bacQnnntd water quality. If detection 
limits are too close to provincial water quality criti.a, overIy Mugent water quality 

I 
objectives may be set. ValtltJ near the detection limit also may not provide an adequate& 
reliable baseline on tick to ealcalate allogable waste loadings. Accordingly, water quality 
sampling of surfaoe water is ta include parameters on the attached Table 1, UJiog the 
detection levels listed. 

A great deal of cooperation wiU bc requkd between the Proponent and its Geid and lab 
wmuI~ts in .txcder to attain p&y data at these low detection levek If, however, it is not 
fea8ibXe to provide reliable, dekxtabk backgronnd vakes, then the in~plicationa tbrimpnet 
assessment shonId be idtntEkd by the Proponent, and discussed with BCE as smn as 
possible. any iinprovtment ti the capabihty to detect water quality parameters, Eve on a 
reduced number of initial sampIes, would improw= our confidence in other de&ted and 
undetected tiues. 

It must be emphasized to the Proponent that completion of a database fo the satisfklior~ 
of the Minisuywill be a necessary pre-roquisirc to the assessment of an Application Report 
bly chac~erimnion of water quality is also necessary to determine the noed for analysis 

I of the metal wn+xir3g cap+ of local surface ~ters- Thus, akhough 5m can provide 



.I, 

2 

3. 

4. 

5. 

6. 

7. 

Provision of general guidelines on data application and rec$enxcn= by BCE; 

Preparation of an Aquatic Impact Jwwsmmt and Monitig Pmposd by the 
Propnnent; 

E&view of this Proposal by SCE, prefemb@ f&~owed by a meeriag with the 
Roponent (or wnsultant) co fbaliae the Program d$gxx 

Revision ofthe PmposaI by the Proponent 

StartoftheProgmq 

Review of prelknkuy msuks by %CE, and p*ovision of feedback to Proponent On 
final program desigtq and 

Completion of the Pmgfam with reitedttio~~~ of thy BCJZ rexkw mcchanlsm. 

The Proponent witI experience dif6cuIty in both following this fcumat and c~ll-ing qtiQ 
data. @ both the sp&g fresher and summer low ffow conclitior~. It is sugges~d that .step 
:3 be. re@sented by ampet@ or tmnferencc call. in the near fi~turc t&work out program 
deds iu order that the Roponmt may c~mmmZc sampling as soon as possiit in Apd. 
It must be stressed that a coopcrativo appmach with regard to pmgram design is necessary 

to meet the developmenr schedule desired by the Pmponent 

3.2 Water Duditv Criteria . 

The 4uaEtj of discbarged and Srmtrazd waters must be ade4uato to protect a@atic life, 
potable supply and recreational USC at a spcdiied objsctk tin @ossiily site 6). Water 
suality at the ob@tive site will be expected to meet establiskd provincial and federal water 
qua&y csiraia for the protection of aquatic Iif% f&inkhg water and contact recrcath The 
current pnmimial critaia document is entitled “Approved and Working Criteria f6r ‘Water 
Quality” LW: Pommen 1991. Water Quality &an&, Mi&ay of E . ent. 

If csw tit where bawud ~ter. quality weds established criteria for spudfit 
pm- meed objti urill bc established. For this reason, it is k~ rhe Company’s 
hlterrSt to establish a tbprough background date base PHLOX ta disnrption of the aa. 

3.3 WaUr oualiw sites 

The waror q~&ty site locatiom ilsed by David iVfher& in 1981 appear reasonable. The 
fdhicg wmcnenta can be offetedz 

.- 

-. 
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chaantl immediatdy upsu~? The control should. be relocated .to immediately 
upstream of Willow Ckeek. 

-rstedts-nlstr0Rm&efreeofcorl taruimgt sources b&m Far East Creek? Relo=ti 
the site to a nerrow river section 350 m dmeam of Far East Creek, or XI the point 
of complete mixing. 

Co&de&g thaae issues, the sites are ide&ied in these Terms of Refenznce .asz 

1 
2 
3 
4. 

z 

.i 
9 
10 
11 

Pine River 50 m upsueam of W@RV Creek 
‘A’iknv Creek lmmediitely qstwm of BCR crossing 
Pine Biwr imrndatcly upstream of Globaltex bridge 
Middle Creek~bamediately upstream of BCR crossing 
Far East Creek immcdiahly upstream of BCR crossing, 
PincR&r3SOmdcuastmm of Far East Creek 
W&w Chek upsueam of impact@ niltarles (proposed) 
Triitay to WilIow Creek impacted by fumre dvelopment (propoS& 
Far East Creek upstream of mine development (proposed) 
DltpIieate sample site nama (&itious) 
Blank sample sixe name (Wtious) 

Water quality monitoring at &es 7 tid g should c~mmemco at Ieast two years prior to any 
dcvelcrpmcut that may @MCI &at waters$ed Site 9 will be established when needed to . 
develop spaniel control data during operation. &I sites should be in flowing water, far from 
Iocaliuflaencesuchasgprir~gs, batkwatcr, etc. 

_. 5 ‘: .:.: -: 
., 

:-. .- ‘._. ,:.:.:” .._,. .‘, ._ ,’ . . _ .- ;c .: 

The following frequency is recommended for water quality data conectioq &Jr to 
s&&&on of the Application repot 

- a n&mum of ten 1994 pre4pplication samples collected from sites I tbmugh 6, 
cmphasiriog both §eshet and summer low ffow conditions. Sampling is to continue 
into an’d beyond the Application period, with high frequertcy during critical low flow 
periods, including w-iota low ff 0~; 

- a minimum of Eve &94 samples collected from sound water data for main seeps &d 
~czometer holes in rhe.sediment pcaxl and waste dump arca% _ 

Glob&x shdd be a\yBtt that further monitoring sites may be required as a result of the 
.Appl.btirm rwiewv~ The operative monitoring pmgram will be amended as needed, likely 
by tiuclng de number of sampling parameters required. This long term prop should 
be submitted for rcMev by BCE -*six months so that adjustments can be made, if 
rcqukd. 

. I  

c?~cchbn of a sediment elmnical database will be required in order cheractcrize &sting 
rmnttalogy, to determine the source of any s+@i~t ihan,p to jnvertebrate ccxmmnifies 



AlthOugh sediment quality data ~831 not be used to set Stial permit Emits, it will bc used 
to cstabLish the cause of any si@&ant effects on benth@ jnvenebrate .comrwnities. The 
backgmund database is to be establkhed for s&men& with analysis fix the parameters in . 
Table 2 Gl&altex is xxqucsfed to submit = pmpwal for ba&iue data 4ktion. Data and 
fntupretaticb will be required in the AppEcatiun report. 

3.4 Biolosiczd San@& 

David Minerala mbzdtted benthic &eticbrate data with. the original propoml. Marc 
baseline may be required in fuhar% hawcyer, it is not cons&red a prerequisite of the 
Ap~licatior~ report, 

The presentation of existing benthos data should +&de: . .~ .:_ ..I.. . . . _..~._ ‘. ..’ ._ 
-allrclevantdatq 
- comparisons of the site habitats (slope, substrate, velocities, depth, vegcrative cwer, 

etc); 
- sampling techniques used (sampler type, mesh size; replicate, etc.); 
- data awlyaie (descriptive interpretations, statitical analysjs. etc); 
- proposal for 0perationaI monitofing. 

As noted above, the main concern With this project ia the’putcntial fur rmiricnt rieb wstns 
to discharge or seep im the Pine Riw. Nutrim loading wiU likely cause increased 
attached al@ dens@ and distribution in the Pine River, Water qnaliiy aiteria c.+t for 
&$e atta&d to natural mbstrates and wiil be appked to the Pine River, gkcn its 
importance as a %he& stream and a potable ivatu supply for the District of Chetv+d. 
The Prcpancnt it refpeati to submit 8 plan far the dcvdopment of a reprcaenfatim 
attached algal baseline fix ell Surface water SunlIly sites, with empba& on the Piize Rim. 
The Application is to include a review of available data 

ChtdtaphyU. a will bt the p%~ary q~aatitativc indicaMr bf pcriphyt~~~ c~mmtit)’ rcsporuc. 
The sarnpIiug program for species identification and enumeration may be qualita- 
identifying larger scale changes in community composition and mbstrale coverage. 

As with sediment collection, we recnmmeIld that a pilot program k Carl-M out tD & 
dekambxc when 4 when, the most CmEtire butIiae sb~uld be CO&CM. To maSm%c . , 
sentitivityfordetecting change., areas with m&al homogeneity in corr.ununi~ composition 
should be selected If rnure than one distinct community is present at the XXC@ 
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hwmogen&us sites, thm~rclative (76) eovera$c should bc estimated, and tacb community ‘i. I.,,’ 
.I sampled with equal effoxt. A minimum level of replicate sampling should be done weeMy 

at a few sekctcd sit=, for se4era.l weeks. Fdowiug anal@ of this pilot data, fld 
. selectton of sites, number af rcpli~at~ and sfadsti~l scMtivi~ should bc done ptim to 

CoII~on of the bftselirl~ 

A re$sentative number of background metal samples in muscle and liver’ tissues of 104 
6sh species i8 xequiml prior ro start of constraction, but is xot a condition of AppIication 
This should include coarse fish-species which may used as sentinel indicators at a later lime. 

39 para Ch~alitv Assurzuvze Requkemtnts 

In order to monitor the qudiq of recc’ixingwatcx data collected during this baseline period, 
the Propent is required to conduct an ongojng data quaIity program as follows: 

Obrain labormty predslon, accuracy and bIank qua&y rxlmia and prvkkues for 
each lalmrstaw analvacd chemical nerameter &6x21 the Prapcmcnt% anai#iCal . 
laboMzuy(ies). Keep these aiteria available and current Submit these to BCK within 
30 days of establishing the baseliue monk&g pmgram. . 

For these paratneters, in both groundwater and receiving cnvixunmcnt samplts, the 
Pmponmt shsll abtain from the analytical latnxato~(iezt) the precMon and accuracy 
data far each sample set submi#cd. For receitig e&ronnxmt parameters, the 
Proponent shalJ abtain the. bptie blank ,+ia ,m document the aux.@abili~. of *. 

. dcaned bottles;.:Th~ koponcnt shall also obtain tiom the laboratcny~ies) &evaluation. 
of the dara accaprability from each sample s&t, based on these criteria. Submit these 
titb rqgllar data results. 

Duplicate eampliug sbsu be used to assess the combined field and laboratory prar;sisa. 
This precision crittia (e%presscd as percent standard deviation) for each of the 
duplicate samples shall be no greater than rwiee the laboratory pre@sion ctikrior~ 

To assess overall precision, the Pmponcnt shall take each duplicate sample in& same 
way, and as clam to the same the as pasnblc. The location of duplicate sampling shall 
bc selected randomly from tha full list of-fater quaI@ sitcz~ The sites from which 
duplicate samples are ~&en shall be locations where concentrations of the main 
parameters are expected to bc detected (to enabk cakulatiau of the rcladvc staudard 
deviation). One duplicate sample is to be ccJler$cd during each sampling day- These 
duplicaks shall be submitted to the laboratory(ies); one idemiSed as tit regular sample 
and one 84 a blind sample identified by a iictitiaus site awl time. 

For. ncetig environment samplin& a sampls collection blank shall be prepared, 
Con-g disrillcd water and preservative, if required, and submitted as a blind sample 
with rd.’ sample se& tie blank sample is to be co&ztcd dmg each sampling day. 

Water sampling is to be conducted as per Bollans RA, et al. 1989. J?ield criteria for 
samplkrg effluents and receiviug waters. Data Standards Group, Waste Manaeemem 
Branch, Mix&try of Enviromuent, &t&a, with necessary modifications inobxicd to attain 
tic clean techniques and detection levels request&. 
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chemicd w is to c&iucted &E p~u McQuaker, N. 1989. A labcraMy rnanti for the 
laomical~ofwater5, wastewater& sodimencs and biorogical mat&al (1976 ed%nz 
in&Xi& updab%). Data Standards.Group, Waste Management Bran&, MoE, Vietoria. 

Copies of both documuau may be obtained by contacting Dsta Standards Group, Miatstry 
of Enviranmenr, 3800 Wcsbraok Ma& Vancouw,‘Bc, V6S S.9 

3.6 DataRcviiear 

Receiving environment water quaI@ data should be fully reviewed, with omphaSs on those 
pam~~~etets which mayberxlxne pmblcms during the mine’s optx’~thld phase. This rMew 
should i+udc ciiscussion ofz 

The Applicaton report sbwld identify and map: 

- depths to water tabIe at the pmposed sediment ponds kd rock dumps; 
- ground water sourw.s, seepage WCS, and water quality. 
- soiI data, iucI* soil horizon pcrculation _ aatc, density, pmneabili~, acid 

genem%@cid tzonmdug potenthI test results, wiuma kich test results. 
- piezornctcr locatiom, .spocificaIIy around MIings md Iacatirm. 

Given the Pmponcu~s immion to submit the Applicatioz~ report this Augusf the 
characterizarion bf grwindwatcr quality is critical. Unless sutrimcr fI0ws are abnOrma& low, 
the proposed surface water program wfll tiot dearly define low flow water quality. A 
reprcsenrative ground water data base will supplement surf&e w&z data. 

The Company may wish m chider the attached guidc%es entitled “Resource Development 
Etinmcntal Impact Asscssmcnts - Suggested F tamework for a Hydrogcologic %I@.” 
Tbiz information is provided as a guideline for the Company’s evaluation of the ground 
water ~nditio~~ in fie area. AIso attached is a “Suggested List of Peramc ters ftu Ground 
Water Quality Analyses.” 

5. ‘W%ste Manaeement Planning 

fhs Applicatian report should present suf&ientIy comprehensive pks to show that waste 
poem, hand%g and dispcmd systems will be abIe_ to reduce the operational effcets on 
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‘, .._ .‘i j,i ,:.;. the‘ receiving vivimmnont to acce$able Icvels. Maj& iteztaz to Ewsidcr are outlined below. 

The Minisny is aware that a site for the miII has not yet been confirmed. When a milI sire 
is chosen, the Application report should identify why it is preferable to alternate sites. 

A schematic diagram of the wuious plant processes is required. Information should he 
included in the text or diam on items such as: 

- s&id and Iiquid balahces; 
- WCS and amounts of milling “agents & be added, if any, with related aqua& 

toxicities described; 
*points at which wasxcs o@$nate or whore liquids & be n@ed; 
- sped&i materials (tptak) which m&y be present in the waste at t&c concrmqatlons; 
-waste trcatmcnt .$stcm~ to be employed, partitularly f&r product3 of concern 

(suspended solids) . 
- mill R&c-up water. 

ROM ore will be tru&ed to a basic pIant in which the ore wiTI go tbrough.a breaker 
(minimipJ production of Sues) to &c-up rock attached to the coal. Thp breaker product 
will then be washed to rzxnavc finea. It will then pass &rough a jig which will separate the 
hcavierwasterocki3nnthecoaL ThewaJttrockmllbeonlybea~~~afthe 
plant fee$ and is essentialIy.$snilat to the, 0th~ waste raclc. pe jig ToaS” is;@a’ ~a’ ._.: 
?pmduCr (after drying); TlG u&h&l coal wasto will.bo pipe&to a tbickentko w ardtci 
and produce an underflow which may be product coal or may be waste (ro a tailings pand). 
Only a small fraction oftie k&d to the plant will be fines. The tailings pond is expeaed to 
be very minor compared to similar mining operations in which the mill tailing.5 is essentially 
the same tofmsgc as what is bciig fed to the piaar. : 

5.2 Solids Disuosd 

A clear rariouale for the locating of sedimenr pond should be prtided, including the 
inundation of .natural ponds that exist on site. ‘Ike Application report should @de a 
detailed out&e of the manner in which sediment go&s wilI bo constru&ed and operated, 
with diagrams of the impoundment design. The B4kistry will reqnira a thorougb 
geo~xhnical and hydrogeologieal study of the sites, specifying the following: 

- nature of soils and submrfac8 materials @ermeabi&‘, depth, stability, fracturing, etc); 
- de%.@tion of the ground water regime in the vicinity of the proposed pond location; 
- initial barn dcsigas, including dimensions, material content, anchoring, stability, 

permeability, required maintenance, etc.; 
- acid generating potential of any borrow mate- 
- pond water balancnz-for different seasons. IncIudo factors of m-lion, seepage, 

reyele, etcr; 
-if the ponds an= expected 10 seep, a proposal for the collection end rcqcling of 

seepage water. hxalion of scepge rc’ewty ponds; 
- assessment of the impact of the ponds on the quality ad quantity of ground and 

Surzace waters during ~peratiDn and eftcr abandunmenr: 
- provisions for the control of spills; 
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. /’ 
- p&t operating condition5 - 1ecIamation of sediment ponds; 
- an hpection schedule and nkntcnancc plan. 

The main concam with this ~o&ct is the potential for nutrient rich waters to disebargc or 
SWP inta the Pine River. Due .tD the region&y high fisheries vahes of the,pine River 
drainage and its usc.by the DMrict of Chctwynd for potable water supply, water quality must 
be maintained such that it meets the pmvincial and/or fcdual arator quaHty for Bshcrics, 
aquatic life. drinEug rvatcr and humau contact recreation at an objccrive site, hke3y site 6 
OII the Pine River. TO initiate this goal, the PfopozuzxZ is to propose methods of pbasphok 
CixiUOI t0 be pur in pkCc at tile mine site. 

Co&dcration must be given to the other =atcr uscrs ia the Wgc. Accotdingly, the 
entire assimilatmt capa* CE the Iocal s&ion of the Pine River *aanot be granted to tius 

’ one CuTzcat project 

The AppEcation report should include a dcscrip&n of the chemical eharaetcristics of all 
materials to be mined or produced. An assessment of the acid-pmduciu~corts~uming 
characteristicl; of the coal, waste rock, scdiitpond bum material, and auy other materials 
t0.b~ used for coustruction purpceu should be.. prcscnted The solutes ofahburrow 
niatuiah should.be’mappcd; with refcrcnce’to the mate&k’ acid genkting pStential. ‘IX= 
nature of the mine sita in terms of acid &ncrating potentiai should be mapped 
Appropriate plans for the management of any mate&k that have potential to gcneratc acid 
shoti be presented, not only for the period of opcratians, but also upon abandonment 

The Proponent is rcqucsted to submit plans for eohmm h&r tests on represtptatke sampltr 
ofdo rock. Chemical analysis shall be as for ground water samples. RwulS are to bc 
iuehaded ia the Applicarior~ 

The Application report should commit to an add generation monitoring program @g 
through rhc mine Xc, in&ding regular mouitoring of the above mentioned materials, aud 
the treatmcm of acid mine wcccr, if gcncrated. 

As with ground water, the red6 of the mtiti-clement analysis of waste rcclc, coal and soils 
=iH nrpplcmcut a shoa surface moniteriug program and are &icaI to this ~SSCSS~~L ‘Ihcy 
must be p~cnted in the’AppHeation report to aosist in the evaluation of potential water 
qality problems. 

FoRo+ag ameefingwith the company, and a rcvicw a reykw of &sting documentation, the 
lmll%ly has the fol.lowing comments. 



Acid Generatim PoteM 

The original Stage I report indicates: 

wasre Type 
sandstone i?zkeF . 
shale 
5fItstone 

oi7i 2400 
0.06% 1690 

mudstone 0.15% 327 
conglomerate 0.05% 1700 
COd 0.78%0.92 

ZJte above information suggests that there is no acid ge?emting potential wncem for the 
waste tick. The company should confinn if ihe- S is present as sulpbiac or sulphate. If the 
lazier, it witl’not generate add. 

Thecoxnpaayshouldd~ehmvmanymort~plesarcreqoiredtobe~~~d~ 
to adequately reprascnt the 22,500,00 of waste rock which would be produced from the 
proposed 15 year limb of the operation. The graph on page 47 of the B.C. AMD Technical 
Chide indicates 100 samples are needed if the waste rock was all the same geologicai type. 
This. guide: is fbr hardmck mines. The number of samples requfred cm be signi3cantiy 
reduced if the occuxrencc of the. s&hides 21 the waste ware uuiformly distrP~u~.&. Also, 

‘the “Guid@ wa$ designed for high?r lrmla OS S ita the waste rock and a de&c to de&c “hot 
SPOTS”. If the waste fock being tested $TIS bo+ 3 low S c*tent and a I$& NR/AP, this js a 
sr+r@ seasop to.b+‘a l~~r,~+~r.qf.#npk.s & .;“: : .‘.’ -..r:‘;..“. 1 ” ::‘-I : 

%le coal tiequentiy contains pyrite, sedimentary waste rock of the types depicted above, 
frequently does not, since these sedimentary rocks have undergona previous exponnc, size 
reducrion, etc. pro&ling opportuni9 for any reactive sulpbides to be depIeted.- The 
company should provide MELP with an atiysis bf this issue from a gcoZo&t, with details 
of the ntu~ber of samples # fD WXI up the in&l indication that the wxste mck is 
vuy low in sz~Iphidc content and has an extrexucly Ir?rge excess of carbom ta mutralise 
any acid from oxi& jplphides. ALSO, the gcolognti should provide detaii ofthe nmnber 
of samples requi& to w& malti-elcment scans to establish the metal content of the 
waste rock. Each sample collected may be used to perform ABA, metal content mzd what 
form the S is in the rock ramp& (is the S in tha form of sulphidc, Fe-sulphide, suIphaE, 
cto)- At the other Northeast coal opc!rations, it appears that the S is in the form dfgypsum 
(C!aSO,w,o> which has a slight soIubili~ in Mtcr. 

Metal Sam~line ~ecaivin~~ Water> and Wasta Rock 

The results f?om the muIti-clcment scans requirqd above may bc’used to de-emphasize u!etal 
sampling in the receiving water programs and in the Waste Management permit if they are 
laut (i.e. if they arc similar to “crustal aveFges”). The comp*y may also pm se@enlia2 
tasting of the waste rock to provide a further 1~61 df confidence. 
of highat metal wntentneed sequential testing. 

Only the waste rock Q-PCS 

to pxdicr waste rock runoff quality: 
The metal analysis ofleacbate may be used 

If rhc qulity of runoff is’ simiklr to the 
Quintette/Bullmoose operadons, it is likely that metal levels will be closer to receiving water 
crheria than “Level A” Wining Objectives” - Le. any tcoicity fkom metals in the runoff from 
the waste is mdikdy ant? therefore metals should not have an inverse impact on the receiving 

. 
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water and may not be detectable. 

Nitrate in Waste Rock Runoff 

Base&on the operatioxi being about one-twenticrh the size of Quintette wi& a waste to ore 
tat&2l Of only 33 (as uppoSed to 72 at Quintette) there appears to be Ms potential for 
lmpan &o, 75% of tb~ waste rack win be added to the open pits. 

5.4 m a i 

The Application rep012 should provide detailed iufonnation on the project, in&ding; 

-identification of all potent sources .of emission associated with minfng, cual 
phtisshtg, amary pmceses and cam@ofli= site (eg. raftw ineiaeration): 

‘-flow d$gams of alI unit prtxcsses with materiel balances and the quantities of 
wmlnanrs to be emitted to the a?mo@cre; 

- g type and ram of fuel cdrtcumption with sutphur content of the fuel: 
- the amotmt Of refust ta be iI&e?ated; 
. details of emixiun canuol cquipmcnt (eg. for baghoue provide the type, number of 

bags, air-to-cloth xatio, etc. and for scrubbers provide the .duign, liquid-to+?3 ratio, 
reagent conwntrati~ sulphur baIancs, eta). 

- any other bfmmation pertinent to the mamgemont and control of both source am3 
fugitive emiskn of cmtxmimnts, including dust originating from the tail&s berms 
and& mining operations. 

_ ‘, ..- . -:... 

55 Ease Manaaemmt Biaaeh - Petit ApDkation Resninzmmg 

On a preliminary basis (based on the sonnation supplied in the Prospectus and ameeting 
with the eompany), the company will be required to apply for the MiowiDg pennit% .-.. . 

Effhent Permit - for tailings and scdimenta~ positi, 
- for discharges &om maintenance facilities (ep shops, truck washes); 

Air Petmit - for coal preparation plant; 
- for ammonium nitrate silos; 
- for other so- such as stationary diesel engines. 

Refuse Permit - for coarse coal refuse and dryer ash; 
- for domestic refuse and IIOII process indumiaI refuse. 

It isthe hfinisuy’s understanding that no Special Wastes will be stored en site, consequcntl~ 
a Special Waste Permit is nQt required. 

Ihe Stage 1 Report should address various enviromuaxti safey concerns, sueb as: 

- storage of patenrially hamrdous chemicals (diesel,etc); 
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- ._ *.u8atmenttdisposal of IIkaiaus wi.9te5: . 
- spill prevention and emergency iesponse. ‘&e Compaay should identify how spills wiU 

be contaiued, and whether or not they I@I be reclaimed for processiap; 
- traRspcat of concelltrate ma potentlaIly hazarrlous ebenlicals to and from the mint 

site. . 

5.7 &udtarv Sewwe 

The AppIirGioa report k to prmide au. sewage managemint plan, includitig Iotation of 
sanitary fadities, sewage volumes aud seltcred treatment methods. 

. 5.8 Refuse Mana~~~~enr : 

Tke Application report must present a refuse managemtitplau. Incineration of putrcscible 
wastes will ~EI quired To avoid the likelihood of bear/h- conflict. 

Tim Stage 1 Report should iden~ the potehtkl impacts of the mine deveIopment and 
operation on .fish habitat and populations. along with the identification of any measures 
proposed to tit&ate these impacts. Impacts of am road development and maintenance, 
if any, should be discussed. 

Fisheries Asseasmcnt 
.., : ‘A-~.~h~~8~~~~~:o~a;;.. -’ ,:..:. ..:: .;;..: .:_ .’ ‘.. .:.;: ‘.i:. _~.~,~,.Y :: _-’ .I .___, 

strtatns to be unpac& Should be’ &&cd OUL Species presence 
.. :‘ 
.. 

and abundance, as well as E& habitat including spatig and rearing habitati on alI fisii . 
bearing reaches should be identified, mapped and descriied, A @an cigar@ showing mine 
design in rektion to Bsh bearing streams and ail tributaries to these streams must be 
provided. The plan should show the habitat consc+iou measure s to be implemented for 
the &h bearing streams and theit m%utwics. Use and control of surface run off and w&e 

’ water as wsll as its as&a&d problems such as sedimentation should be identified All . 
Unavoidable impatu to any of the %h bearing streams should be clearly outlined as well a9 
padial impatts and potential dv impacts. 

7. WjldUfe 

‘Ilk Application should provide &e fallowing information 

B!ophysical Mapping: 

Siophysical maiping should be compiled/&od out for &e area to be impacted by de 
developmer~nr. Soil, vPgerati&onst cover ~ypc and detailed terrain/drainage information 
should be included. 

This Xormation is necessary to aesign a reclamation/revegetation pku~ 

Wildlife and Wildlife Habitat &sessoxenk 
, 
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WildliG we of the ama and wiNlife habitat information should be ~piledlcokcud. Thio 
information must be up to dare based on changes to the area since the original asscssmcnt 
and based on tie ptexnr open pit pmpo~at This information should be utilized to help 
design the mine and ifs f@Efic% A plan should be &Moped ro mitigate habitat disturbance 
and impacn. Ahto an assossmcut of potential wildI& habitat .enhancement opport~~~X= 
should br: done and prtmted. 

IdenIiEcation and asmssment of $6 wildlEe habitat special fcfbues su& as the acisting 
ponds on the flood plain should be car&d out 

Cdlecdng daailed biophysical, w&Uife and fisheries base&e information is neceuary for 
+3@ing a;miac which has the,&+ ,Jmpati-on ot$~r.rrxmms* Incorpora+gth&bwlinc 
data at the de&g&g stage’win go aZoagti+Skds titi&&i$ the Id*term impact.8 of the 
mine. For txampfe alI road system duign and location, all soil sto&piW dcsiga and location, 
all over-burden @le location, all settling pond design and 1ocati~11 should be assessedand 
chosen roco~g tbc spmial features’ and sensitive habitats of tbo area [it fine River flood 
plain) and w3.a the objectives of mitigating’impaetl, minkking total area disturbed and 
Miatig rapid effmivc rerlamation. 

The sequence in w&h the a+za is miued may tiea the oxraIl impact. For exBmple 
d&wing the operational sequence 50 that one of the parallel pits can be fitled and 
redaimed a3 the athor pit is being -vatcd may fadlitatc rapid reclamatioa and redurn the 
need for larger overburden stock piles. &so forcst cover &xing and mil rawal should 
WCLU ~XJ~TOSGVCIY as the coal is mined rather tbcn achaoccd total clearing. 

soil ccmscrvation. 
A ulmmitmaat to CO~OPO all-of the soil resource from the site must be made. Soil sumys 
will facilitate the development of a soil tonsewation plan. 

a Miscallanecmg 

TO tht greahst Rtent pcssible, the Company should attempt to IIC&&O visual and 
nuisance ittpicu rWuhiIIg iium ths development (& mill&e, dust, tb&er cut&g, etc.) The 
Ministry i5 ccmcemed that a f%are to do s0.a pnntassarity impair the experitnce ofthwc . 
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,reaeatingio the area. * . 

The Ministq is conceaned about the existing bridge over ihe Pine River which prmides 
access to the site, and was constructed by David Mkcrals. The bridge & not desi=ed to 
meet 1 in 100 par flood nqui.remenIs and has a recumnt debris problem at the wooden 
pile piisrs. It is assumd that Globaltar win be replacing this swcf~~?. 

9: jTJYnstr!lcticlu car& 

Not applicable. No mrup is plamed. 

10. peclamation 

The Application Report should identii$‘at ieasr ip a conceptual rpamcr, the redzmation 
plan for ths project, incruaing bbjecxiws, sequencing end methods, 

This section should incInde a. program for long term inspection and, if needed, xn&enance 
of the sediment pond berms and any other ongoing or anticipated problems. 

. . 

:.: 

.: :_ . .’ 
. 

_’ ; .: : 
‘- i 

.; 
: f :. 

. .’ 
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: Table 1 Gbbelrex Water auellty Sample Variables et all Sites 

Detecdtan Limitlbl 

AIkaIlnIry, total 

Alumhum, dissolved 

buffering 

mine drainase 

not appli&Ple 

2OfAL. PH BI 

Andmeny 

Arsenk 

Barium 

Beryllium 

Bwron . 

Cadmium 

Chloride 
‘. 

: Chr&nlum.. 

&bait 

CopPer 

Fluoride 

Hardness 

Iron 

Lead 

Manganese 

MWCUry 

Molybdenum 

Nickel 

mine drainaqe 501D, AU? 

. . mhne drainage 

coal drainaga 

mine drainage 

mine drainage 

mine drainags 

251?h 5&L) 

1oootDpU 

.-.~l~lALl 
- . 

500~1),50001D~ 

0.2-1.8(ALl 

nItrIte ioxi&j 

.: : .x __ :i _ mine &sir&e 

mine drainage 

mine drainage 

mine drainage 

matal to.dcIty 

mlna drahage 

mine drainage 

mine drainage 

50(AL. pij > S-6) 

hat applicable 

.‘. 2&(& ‘.i : 

8Ov!L,l) 

200-3OOfAL) 

0.5 ma/L 

2 
5 

ii? 

a 

loo 

1 

50 

0.02-0.2 

0.5 mgR 

,, io.2: ~..:” 

5 

0.2-l 

20-30 

0.1 mgil. 

30 

0.3 

&lO(AL) 

nor applicable 

3WID,AU 

3fAL) 

5OlD) . . 8 

mine drainage 

mine drainage 

mine drainage 

20 ng/LlALl 2 nsltle) 

lc-3001 1 1 

25?16O(AL) 2 

i 

:;t 
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Table 2 Glob&ax Ssdlmentish tissue Sample Variables ar all SItas 
1 I I 1 I 1 1 
I I 

Aluminum - sad \mine drainage biot 8DPlhble (‘i0 ug/g 

Pana 1 
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ResoUXca Wwelopment EnVd.romeatal’ Impact A8aessme8fs 
pucmestsd FrsraaVegk Zor ZL E%lroq~laoic 8tudy 

The purpoae~of a hydrogeologie 6tudy ior a proposed resource 
development (eg. cea2, metal mine , etc.) is to'defina the potential 
impacts of development osi the grmdwater and inter-related surface 
water resources and to outlina mitigatiue and uouitoriug measures 
to ensure that the quantitative aad qualitative integrity of the 
graundvarcr reso14cf.2 is maintained for future use. 

The following grzideliaes have been prepared to assist 
'development proponents .in British Coluaabia in addressing site 
speczLfic grouadotater coneems.in their‘.Stage Z enviromnental impact 
assessmeqt reports. It is rscoumerided khatthe hydregeologic Study 
be conducted by a ~ydrogeolagist/gmundvatundMter specialist. 
BTiti8h Columbia EinistXy of ymironment and XnvironmeutCanada~ 

' be contacted prior to comencemetit of a study for 55xrUaer advicd or 
dire&ion. . 

I. 

: :k.. 

. . 

III. 

fnv- torv 
. 

Iaveatay aad analyze availabLe infoxmatian on+& groundwater 
resource in Me axea, including: published reports; geologic 
mapa; publications; well record data; exploration test holes; . 
test.piks; geophysical data; aerial photographs. 
&&&& sr&i.g : .;.. ,: ‘. ;.: .: :... _. :’ .; ,:. ., _. .:;: : .;:.: ! _ ,:. . c 

Conduct a Eield iavestigation and analyze hydrogeologic data, 
iuclUding: 
-~izaveatay of well useri and groundwater use; . . 
- looations and mearaurements of sppriug discharges; 
- measum3wnts ef water levels and water qualiw (see 
attached list ef parameters) from test pits, piezoaatoTa, 
axploratian holes, adits, test/production wells, Springs; 
- pumpihg test data; permeability test data: 
- geaphyeical surveys. 

Xeasrt 

1. hy w lwie report outlinirig restits of 
%%p Gd s%ze e&vestigatbm and analysis of data 
including: . 
- general description of physio/geog~$xie setting, 
topography, drainage, climate, 
geomozphalogical conditions. 

Soils, 

- general &ascription of geologic setting, bedrock 
types (stratigraphy and structural featufes) ana 

. eurficial geologic conditiaaa. 
- description of aquifers; 
- hydraulic conductivities; transmissivities; 
- groundwater flow systems (local and regioual) and 
flow patterns : 



3.. 

:. . . . 

4. 

5. 

- rates of groundwater movement; 
- flow quantities, 
adits i 

including pit inflows and from 

- surfaoc water-groun&ater inter-relatioaship (ie. 
quaPtity and quality of groundwater fk+M.ag into/cut 
of 6urtacc waters prior to development); 
- the quantity and quality of groundwater to be 
encountered dur%ug devtslopment: hov and where 2.6 
groundvater to be disposed and/or us&r 
a hydrochemical characteristic5 including anomalies and 

Variations of the gfoundvater guaU.ty ;in the area. 

i-- Fmxpate bvdreweolasic mau and cross 5 otio ns outlining 
the extfataf uuconfkned/oEmfiued uno~~olidated aquifer 
and permeable bedrock fornatiom: locations oL Mter 

' uelZs, exploration h&es, pie205etez?i, springs, test 
pi+; (patentiormkric) vater le+el contours; di?+cttions 
Of groundwater flow3. 

Sdentiq? poWntia1 imuacrs of development o? the 
~~;ater.rr2ourae quantity and quality and anter- 

surface- water renourca, and assess the 
significance of . these impacts in terms Of human and 
fisheezies habitat needs. 

and/or 
Inolude potential effects fro5 

open pit underground mining development, 
dev+tering, tailings storage facilities, 
*pq.,. .oW. stp+Cpile~~, +t+ig pan*. _ _,;_ 

waste rock 

Ident~ifyaneasureqto bet&auto mit+te any significant 
short and long term potenti?1 groundwater resource 
dstd;ion, ,Tnoluding use of zuterceptor veils, grout 

. 

ou~ine details of purpose, locations and design- of 
a n tor%nove31s in ralation to settling ponds, tailmgs 
'dg, seuage disposal sites, waste dumps, raw materiaz 
stokkpiles:, plentproceseingoperations, insluding~umber 
of wells, zone(s) to be monitored, frsquency ani tYPo of 
data'collection [ita. vatexlevels, vater.qualiW). method 
of reporting and analyzing data. 
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PH 
Conductivity 

Tamperattare 
Piss. Oxygen 

&?&.oRAToRx msrs: initially for a wide variety of 
parameters as outlined, followed dn a 

Z3th.XF0mat water 
guidelines). 

9-l-Y critwia 

.General: pX Tot. Piss. s0zia6 Hardness 
Conductiv$ty Suspended solids 

a Alkailka~~~Y (tot.) Nitrates Fluorides 
#itrite CyanidSS 

sulphates Phosphates (tot. h ortho) 

gatians : Al&nm 
(tot. St. Diss.) Antimony 

., : :. . . &s,enic : 
Barium 

. . 

Beryllim 
. Bisoluul 

Boron 
' Cadmium 

calciuln 
chromium 

Cther: C.O.D. 
T.O.C. 
Tot. Carbon 

cobalt 
coPPer 
&-on .. : .‘. _.’ y  ., _ 
Lead 
M.agnosiuin 
Manganese 
Mercury (tot.) 
z;Ipef=- 

PhosphomlL 

Ammonia-N 
Tat - Kj elaab,l-N 
Tot. Phenol 

potassium 
Seleniw .- 

~Silioon~ i .. 
SilVGX 
sodium 
Strontillm 
Tin 
Titanium 
vanadium 
!ZlnC 



Province of 
British Columbia 

Environmental Tad Floor 
Assessment ,810 elanshard soeet 
Offbe viimia. mitiih columhki 

VW 1x4 

hfrl David Fawcett 
president 
Olobakex Coal Corporation 
350 - 625 Howe Srect 
Vancouver, British Columbia 
VbC 2T6 

July 17,199s 

Dear Mr. Fawccttz 

please find attached a copy of Trsnaition Order No. M351 made by the 
Honourable Elieabetb Cull with the concurrence of tf?e HonourabIe Anne 
Edwards, on June 30, 1995. This order was necessary to continue the review 
of the Willow Creek Coal pmject under the kr&mrs& Assessment Act 
wbicb became effective June 30,199s. 

The order places the Willow Creek project in the review process at the 
. ‘B@ar&n.ad submission ofpojea report step. Once your company 
submits a pmjcct report, a project ccmmittee will be established to coordinate 
the environmental assessm ent However, if your company does not submit a 
project report by June 1.1988 and continues to seek an approval certificate 
after that date, you will be required to submit an application under section 7 of 
the Act, thereby starting at the beginning of the review process. 

Marcia Farquhsr has been assigned responsibility for the coordination of the 
emironmcntal assessment of this pmjcct on behalf of the Executive Director of 
the Environmentsl Assessment Office. please do not hesitate to contact Marcia 
at 952-0573 to discuss any aspect of the order or the assessment. 

No&n Ring&id 
Project Assessment Director 

CC: Brian Parrott 
Doug Dryden 
Marcia Farqubar 



INTREMATTEROFTHEENYIRONMENTALASSESSMENTACT 
SBC 1994, c. 35 (the ‘A@“) 

IN TRE MATTER OF A PROPOSAL BY GLOBAi..TEX COAL Corporation. 
TO MODIFY THE WILLOW CREEK COAL PROJECT 

TRANSITION ORDEB 

WHEREAS: 

A. In January, 1994, Globaltex Coal Corporation. (the “proponent”) submitted a.prospecms 
pursuant to section 2 of the Mine Developmenr Assessment Act, SBC 1990, c.55: 

B. The purpose of the application was for an approval to develop a surface coal mine, near 
Chetwynd. British Columbia (the “project”), which development is a reviewable mine 
development under the Mine Development Assessment At% 

C. The application was undergoing review under the Mine Development Assessment Act 
immediately before Iune 341995; 

D. Section 93(3) of the Act requires that an application which is undergoing review as a 
reviewable mine development under the Mine Development A Act, immediateIy 
before section 93(3) of the Act comes into force. be continued and disposedof under the Act 
as an application for a pmject approval certificate. 

NOW THEREFORE: 

Pursuant IO section 93(5) of the Act, the Minister of Environment, Lands and Parks (the 
“Minister”). with the concurrence of the Minister of Energy, Mines and Pekoleum Resources, as 
responsible miniiter, having considered the recommendations of the Executive Director of the 
Environmental Assessment Office attached as Schedule I, ORDERS THAT: 

1. me project be accepted for review under section 24(b) of the Act; and, 

2. the’review of me project proceed from the step referred to in paragraph 1. above, as set out in 
the Act. subject to the variations in process set out in paragraphs (b) and (c), of the 
recommendations of the Executive Director, on page 4 of this document: 



ON CONDITION TJXAT the proponent must not materially alter the project, as described in the 
application for a mine development certiticatc, unless the proposed modification is in accordance 
with sections 12 and 13 of the Acs and. the proponent must submit a project report to the 
Executive Director under section 26 of the Act by June 1.1998, after which time. if the 
proponent has not submitted the report, any assessment of this project will. start from the 
beginning of the review process under section 7 of the Act. 

Pmsuani to section 93(6) of the Act, the following are the reasons for the order: 

1. The Minister and the Minister of Energy, Mines and Petroleum Resources have considered 
and accept the recommendations of the Executive Diitor attached as Schedule I to this 
order, and. 

2. The continuance of the review of the project in accordance with this order will ensure a fair, 
drdedy and prospective review of the effects of the project under the Aa. 

Honourable l&&eth Cull 
Mister of Environment, Lands and Parks 

Honourable Anne Edwards 
Minister of Energy, Mines and Petroleum Rkources 

Dated June 30.1995 at Victoria. British Columbia 

-2- 



SCHEDULE 1 

IN THE MATTER OF THE ENVIRONMENTAL ASSESSMENT ACI-’ 
SW 1994, c. 35 (the ‘cAct”) 

and 

IN THE MATTER OF A PROPOSAL BY GLOBALTEX COAL CORPORATION. 
TO MODIFY THE WILLOW CREEK COAL PROJECT 

RECOMMENDATIONS OF TILE EXECDTJVE DIRECTOR 
OF THE ENVIRONMENTAL ASSESSMENT OFFICE 

1. Globahex Coal Corporation (the “proponent”) submitted a proposal in January, 1994. to 
modify the 1983 approval in principle granted under the former policy mandated mine 
development review process (the “MDRP”) to David Minerals for a 600.000 tonne per year 
underground coal development, IO a 5OO.ooO tonne per year surface mine, near Chetwynd, in 
northeastern British Columbia (the “project”). 

2. The pmponent submitted a prospectus (the “proposal”) under the mine development 
assessment process pursuant to section 2 of the Mine Development Assessment Act. 
SBC 1990, c.55. 

3. The Northeast Mime Development Review Committee (the ‘%omtnittee”). established under 
the Mines Act, SBC 1989. c.56 and exercisiig the function of coordinating mine project 
reviews under the MDAP. and with membership from federal and provincial government 
agencies. coordinated the review of the proposal. 

4. The committee has advised on and monitored proponent sponsored public consuItati~n and 
consultation with Fmt Nations in the arca of the proposed projecr 

5. The proponent has been rcquestcd to prepare an application for a,tnine development 
certificate and has received the terms of reference. The committee is awaiting the submission 
of the further proposal. 

On the basis of reviewing the terms of reference provided to the proponent under the MDAP, and 
in accordance with section 930 of the Act. I accept the terms of reference as meeting the 
requirements of project report specifications under section 24(a). 

-3- 



Based on the foregoing and pursuant to section 93(s) of the Aa I: recommend to rhe Miter of 
Environment, Lands and Parks and the Minister of Energy, Mines and Petroleum Resources that 

a) the project be accepted for review under the Act, beginning at a step known as preparation 
and submission of project report according to specifications, under section 24(b), and subject 
to the variations in process referred to in paragraphs (b) and {c), and the condition sat out in 
paragraph (d) below, the review proceed from that step under the Act, 

b) the requirement of the Executive Director to &liver the final project rapon. specifications to 
the proponent together with a request that the proponent prepare the project report in 
accordance with the project report specifications, under section 24(b), be dispensed with, 
since the proponent has received a request to prepare a submission under the MDAF’, 

c) a project committee be esrablished under section 9 of the Act, to coordinate the review, once 
the proponent submits a project report, and 

d) if the proponent does not submit a project report by June 1.1998, and the proponent 
continues to seek a project approvaI certificate for the project after that date, the proponent 
submit an application under section 7 of the Act. 

Jl 
Environmental Assessment Office 

Dated Xme 30. W95 at Victoria, British Columbii 

-4- 



RECORDED TERMS OF REFERENCE AMENDMENTS 



WILLOW CREEK COAL PROJECT 
AMENDMENTS/CLARIFICATIONS TO THE TERMS 

SUMMARYMATRM 
OF REFERENCE 

DATE PROPOSED AMENDMENT/CLARU&ATION AND RESPONSE 

April21,.1994 MELP Northern Intel?: Region-conveys to the MFMPK a document containing, 
detailed. information iequirements fo<.th& (l&n? Development .!Zertif&ate) 
Application th6 proponent will be required to submit, These biophySical .&dy ., 
requirements becamethe original Terms ofReference (TOR) for the o$nal 
project. 

May 9,1994 Letter from proponent to MELP regarding clarification on the TOR While some 
specific amendments to the environmental study included in the TOR are 
suggested in this letter, none of these changes had been accepted by agency 
reviewers at that time. 

June 8,1994 Letter from the proponent to MEMPR regarding clarification of the proposed 
aquatic baseline monitoring program Included in the TOR of April 21, 1997. 
Based on discussions with government agencies, detailed workplans are included 
for the following study components: 
. surface and groundwater quality and sediments; 
. hydrology; 
. fisheries. 

July 28, 1994 geF memorandum to MEMF’R in response to the proponent’s June 8,1994 

Sire Selection: 
Qua&y Assurance: 

proposal accepted 
duplicates and blanks to be submitted for each sampling 
day 

Frequency: 
Paramelers: 

proposal for three samples accepted reluctantly 
both total and dissolved metals required. Proponent 
advised to delete mercury sampling in the water cohmm 
and concentrate on groundwater seeps, sediment and fish 
tissues. 

he 30,1995 Environmental &seam&t Act Tratiition Order (TO) signed. Scheduk 1 to 
the TO states that the project’s original TOR meet the requirements for Project 
Report specificationsper the E4 Act. However, the TO does not refer to the TOR 
by date (April 21,1997) as constituting the terms ofreference. 

1 



May 17,1996 

June 13,1996 

Fax memorandum from the proponent’s cons&ant Norecol, Dames and Moore, 
Inc (NDM) to the Environmental Assessment Offme (EAO). NDM requests 
further clarification in areas of the April 21,1994 Terms of Reference. They are: 

;: 

: 
5: 
6. 

Scale of Ecosystem Mapping 
Scope of the Hydrology Program 
Scope of the Water Quality Monitoring Program 
Scope ofthe Sediment Survey 
Scope ofthe Algal Survey 
Other Aspects of the Study 

The following clarification of project specifications is in the minutes of this 
meeting: 
. MELP requires 1:5,000 TEM in directly impacted areas and 1:20,000 for 

other areas. 
. Consultant and MBLP agreed to work together to refine the requirements 

of the water quality studies in the TOR. The fish tissue studies conducted 
for David Minerals Ltd. could possibly be used. The original TOR states 
that tissue samples are not required in the project report, but to be 
submitted before construction. 

. Proponent to provide a stratigraphic comparison between Quintet and Bull 
Moose to assist in the acid rock drainage study. 

. The proponent wili conduct an impact assessment of tributaries 1 - 3 and a 
water management regime will be established. 

July 12,1996 

July 16, 1996 

July 19, 1996 

Memorandum from NDM to MELP providing information update. NDM 
indicated that: 
. Background information is being collected to cover the entire Willow East 

area (north, central and south pits). 
. A staff gauge will be added to Tributary 3 to collect additional stream 

flow information. 
. Commitment to develop a program to characterize stream habitat on 

Willow Creek, Tributaries 1 - 3, Middle and Far East Creeks. 
. Proposal to identify groundwater seeps to collect groundwater data; 

testing proposed only for dissolved metals, major ions, N, P, and Cl. 

Letter from MELP to proponent responding to meetings with,proponent, 
exchanges of information and NDM’s memo of July 12,1996. The letter 
addresses in detail all pending items from NDM’s memo of May 17,1996 not 
previously responded to during the June 13 meeting and subsequent exchanges. 
Two letters from NDM to MELP proposing plans for Willow Creek fisheries, 
periphyton and sediment quality studies. The proposed study program would 
serve as amendments to the original TOR. 

August 8,1996 Letter from MELP to proponent in response to July 19 proposal. MELP provided 
detailed adjustments to the program for periphyton and sediment baseline studies. 
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August 1,1996 Letter to NDM from MELP regarding fish/fish habitat information requirements. 

August 9,1996 Memorandum from NDM to MELP Ft St. John which provided an update and 
.proposed the following amendments to the fisheries program: 
. fish habitat assessments were conducted in Willow,.Middle and Far East 

Creeks in 1994 according to attached map. No fishmg was done. 
. the July 19,1996 proposed fish program has been expanded to include (a) 

reach evaluation of Willow Creek above Tributary 2 to above Tributary 3; 
and, (b) reach evaluation of Tributaries I,2 and 3 to intermittent flow 
points or to where mining activities are proposed. 

. the July 19, 1996 proposed program will be completed coincidentally with 
these additional studies. 

4ugust 7,1996 Letter from EAO (Kent) to Pine Valley Coal Ltd. (Fawcett) which pulled together 
a number of different aspects of the project specifications.. Consensus of the 
Northeast Mine Development Review Committee on July 5,1996 on the following 
areas for remediative measures or additiona sampling, to be addressed and 
inchrded in m-the Project Repoa: 
. ;;;;;tmg of the staff gauge on Middle Creek into the pool at the culvert 

. construction of a permanent/secure v-notched weir on East Creek; 

. need to sample the water quality of the groundwater expelling from the 
drill hole “8 I-???“; 

. establishment of a rain gauge at one of the proposed pit sites and an 
anemometer at the proposed plant site; 

. a reach description for Willow Creek and other tributaries to determine the 
probability of fish occurrence and follow-up assessment, if required, of 
sampling for fish species; 

. establishment of a staff gauge on Tributary 3; 
. the concern that one settling pond may not be adequate to handle potential 

sedimentation resulting from the proposed dump sites; 
. sampling/assessment program for Acid Rock Drainage. 

The South Pit proposal was tentatively accepted by the NRMDRC as part of the 
present application based upon: 
. proponent’s assurance that disturbance would be 150 ha or less (given at 

.June 2!, 1996 meeting); 
. collectron of water quality data for Tributary 3 and Willow Creek’in the 

affected area; 
. the TRM work and wildlife information will cover the South Pit area; and 
. the area is part of the property designated as Willow East. 

The proponent agreed to address the eiiht items l&ted above as well as the 
additional work involving the South Pit. 
toward completion of the Project Report. 

EAO advised the proponent to proceed 
The EAO indicated interest in the 

company’s eforts to consult with First Nations. 
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August 14,1996 

August 23,1996 

Letter from NDM to MELP Prince George seeking the following modifications to 
MELP requirements in their submission of August 8 (see above) 

mi??iver~ 
relaxation of requirement to distinguish influence of Willow 

Periphyton - questions the utility of adding another periphyton sample site to the 
two proposed upstream and downstream of the project site because periphyton 
would be influenced principally by conditions in the Pine River. 
Stream Sediments - questions the utility of an additional aquatic site on the Pine 
Rrver downstream of Willow Creek and upstream of Middle and Far East Creeks 
because of difficulty determining any measurable differences in sediment 
composition in the Pine River immediately downstream of Willow Creek. 
Site Relocation - suggestion to move the downstream Pine River sampling site to 
below Wallow Creek because of little anticipated measurable effect of Middle and 
Far East Creeks on the Pine River baseiine conditions. 

! MELP Prince George responds as follows: 
Wate~Che~~ky - MELP maintains requirement for third monitoring site 

! rmme late y ownstream of Willow Creek. 
Periphyton - MELP maintains requirement for periphyton monitoring below 
Wallow Creek to establish site specific baseline values. 
Sediments - MELP maintains requirement for this measurement to establish site 
specificeline values. 
Site Relocation - MELP preference to maintain current location at least until the 
operatronal program is established. 

August 14,1996 Work Program on “TEM with Wildlife Ecosystem Mapping with Wildlife 
Interpretations for Willow Creek Project”, authored by NDM, submitted for 
agency comments. 

August 22,1996 Letter from NDM to EAO voicing concern over extent and cost of TEM. 

September 9, 
1996 

Letter from EAO to NDM confirming MELP’s position on TEM components of 
the WiIIow Creek project. 
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August 20,1996 Letter from MEI to Proponent regarding “Proposed Sampling and Analysis 
Program for Metal Leaching and ARD Prediction” by NDM. The sampling and 
analysis program set out by NDM is accepted with the following modifications: 
. sampling and analysis to predict metal leaching and ARD potential of 

Moosebar stratigraphy should be included in the NDM prediction 
program; 

. when submitting results for review, plan maps and cross sections 
displaying sample locations and geology should be provided; 

. comprehensive geological descriptions of samples should be included witl 
analytical results. 

August 30,1996 IvIE1 supplementary comments to August 20,1996 letter and discussions with 
MELP: 
. requirement for a finalized, detailed report to be submitted as soon as 

possible as per approved NDM program.’ 
. ARD prediction information and analytical data should be reported to the 

MEI Reclamation Inspector on a quarterly basis with the initial report to 
be submitted on or before October 15,1996. Verbal response that studies 
are in progress and will be included in project report. 

January 28,1997 Meeting between proponent, EAO, MELP. Minutes imply that the proponent 
requested reduction in the parameters list to those level metals that are of concern 
for the project. MELP indicated that a decision on parameter reduction would not 

-occur before the Project Report is submitted. The meeting discussed a number of 
project issues, including specification issues such as socio-economic impacts. Firs 
Nation study requirements; archeological surveys to be addressed in the Project 
Report. 

February 5,1997 Letter from NDM to EAO which provides an update on the work program for the 
socio-economic studies (requested by EAO at January 28,1997 meeting). The 
proponent indicates that both general public and First Nations consultation 
programs are being conducted parallel to this work. 

March 14,1997 Letter from EAO to NDM approvingthe proposed approach to the socio-economic 
study. 

July 15, 1997 Meeting between the proponent, EAO, MEI, MELP and DFO discussing the 
content of the Project Report. The proponent was encouraged to cover items such 
as: 

. Socio-economic impacts from the mine development 

. Visual impact assessment/study 

. Consequences of an increase in coal production (600,000 - 
900,000 t/year) 

. DFO additional requirements (see next box) 

. Traditional use study and First Nations concerns 

. Archeological assessment/study. 



July 29, 1997 As a follow-up from the meeting on July &I997 (see above) 
NDM sent a clarification letter to DFO. Main points: 

August 7,1997 

. Fisheries Act author&ion and trigger of federal review 
9 Compensation for lost fish habitat 

Response from DFO to NDM. Outlining requirements for further input: 

l Extent of project’s intrusion into the flood plain of the Pine River 
l Details of the plant design including footprints, fuel storage etc. 
l Details ofwaste water handling 
l Details of mitigation measures to control sediment release 

1 l Information on fish utilization of tributaries to Willow Creek below the falls. 1 
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APPENDIX 4.3-l 

TERRAIh’ MAP -WILLOW CREEK FLATS 
AND PINE RIVER VALLEY 







APPENDIX 4.4-l 

PREVIOUS STREAM WATER QUALITY DATA 



TABLE A 
WATER QUALITY DATA COLLECTED BY ENVIRONMENT CANADA ON THE PINE RIVER 

AT HIGHWAY #97 BRIDGE, EAST PINE - 1966,1967,1969 

Parameter Aug-66 Sep-67 Aug-69 Average SD 
1 Temperahw (deg C) 15.6 14.4 12.8 14.3 1.41 
PH - 8.1 
Colom 5c 
Turbidity (NTU) 1.9 
Specific Conductance 264 
Total Dissolved Solids 147 
Hardness NT 
Dissolved Calcium (calculated) 40.4 
Dissolved Magnesium NT 
Dissolved Potassium 0.6 
Dissolved Sodium 2.1 
Total Alkalinity 132 
Bicarbonate (calculated) 161 
Carbonate (calculated) 0 
Dissolved Chloride 0.9 
Dissolved Fluroide 0.10 
Reactive Silica 2.7 
Dissolved Solphate 11.7 
Total Organic Carbon NT NT 
Nitrogen (Noz, NO,) < 0.005 < 
Total Phosphorus NT < 
Total Inorganic.Phosphate NT NT 
Suspended Iron NT 
Extractable Lead NT < 
Extractable Manganese NT < 
Extractable Copper NT < 
Extractable Zinc NT < 
Free CO1 2.0 
Saturation Index (talc pH units) 0.4 
Stability Index (talc pH units) 1.3 
Sodium Absorption Ratio (ml units) 0.08 
Filterable Residue 152 NT 
Nonfilterable Fixed Residue NT NT 

8.1 
5< 

1.8 
235 
124 
118 

33.3 
8.5 NT 
0.5 
2.0 
107 
130 

0 
0.9 

0.08 < 
3.6 

11.5 
< 

0.005 < 
0.005 

0.11 < NT 
0.01 < 
0.01 NT 
0.01 < 
0.01 < 

1.6 
0.2 
1.1 

0.08 
NT 

1.9 
5 

9.6 
214 

89 
10.8 
31.0 

0.4 
1.6 
91 

119 
0 

0.5 
0.05 

1.9 
11.5 

1 
0.005 < 
0.016 
0.005 

0.01 < 

0.01 < 
0.01 < 
2.4 

-0.1 
8.0 

0.21 

42 

-_ 
0.01 

- 
0.01 
0.01 

2.0 
0.2 
7.7 

0.12 
_- 
- 
- 

-_ 
0.00 

- 
0.00 
0.00 

0.4 
0.3 
0.4 

0.08 
- 
- 

lFilterable Fixed Residue 98 NT NT -_ 

NT: NotTested <: LeSsThan 
Source: IEC 1982 

Averages calculated with less than set equal to. 

8.0 
5 

4.4 
238 
120 

64.4 
34.9 

-_ 
0.5 
1.9 
112 
137 

0 
0.8 

0.08 
2.1 

11.6 
- 

0.005 
0.011 

- 

0.1 
0 

4.5 
25 
29 

75.8 
4.9 
- 

0.1 
0.3 
18 
22 

0 
0.2 

0.03 
0.9 
0.1 
- 

0.000 
0.008 

- 
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TABLE B 
SUMMARY OF WATER QUALITY DATA FOR PINE RIVER AT HASLER CREEK 

COLLECTED BY MINISTRY OF ENVIRONMENT - 1976 

Parameter May JOY August November Average SD 
IUH 1.6 7.9 8.1 8.3 8.0 0.261 
Conductivity (umhos/cm) 
Turbidity (NTU) 
Colow (TAC) 
Alkalinity (Total) 
Organic Carbon < 
Fluoride < 
Hardness 
AUlIllonia 
Nitxogen (NOJNO3) 
Nitrate (NO3) 
Nitrite (NO3 
Organic Nitrogen 
Kjedabl Nitrogen 
Total Nitiogen 
Ortbo-Phosphorus 
Total Phosphorus 
Sulphate 
Tannin and Lignins 
Inorganic Carbon 
TOTAL METALS 
An&c 
Cadmium (ppb) 
chromium 

Copper 
IrOIl 

Lead 

NT < 0.00s < 
0.27 0.63 
0.28 0.64 
0.37 NT 

< 0.003 0.003 < 
0.040 0.052 

7.0 5.8 
0.3 0.2 
23 NT 

< 0.005 < 0.00s < 
< 0.05 < 0.05 < 
< 0.005 0.014 < 

0.003 .o.oos < 
2.0 1.4 

0.002 0.004 < 

177 154 
16 23 
8 8 

82.0 12.5 
1 1 

0.1 < 0.1 < 
90.6 74.1 

0.010 0.009 
0.09 NT 
0.09 0.03 

240 300 
9.3 1.7 
12 3 

120.0 129.0 
5 2 

0.1N-r < 
125.0 147.0 
0.005 0.006 

0.02 0.04 
0.20 0.04 

0.005 < 0.00s < 
0.07 0.02 
0.08 0.03 
0.10 0.07 

0.003 < 0.003 
0.022 0.005 

14.0 19.7 
0.4 0.1 
29 34 

0.005 < 
0.05 < 

0.005 < 
0.001 < 

0.4 
0.001 < 

0.005 < 
0.05 < 

0.005 
0.001 

0.2 
0.001 

9.8 
0.02 
0.05 < 

0.0017 
0.01 < 

0.00s 

Magnesium NT NT NT 
Manganese 0.03 0.04 0.03 < 
Mercury @pb) < 0.05 < 0.05 < 0.05 < 
Molybdenum 0.0008 0.001 0.0007 
Nickel < 0.01 < 0.01 < 0.01 < 
Zinc 0.012 0.011 < 0.005 < 

Aluminum < 0.01 < 0.01 NT < 0.01 < 
Vanadium 0.003 0.002 NT NT 
DISSOLVED METALS 
Calcium i7.7 23.4 37 

217.8 57.0 
12.5 7.9 

8 3 
100.9 24.1 

2 2 
0.1 0.0 

109.2 28.5 
0.008 0.002 
0.050 0.029 
0.09 0.07 

0.005 0.000 
0.25 0.24 
0.26 0.24 
0.18 0.13 

0.003 0.000 
0.030 0.018 

11.6 5.6 
0.3 0.1 
29 4 

0.00s 
0.05 

0.007 
0.003 

1.0 
0.002 

- 

0.03 
0.05 

0.0011 
0.01 

0.008 
0.01 

0.003 

29 

0.000 
0.00 

0.004 
0.002 

0.7 
0.001 

- 

0.01 
0.00 

0.0004 
0.00 

0.003 
0.00 

0.001 

6 
IMagnesium 5.2 3.8 7.7 9.6 6.6 2.21 

NT Not Tested <: Less Than Averages calculated equating less than to equal to 

Source: EC 1982 
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TABLE C 
IEC PINE RIVER WATER QUALITY RESULTS 1981-82 

Upstream ofMine EZ Bridge Dowstream ofMine 
P~l%IIl~t~~ 02/05/81 05/02182 03/06/82 29l87182 .Mcan SD 03/O-5/83 05/02/82 03/06/82 29/07/82 Maa” SD 
PHYSICAL TESTS I 

PH 8.00 
bonducdvity (umhoslcm) 285 
Turbidity (ITU) 8.00 
Hardness (mpn as C~COI) I36 

8.30 
363 
0.75 
202 

6.80 
140 

21.00 
75 

8.10 
280 

2.60 
140 

7.80 
267 
8.09 
138 

0.68 
93 

9.14 
52 

7.00 
150 

30.00 
78 

8.25 
373 
0.78 
205 

7.00 
150 

36.00 
15 

8.10 
280 

2.70 
140 

7.78 0.68 
238 109 

17.37 18.23 
125 61 

SOLIDS (m#J.J 
Total Dissolved 
TOfd 
Suspended 

ANIONS (mg/L) 
Total Alkalinity 
Sulphate 

NUTRIBNTS @%@I,) 
Tolnl Phosphntor 
Dissolved Phosphates 
Total Kjeldahl Nitrogen 
Ammonia Nitmgen 
NOdNO, Nilmgen 

232 322 94 162 203 98 110 326 100 170 177 104 
260 345. I70 I72 237 83 220 328 270 178 249 65 

28 23 76 10 34 29 110 2 170 8 73 82 

161 
13.0 

0.208 
NT 
NE 

0.12 < 
0.024 < 

DISSOLVED METAL8 (mg/L) 
Aluminum c 0.15 c 
Barium 0.074 
Cadmium < 0.025 < 
Chromium c 0.03 < 
Copper < 0.015 c 
Imn 0.079 
Lad < 0.08 < 
Zinc c 0.015 < 

TOTAL METALS (mg/L) 
Aluminum 0.49 < 
Barium 0.089 
Cadmium c 0.025 < 
Chromium C. 0.03 < 
Copw 0.026 
Iron 0.86 
Lead < 0.08 c 
MWCU~ NT < 

198 70 130 140 54 70 193 71 130 116 58 
39.5 10.0 17.0 19.9 13.4 14.0 49.0 16.0 17.0 24.0 16.7 

0.021 
0.004 

0.06 
0.05 < 

0.012 

0.15 
0.120 
0.025 < 

0.03 < 
0.005 < 
0.044 
0.001 
0.015 

0.15 
0.120 
0.001 < 

0.03 < 
0.005 

0.20 

0.140 
0.003 

0.58 
0.01 

0.020 

0.004 
0.32 
0.01 

0.040 

0.096 0.094 0.170 0.010 0.190 0.019 0.097 0.096 
0.004 0.001 c 0.003 0.004 c 0.003 0.003 0.003 o.ow5 

0.32 0.26 0.61 < 0.05 0.06 0.32 0.26 0.26 
0.05 0.05 < 0.01 < 0.05 c 0.01 0.03 0.03 0.02 

0.024 0.012 0.010 0.010 0.010 0.050 0.020 0.020 

0.10 
0.100 
0.001 < 
0.025 < 
0.001 
0.195 
0.003 
0.001 < 

0.05 
0.100 
0.001 < 
0.025 < 
0.001 

0.11 
0.099 
0.013 
0.028 
0.006 
0.087 
0.021 
0.008 

0.05 

0.001 
0.001 

0.014 < 
0.003 < 
0.007 < 
0.075 
0.039 
0.008 

0.68 < 0.15 0.10 0.05 0.10 0.04 
0.100 0.100 0.100 0.100 0.100 0.000 
0.00, < 0.001 < 0.025 < 0.001 < 0.007 0.012 
0.025 c 0.03 < 0.025 < 0.025 < 0.026 0.002 
0.00, 0.05 < 0.001 0.002 0.014 0.024 
0.500 < 0.068 0.140 0.028 0.184 0.216 
0.004 < 0.001 0.002 0.001 0.002 0.001 
0.002 0.015 0.002 0.003 0.006 0.006 

1.70 0.15 
0.150 0.100 
0.001 < 0.001 < 
0.025 < 0.025 < 
0.004 < 0.001 
3.900 0.225 

0.62 0.74 
0.115 0.027 
0.007 0.012 < 
0.028 0.003 < 
0.009 0.01 I 
1.296 1.762 
0.021 0.039 

2.00 < 0.15 2.20 0.20 
0.150 O.LOO 0.150 0.150 
0.001 < 0.025 c 0.001 < 0.001 < 
0.025 < 0.03 < 0.025 c 0.025 < 
0.005 0.004 0.005 c 0.001 

4.7 0.14 5.250 0.240 

1.14 1.11 
0.138 0.025 
0.007 0.012 
0.026 0.002 
0.004 0.002 
2.583 2.772 
0.003 0.002 

. . . .__ 
0.001 0.003 0.001 

o.woo5 cs cs . . . 
0.004 c -- . . . cs < 

0.001 
0.0005 cs cs 

0.004 < 0.001 -- -. 

lZ.inc 0.46 < 0.015 0.22 < 0.003 0.175 0.215 0.022 < 0.015 0.026 0.003 0.017 0.0101 

< Less Thm NT: Not Tested NB: Lost sample in tenting CS: Conlnminnled Sample <treated IIS equal lo for mcnn and standard dovindon 
Source: IBC 1982 
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TABLE C 

Pnnlmeter 
IPHYSICALT~TS 
PH 
Conduclivily (micromhoslcm) 
Turbidity (JTU) 
Hardness (mgn QS C&O,) 

Willow Creek Middle Creek Far East Creek 
02/05/81 29/07/82 Meon 02,05/81 03/06/82 29107182 Mean SD 03/06/82 29/07/82 MCilIl 

8.45 8.30 8.38 8.15 
311 270 291 385 

34 16 55 0.72 
155 280 218 I91 

7.30 7.60 7.68 0.43 7.20 8.00 7.60 
330 320 345 35 310 410 360 
I.10 0.40 0.74 0.35 1.30 2.10 1.7 
170 170 177 I2 I50 210 I80 

SOLIDS (men) 
Torn1 Dissolved 
TOlill 
Suspended 

ANIONS (mpn) 
Tolnl Alknlinily 
Sulphale 

NUl’RlENTS @Q/L) 
Totnl Phosphates 
Dissolved Phosphates 
Total Kjcldnhl Nitrogen 
Ammonia Nivoeen 
NOdNO, Nilrogen 

DISSOLVED METALS cm&) 
Aluminum < 
Btium 
Cadmium < 
Chromium < 

CQPW < 
km 
Lcad < 
Zinc < 

TOTAL METALS (mgiJJ 
Aluminum 
Barium 
Cadmium < 
Chromium < 

CoPper < 
Iron 

264 226 245 310 
320 344 332 331 

56 II8 87 I 

194 140 
6.0 9.0 

< 0.030 0.140 
NT 0.01 

0.39 0.74 
0.15 0.14 

0.016 0.030 

0.15 0.100 0.125 < 0.15 
0.110 0.150 0.130 0.099 
0.025 < 0.001 < 0.013 < 0.025 < 

0.03 < 0.025 < 0.028 < 0.03 < 
0.015 < 0.005 < 0.010 < 0.015 < 
0.054 0.076 0.065 0.047 

0.08 0.002 0.041 < 0.08 
0.015 0.019 0.017 < 0.015 

0.82 0.280 
0.27 0,300 

0.08 0.002 

I67 235 
7.5 < 5.0 

0.085 0.130 
. . . NT 

0.57 0.30 
0.15 0.09 

0.023 0.012 < 

0.550 < 0.15 
0.285 0.10 
0.013 < 0.025 < 
0.028 < 0.03 < 
0.011 c 0.015 
2.890 0.048 
0.041 < 0.08 

I90 257 252 60 
220 260 270 56 

30 3 II 16 

170 170 192 38 
9.0 5.0 6.3 2.3 

0.035 0.080 
0.003 < 0.001 

0.63 0.70 
0.01 0.06 

0.010 0.020 

0.082 0.048 
0.002 ... < 

0.54 0.21 
0.05 0.04 < 

0.014 0.005 < 

0.05 < 0.05 
0.200 0.150 
O.OOl < 0.001 < 
0.025 < 0.025 c 
0.001 0.002 
0.245 0.128 
0.002 0.005 
0.002 0.005 

0.08 0.06 
0.150 0.051 
0.009 0.014 < 
0.027 0.003 c 
0.006 0.008 < 
0.140 0.100 
0.029 0.044 
0.007 0.007 

190 
220 

30 

150 
14.0 

0.025 
0.003 < 

0.57 
0.01 

0.010 

0.05 
0.100 
0.001 < 
0.025 < 
0.001 < 

0.002 
0.007 

0.220 0.150 0.173 0.040 0.080 
0.200 0.150 0.150 0.050 0.150 
0.001 c 0.001 < 0,009 0.014 < 0.001 < 
0.025 < 0.025 < 0.027 0.003 < 0.025 < 
0.002 < O.OOl 0.006 0.008 0.003 < 
0.400 0.160 0.203 0.180 0.350 
0.002 < 0.001 0.028 0.045 0.002 

204 197 
206 213 

2 I6 

220 I85 
Il.0 12.5 

0.019 
0.001 c 

0.46 
0.01 

0.020 

0.01 
0.200 
0.001 < 
0.025 < 
O.OOl < 
0.084 
0.001 
0.001 

0.200 
o.zM) 
0.001 < 
0.025 c 
0.001 
0.350 
0.001 

0.022 
0.002 

0.52 
0.01 

0.015 

0.03 
0.150 
0.001 
0.025 
0.001 
0.095 
0.002 
0.004 

0.140 
0.175 
0.001 
0.025 
0.002 
0.350 
0.002 

-._ NT cs CS _._ _.. cs CS . . . 
IZinc < 0.015 0.025 0.020 < 0.015 0.004 0.004 0.008 0.W6 0.012 0.003 0.008 

< Less Than NT: Not Tested Cs: Canlaminnted Sample c treated as qunl to for mean and standard dcviadon 
Source: EC 1982 
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TABLED 
BASELINE WATER QUALITY FOR WILLOW CREEK PROJECT 

lPEYSICAL TESTS 
PH 
Colour (pt-co Scale) 
Turbidity (JTU) 
Hardness (mg/L) 
Conductivity (umhoslcm) 

Surface Water Ground Water 
PineRiver r 

B&W At At ?+97 Br Middle WiUOW No. 2 DDE 
Willow Ck Ha&r Ck East Pine Creek Creek seam 81-15 

8.00 1.91 8.03 8.15 8.45 8.20 8.00 
18 8 5 16 53 30 20 

8.00 12.50 4.40 0.72 34.00 0.39 0.19 
136.00 109 64 191 155 169 215 

285 220 238 385 311 335 483 

SOLIDS (mg5) 
Total Suspended 29.0 29.5 NT <0.5 53.5 24.0 9.0 
Total Dissolved 232 1.10 120 311 264 272 380 
TO&l 7.60 156 NT 310 320 

DISSOLVED ANIONS (rn!~‘L) 
Total Alkahity 
Alkalinity (Bicarbonate) 
Chloride 
Sulphate 
Nitrate 
Nitrite 

101 112 197 
161 NT 136 235 194 200 293 

2.60 NT 0.70 0.67 0.77 
13.00 11.63 11.60 -5.00 6.00 4.00 cl.00 
0.023 0.45 <0.005 0.006 0.015 0.056 0.029 
0.001 0.005 <a.005 0.006 0.011 Above: NO1 +NO, 

Fluoride 
Total Phenol 

DISSOLVED METALS (mg/L) 
BadUlll 
C&iUm 
Iron 
Magnesium 
Manganese 
Potasium 
Silicon 
SOdiUlll 
Strontium 

TOTAL METALS (mg!L) 
Aluminum 
BtiWIl 
Chromium 
COPPer 
CdCilllll 
Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Potassium 
Silicon 
sodium 
Strontium 
Vanadium 

ORGANIC TESTS (rug/L) 
Total Organic Carbon 
Total Phosphate 
Ammonia Nitrogen 

ITotal Kjeldal Nitrogen 
[Tannins and Lignins 

NT 0.258 NT 0.300 

0.099 NT NT 
57.10 32.88 34.90 
0.047 NT NT 
11.70 6.58 8.50 
0.008 NT <0.010 

0.94 NT 0.50 
4.02 NT 2.70 
1.50 NT 1.90 

0.086 NT NT 

0.49 0.01 NT 
0.10 NT NT 

co.03 0.007 NT 
0.026 0.002 NT 
59.30 NT NT 
0.048 1.00 0.11 
<0.08 0.002 NT 
17.10 9.80 NT 
0.025 0.03 NT 
co.04 0.001 NT 

0.97 NT NT 
4.23 NT MT 
2.48 NT NT 
0.22 NT NT 

<O.Ol 0.002 NT 

0.099 0.110 <0.080 0.150 
57.10 43.70 51.90 52.70 
0.047 0.054 0.048 0.37 
11.70 11.10 9.30 19.70 
0.008 0.003 co.003 0.028 
0.94 0.67 0.38 0.86 
5.02 4.54 4.17 4.62 
1.50 2.68 0.88 8.61 

0.086 0.098 0.096 0.23 

<0.015 
0.10 

<0.03 
<O.OlS 

59.30 
0.048 
<0.08 
12.10 

<0.003 
<0.04 

0.97 
4.23 
1.52 

0.088 
<O.OlO 

0.82 
0.27 

co.03 
<0.015 

45.20 
1.03 

co.08 
11.70 
0.016 
<0.04 

0.56 
0.093 
<0.03 

<0.015 
56.80 

0.30 
co.08 
10.20 
0.005 
<0.04 

0.16 
0.17 

<0.03 
<0.015 

60.60 
OA 

co.08 
22.70 
0.019 
<0.04 

1.16 NT NT 
7.34 7 5.8 
2.75 1.20 
0.10 0.11 

<O.OlO 0.010 

5.30 28.67 NT 
0.208 0.024 0.016 0.130 
0.120 0.008 NT 0.090 

26.00 NT NT 
co.03 NT NT 
0.150 co.005 
0.390 0.280 

<O.lO 0.250 NT co.10 <0.10 NT NT I 

NT: Not Tested <: Less Than Data for Pine River Below Willow Creek and Middle Creek suspect 
Source: IBC 1982 because of extensive identical values. 
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TABLE E 
NDM WATER SAMPLING - 1994 

Peameter 

94012014( “~.” 
ID: P-4 

SITE VWWI ( 
94/05/301 ~~,“.8,““( ~.wUW”U , ~-wUr,,“” 

MDC criterion Unit I I I 

pH 
Specific Conductance 
&&,“.a Mnnfilt 
TurbiP 

1 0.1 I Nonel s” 8.2 a.2 8.3 8.3 
1 1. None1 uSlcm 262. 262. 245. 252. 
I 1 I Nnwl mg/L Cl. 4. <I. Cl. 

:I MT, I NA NA 4.8 4.8 

,“( I.,J,” , ” .“.. , “.“. ( “.” . “.” . . 
“71 mgiL 1 7.1 1 7.1 I 6.2 I 6.1 

I “7”” I II-3 

““I ,  ,  V., 

0.02 I Nonel mgiL 
0.05 Nor-’ m-n 
Or-”  ̂ ^-’ 
n, 

3ismuth 
‘?lcium 
cadmium 
.^A-:.“” 

“.““. , “.“” ( ._ ” , -” .” 
:“rn (3 nno I nnn” n ““1 . ..“” I 

,_Y”C ,  “.Y”F”.YC, “,Y,L ,  NA, NA, 

1 nnnfn 1 nn02-0.021 mg/L 0.0069 0.1 

, 1.~ 
urn 1 0.02 I Non 

(  “ . “ “ “ .  ,  “ . “ .  “ . “ “ ,  

1 I 0.4 I None1 n 

Nickel 
Phosphorus 
Lead 
Lead 
Sulphur 

,  “ . ”  ,  ”  . “ “ ”  “ .  ”  

0.0008 0.025-0.15 
0.04 .005-,015 
0.03 0.003 
0.0003 0.003 lnc 
0.1 1”” “2 

Antimony 0.02 , 
Antimony 0.0005 O,“C . ..“.n 

Selenium 0.03 o.ou I , 
Selenium 0.0001 nnn” 
Silicon 0.8 Non.4 mg/L 
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WILLOW CREEK COAL PROJECT 
1996 MONTHLY WATER QUALITY DATA 
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APPENDIX 4.4-2, TABLE A 
MONTHLY SURFACE WATER QUALITY 

I I I I I I I I I I I I I- I I I 

I 3 

lmsh WI <o.rFx <O&., 
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APPENDIX 4.4-2, TABLE A 
MONTHLY SURFACE WATER QUALITY 

I I C’ 
S” ImgR 01 OBI cc 

“” I ox, <, 
“” I*@ I <o.w, 0.0 

I Iman. I O.cml 59.3Xl c 
In l*gn 01 0x1 <c 

S” I , co.0 
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APPENDIX 4.4-2, TABLE A 

I I I I I I 
PA2 I PR2 I Ad,hrrw,k 

. “ . “ “ ,  . “ .  

lmsn I 0.011 43.7%1 0.031 ’ 
I I I 

-,-,. ._l-,” 

lmgn I 0.00051 Bwh c 0.“” 
” 

m w  0 O%, c0.c 
man. 0.7 

1.4, LLI, ,S m[yL I I I I 
5.7 

39.3%1 0.261 0.111 

I 2.4, 5, 3.3, I I 2.1 

‘7 sr meR 0.10 0.131 

I I I 
I 

n mun < O.Wl I 
0.221 

I 
0.201 0.22( 0.31 

0.001 
0.371 OA41 

< c 0.001 ~O.cml ~O.WIl CO.W1l <O.WI CO.WI <O.coIl 
I I 0.28 
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APPENDIX 4.4-2, TABLE A 
MONTHLY SURFACE WATER QUALITY 
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APPENDIX 4.4-2, TABLE A 

90” N I 0.07, 0 

I I I <o.‘l, cm, <a.!, 
“K lmm. 0.81 0.1 I I 

B”l”rn SB lmsh I O.WO21 0’ 
lmsn 3.4 0.9, 2 
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MONTHLY SURFACE WATER QUALITY 

~~dm\33079\OOl\report\append\tables\A4Z.A9C.xls Page 14 



APPENDIX 4.4-2, TABLE A 

- -._- 
< 0.02 I I 0.031 01 0% 
““,,I 
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MONTHLY SURFACE WATER QUALITY 
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APPENDIX 4.4-2, TABLE C 
MONTHLY TRIP AND FIELD BLANK RESULTS 

Mdvcd zim n mpl. r0.m <o.m I I I I 
M..O,“.d mronl”m zr In@ <o.wa <o.oo, 
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APPENDIX 4.4-3 

WILLOW CREEK COAL PROJECT 
1996 STREAM SEDIMENT QUALITY 
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I, 0, "86 c.01 , 0.04, <2, c5 
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APPENDIX 4.5-1 

WILLOW CREEK COAL PROJECT 
1994 HYDROLOGY DATA 

Source: Sumit Environmental Consultants Ltd. 



WILLOW CREEK: 

Record of Water Level and Discharge for 1994: 
(Combining Discbergs snd wafer level for both Upper & Lower Stations1 

Date 

30-May 
8-Jun 
17-Jun 
2.4-Jun 
2Jul 
7-Jul 
12-Jul 
19-Jul 
23-Jul 
30-Jul 
6Aub 
1 3-AUQ 

20-AUQ 

27-AUQ 

3-Sep 
1 I-Sep 
17-Sep 
18-&p 
24-Sep 
25-Sep 
2-act 
8-Ott 
15-act 
22-act 
29-act 
5-Nov 

Vater Level kn) 

0.244 
0.239 
0.285 
0.215 
0.190 
0.163 
0.185 
0.145 
0.110 
1.545 (bridge) 

0.180 
1.545 (bddgel 

1.540 (bridge1 

1.570 lbridc@ 

1.560 (bridge) 

0.145 
1.545 (bridge) 

1.545 (bridael 

7.560 (bddgel 

1.555 lbridtjel 

1.555 (bridijel 

1.560 (bdd@ 

1.560 (bridge) 

1.570 (bridge) 

1.570 @ridge) 

ice and snow 
& 

Discharge’Q’ (m^3/s) 

i. 

0.354 
0.324 
0.687 ‘. 
0.205 
0.121 
0.063 
0.108 
0.038 
0.012 
0.018 
0.096 
0.018 
0.020 
0.008 
0.012 
0.038 
0.018 
0.018 
0.0’12 . 
0.014 
0.014 
0.012 
0.012 
0.008 
0.008 

ice and snow 



. 

WILLOW CREEK-Discharge vs. Time 

0.7 

0.5 

0.2 

0.1 



WILLOW CREEK Tributary ‘I: 

Record of Water Level and Discharge for 1994: 

Date Water Leyel (m) Discharge’Q’ (m”3k) 

30-My 0.232 0.018 
8-Jun 0.242 0.024. 

!6-Jun 0.270 0.051 
17-Jun 0.265 I; 0.045 
24-Jun 0.230 * 0.017 

2-Jul 0.225 0.014 
7-Jul 0.210 0.009 

12-Jul 0.225 0.014 
19Jul 0.200 0.006 
23-Jul 0.195 0.005 
30-Jul 0.180 0.003 
6-Aug 0.225 0.014 

13-Aug 0.180 0.003 
20-Atig 0.190 0.004 
27%~~ 0.170 0.002 

3-Sep 0.175 0.002 
1 I-Sep 0.215 0.010 
17-Sep 0.190 0.004 
IS-Sep 0.190 0.004 
24-Sep 0.180 0.003 
25Sep 0.170 0.002 

2-act 0.175 0.002 
8-Ott 0.170 0.002 

15-act 0.170 0.002 
22-act 0.175 0.002 
29-act 0.170 0.002 
5Nov snow and ice snow and ice 



WILLOW CREEK Tributary 1 -Water Level vs. Time 



WILLOW CREEK Tributary 1 -Discharge vs. Time 

O.Of 

0.0: 

0.04 

n 
i? 
E 
7 
p O.O? 
% 
$ 
g 
CI 

0.02 

0.01 

0 



MIDDLE CREEK: 

Record of Water Level and Discharge for 1994: 

i. 
* Date Recorded 

30-May 
8-Jun 

17-Jun 
24Jun 

2-Jul 
12-JuI 
19-Jul 
23-Jul 
30-Jul 
6Aug 

13-Aug 
20-Aug 
27-Aug 

3-Sep 
1 I-Sep 
17-Sep 
18-Sep 
24-Sep 
2%Sep 

2-act 
8-Ott 

1%act 
22-act 
29-act 
.5-Nov 

/a& Level 
Il) 

0.348 
0.318 
0.345 
0.305 
0.235 
0.205 
0.230 
0.185 

dry 
0.220 

dry 
dry 
dry 
dry 
dry 
dly 
dry 
dry 
dry 
dly 
W 
dry 
dry 
dry 

ice and sn~ 

‘otal Discharge’Q 
nA3/s) 

0.020 
0.016 
0.020 
0.014 
0.007 
0.005 
0.007 
0.004 

? 
0.006 

? 
? 
7 
? 

0.002 
? 

0.002 
? 

0.001 
? 
? 
? 
? 
? 
? 

. I 

:ommente 

:: 

N.B. : Discharge indicated by ‘7” cannot be detenined since 
water level c .I85 (below range of rating curve) 



.“.. 

0.35 

0.3 

0.25 

g O,? 

i 

s 0.15 

0.1 
I. 

0.05 

0 

. . . 
MIDDLE CREEK-Water Level vs. Time 

Legend 

c.185 m recorded as dry and 
c 

plotted arbltradly at 0.15 m 

Date 1004 



0.02 

0.016 

0.016 

0.014 

0.012 

0.01 

0.03 

O.W6 

0.004 

o.c-92 

0 

MIDDLE CREEK - DiScharge vs. Time 

I 
3- Okcharge cannot be 

detenlned, points plotted 

afbHrarily at 0.001 (mWs) 



FAR EAST CREEK: 

Record of Water Level and Discharge for 1994: 

Date 

30-May 
8Jun 

17~Jun 
2.4Jun 

Z-Jul 
7-Jul 

1221~1 
19-Jul 
23-Jul 
30-Jul 
6-Aug 

13-Aug 
20-Aug 
27-Aug 

3-Sep 
1 I-Sep 
I-/-Sep 
18-Sep 
18-Sep 
24-Sep 
25-Sep 

2-act 
8-Ott 

15-act 
22-act 
29-act 
5-Nov 

WaterlLevel (ml 
:-: 

! 6.135 
0.115 
0.165 
0.120 
6.115 
0.100 
q.115 
0.095 
0.065 
0.080 
0.110 
0.080 
0.085 
0.070 
0.075 
0.101 
0.085 
0.090 
0.090 
0.080 
0.087 
0.085 
0.075 
0.060 
0.085 
0.085 

snow and ice 

rotal Discharge’Q’ {m /set) 

i. 0.029 
0.018 
0.046 
0.021 
0.018 
0.009 
0.018 
0.007 
0.001 
0.000 
0.015 
0.000 
0.001 
0.000 
0.000 
0.010 
0.001 
0.004 
0.004 
0.000 
0.002 
0.001 
0.000 
0.000 
0.001 
0.001 

snow and ice. 

i. 



FAR EAST CREEK - Discharge vs. Time 



FAR EAST CREEK-Water Level vs. Time 
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APPENDIX 4.52 

EXISTIh’G HYDROLOGY DATA 

Source: IEC. 1982. 





: 
\ 
I 

---- PINE RIVER AT 
EAST PINE 

- PINE RIVER AT 
THE ‘Et’ BRlDGE 

I 1 

J ‘F’M’A’M’J’J’A’S’O N D 

MEAN ANNUAL HYDROGRAPHS FOR 
THE PJNE RIVER 



1.02 1.05 1.11 I .25 2.c 

PROBABILITY (%) 

1 40 30 20 IO 5 .2 I 0.5 0.2 - 
- 
4 

.’ 

- 

- 

- 

- 

- 

- 

- 

RETURN PERIOD (YEARS) 

l / Data Points (Gumbel Type I) Distribution Fitted Graphically 

**-- -* Log - Pearson Type III Distribution 

FLOOD FREQUENCY DISTRIBUTIONS 
FOR THE PINE RIVER AT EAST PINE 



627 

626 

625 

624 

DISCHARGE (m3/s) 

FLOOD STAGE -DISCHARGE CURVES, FOR THE 
PINE RIVER AT THE ‘EZ’ BRIDGE 

3089.7-04 
ORAW” DATE 

IEQ: U.K. e/a2 
CHECKED AWROYEO 

consu~tantr IX. FIG. 3.7- 7 
Al 



TABLE A 

SUMMARY OF PINE RIVER FLOWS 

Flow 

MeanAnnualRunoff 
Maximum Annual Runoff 
% of Mean 
Minimum Annual Runoff 
% of Mean 
Mean Annual Maximum Daily Discharge. 

200 Year Maximum Daily Discharge’ 
i. Gumbell Type I, fitted graphically 

ii. Gumbell Type I, maximum likelihood 

iii. Log-Pearson Type Ill 

Mean Annual 7 Day Low Flow 

200YearlDayLowFlow 

Piie River Pine River 
at East Pine” at EZ Brid& 

6,310,OOO 830,000 
8,570,OOO .1,162,000 

136 140 
4,550,000 581,000 

72 70 
1,550 340 

127 223 

8,650 1,948 
712 1,247 

4,718 1,076 
393 689 

7,212 1,624 
594 1,040 
24.0 2.8 

2.0 1.8 
12.3 0.9 

1.0 0.6 

’ Based on WSC data for station 07FBOOl 
b Estimates based on site data, WSC &xds and regional strea.mflow correlations 
’ A range of flow values were found, depending on the m&ode of calculation. 

Three procedures are shown. 
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TABLEB 

WATER SURFACE ELEVATIONS ON THE PINE RIVER 

Return Period 
Gyms) 

10 
25 
50 
100 
200 

DOWllStlUlll 
622.2 
622.5 
622.8 
623.2 
623.3 

Water Surface Elevation (m) 
EZ Bridge 

625.2 
625.7 
626.1 
626.3 
626.6 

UpStream 

629.0 
629.3 
629.7 
630.0 
630.2 

Source: IEC 1982 
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TABLE C 

PINE RlVER MONTHLY AND ANNUAL MEAN DISCHARGES 

Pine River at East Pine” Pine River at EZ Brid& 
Discharge (d/s) Percent Percent Discharge (m%) 

35.3 1.4 3.7 1.21 
Feb 32.8 1.3 3.8 1.2 
Ma 36.2 1.5 4.0 1.3 
APT 89.7 3.7 10.3 3.2 
May 565 23.2 74.4 24.0 
Jun 746 30.6 99.3 3i.o 
JUl 334 13.7 43.4 14.0 

Aw 157 6.4 22.4 7.0 
SeP 126 5.2 16.1 5.2 
Ott 167 6.8 21.1 6.8 
NW 100 
Da 49.6 
Yf%lI 200 
’ Based on WSC data for station 07FBOOl 

4.1 11.8 3.8 
2.0 5.4 1.7 
100 26.3 100 

Estimated based on site data, WSC records and regional smamflow correlations 
Source: lEC 1982 
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TABLE D 

PINE RNER FLOOD DISCHARGES 

624.5 159 - 365 9 - 23 168 - 388 
625.0 198 - 454 27-69 225 - 523 
625.5 260 - 595 74- 185 334 - 780 
626.0 311-711 121- 304 432 - 1015 
626.5 312 - 851 297 - 744 669 - 1595 
627.0 445 - 1018 512- 1281 957 - 2300 
627.5 514 - 1175 788 - 1970 1302 - 3145 
628.0 590 - 1348 1109 - 2773 1699 - 4121 

Based on minimum and maximum values of Manning’s “n”. 
Source: EC 1982 

Elevation (III) Channel 
624.0 134 - 307 

Range of Estimated Discharges (m’/$ 
OV‘3hIlk 

2-6 
TOti 

136 - 313 
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TABLE E 

MAXIMUM INSTANTANEOUS DISCHARGES FOR THE PIINE RIVER AT Ei BRIDGE 

Return Period Imtantaneons Discharge 

W-d RdiO (m%) 
10 1.84 136 
25 2.39 956 
50 3.10 1240 
100 3.84 1536 
200 4.65 1860 

Source: IEC 1982 
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TABLE F 

IEC! STREAMPLOW MONITORING PROGRAM 

LOC&XJ 

Willow Creek below BCR Bridge 

Willow Creek at continuous 
recorder 

Drainage Area 

(kmz) 
29.0 

28.2 

Date 
Z-May-81 
30-J&81 
2-Jun-82 

29-Jul-82 

Discharge Dis. at Pine River 
(m%) (East Pine - In%) 
0.590 231 E 
0.124 180E 
0.687 1130 P 

0.406 NIA 

Pine River at Ha&r Bridge 1734 

Pine River at EZ Bridge 1562 

Middle Creek at BCR Culvert 3.5 

Far East Creek at BCR Culvert 3.8 

3-May-81 
31-Jul-81 

30~Jul-81 
5-Feb-82 
2-Jun-82 
27-Jul-82 

3-May-81 

28-Jul-82 

46.9 227 E 
12.8 161 E 

12.7 180 E 
4.63B NIA 
313 1130 
40.1 N/A 

0.0799 227 E 

0.00899 N/A 

B -ice conditions 
E - estimated 
Source: IEC 1982 

P - preliminary 
N/A-not available 
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APPENDIX 4.6-l 

STREAM AND HABITAT ASSESSMENTS FOR: 

THE PROPOSED COAL MINI3 DEVELOPMENT 
FOR PINE VALLEY COAL, WILLOW CREEK PROJECT 

OCTOBER 1996 
MARLE?I ECOLOGICAL CONSULTING LTD. 

(Original document available for review) 



STREAM AND HABITAT 

ASSESSMENTS FOR: 

THE PROPOSED 
COAL MINE DEVELOPMENT 

FOR PINE VALLEY COAL 

(FORMERLY GLOBALTEX INDUSTRIES INC.) 

WILLOW CREEK PROJECT 

Prepared By: 

MarLim Ecological Consulting Ltd. 

October 1996 

Copy 2 - Colour Photocopy 
MarLim Ecological Consulting Ltd. 



APPENDIX 4.6-2 

STREAM SURVEY DATA CARDS 



DFO/MOE 
STREAM SURVEY FORM 



DFO/MOE 



DFO/MOE 



. . ._ _̂ 
) DFO /MOE r 

STREAM SURVEY FORM 

c 1105.1) *cce*s I\ 



.) 
_.._ 

DFO/MOE ., 
STREAM SURVEY FORM 

. . ._ - . . 



DFO /MOE 
. STREAM SURVEY FORM 



..-. 
OFO/MOE .-: 

STREAM SURVEY FORM 

__---_._- _......... ‘. 



-. -. .-.. -._ 
‘i 

<- 
DFO/MOE 



-. 
DFO/MOE 

~-. , .. A 

STREAM SURVEY FORM 
_---. 



._ .-. 

DFO/MOE 
,-.a. 

g 
r. 
i: 

9 
_-_-- 

.._ 



._ . 
DFO/MOE --. .- ..‘I 



or”, M”C 

STREAM SURVEY FORM 

a- 
r , .  ,..AC ; . - .  



. _ ._ _ ___ 

I- 



DFO/MOE 
STREAM SURVEY FCSRM 

, ncnrn .-. 

,- I I 
:.-:. 



_. . . .._ _a -* 

DFO/MOE 
.?- 

/ STREAM SURVEY FORM 



. .._ s- 

DFO /MOE 
x-y 

STREAM SURVEY FORM 

___-_- _... -. 



DFO /MOE 
__.. 

STREAM SURVEY FORM 



_.. .-- 
DFO/MOE 

‘--.. ,.- 



9.r.T , . . , . -  - .  
-1 .-?. .-. 

“TV/ MVC 

STREAM SURVEY FORM .: 



DFO/MOE 
.- ,. . 

_____ . . 



APPENDIX 4.6-3 

STREAM PHOTOGRAPHS 



















































APPENDIX 4.7-l 

EXISTING AQUATIC INVERTEBRATE DATA 

Source: IEC 1982 



TABLE 3.8-2 
D~~EDIDENT~PICAT~N~FAQ~A~CINVERTEB~~ 

PORTHEWlLLOWCRRl?.KPROJECT ARBA 
16-1'7Julyl981 

Replicate A 

Station 

willow Pine Far East 
Creek River Creek 

I-i I-2 I-3 4 5 6 I-7 
GROUP III 

EPHEMEROPTERA 

Er 
EphemereIIa do, 
Rhithropena g 
@eoru 
Ci - 

Baetis sp. 
)hemereIIa sp. 

ddsi - 
-- 

2 sp 
nygmula sp. 

7 12 6 3 23 18 
4 14 4 3 
2 
3 1 3 
2 2 5 5 
6’ 5 3 9 

TRICHOPTERA 
Cheumatopsyche.sp. 
Polycentropns sp. 
Rhyacophila sp. 
Brachycentrus sp. 
Hesperophylax sp. 

PLECOPTERA 
Alloperla sp. 
Perlesta sp. 
Nemoura sp. 

HEMIPTERA 
COLEOPTERA 
ODONATA 

GROUP II 
DIPTERA 

Chironomidae 
Pupa & Adult 

Ephydridae 
Empididae 
Simuliidae 
Ceratopogonidae Tipula sp.- 
Atherix sp. 
Dolichooodidae 

1 

1 5 

12 17 7 11 10 3 
1 1 1 

1 
1 

4 154 9 35 16 103 10 
7 1 7 1 

2 
2 

6 1 5 

“1 

1 
2 

1 

Culicidae 
GROUP I 

HYMENOPTERA 
HIRUDINEA 
iMOLLUSCA 

Planorbidae 8 
Sphaeriidae 1 

TOTAL NO. OF ORGANISMS 42 221 37 56 88 135 23 
TOTAL NO. OF TAXA 1 10 12 9 6 10 7 7 

3089.7 3-89 



TABLE 3.6-Z (Continued) 
‘DEZ’AILRD IDENTIFICATION OF AQUATIC INVERTEBRATES 

FOR THR WIIiLOW CREEK PROJECT AREA 
16-1’7 July 1981 

Replicate B 

Station 

WilIow Pine Far East 
Creek River Creek 

I-l I-2 I-3 I-4 T-5 I-6 I-7 
GROUP III 

EPHEMEROPTERA 
Baetis sp. 
EphemereIIa sp. 
EphemereIIa doddsi 
Rhithrogena sp. 
Epeorus sp. 
Cinygmula sp. 

TRICHOPTERA 
Cheumatopsyche sp. 
Polycentropus sp. 
Rhyacophila sp. 
Brachycentrus sp. 
Hesperophylax sp. 

PLECOPTERA 
Alloperla sp. 
Perlesta sp. 
Nemoura sp. 

HEMIPTERA 
COLEOPTERA 
ODONATA 

GROUP II 
DIPTERA 

Chironomidae 
Pupa & Adult 

Ephydridae 
Empididae 
SimuIiidae 
Ceratopogonidae 
Tipula sp. 
Atherix sp. 
Dolichopodidae 
Culicidae 

21 
4 

7 
6 
5 

11 
1 
1 

21 
1 

1 

1 

7 

26 6 
6 1 1 

4 4 
7 3 

12 3 

3 
1 1 

1 

16 4 5 
2 2 

1 

24 
2 

3 

4 - 

1 

3 58 21 25 9 53 1 
2 2 2 i 
1 2 

2 3 
2 1 

3089.7 3-90 



TABLE 3.8-2 (Continued) 
- DETAILKD IDENTLFICATION OF AQUATIC INVERTEBRa4TES 

FOR THE WILLOW CRKEK PROJECT ARBA 
16-1’7 July 1981 

Replicate B 

Station 

Willow Pine Far East 
Creek River Creek 

I-l I-2 I-3 I-4 I-5 I-6 I-7 

GROUP I 
HYMENOPTERA 
HIRUDINEA 
MOLLUSCA 

Planorbidae 
Sphaeriidae 

TOTAL NO. OF ORGANISMS 
TOTAL NO. OF TAXA 

68 
16 

GROUP III 
EPHEMEROPTERA 

Baetis sp. 10 
EphemereIla sp. 2 
EphemereIIa doddsi 3 
Rhithrogena sp. 7 
Epeorus sp. 16 
Cinygmula sp. 4 

TRICHOPTERA 
Cheumatopsyche sp. 
Polycentropus sp. 
Rhyacophila sp. 
Brachycentrus sp. 
Hesperophylax sp. 

PLECOPTERA 
AIloperla sp. 
Perlesta sp. 
Nemoura sp. 

HEMIPTERA 
COLEOPTERA 

15 
1 
3 
1 

96 
7 

39 
24 

3 
26 
13 

2 

31 

2 

107 
12 

24 
2 

1 

3 

1 

1 

1 

32 
4 

1 
1 

1 

1 

8 

35 
10 

93 4 
8 4 

19 
5 

17 
1 

19 6 

1 

26 

1 

ODONATA 

r 

3089.7 3-91 



T&BLE 3.8-Z (Continued) 

DETAILED IDENTIFICATION OF AQUATIC INVERTEBRATES 

FOR THE WILLOW CRKEK PROJECT ARE4 

16-17 JuIy 1981 

Replicate B Willow Pine Far East 
Creek River Creek 

Station I-l I-2 I-3 I-4 I-5 I-6 I-7 

GROUP II 

DIPTERA 

Chironomidae 
Pupa & Adult 

Ephydridae 
Empididae 
Simuliidae 
Ceratopogonidae 
Tipula sp. 
Atherix sp. 
Dolichopodidae 
CuIicidae 

GROUP I 

1 

HYMENOPTERA 

HIRTJDINEA 

VIOLLUSCA 

Planorbidae 
Sphaeriidae 

TOTAL NO. OF ORGANISMS 

1 

71 

87 28 53 52 47 1 
6 1 2 1 1 2 

1 
2 2 1 

8 

1 1 
; 2 

1 

4 

241 63 71 127 84 9 

TOTAL NO. OF TAXA 16 11 10 10 10 11 4 

3089.7 3-92 



APPENDIX 4.8-l 

PINE VALLEY WILLOW CREEK PROJECT 
PERIPHYTON IDENTIFICATION S-Y 



APPENDIX 4.8-l 
PERIPHYTLN IDENTIFICATION SUMMARY 

Sample Number 

Order 
Chaetophorales 
Oscillatociales 
Pennales 

Chlorococcales 
Other 
Total 

6907 Station WC2, Samples A,B,C 

% Total Genus/Species % -rota1 
68 Sfigeoclonium lubricon 88 
‘0 Oscillatoria tenuis 10 
19 Navicula spp. 8 

Achnanthes minutissima 3 
Cocconeis planceniula 2 
Synedra ulna 2 
Fragilaria 1 
Gomphonena 1 
Achnanthes flexella 1 
Diatoma 1 

2 Sphaerocystis schroeteri 2 
1 Other 1 

100 Total 100 

Sample Number 

Order 
Chaetophorales 
Pennales 

Chlorococcales 
Centrales 
Other 
Total 

6908 Station WC2, Samples D,E 

% Total % Total 
i4 

Genus I Species 
Stigeoclonium lubricum 74 

16 Navicula spp. 12 
Cocconeis placentula 2 
Cymbella affluis 1 
Epithemia 1 

4 Sphaerocystis schroeteri 4 
2 Meridiou 2 
4 Other 4 
94 Total 100 

Sample Number 6909 Station TRIB3, Sample A 

Order 
Chaetophorales 
Pennales 

Oscillatoriales 
Chlorococcales 

Cktrales 

% Total Genus I Species % Total 
83 Stigeoclonium lubricion 83 
9 Cocconois placennula 4 

Achnanthes minutissima 3 
Fragilaria 1 
Cymbella sp. 1 

2 Oseillatoria tenuis 2 
4 Sphaerocystis schroeleri 2 

Anacystis 2 
1 Meridion 1 

Other 
Total 

1 Others 1 
100 Total 100 

Page 1 



APPENDIX 4.8-l 
PERIPHYTON IDENTIFICATION SUMMARY 

Sample Number 6910 Stat& TRIB2 

Order 
Chaetophorales 
Oscillatoriales 
Cryptomonedales 

Pennales 

Total 

% Total Genus I Species % Total 
62 Srigeoclonium lubricum 62 
15 Oseillatoria tenuis 15 
14 Chroomonas acuta 13 

Cryptomonas ovata 1 
9 Cocconeis placentula 4 

Navicula spp. 2 
Achnanthes minutissima 2 
Fragilaria 1 

100 Total 100 

Sample Number 

Order 
Chaetophorales 
Pennales 

Cryptomonadales 
Oscillatoriales 
Chloroccocales 
Total 101 Total 101 

Sample Number 6912 Station WCI, Samples D,E 

6911 Station WCl, Samples A,B,C 

% Total Genus I Species % Total 
61 Stigeoclonium lubricum 61 
22 Cocconeis placentula II 

Navicula spp. 4 
Tabellaria flocculosa 2 
Synedra 2 
Cymbella affinis 1 
Pleurorigma 1 
Gyrosigma 1 

11 Chraomonas acuta 11 
6 Oscillatoria tenuis 6 
1 Elakatothrix 1 

Order 
Chaetophorales 
Pennales 

% Total 
80 
16 

Cryptomonadales 
Oscillatoriales 
Ulothricales 
Other 
Total 

I 
1 
1 
1 

100 

Genus I Species % Total 
Stigeoclonium lubn’cum 80 
Achnanthes minutissima 13 
Cymbella affinis 2 
Epithonia turgida 1 
Chroomanas acuta 1 
Oscillatoria sp. 1 
Ulothrix tonata 1 
Other 1 
Total 100 
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APPENDIX 4.8-l 
PERIPHYTON IDENTIFICATION SUMMARY 

Sample Number 6913 Station Tl 

Order % Total Genus I Species % Totil 
Chaetophorales 71 Stigeoolonium lubricum 71 
Ctyptomonadales .I0 Chroomonas aouta 10 
Oscillatoriales 8 Oscillatoria sp. 8 
Pennales 12 Cocconeis placenula 4 

Achnanthes minutissima 3 
Fragilaria 2 
Navieula 2 
Gomphonema 1’ 

Centrales 1 .’ Cyelotella 1 
Total 102 Total 102 

Sample Number 6914 Station PRl 

Order 
Pennales 

Chaetophorales 
Cryptemonadales 
Other 
Total 

% Total Genus I Species % Total 
64 Achnanthas minutissima 52 

Cymbella affinis 4 
Synedra ulna 2 
Fragilaria crotonensis 1 
Cocconeis placentula 1 
Navicula 1 
Fragilaria intermedia 1 
Navicula 1 
Cymbella sp. 1 

30 Stigeoclonison lubricum 30 
5 Chroomonas acuta 5 
1 Other I 

100 Total 100 

Sample Number 6915 

Order % Total 
Chaetopherales 71 
Pennales 29 

Total 100 

Station PR2, Sample A 

Genus I Species % Total 
Stigeoclonium lubricum 71 
Achnanthes minurissima 27 
Fragilaria intermedia 2 
Total 100 

. 
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APPENDIX 4.8-l 
PERIPHYTON IDENTIFICATION SUMMARY 

Sample Number 6916 Station PR2, Sample B 

Order 
Pennales 

Chaetophorales 
Crypmmonadales 
Oscillatoriales 

Chlorococcales 
Total 

% Total Genus I Species % Toial 
78 Achnanthes minutissima 60 

Navicula spp. 6 
Gomplonema (olivaceum) 5 
Cymbella affinis 3 
Fragilaria intermedia 2 
Achnanthes flexella 1 

14 Stigeoclannon lubricum 14 
5 Chroomonas acuta 5 
2 Oscillatoria 2 

Synedra uba 1 
1 Sphaemcystis schroeteri I 

100 Total 100 
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APPENDIX 4.8-i 
PERIPHYTON IDENTIFICATION SUMMARY 

Relative Abundance of Periphyton Taxa 
at Station WCZ, Samples A,B,C, Fall 1996 

ChlorococcaleSther 
2% 1% 

Oscillatociales 
10% 

haetophordes 
6.3% 

Relative Abundance of Periphyton Taxa at Station TRIB3 Sample A, Fall 
1996 
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APPENDIX 4.8-I 
PERIPHYTON IDENTIFICATION SUMMARY 

Relative Abundance of Periphyton Taxa at Station WCl, Samples A,B,C, 
Fall 1996 

Osci,,atoda,es Chloroccocales 

6% 1% 

Cryptomonadales 
11% 1 

22% 
Chaetophorales 

60% 

Relative Abundance of Periphyton Taxa at Station Tl, Fall 1996 

Oscillatoriates 
8% 

Cryptomonadales 
10% 
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APPENDIX 4.6-i 
PERIPHYTON IDENTIFICATION SUMMARY 

Relative Abundance of Periphyton Taxa at Station PR2, Sample A, Fall 
1996 

?topherales 
71% 

I I 
Relative Abundance of Periphyton Taxa at Station PR2, Sample 6, Fall 

1996 
Oscillatoriales 

2% Chlorococcales 
Crypromonadales 1% 

I I 
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APPENDIX 4.13-i 
PERIPHYTON IDENTIFICATION SUMMARY 

THIS PAGE LEFT INTENTIONALLY BLANK 
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APPENDIX 4.9-l 
PERIPHYTON IDENTIFICATION StiMMARY 

Relative Abundance of Periphyton Taxa 
at St$titgyC2, D,E, Fall 1996 

2% Other 
Chlorococcales 4% 

Relative Abundance of Periphyton Taxa at Station TRIB2, Fall 1996 

9% 
Cryptomonedales I 

14% / 

I 
Oscillatoriales ’ Chaetophorales 

62% 
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APPENDIX 4.8-i 
PERIPHYTON IDENTIFICATION SUMMARY 

Relative Abundance of Periphyton Taxa at Station WCl, Samples D,E, 
Fall 1996 

Oscillatoriales 
Other 

Cryptomonadales 
,%Ulothricales ‘% 

1% 

Relative Abundance of Periphyton Taxa at Station PRI, Fall 1996 

Cryptemonadales Other 

5% 1% 

Chaetophorales 
30% 
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APPmDM 4.10-l 

BIOGEOCLIMATIC ZONES AND ECOSYSTEM UNITS 



Map Symbol IName 
AM ISwAt - Step moss; deep, fine - textured soils, gently sloping sites, typic ecosystem unit 

BEC 
BWBSmwl/Ol 

AMm 
AMcn 
AMmn 
AMkm 

SwAt - Step moss; medium - textured soils, gently sloping ecosystem unit 
SwAt - Step moss; coarse - textured soils, fluvial fan ecosystem unit 
SwAt - Step moss; medium-textured soils, fluvial fan ecosystem unit 
SwAt - Step moss; medium - textured soils, steeply sloping, cool aspect ecosystem unit 

I 

Description I 
AM is the zonal site in the BWBSmwl. It is typically found on deep, fine - textured soils on gently sloping sites. These forests occur on morainal, glaciofluvial, and fluvial 
materials. AM forests are found on sites with mesic moisture regimes and poor to rich nutrient regimes. In the map area AM is also found on medium-textured soils (common), 

fluvial fans and steep slopes on cool aspects. White spruce (Sy)), lodgepqle pine, trembling aspen and balsam poplar may be found in the 
he herb layer is usually moderately rich. At - creamy peavine is the seral aspen ecosystem unit of AM site series. These units are denoted by the symbol :ap 

Dominant and associate. plants are described separately below. 

AMm occurs on deep, medium - textured soils on gently sloping sites 
AMcn occurs on deep, coarse - textured soils on fluvial fans 
AMmn occurs on deep, medium - textured soils on fluvial fans 
AMkm occurs on deep, medium - textured soils on steeply sloping, cool aspects 

Map Symbol AMmlb,AMcnlb, AMmZ, AMenZ. AMrn3& AMCd& AMrn3b. AMC”3b. Ahm4. AMCM. AMInS. AMcn.5. AMnl6, AMCd, AMtn7. AMC”7. 
AMmnlb, AMkp,b AMmn2,AMkmZ AMmn3n, AMkm3a AMmn3b. AMkm3b AMmnh AMkm4 AMm5, AMkmS AMmS, AMkm6 AMmn7, AMkm7 

Plant Species Sparsely Gnss.forb Low shrub Trill shrub Pole Snmpling Young fercst Ma,urc forts, Old forest 

Vegetated Vegetated 

Dominanls nom Dominanls nom fireweed. bluejoint, fireweed. bluejoint, highbush-cmnbevL highbush-cmnbevL ledgepole pine. white lodgepole pine, ledgepole pine. white lodgepole pine, lodgepole pine, white lodgepole pint, white while spruce, lodgepole pine, white lodgepole pint, white while spruce, 
creamy pcavine, creamy pcavine, prickly rose, prickly rose, spruce, vembling spruce, vembling lrembling aspen. lrembling aspen. spruce, (rembling spruce, (rembling spruce. trlcmbling spruce. trlcmbling lodgepolcpinc, lodgepolcpinc, 
showy aster, tall showy aster, tall snskaoon, fireweed, nspen, highbush- snskaoon, fireweed, nspen, highbush- highbush-erenbeny, aspen, highbush- highbush-erenbeny, aspen, highbush- aspen. highbush- aspen. highbush- highbush-cmnbcrry, highbush-cmnbcrry, 
bluebells bluebells bluejoint. creamy bluejoint. creamy cranberry, saska,oon, creemy peavine. cranberry, saska,oon, creemy peavine. cmnberry. pdekly cmnberry. pdekly cranberry. prickly cranberry. prickly prickly rese, crenmy prickly rese, crenmy 

1 , ~, ,I peavine showy asfer pncklyrose. creamy fireweed bunchberry rose. creamy ~, rose, creamy &&e,bunehbeG 
loll bluebells. trading peavine. fireweed. pen-he, fireweed. peavine. fireweed, tall bluebells. trailin 
raspbemy bunchbony. showy bunchboxy. showy bunchberry, La,, raspberry, twinflow 

as,or, bluejoint, ,a,, aster, loll bluebells, bluebells. trailing step moss. red- 
bluebells, trailing trailing nspberry mpbmy. winflawcr, rlemmed fealhermo: 
raspberry rtcp moss, red- knight’s plume 

slemmcd feathermoss. 
knight’splume 

rewed, blucjoin, highbushaanbeny. trembling aspen. balsnm poplar, black b&em poplar, b&m poplar, black balsam popler, red- balsam poplar, 
prickly rose. balsam poplar, winberry, red-orior showy IIS,CT, twinbony, red-&r osier dogwood, lrembling aspen, 
saskamon, trailing lodgeploe pino, while dogwaad, twinflower, blucjoint, lwinflowcr dogwood, snskaoon. sarkatoon, showy sukotaon, fircwccd, 
raspberry. f”zzy. spruce, black fuzzy-spiked wildrye Winflower. pabnolc aster, emnmcm showy nslcr, cemmc 
spiked wildrye Iwinbcny, redaicr coltsfool, one&de milrewon. pnbnate mitrewon. *almal~ 

dogwood, twinflower. wintcrgrecn, pink coltsfool, one&de colrsfoat, one-side 
bunchberry, fuzzy- wintergreen. fuzzy- winfergreon. pink winlergrcen, pink 
spiked wildryc spiked wildrye, step wintcrgrccn wintergrccn, fuzzy 

moss, red.lemmed spiked wildrye 
fcntbcrmess, knight’s 
plume 

v29 

: layer. 
owing 



Table A: SwAt - Step LOSS 

Map Symbol AMmlb:ap. 
AMcn,b:ap 

Plnnt Species Sp*@ 

AMmZ:ap. ,4McoZ:np AMm3n:np, AMm3b:ep. 
AMcn3n:np AMcdb:rp 

Gross-forb Lowshmb Tall shrub 

AMm4:ap, AMcd:np AMmS:ap. AMcnS:np AMmdxp, AMcn6:ap AMnCep, AMcn7:e 

Pole Sampling Young forest Mnan? farcot Old forest 

“ege,nted 
Dominants non0 

I I I I I I 

Brewcod. bluejoint, bigbbush-xanbony. lrembling aspen, 1 trembling aspen, ~lrcmbling aspen. llrembling aspen. 
crecmy penvine. prickly rose, bi~hbush-cmnber, 
showy netor, trill 
bluebells 

y, ,~ig,~bueb.creebeny, highbush-crnnbeny, bigbbush-cmebemy, 
rarkatoon, ,irewecd, raskatoon, prickly crcnmy poavino, prickly rose, cresmy prickly rose, creamy 
bluejoint, crenmy rose, Ennmy fircwecd, bunchberry peevine, firewood, pcavine, fircwccd, 
peavine, showy ester, pcavino. fireweed, buncbbcrry, showy bunchberry, showy 
,a11 bluebells. mdling benchberry, showy c~fcr, tall bluebells, arler. tell bluebellr, 
raspberry es,er, bluejoint, tall trailing raspberry, trailing raspbony, 

bluebells. trailing lwinflower winnower 
raspberry 

highbosh-crnnbeny, trembling aspen, balsnm poplnr, block baleem poplar, .bou 
prickly rose. black twinbcny. rod- winberry. red&or aster, bluejoint. 
saskaloan, frailing osierdogwood. dogwood, fuzzy- twinflower 
raspbony. fuzzy. twinflower, spiked wildrye, wild 
spiked wildrye bunchbeny. fuzzy- rlmwbeny. ner,hem 

spiked wildrye. wild bedstraw 
rsawberry, nor,hern 
bedrtmw 

vembling aspen, 
highbush-cranberry. 
prickly rose, oreomy 
pcavinc, bunchberry, 
showy aster. tall 
bluebells, lreiling 
raspberry. twinflower. 
wild lily-of-the- 
“CUIOY- 

bslsnm poplar, black belsmn poplar. red- bnlrom poplar, block 
winbcrry, red-&r osicr dogwood. blabk winbony. seeknloon, 
dogwood, snskoloon, twinbury, palmate nreieed, pn,ma,e 
Winflower, palmate cd&foot. one-ride cokefoot. one-ride 
cobsfoe,, one.side wintergreen. pi* winlergmen, pink 
wintergreen, pi* winergreen, fuzzy- win,orgreen, wild 
winIergreen, fuzzy- rpikcd wildrye, wild slmwberry. northern 
spiked wildrye, wild rlrewbeq, northern beds,rew 
nnwbem. northern bedsvow 

I beds&w- 
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Table B: SW - Wildrye - Peavine EcosystemGdt 

Map Symbol Name BEC 
SW SW - Wildryo - Peavine: deep, coarse-textured soils, gently sloping ecosystem unit BWBSmwll03 
swm SW - Wildrye - Peavine: medium - textured soils, gently sloping ecosystem unit 
swms SW - Wildryc - Pcavinc; shallow, medium - textured so&, gently sloping ecosystem unit 
swmv SW - Wildrye - Peavine; medium - textured soils, steeply sloping, warn aspect ecosystem unit 
swsw SW - Wildrye - Peavine: shallow, medium - textured soils, steeply sloping, warm aspect ecosystem unit 
swvw SW - Wildrye - Peavine: very shallow, medium - textured soils, steeply sloping. warm aspect ecosystem unit 
swkm SW - Wildrye - Peavine: medium - textured soils, steeply sloping, cool aspect ecosystem unit 
SWks SW - Wildrye - Pcavine: sha!low. medium - textured sails, steeply sloping, cool aspect ecosystem unit 
swvm SW - Wildrye - Penvine; very shallow, medium - textured soils, gently sloping ecosystem unit 

Description 
SW is typically found on deep, cozusc - textured soils on gently sloping sites. These forests occur on mominal and glnciofiuvial materials on sites with submesic moisture regimes 
and poor to medium nutrient regimes. In the map area SW is commonly found on medium - textured soils. These forests are also found on steep slopes (wnrm and cool nspccts), 
with very shallow to deep soils. White spruce (SW), lodgepole pine, and trembling aspen may be found in the tree layer. The herb layer is usually moderately rich. 
At- soopolallie is the seral aspen ecosystem unit of the SW site series. These units are denoted by the :BS symbol following the ecosystem label. Dominant and 

Associate plants for the heml and climax ecosystem units are described below. 
SWm occurs On deep, medium-textured soils on gently sloping sites 
SWms occurs on shallow, medium - textured soils on gently sloping sites 
SWmw occurs on deep, medium - textured soils on steeply sloping warm aspects 
SWsw occurs on shallow, medium _ textured soils on steeply sloping warm aspects 
SWvw occurs on very shallow, medium-textured soils an steeply sloping warm aspects 
SWkm occurs on deep, medium - textured sails on steeply sloping cool aspects 
SWk occurs on shallow. medium _ textured soils on steeply sloping cool aspeas 
SWvm occurs on very shallow, medium - textured soils an gently sloping sites 





Table c: SW - Currant - Oak fern 
,I 
Map Symbol Name 
so SW - Currant - Oak fern; deep, fine - textured soils, gently sloping moisture receiving ecosystem unit 
SOm SW - Currant - Oak fern; deep, medium - textured soils, gently sloping moisture receiving ecosystem unit 
sokm SW - Currant - Oak fern; deep, medium - textured soils, s&ply sloping moisture receiving ecosystem unit 

BEC 
BWBSmwlIOS 

Description 4 
SO is typically found on deep, fine - textured soils on gently sloping, moisture receiving sites (variable parent materials - morainal, glaciofluvial). SO forests ao 
mid to lower slope positions and sites with subhygric (mesic) moisture regimes and medium to rich nutrient regimes. In the map area SO is found on medium - 
on steep, cool aspects. White spruce (SW), trembling aspen and balsam poplar may be found in the tree layer. The shrub layer is generally more diverse than zo 

SOm occurs on deep, medium - textured soils on gently sloping, moisture receiving sites 
SOkm occurs on deep, medium - textured soils on steeply sloping, cool aspects 

ap sytnbol SOmlb, SOkmIb SOrn2, sokm2 sonr3a. SOknm SOm3b, SOkm3b SOm4, SOkm4 SOmS, SOkmS SOm6, SOkm6 SOm7, SOkm7 

ant Species Sparsely Grass-forb Low shrub Tall shrub PoloSampling Young forest Mature forest Old forest 
Vegetated 

Iminants none tireweed, bluejoint. highbush-cmnberry, tremblingnspen, trembling aspen, trembling aspen. trembling aspen. white spruce, 
trailing raspberry, prickly rose. black white spruce, highbush-cnnberry, white spruce, white spruce, highbush-cranberry, 
showy aster twinberry, saskatoon, highbush-cmnberry, prickly rose, black highbush-cranberry, highbushannberj, prickly rose, black 

soopolallie, tireweed, prickly rose, black twinbeny, tirewed, prickly rose, black prickly rose, black twinberry. black 
bluejoint, creamy twinberry, snskatoon, bluejoint, creamy twinberry. tireweed, twinberry. black gooseberry, devil’s 
peavine, showy aster, soopolnllie, tireweed. peavine, trailing bluejoint, Creamy gooscbeny, devil*s club, tireweed. 
tall bluebells, trailing bluejoint, creamy ==pberry peavine, showy aster, club, tireweed, bluejoint, creamy 
raspberry peavine, showy aster, tnll bluebells. trailing bluejoint, creamy peavine. showy We: 

tall bluebells, trailing mspbcny, onk fern peevine. showy aster. tall bluebells, trailin, 
raspberry tsll bluebells. trailing nspberry, ank fern, 

raspberry. oak fem. step moss, red- 
sfep moss, red- stemmed feathermor 

isocisles tireweed, bluejoint highbush~cranbcny, trembling aspen, balsam poplar, balsam poplar, balsam poplar, block balsam poplar, Sitka balmm poplar, Sitko 
prickly rose, black balsam poplar, white twinftower. twinflower, gooseberry, alder, red swamp alder, red swamp 
twinbony. saskntoon, spruce, twinflower, bunchberry. bunchberry, saskntoon, cumnt. weStem C”rman,, WeStem 
soopolallie. creamy bunchberry, bancbcny, palmnte bnnebeny. pabnnte soopollnlie. Sit$ mountain-ash, mountain-ash. 
pcnvinc, lnll bancberry, palmate caltsfoot. a& fern coltsfoot, showy alder, devil’s club. twinflowcr. twinflower, 
bluebells, wild coILsfoot, wild nster, toll bluebells red swamp currant, bunchberry, bunchberry, 
strowbeny. Amcricnn stmwbcny. American twinflowcr, bnneberry. pnlmntc bnncberry, palmate 
vetcb vctch bunchbeny, coltsfoot, sweet- c0ltsfoot, sweet- 

bnnebcrry. pslmntc sccntcd bedstraw. scented bedstmnw. 
collsfoot, sweet- sweet-cicely, false sweet-cicely, f&e 
scented bedstw, SOlOlllO~‘S-Sel& Solomon*s-seal, 
step moss. red- cmmon mitrcwm common mitrcwon 
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Table D: SW - Currant-Bluebells 

Map Symbol Name 
SC SW - Currant - Bluebells: deep, fine - textured soils, gently sloping moisture receiving ecosystem unit 
SCm SW - Currant - Bluebells: deep, medium - textured soils, gently sloping moisture receiving ecosystem unit 
SCam SW - Currant - Bluebells; deep, medium - textured soils, active floodplain ecosystem unit 
see SW - Currant - Bluebells; deep, coarse - textured soils, gently sloping moisture receiving ecosystem unit 
scat SW - Currant - Bluebells; deep, coarse - textured soils, active floodplain ecosystem unit 

BEC 
BWBSmwllOS 

Description -71 
SC is typically found on deep, fhw - textured soils on gently sloping, moisture receiving sites. Parent materials am generally morainal or fhtvial. SC forests are 
with subhygric moisture regimes and medium to rich nutrient regimes. In the map ama SC is found on medium and coarse- textured soils and on similar soils h 
White spruce (SW), trembling aspen and balsam poplar may be found in the tree layer. The shrub layer is generally more diverse than zonal and drier forests. At 
seral aspen ecosystem unit of the SC site series. It is denoted by the symbol :ab at the end of the ecosystem label. 
SCm occurs on deep, medium - textured soils on gently sloping, moisture receiving sites 
Scam occurs on deep, medium - textured soils on active floodplains 
SCc occurs on deep, coarse - textured soils on gently sloping, moisture receiving sites 
SCac occurs on deep, coarse - textured soils on active floodplains 

Map Symbol SCmlb,SCamlb, 
SCclb,SCnclb 

Plant Spccics spxsoly 

Vcgelsled 

Dominants none 

scnl?., scm2, SCrn3n, scnm3a, SCm3b. SCam3b. SCm4, SCemA SCmS, SCnm5, SCm6, SCnm6, SCm7, SCem7. 
scc2. scnc2 scc30, scac3n SCc3b. SCac3b scc4. SCnc4 sees. scncs SCC6. SCacd scc7. Sax7 

G1‘W-f0h Low shrub Tall shrub Pole Sampling Young forest Mnlure forest Old forest 

tircwced, bluejoint, bigbbush-cranberry. balsam poplar. white balsam poplar, bnlsnm poplar, white while spruce, bnslam whifc spruce, 
trailing raspberry, prickly rose. black spruce, highbush- highbush-cmnberry. spmcc. highbush- popular, highbush- highbush-cmnbcrry, 
showy ns,cr twinberry, bluejoint, cranberry. prickly prickly rose, black cranberry. prickly cranberry, prickly prickly IOSD. black 

errsmy pcnvine, rose. black twinbcq, twinberry. bluejoint, rose, black Winberry, row, black twinb&y. twinbcny, red swom~ 
showy nstw, hdl bluejoint. creamy cronmy penvine. tall red swnmp cunmnt. red swamp curmnr, curnmt, bluejoint, 
bluebells. trailing pcavinc, showy aster, blucbclls, trailing bluejoint, crcarny bluejoint, crenmy crcnmy peavine, 
raspberry lnll blucbclls. trailing rnspbcrry pcwinc, showy GSIOI, peavinc, showy nstcr. bunchbcrry. tall 

raspberry tall bluebells. lrailing tall bluebells, trailing bluebells. trailing 



liF%xnt Species 

Table D: SW - Currant-Bluebells 
tireweed, bluejoint highbush-cranberry. balsam papbu, 

prickly rose, block trembling aspen, 
trembling aspen, red- white spray. bnlsnm poplar, red- trembling aspen. red- balsam poplnr, red. 

osier dagwood, md trembling aspen. red osicr dogwood, red osier dogwood, red osier dogwood, red 
twinbeny, creamy white spruce. red- swamp cwmnt, cow swamp currant, cow swamp cunant, black swamp cwmnt, black swirmp cum-,,,,, bkw 
peavine, in,, osier dogwood, red parsnip, oak fern, piusnip, oak fem. gaoiebeny, cow goosebeny, eoomon gooscbeny, sweet- 
bluebells, cow swamp currant, cow pallnate coltsfoot, palmntecoltsfoot. parsnip. oak fem. mitrewmt, wild cicely, pnlmate 

pnrsnip, wild parsnip, oak fern, bunchberry, sweet- bunchbeny. sweet- palmote c&foot, sarsapaxilla, sweet- coltsfoot. wild 

SWSilPtillU palmato coltsfoot, scented bedstmw, scented bedstraw bunchbeny, sweet- cicoly, palmate sarsnptilln, sweet- 
sweet-scented wild sarsapxilla scented bedstraw. coltsfoot, scented bedstraw. 
beds&w. wild pink wintergreen, bunchbeny, sweet- pink wintergreen. 
S~SLlParill~ wild sarseparilln. step scented bedstrew, cmmmn mitrewort, 

moss. red-stemmed pink wintergreen leafy n!osses 
feathermoss, knight’s 
“llwn~ 

P7.0 

:mIb:ab, SCm2:nb. SCnmZab, SCm3a:ab, SCm3b:ab. SCm4:nb, SCamCab, SCmS:ab, SCamS:ab, SCm6;nb, SCam6:ab. SCm’Ixb, SCam’l:al 
:amIb:ab, SCc2nb. SCac2:nb SCam3n:ab, SCnm3b:r.b. SCv(:ab. SCaul:ab SCtiab, SCncS:ab SCcdxb, SCactiab SCm:ab, SCacDb 

clb SCc%ul&&&&SCo3b.ab.nh 
Grass-forb Low shrub Tall shrub PoleSampling Young fores1 Mature forer, Old forest 

coltsfoot, northern 
snskntoon. northern 
bcdstmw,Amedcnn 

k 

b, 

Y 

k 



Table E: SW- Currant - Horsetail 
Map Symbol Name 
SH SW - Currant - Horsetail; deep, coarse - textured soils, flat fluvial site ecosystem unit 
SHa SW - Currant - Horsetail; deep, coarse - textured soils, active fluvial site ecosystem unit 
SHm SW -Currant - Horsetail; deep, medium - textured soils, flat fluvial site ecosystem’@ 
SHam SW - Currant - Horsetail; deep, medium - textured soils, active floodplian ecosystem unit 
SHmn SW - Currant - Horsetail; deep, medium - textured soils, fluvial fan ecosystem unit 

Description 

BEC 
BWBSmwll07 
BWBSmwll07 

SH is typically found on deep, coarse - textured soils on flat fluvial sites. SH units are found on sites with hygric’(ocassiona1 subhygric) misture regimes and mc 
rich nutrient regimes. In the map area SH is found on medium textured soils and on active floodplains sites. SH units arc characterized by a moderate to high c 
At - cow pars& is the seral aspen ecosystkm unit of the SH site series. It is denoted by the symbol :ac at the end of the ecosystem unit label. 

SH occurs on deep, coarse - textured soils on flat, fluvial sites 
SHa occurs on deep, cqarse - textured soils on active fluvial sites 
SHm occurs on deep, medium - textured soils on flat, fluvial sites 
SHam occurs on deep, medium - textured soils on active fluvial sites 
SHmn occurs on deep, medium - textured soils on fluvial fans 

Mop Symbol SHlb,SHmlb, SH2, SHm2, SHa2 SH3& SHm3n, SH3b, SHm3b. SH4, SHm4, SHa4 SH5, SHmS, SHa5 SH6. SHmb. SHa6 SH7, SHm7, SHn7 

Plant species sparsely Grass-Tab Low shrub Tall shrub Polo Sampling Young forest Matwo forest Old fores, 

Vego,a,ed 

Dominants nono bluejoint, wood willow spp., while sproco, balsam balsam paplor, white spmco. balsam white spruce. balsam white spruce, 
horsolail. Cdl highbush-cmnberry. poplar, willow spp.. highbush-cnnberry, poplar, willow spp.. poplar, higbbosh- highbusb-cmnbecry, 
bluebolls, firowccd, prickly rose, black highbush-cranberry. prickly rosa. black highbush-cranberry, cranberry. prickly prickly rose, black 
showy as,or, fringed ,winberry. bluejoin,. prickly msc. b&k twinberry, bluejoin,, prickly rose, black mc. black twinberry, Lwinbcny, rod sworn 
Lls,cr wood horsefnil, tall lwinbcrry, bluejoin,. horsetnils, lall winberry. bluejoin,, rod swnmp cumm,, curran,. horsetnils, 

bloobclls. (irewood, horsclsils, tall blocbolls horsoloils, fall hondoils. lniling tmiling mspbcny, ,o 
showy ostor, fringed bluobclls, firowccd bloebclls, buncbberry raspberry, tall blocbolls, 
@.s,cr bluebells, bunchberry. comma 

bunchberry, common mbrewort, slop mos: 
mitrowort knights plume. red- 

Associalcs bluejoin,, wood willow spp.. prickly while spruce. balsam rod-c&r dogwood, while spmco. rod- rod-osierdogwood, rod-osicrdogwood, red-osierdogwood. 

horsetail. fnwccd rose, highbush- poplar. rod-c&or lmiling raspberry, red osicr dogwood, tad rod swnmp curmn,. blsckgooscbcny. black gooseberry, 
cmnbcq. black dogwood, red raspberry, saskntoon, swnmp curron,, blackgooseberry, ,winCnvcr, palmale ,winflowcr, pairnate 
twinbony, rod msbbcny, snskntoon, cow parsnip. tnilingrnspbcrry, tmilingmspbcrry, col,sfoo,. stop moss, c0l,sf001 

rapberry. creamy lmiling raspberry. bunchbcrry, cow pxsnip. saskaloon, cow knigh,‘s plume, rod- 

ponvinc. as,rich fern cow parsnip. firowccd, showy bunchbony parsnip, common stemmed foalhemvxs 
cwnm~n nnd nsler, fringed mlor, miwewon, showy 
meadow horsetail, ostrich fern ador. fringed ns,or, 
os,rich fern twinflowor, ostich 

fem. slop moss, 



Table E: SW- Currant - Horsetail 

lap Symbol 

:antSpecies 

ominants 

ssociatcs 

~lbxc, SHolb:oc. 
smlb:ac, 
imnlb:nc 
IX& 

:gctated 
1°C 

uejoint, wood 
~nctail. tireweed 

bluebells, fireweed. 

illow spp., prickly balsam poplar. willow spp., northern northern gooseberry. willow spp., paper paper birch, northern paper birch, nonhen 
~sc, highbush- willow spp., paper goosebeny. paper red-osierdogwocd, birch, northern gooseberry. paper gooseberry, paper 
anbctry, black birch. northern birch. rcd-xier saskataon, ostrich gopsebeny, pnper birch, rcdaier birch, red-osicr 
rinbcny, red gooscbeny. red.osier dogwood, saskatoon. fern, banebcrry. birch, red-c&r dogwood, saskatoon, dogwood, saskatoon 
SPbw. cmamy dogwood, saskstoon, ostrich fem. palmale coltsfoot, dogwood, saskatoon, ostrich fern, ostrich fern, 
swine, ostrich fem. ostrich fem. baneberry. palmate American vetch. wild ostrich fern, baneberry. palmate baneberry, palmate 
m&an vctch baneberry. Americnn coltsfoot. American strawbeny, baneberry, palmnte coltsfoot, American coltsfoot. Amcricon 

vctch, bunchberry vetch, wild bunchbetty coltsfoot, Amcricnn vctch. bluejoint, wild vctch, bluejoint, wil 
strawberry, vetch, wild strawberry, tirewccd, stmwbcny, fircwect 
bunchberry stmwberty, common common and common nnd 

rind mendow meadow horsctnil. mcndow horsetnil, 
borsctnil. pink pink wintcrgrccn pink wintergreen, 
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Table F: AtSw - Soopolallie 

Map Symbol IName 
ASsw IAtSw - Soopolallie; occurs on shallow soils on steep, warm aspects 

BF!C 
BWBSmwl/OO 

ASvw AtSw - Soopolallie; occurs on very shallow soils on steep, waIIfl aspects BWBSmwl/OO 

Description 
AS is typically found on shallow soils on steeply sloping, warm aspects. These forests occur on colluvial materials on sites with xeric - subxeric moisture 
regimes (and poor to medium nutrient regimes). In the project area AS is mapped on steep, upper slopes above Willow Creek. It was found on very shallow t 
coarse - textured soils over bedrock. Lodgepole pine was found in the tree layer. 

ASsw occurs on shallow, coarse - textured soils on steeply sloping warm aspects 
ASvw occurs on shallow, coarse - textured soils on steepIy sloping warm aspects 

ap Symbol ASswlb,ASvwlb ASsw2, ASvw2 ASsw3, ASvw3n ASsw3b, ASvw3b ASsw4,ASvw4 ASSwS.ASvwS ASsw6. ASvw6 ASsw7, ASvw’l 

n*t Species sparsely 

Vegetated 

,minanls none 

isocialos firewood, fuzzy- 
spiked wildrye 

Jts 

Gnss-forb Low shrub Toll shrub Polo Sampling Young forest Moturc forest Old forest 

fuzzy-spiked wildryo. prickly rose, kombling sspcn. trembling aspa, Wombling nspon, lodgepolo pine. lodgepolepine, 
crcsmy powinc, saskatoon, prickly rose, prickly rose, birch- prickly m~c, trombliog aspen. sasknloon, 
Amcricon vctch, soopolallic, birch- saskatoon, leaved spirea, fuzzy- soskotoon, soskstoon, soopolnllic, birch- 
firewood, osbrs lowed spirea, fuzzy- soopolallic, birch- spiked wildrye, soopolnllio, birch- soopolollio, birch- lcnvod spirea. 

spiked wildrye, leaved spiren. fuzzy- creamy penvino. leaved spirea, fuzzy- lcnvod spicca, fuzzy- commonjuniper, 
creamy peavine. spiked wild& Amcricnn votch. spiked wildrye. spiked wildrye. fuzzy-spiked wildrye, 
Amoricao vctch. creamy peavine. fireweed, nstors wemy pcavino, creamy peavine, creamy pcnvino. 
tirewood, ostors American votch. z?.~lors, kinnicknnick ~stcm, kinnicknnick BSL~F, kinnicknnick 

prickly mm. tromblingaspcn, lodgepolo pine. lodgepolepine, lodgopolepino. highbush-cnnbcrry, highbush-cmnbomy. 
saskatoon, lodgepolo pine. highbush-crnnbercy, highbush-cranberry, highbush-cronbcrry, Douglns maple. Douglos maple, 
soopolnllic, birch- highbush-cmnborry. twinflowcr, twinflower. Douglas maple, commonjuniper, prickly mso, commor 
lonvcd spirea, twinllowcr, hnwkwced, yormw, hnwkwccd, yormw common juniper, prickly mso. common snowhcny. 
willows, trcmhling hawkwoed, yonow kinnickinnick twinflower, snowberry, twinflower, 
aspen. kinnikinnick. howkwecd, yarmw twinflower, howkwcod, ytiw, 

hawkweed, yormw, northern bcdslmw. 
pcltigera sp.. poltigem sp.. 
haircnppod moss haircapped LOSS 
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Table G: Sedge Fen Ecosystem Unit 

ap Symbol Name. BEC: BWBSmwl/OO 
SE sedge. fen 

Description This herb dominated riptian ecosystem unit occurs in valley bottoms on water collecting sites with 
wet moisture regimes and moderate to rich nutrient regimes. They typically occur in back channels 
and old meander scars. 

SE2 occurs on fluvial soils or organic veneers over fluvial soils 

Map Symbol SE2 
Dominant tomed sedge, water sedge, beaked sedge, common horsetail 
Plant Species 

Associate willow spp., red-o&r dogwood, black twinberry, bluejoint 
Plant Species 

Table H: Willow - Horsetail - Sedge Ecosystem Unit 

BEC: BWBSmwVOO 
Willow - Horsetail - Sedge ecosystem unit 

Description These shrub - herb riparian ecosystem units occur in valley bottoms on water collecting sites with 
wet moisture regimes and moderate to rich nutrient regimes. WH occurs on medium textured, 
fluvial soils and on organic veneers over fluvial materials. 

wH3a occuis on medium - textured fluvial soils or organic veneers over fluvial soils 
WH3b OCCUTS on medium - textured fluvial soils or organic veneers over fluvial soils 

Map Symbol WH3a, WH3b ’ 
Dominant mountain alder, felt-leaved willow, willow spp., red-o&r dogwood, turned sedge, water sedge, 
Plant Species common horsetail 

Associate black twinberry, prickly rose, beaked sedge, bluejoint, field mint, purple leaved willowherb, trailing 
Plant Species raspberry 
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Table I: SW - Oak fern Ecosystem Unit 
Map Symbol IName 
so ISxw - Oak fern; deep, medium - textured soils, gently sloping sites, typic ecosystem unit 

BEC 
SBSwk2/01 

SOk SW - Oak fern; me&m - textured soils, steepl; sloping,coil aspecidcosystem unit 
SOks Sxw - Oak fern; shallow, medium - textured soils, steeply sloping, cool aspect ecosystem unit 
sow Sxw - Oak fern; medium - textured soils, steeply sloping, warm aspect ecosystem unit 
sosw Sxw - Oak fern; shallow, medium - textured soils, steeply sloping, warm aspect ecosystem unit 

Description II 
SO is the zonal site in the SBSwk2. It is typically found on deep, medium - textured soils on gently sloping sites. These forests occur on morainal, glaciofluvial, 
materials. SO forests are found sites with mesic moisture regimes and medium to rich (occasionally poor) nutrient regimes. In the map area SO is also found o 
shallow to deep medium - textured soils. These forests usually occur on mid slope positions, but also occur on upper, northerly aspects. Hybrid white spruce ( 
fir are the climax species, however lodgepole pine is also common due to forest fires. The herb layer is moderately well developed’and rich. 

SO occurs on deep, medium textured soils on gently sloping sites 
SOk occurs on deep, medium textured soils on cool aspects 
SOks occurs on shallow, medium textured soils on cool aspects 
SOW occurs on deep, medium textured soils on warm aspects 
SOW occurs on shallow, medium textured soils on warm aspects 



Table I: Sxw - Oak fern Ecosystem Unit 

‘ap Symbol 

ml Species 

ominants 

)lb,SOklb, 
Ikslb. SOwlb, 

lswlb 
WSdY 

:getnted 

Ine 

32, SOk2, SOks2, 
3w2, sow2 

mss-forb 

rewed, bluejoint, 
mchbemy 

33b, SOW4 
Xs3b, SOw3b, 

3sw3b 
dl shrub 

emblingnspen, 
ghbush-cranberry, 
,imbleberry. 
mchbemy 

‘weed, highbush-cranberry, trcmbtingaspen, lodgepole pine, 
Inchberry, blucjoint thimbleberry. tivc- Do”gbu maple, hybrid white spruce, 

leaved bramble leaved bramble bluejoint, fve-leaved devil’s club, Sitka 
bramble. twintlower alder. Douglas 

msplc, bluejoint. fiv 
leaved bramble, 
twinflowr, oak fern twinflowr, oak fern 

)3n, SOk3a, 
)ks3a. SOw3n, 

w3n 
IW shrub 

shbusb-cranberry. 
imblebeny, 
eweed, bunchbcq 

14, SOk4, SOks4, 
Iw4. sow4 

de Sampling 

:mbling aspen, 
ghbush-cranberry, 
imblcbcrry, 
Inchberry 

dgepole pine, 
rbdd white spruce, 
ve-leaved bramble, 
k fern 

T 
S 

Y 

II 
h 
SI 
c 
II 

g 
d 
h 
b 
SI 
fl 

P 

v 

- 

05, SOk5, SOksl, SO6 SOk6, SOksb. S07. SOk7. SOks7 
ow5, sosw5 SOW6 SOW6 sow7, sow7 

bung forest Mnturc forest Old forest 

ambling aspen, hybrid white spruce, hybrid white spmc, 
ighbush-cmnbemy, highbush-cranberry, subalpine fir. 
dmblebeq. blnckgoosebcrry. highbush-cmnberq 
unchber,. oak fern, black hucklebeny, blackgooseberry. 
,ve-leaved bramble, bunchberry. oak fem. black hucklebeny, 
ahnate coltsfoot five-leaved bramble. Sitka alder, devils’ 

palmate cobsfoot, red club, bunchberry, 
stemmed oak fcm, five-leavt 
fenthemmss, knight’s hramblc, pnlmnte 
plume, step most coltsfoot, red- 

stemmed 
feathermoss. knigh feathermoss. knigh 

jdgepole pine. jdgepole pine. lodgepole pine, lodgepole pine, lodgepolcpine, lodgepolcpine, 
yhrid white spruce. yhrid white spruce. 
ibalpinc fir. &vii’s 

trembling nspen. trembling nspen. Douglas maple. Douglas maple. 
suhnlpinc fir. devit*s tbimbleben$. one- 

lub, Douglas maple, club, Douglas maple, sided wintergreen, 
dmbleberry, block thimbleberry. Sitka stiffclubmosa, 
oosebemy. Sitka alder. black winflower, false 
Ider, block gooseberry, one- Solomon’s-seal, tbr 
ucklebeny, sided wintergreen, leaved fonmtlower, 
vintlower, red- stiff clubmoss, clasping twistcdsta 
lcmmcd twinflower, prdmstc 
xthcrmoss, knight’s coltsfoot, three- 
lume. step moss leovcd foamflower, 

‘20 P7. PI% PI& Vl9, 



Table J: PI - Huckleberry - Cladina Ecosystem Unit 
Map Symbol Name 
LH PI - Huckleberry - Cladina; coarse - textured soils, gently sloping, ecosystem unit 
LHrs PI -Huckleberry - Cladina; shallow, coarse - textured soils, ridge ecosystem unit 

BEC 
SBSwk2102 

Description II 
LH is typically found on deep, coarse - textured soils on flat to gently sloping sites. Parent inaterials are usually glaciofluvial or fluvial. LH forests are found on 
subxer[c moisture regimes and soils with poor nutrient regimes. In the project area LH was mapped on shallow soils along a ridge. Lodgepole pine is dominant 
in the tree canopy. Black huckleberry and Sitka alder dominate the shrub layer. Herb layers are generally poorly developed and low in diversity. 
This unit was mapped only within one. location. 

LHrs occurs on shallow, coarse - textured soils on ridges 

lapSymbol LHrslb LHrs2 LHrs3a LHrs3b LHrs4 LHK5 LHrs6 L&7 

hnt Specks sparsely 

Vegetated 

ominnnts none 

Gnss-fotb 

twinflower, 
buncbbcny 

Low shrub Tdl shrub Pole Sampling Youog ro@zst Mature forest Old forest 

birch-leaved spirea, lodgcpolc pine. Sitkn lodgcpolo pine. Sitkn lodgepolo pine. Sitka lodgcpole pine, Sitkn todgcpolc pino, Sitki 
bunchbcny, nldcr, black older, black alder, black alder, black alder, black 
twinflower bucklcbcny, huckleberry. huckleberry, hucktcberry. huckleberry, 

bunchberry bunchberry bunchberry, red- bunchbcrry. onc- bunchberry, onc- 
stemmed sided wintergreen. sidod wintergreen, 
feathermoss, knight’s red-stemmed red-stemmed 
plume fenthermoss, knight’s fenthermoss. knight’! 

plume 

I 

plume 

ssociates twinflower, birch-lewd spirco, lodgepolcpinc. Sitkn birch-leaved spirea, Ibirch-leaved spirea I. 

1 

hybrid white spruce, hybrid white spmcc, hybrid white spruce, 
bunchbeny, fireweed black hucktebcny, twinflower, ant-sided twinflower, one-sided subalpine fir. birch- subalpine tir, birch. subntpinc fir, 

Iblwjoint, tircwced I~%z!~$, Iwintcrgreen, I;:!+? ted- leaved spirea, lcavcd spircn, twiaflowcr, fr&&d 
bluejoint, tireweed, bluejoint twinftowcr. one-sided twintlower. freckled lichen. reindeer 
&sided 
wintergreen I 

feathermoss, knight’s wintcrgrccn. fmcklcd Iichcn. reindoer 
plume I 

lichen; 
lichen, reindocr lichens 
lichens 

0,s VI6 



Table K: SW - Devil’s club Ecosystem Unit 

Map Symbol Name 
SD Sxw - Devil’s club; deep, medium - textured soils, gently sloping, moisture receiving sites ecosystem unit 
SDk Sxw - Devil’s club; deep, medium - textured soils, moisture receiving, steep cool aspect ecosystem unit 
SDW Sxw - Devils club; deep, medium - textured soils, moisture receiving, steep warm aspect ecosystem unit 

Description 

BEC 
SBSwkZl05 

SD is typically found on deep, medium - textured soils on gently sloping, moisture receiving sites. These forests.occur on morainal, fluvial and colluvial materia 
arc found sites with subhygric moisture regimes and medium to rich nutrient regimes. in the map area SD is also found on steep slopes on cool and warm asper 
These forests occur on lower and toe of slope positions, These units contain a moderate to high cover of devil’s club; the herb layer is generally well develope, 

SD occurs on deep, medium - textured soils on gently sloping, moisture receiving sites 
SDk occurs on deep, medium - textured soils, moisiture receiving, steep cool aspects 
SDw occurs on deep, medium - textured soils, moisiture receiving, steep warm aspects _~ _~ 

Map Symbol Map Symbol SDIb,SDkIb. SDIb,SDkIb. 
SDwlb SDwlb 

Plml Species Plml Species Sparsely Sparsely 

Vegetnted Vegetated 

Dominants nene Dominants none 

SD2. SDW, SDw2 SD2. SDW, SDw2 SMu, SDk3a. SMu, SDk3a. SD3b, SDWb, SD3b, SDWb, SD4, SDk4, SDw4 SD4, SDk4, SDw4 SD5, SDk5, SDw5 SD5, SDk5, SDw5 SD6, SDk6. SDw6 SD6, SDk6. SDw6 SD7, SDk7. SDw7 SD7, SDk7. SDw7 
SDw3a SDw3a SDw3b SDw3b 

Grass-forb Grass-forb JAW shrub JAW shrub Tall shrub Tall shrub Pole Sampling Pole Sampling Young forest Young forest MBL”m? fores, MBL”m? fores, Old forest Old forest 

firewed. bluejoint. thimbleberry, firewed. bluejoint. thimbleberry, hybrid white spruce, hybrid white spruce, hybrid white spruce. hybrid white spruce. hybrid white spmce, hybrid white spmce, hybrid white spruce, hybrid white spruce, hybrid while spruce, hybrid while spruce, 
bunchberry bunchberry IX-weed. bunchbemy thimbleberry, IX-weed. bunchbemy thimbleberry, thimblebay, thimblebay, thimbleberry, devil’s thimblcbeny, devil’s subalpine fir, thimbleberry, devil’s thimblcbeny, devil’s subalpine fir, 

rcwced. 
inchberry. bluejob 

thi 
It le1 I - 

bunchbeny, rive- bunchberry, five- club, bunchberry, club. bunchberry. thimbleberry, devil’s 
leaved bramble, oak leaved bramble, oak five-leaved bnmblc. five-leaved bramble, club, black 
fern fern trailing raspberry, trailing raspberry. gooseberry, 

sweet-cicely. live- sweet-cicely, oak bunchbeny, five- 
lenved bramble, oak fern, knight’s plume, lcaved bramble, 
fern red-stemmed trailing mspberry, 

feathermoss, leafy sweet-cicely. oak 
rnOSSe.5 fem. knight’s plume, 

red-stemmed 
G.,U 

imaleaeq, we- hybrid white spruce. devil’s club, balsam devil’s club. clasping bnlsnm poplar, balsam poplar, queen’s cup. stiff 
wed bmmble balsam poplnr, poplar. bluejoint, Wiledstalk, trailing subnlpbu fir, black subalpine tit. black clubmoss, clasping 

bluejoint, five-leaved Imilingrspbeny. raspberry gooseberry, queen’s gooseberry, queen’s twistedstalk, false 
bnmble, clasping clasping twistedstalk cup, stiff clubmoss, cup, stiff clubmoss, Solomon’saeal. dlrc~ 
Iwisledsbdk clasping twisledstalk. clasping twistedstalk, leaved foamflower, 

knights plume, red- three-leaved common and 
stemmed fonmflowcr, common meadow horsetail. 
fentbcmloss. leafy rind meadow cow parsnip 
InOSSCS honetoil. cow 

Vl8, V26 



Table L: Sxw - Horsetail Ecosystem Unit 

Map Symbol Name 
SH 

BEC 
SW - Ho:setail; deep, coarse - textured soils, gently sloping, moisture receiving sites ecosystem unit 

SHm 
SBSwk2iQ6 

SW - Horsetail; deep, medium - textured soils, moisture receiving, steep cool aspect ecosystem unit 

Description 
SH is typically found on deep, coarse - textured soils on level and depressional sites. These forests occur on fluvial (glacio-fluvial) parent materials. SH units a: 
with hygric (occasionally subhygric) moisture regimes and medium to rich nutrient regimes. In the map area SH is also found on medium textured soils. SH fi 
are characterized by a moderate to high cover of horsetails, and a rich herb layer. Devil’s club is absent or present in low abundance. 

SH occurs on deep, coarse - textured soils on depressional to level, moisture receiving sites 
SHm occurs on deep, medium - textured soils on depression4 to level, moisture receiving sites 

:;lp Symbol SHlb, SHmtb SH2, San2 SH3a, SHm3a SH3b, SHm3b SH4. SHm4 SH5, SHm5 SH6. SHm6 SH7, SHm7 

ant Species Sparsely Grass-forb Low shrub Trill shrub Pole Sampling Young forest Mature forest Old forest 
Vegetated 

ominnnts none fireweed, blucjoint, willow “pp.. black hybrid while spruce, hybrid while spmcc, hybrid white spruce, hybrid white spruce, hybrid wbito spruce 
horselails twinberry, Iirewccd. willow spp., black black twinberry, black twinberry, subalpine fir, black subalpine fir, block 

blucjoint. honetails twinberry, rcdaier honctnils black gooseberry. twinberry, black Iwinbcny, black 
dogwood, fireweed. highbush-cranberry. gooscbcny. highbush gooseberry. highbur 
bluejoint, horsetails lmiling raspberry, cmnbay. trailing cranberry. trailing 

oak fern, honefails cqbeny, horsctnils. raspberry. horsctnil 
lull bluebells, five- 1011 bluchclls, Rvc- 
leaved bmmblc, red- leaved bmmblc. red 
stemmed stemmed 
fenthermoss. knight’s fcalhcrmoss, knight 
plume, leafy mosses plume, lcnfy mossc~ 

ssocialcs firawed. blucjoinl, willow spp.. blnck hybrid while spruce, prickly rose. trailing willow spp., prickly subrdpinc fir, willow red-osier dogwood, red-osicr dogwood, 

honetails Winbony red-osierdogwood, raspberry, auk fern, msc. bluejoint spp.. prickly rose, tall willow spp.. prickly prickly msc. cow 
fmiling raspberry. tall five-leaved bramble, bluebells. cow row cow parsnip. 
blucbclls, cow 

parsnip, clasping 
lnll bluebells, cow parsnip. clasping clasping Iwisledstnlk. twisledstnlk, 

parsnip parsnip, kneeling Iwistcdslalk, bunchbcny, w/c.%- bunchberry, sweet- 
nngclica (mountain wmmon milrcwort, scented bcdswaw. scented bcdstmw, 
nldcr nw the ESSF twinflower, knight’s common mitnworr, common mitrcworl, 
bound@ plume, red-stemmed twinflower, mountain twiuflowcr. mouutai 

fenthenuoss. lcnfy monkshood, step monkshood. step 
mosses (mountnin moss (mountain moss (mountain nldl 
alder “car tbc ESSF alder near the ESSF near the ESSF 
hnunrllrv! hn,mtl,ru, 

0,s V38 V6, VS. V33 



sites with wet moisture regimes and moderate nutient regimes. WS occurs on wet organic soils (and 
organic veneers over fluvial material). 



Table N: Bl -Rhododendron - Feathermoss 
1, 
Map Symbol Name 
FR Bl- Rhododendron - Feathermoss; deep, medium - textured soils, gently sloping sites, typic ecosystem unit 
FRs Bl - Rhododendron - Feathermoss; shallow, medium - textured soils, gently sloping sites ecosystem unit 
FRk Bl - Rhododendron - Feathermoss; medium - textured soils, steeply sloping, cool aspect ecosystem unit 
FRks Bl - Rhododendron - Feathermoss; shallow, medium - textured soils, steeply sloping, cool aspect ecosystem unit 
FRw BI - Rhododendron - Feathermoss; medium-textured soils, steeply sloping, warm aspect ecosystem unit 
FRsw BI - Rhododendron - Feathermoss; shallow, medium - textured soils, steeply sloping, warm aspect ecosystem unit 

Description 

BEC 
ESSFmv2/01 

FR is the zonal site in the ESSFmv2. It is typically found on deep, medium - textured soils on gently sloping sites. These forests occur on morainal and collavia 
FR forests are found on submesic to mesic sites with poor to moderate nutrient regimes. In the map area FR is also found on shallow, medium - textured soils a 
steep aspects with shallow and deep soils. Engelmann spruce and subalpine fir are the climax species, however lodgepole pine is also common due to forest f 
Black huckleberry and white-flowered rhododendron dominate the shrub layer. The herb layer is generally poorly to moderately developed. 

FR occurs on deep, medium textured soils on gently sloping sites 
FRs occurs on shallow, medium textured soils on gently sloping sites 
PRk occurs on deep, medium textured soils on cool aspects 
FRks occurs on shallow, medium textured soils on cool aspects 
FRw occurs on deep, medium textured soils on warm aspects 
F’Rsw occurs on shallow, medium textured soils on warm aspects 



Table N: BI -Rhododendron - Feathermoss 

Iep Symbol 

ml Species 

Ub,FRslb, FR2, FRs2, FRkZ. FR3a. FRda, FRk3n, FR3b, FRs3b, FR4, FRs4. FRk4, FR.5. FRs5, FRkS. FR6. FRs6, FRk6, FR7, FRs7, FRk7. 
<klb,FRkslb, FRksZ, FRw2, FRke3a. FRw3a. FRk3b. FRks3b, FRks4, FR,v4, FRksS. FRwS. FRks6, FRw6, FRks7, FRw7, 
twlb,FRswlb FRsw2 FRsw3a FRw3b, FRsw3b FRsw4 FRSWS FRsw6 FRsw7 

Gnus-forb Low shrub Tallshrub Pole Sampling Young forest Mature forest Old fores1 

fireweed, bluejaint, while-flowered lodgepdepine, white lodgepolepine. ladgepolepine, lodgepole pine, Engelmnnn spruce, 
five-leaved bmmblc, rhododendron, red flowered Rngelmeen spruce. Engelmann spruce. Engelmann spruce, subalpine fir, white. 
buncbbemy raspberry, rhododendron, five- white-flowered while-flowered while-flowered flowered 

fireweed 

lee-fed bramble, rhododendron, 
lireweed bunchbeny 

rhododendron, blnck rhododendron, blae’k rhododendron, blec, 
huckleberry. hucklcbemy, black huckleberry, black 
bunchbeny, one- gooseberry, gooseberry, 
sided wintergreen bunchbeq sdff bunchberry, one- 

clubmoss, one-sided sided wintergreen, 
wintorgreen, knight’s stiff clubmoss, 
Dlume. red-stemmed kniehl’s oleme. red- 

I I I 
weed. whiWRowered lodgepole pine, Englemnnn spruce, Englemenn spmce. live-leaved bremble 
,nchberry. bluejoint rhododendron, red Engclmnnn spmce, red raspberry, red black hucklebew. huckleberrv. black twinflowcr. five- twinflower. heert- 

mpbeny 

P6 

red elderbe& skunk elderb&, skunk tive-leaved bramble, gooseberry.’ leaved bramble, been leaved emica, step 
current. bluejoint. currant, black Iwinflower. one-sided twinflower, five- leaved emice, step moss 
twinflower, one-sided huckleberry, wintergrcen leaved bnmble, stiff moss 
wintergreen twinflower, one-sided clubmass, step moss, 

wintergreen knight’s plume, red- 

P2, PS, P6. PI I, V3. 
v4, v.5. v7, VIO, 
VI I, VIZ. v13, “14, 
VW “lc! 



Map Symbol Name BEC 
FL BI - Lingonberry; coars - textyred soils, gently sloping, ecosystem unit HSSFmv2/02 
FLs Bl - Lingdnberry; shallow, coarse-textured soil, gently sloping ecosystem unit 
FLVW Bl - Lingonbercy; very shallow soils, warm aspect ecosystem unit 
FLSW BI - Lingonberry; shallow, coarse-textured soils, warm aspect ecosystem unit 

Description II 
FL is typically found on deep, coarse - textured soils on flat to gently sloping sites. These forests occur on morainal and colluvial materials on upper slope or cre 
FL forests are found on subxeric to submesic sites on soils with poor to moderate nutrient regimes. FL is also found on steep slopes on warm aspects on shallo\ 
shallow soils. Lodgepole pine is dominant in the tree canopy. White-flowered rhododendron, black huckleberry and Sitka alder dominate the shrub layer. Herb 
generally poorly developed and low in diversity. 

FL occurs on deep, coarse - textured soils on flat to gentle slopes 
FLs occurs on shallow, coarse - textured soils on flat to gentle slopes 
FLsw occurs on shallow, coarse - textured soils on warm aspects 
FLvw occurs on very shallow, coarse - textured soils on wnrm aspects 

lwinflower. one-sided 

dicamum m~sse.s 



Table p: Bl Sb - Labrador tea Ecosystem Unit 
Map Symbol Name 
BT BlSb - Labrador tea; deep, fine - textured soils, gently sloping to depressional sites ecosystem unit 
BTm BlSb - Labrador tea; deep, medium - textured soils, gently sloping to depressional sites ecosystem unit 

BEC 
ESSFmv2103 

Description II 
Bt is typically found on deep, fine- textured soils on gently sloping to depressional sites. These forests occur on morainal and colluvial materials. Bt forests are f 
on submesic to hygric sites with very poor to poor nutrient regimes. In the map area BT is also found on medium - textured soils on level to depressional sites. 
both of black spruce or Labrador tea are found in this unit. The herb layer is generally poorly developed. 

BT occurs on deep, fine - textured soils on gently sloping, level or depressional sites 
BTm occurs on deep, medium - textured soils on gently sloping, level or depression4 sites 

IMcp Symbol IBTIb, BTmIb IBTZ, BTm2 

Plant SpecicS SptUSdy 

Vegetated 

Dominants none 

Grass-fcrh 

tireweed, 
bunchbeny 

I I 
srocintes fireweed, bunchbemy white-flowered 

rhododendmn. 
Labrador ten 

PIOIS I 

Black spruce was not observed on the study area. 

IT&, BTm3n IBT3b, BTm3b IBT4. BTm4 IBTS, BTm5 1~~6. BTm6 lBT7. BTm’, 

aw shrub Tall shrub Pole Scmpling Young forest Old forest 

,hile-flowered lodgepolepine. white lodgepolepine. black lodgepolepine, blnck lcdgepolepine, black tcdgcpctepinc, blncl 
hodcdendrcn, flowered spruce, white- spruce. white- spruce, white- spruce, white- 
abrcdor ten, rhododendron. flowered flowered flowered flowered 
,unchbeny, fireweed bunchberry, fireweed rhododendron, rhodcdendmn, rhododcndmn, rhcdodcndmn. 

Labrador tea, Labrador tea, Labrador ten. J.abmdor Ieil. 
bunchberry bunchberry, bunchberry, bunchberry. 

lingonbcrry lingonbcny. knight’s tingonberry, knights 
plume. step moss, red plume, step moss, re 
stemmed feathermoss stemmed fenthermos 

sdgepole pine, black Engtemann spruce, Engtemnnn spruce, Engelmnnn spruce, Engelmann spruce. Engelmum space, 
pruce, Engelmnnn twinflower black huckleberry. black hucklebeny, black huckleberry, black huckleberry, 
prucc, bunchberry lingonbeny. twinflower. tivc- lwinftower, live- twinflower, livc- 

twinllowcr lcavcd bmmblo, stiff leaved bmmble. stiff lcnved brcmblc. sdff 
clubmoss, cmwbcrry. clubmoss, cmwbcmy, clubmoss, cmtiberq 
knight’s plume, step clndcnin lichens, ctndonhlichcns. 
moss. red-stemmed pcltigcm spp. pcltigcmspp. 



Table Q: BI - Oak fern - Knight’s plume Ecosystem Unit 
Map Symbol Name 
FO Bl - Oak fern - Knight’s plume: deep, medium - textured soils, gently sloping, moisture receiving ecosystem unit 
FOk Bl- Oak fern - Knight’s plume; deep, medium - texturedsoils, cool aspect, moisture receiving ecosystem unit 

FOw Bl - Oak fern - Knight’s plume; deep, medium - textured soils, warm aspect, moisture receiving ecosystem unit 

BEC 
ESSFmv2/04 

Description 
FO is typically found on deep, medium - textured soils on gently sloping, moisture receiving sites. These forests occur on morainal and colluvial materials. 
FO forests are found on mesic to subhygric sites on soils with moderate to rich nutrient regimes. It is generally found on mid to toe of slope site positions 
on steep slopes on warm and cool aspects. Herb layers are better developed and richer than zonal forests. 

FO occurs on deep, medium - textured soils on gentle sloping, moisture receiving sites 
FOk occurs on deep, medium - textured soils, mositure receiving sites on cool aspects 
FOw occurs on deep, medium - textured soils on moisture receiving sites on warm aspects 

ap Symbol FOlb,FOkIb. FOZ, FOW. FOw2 F03n, FOk3a. F03b. FOk3b. F04. FOk4, FOw4 FOS. FOk5. FOwS F06, FOk6, ,FOw6 F07. FOk7, FOw7 
FOwlb FOw3p. FOw3b 

ant Species SpW3ly Omwforb Low sbmb Tall shrub PolcSnmpliog Young fomst Matum forest Old forest 

Vegetated 

)minnnts none ftrcwecd, bluejoint, white-flowered lodgcpole pine. lodgcpolcpine, lodgcpolc pino. Engelmann spwc. Engclmann spruce, 
five-leaved bramble rhododendron. Engclmnnn spruce, Engelmunn spruce, Engclmnnn spruce, lodgepole tic. white- subalpine fir, white- 

thimblebcw, tivc- white-flowered white-flowered white-flowered flowered flowered 
leaved bramble, rhodadcndmn, rhododendron, five- rhododendron. tive- rhododendron, black rhododendron, black 
tircwced thimblehcrry. tivc- leaved bramble leaved bramble, auk hucklcbclry. black huckleberry. black 

leaved bmmblc. fern, knight’s plume, gooschcrry. oak fern, gaosebcny, oak fem. 
fireweed red-stcmmcd tiwlcavod bnmhlc, tive-leaved bramble. 

feathermoss one-sided one-sided 
wintergreen, knight’s wintcrgwn, knight’s 
plume, red-rtcmmcd plume, red-stommcd 

f!ziuhm~S~ -0ss 
tircwced. bluejoint, white-flowered lodgepole pine, blnckgooscbcny. subalpine fir, black subalpine fir, westcm todgcploc pinc. 
bunchberry, tivc- rhododcridron, 

subalpine,fir, block 
I3ngotmnnn spruoc, Jndinn hoitcbore, red gooseberry. one- gooseberry, black mountain-ash. WCstCm moun,nin- 

lenvcd bramble thimblcbxy, blnckgooscbeny, clderbcrry, sided wintergreen, hucklebeny, onc- bunchberry. clasping ash, bunchberry. 
bunchbcmy. onk fern Indian hellcbore, red bunchbeny, oak fcm buncbbcny. oak fcm, sided wintcrgrwn. twistedstalk, Sitko clasping twisted 

cldcrbcmy. red-stcmmcd clasping twistcdstnlk. vnlerian, stiff stalk. stiff clubmoss. 
bunchbcny fenthcrmoss. knight’s Sitkavnlednn. stiff clubmoss. Indian Indian hcllcbore, 

plume clubmoss. Indian t&bore. pink 
hcllcborc. step moss wintcrgrcen, step 

pink wintcrgrccn, 
step ItlOIS 

mrss 
P4, v37 



Table R: Bl - Alder - Horsetail 
Map Symbol IName 
PH ISI - Alder - Horsetail; deep; ccarse - textured soils, level, or depressional site, ecosystem unit 

BBC 
ESSEmv2l06 

BI - Alder - Horsetail; deep, medium - textured soils, level or depressidnal site, ecosystem unit 
BI - Alder - Horsetail; peaty surface, level or depressional site ecosystem unit 

=il 

Description II 
FH is typically found on deep, medium - textured soils on level or depressional sites. These forests occur on morainal or fluvial parent materials. FO forests are 
subhygric to hygri’c sites on soils with moderate to rich nutrient rkgimes. It is generally found in valley bottoms near streams or wetlands. FO is also found on s 
medium - textured soils or peaty surfaces. Shrub and herb layers are moderately to well developed. Wet indicators such as horsetail are abundant. 

FH occurs on deep, ccarse - textured soils on level to depressional sites 
FHm occurs on deep, medium - textured soils on level and depressional sites 
FHp occurs on soils with peaty surface horizons on level and depressional sites 

:ap Symbol i Slb,FHmlb. 
Fl iplb 

ant Species Sl lKU.SCly 

!A 
ominanu no 

nrowecd, rivc-leavc~ 
brcmblc. blocjoint. 
common and 
meadow horsclcil meadow horsclcil 

cats cats 1 

HZ. FHm2. FHpZ FH3a, FHm3a. FH4, FHm4, F’Hp4 FHS, FHmS FHp5 FH6, FHm6, FHp6 FH7, FHm7. Flip7 
FHp3a I I I II 

rawfwb Low shrub Tall shrub Pole Sampling Young fores1 Mnt”n: fores, Old forest 

rewed, bluejoint, while-flowered lodgepole pine, lodgepole pine, lodgepole pine, lodgepole pine, Engolmann spruce, 
vo-leaved bnmble. rhododendron. black Engolmann S~LUCC, Engelmnnn spruce. Enaelmccn spruce. Engclmann spruce, white-flowcrod 
,mmon and 
leadow horsotnil 

lwinbcrry, bluejoint, wh&lowcr~d white-flow&d while-flowc;d white-flowered rhododendmn, black 
five-leaved bmmblc, rhododendmn, rhododendron, live- rhododendron, blnok rhododendmn, black twinbony, mountain 
lircwoqd mountain older, black leaved hnmblo lwinheny, mountain twinberry, mountain alder, black 

twinberry. red alder. uailing alder, black gooreLmry, oak fern, 
mspborry, five-lowed raspberry. live-leaved gooseberry. wciling aniling rcspbemy, 
bmmhle. common bramble. common rcspbony. oak fern, live-leaved hnmhlo, 
nnd mendow nod meadow live-lowed hnmblo. common and 
horostoil horsctail, knight’s common sod meadow horsetail. 

plume. ragged mccdow honolail. knight’s plume, 
l”ossos knight’s plume, roggcd mosses. leafy 

-1 
bile-flowered Engolmann spmoo. black gooscbcny, blackgaoseheny. suholpino fir, black subalpine fir, subalpine fir, 
mdodcndmn, rod lodgepole pine. willows, trailing bunchbemy, oak fern, goosebony. red willows, rod willows, red 
epbcw. mountcin alder, 
unchb&y, oak fcm willows, blcck 

m&w, knight’s plume, 
bunchbcny, onkfcm, rcggod &ass 

rcspbcrry. willows, mspberry, rcsphcny, 
oak fern, bunchbeny, bunchberry, clasping bunchberry. clasping 

gooseberry, rod fircweed. blucjoiia slop moss. leafy lwisledstalk. kneeling lwisledslalk, kneeling 
mspbony. ladling nwssos nngelicn. yellow nngclica, yellow 
mspbomy. monkey-&wor, cow monkey-flower, cow 
bunchberry. oak fern parsnip. mitroworts. parsnip, mitroworts, 

PI?. v40 



Table S: Wiiow - Sedge Fen Ecosystem Unit 
Map Symbol Name BEC: ESSFmv2/00 
WS Willow - Sedge fen ecosystem unit 
Description These shrub - herb fen ecosystem units occur in level and depressional areas on water collecting 

sites with wet moisture regimes and moderate to rich nunient regimes. WS occurs on wet organic 
soils (and organic veneers over fluvial material). 

WS3a occurs on organic soils (or veneers) on level or depressional sites 
Map Symbol WS3a 

Dominant Athabasca-willow, willow spp., scrub birch, sof&aved sedge, bluejoint, drepanocladus sp. 
Plant Species 

Associate mountain alder, red swamp currant, Labrador tea, sedges, fowl managrass, great northern aster, 
Plant Species small bedstraw, large-leaved avens, platanthera sp., sphagnum spp., leafy mosses 

PlOts PI9 

Table T: Sedge Fen Ecoswtem Unit 
Map Symbol Name BE’? ESSFmv2/00 
SE Sedge fen ecosystem unit 

Description These fen ecosystem units occur in level and depressinal areas on water collecting sites with wet 
moisture regimes and moderate to rich nutrient regimes. SE occurs on wet organic soils (and 
possibly organic veneers over fluvial material). 

SE occurs on organic soils in level or depressional areas 
Map Symbol SE2 
Dominant soft-leaved sedge, bluejoint, fowl managrass, drepanocladus sp. 
Plant Species 

Associate willow spp., scrub birch, Labrador tea, sedges, great northern aster, small bedstraw, platanthera sp., 
Plant Species sphagnum spp., leafy mosses 

Plots 



Table U: Unclassified Stibalpine Forb Meadow 

i&p Symbol Name BEC: ESSFmvUOO 
UNC Forb Meadow ecosystem unit (Vegetated, Non-treed, Upland, Herb Forb) 
Description These forb - grass meadows occur on upper, steep slopes on warm aspects. Parent materials are 

colluviun over bedrock. Soils are shallow to deep, and medium-texwd. This unit appears to have 
a xeric moisture regime and a moderate nutrient regime. 
This unit does not fit into existing MOF classification; it has been left unclassifed until other 
mapping is completed in the area. 

UNC occms on steep slopes on warm aspects 
Map Symbol UNC 

Dominant kinnickinnick, poa sp., fuzzy-spiked wildrye, alpine sweet-vetch, locoweed, three-toothed saxifrage 

Associate soopolallie, trembling aspen, prickly rose, common juniper, lance-leaved stonecrop, yarrow, creamy 
Plant Species peavine, cut-leaved anenome, field pussytoes, small-flowered penstemon, bracted lousewort, 

commmon red paintbrush, tieweed, northern bedstraw 
Plots PI 



APPENDIX 4.12-1 

COMMON AND SCIENTIFIC NAMES, 
AND STATUS OF WILDLIFE OBSERVED OR EXPECTED TO OCCUR 

ON TKE WILLOW CREEK SUBJECT PROPERTY 



Appendix 4.12-l: Common and scientific names, and status of wildlife observed (in bold print) or expected to occur on the Willow 
Creek subject property. An ‘L’ indicates wildlife reported in the Wildlife Log Book, “’ indicates wildlife observed by Hatler (1994) 
and ‘B’ indicates wildlife observed by Axys Environmental Consulting (Hornbeck et al. 1994a, 1994b, 1994c; Van Egmond et al. 1994; 
Strom et al. 1995) in the nearby and similar Brazion Creek valley. General references include Cowan and Guiguet (1965), Nagorsen 
and Brigham (1993), Prince George Naturalists Club (1988), Siddle (1987), Campbell et al. (1990), Nagorsen (1990) and Peterson 
(1990). 

1 COMMON NAME i SCIENTlF1C NAME i APPARRNT STATIIS ~~~I 

Barrow’s Goldeneve 
Migrant and possible breeder in wetlands of Pine River floodplain 
Migrant in wetlands of Pine River floodplain 
Miorant and possible breeder in wetlands of Pine River floodplain 

possible breeder in wetlands of Pine River floodplain 
likely breeder in wetlands of Pine River floodplain 

( .rAl*n”* *,,“,6”“‘C, 

1 Anas strepera 
crecca 

( ‘V”‘SL”,‘C “LL” I.‘“cJ~,“,,L. ” 

1 Possible I 
) Migr; 

hxinron+ qnrl -*rr:hl- 5eeder in wetlands of Pine River floodplain 
nigrant in wetlands of Pine River floodplain 

..__--_ -._-_ . ..-...” 
pnis 

mt and possible breeder in wetlands of Pine River floodplain 
) Migrant and possible breeder in wetlands df Pine River floodplain 
l Pn=ible migrant in wetlands of Pine River floodplain _ _““_. 

1 Migrant and 1 

n Common Merganser 
Gadwall 

1 Northern ) Anas acuta 

possible breeder in wetlands of Pine River floodplain 
I Mirrrant and breeder in wetlands of Pine River floodplain -.-- _--_ -._- -^-- 
1 Migrant ant I Pintail 

1 Northern Shoveler 
-necked Duck 

1 Anas clypeata 
1 Aythya collaris 

i possible breeder in wetlands of Pine River floodplain 
reeder in wetlands of Pine River floodplain 1 Migrant and possible b 

1 Migrz 
I Omura iamaicensis 

1 Tundra Swan I Cvmus columbianu,s 

mt in wetlands of Pine River floodplain 
I Possible migrant in wetlands of Pine River floodplain 
I Possible migrant in wetlands of Pine River floodplain 

Trumpeter Swan 
White-winged Scoter 

Cygnus buccinator 
) Melanittafusca 

) Possihle n&rant in wetlands nf Pine River flnndnlain I 

I Possible migrant in wetlands of Pine River floodplain I 
Osprey, Eagles, Hawks, Falcons 
HAmerican Kestrel 
‘Bald Eagle 
Broad-winged Hawk 
Golden Eagle 

Falco sparverius Migrant and possible breeder in lowland areas 
Haliaeetus Ieucocephalus Migrant and possible breeder in lowland areas 
Buteo platypterus Possible summer resident in lowland areas 
AquiZa chrysaetos Likely resident throughout 



Appendix 4.12-1: Continued. 



Black-backed Woodpecker 
Downy Woodpecker 
oHairy Woodpecker 
B*LNorthern Flicker 

1 Picoides 
.._____.._ 

1 Picoides villosus 
1 Colaptes auratus 

:nt throughout 
Resident in riparian and deciduous woodland throughout 

lehnut 
_____ - __._ _._ _ 

1 Resident thcor 
1 Resident throw ghout 

- _ _ _ ._ . _ . . ._ _ _ ____ _ _ _ 
:us ruber 1 Possit 

I Possible resident throughout 
de resi 

1 Renident throughout 
I Ponnihle resident throughout 
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Appendix 4.12-1: Continued. 



- - c r - - - - -  . . - -  -_ -  -__ - - - - - - .  

COMMON NAME SCIENTIFIC NAME APPARENT STATUS 
‘IIRDS CONT. 

.,- 1 ..,-~~v~.-~~- 

Black-and-White Warbler 
BBlack-throated Green Warbler 

setopnaga rutmtta 
Dendroica castanea 
Dendroica striata 
Mniotilta varia 
Dendroica virens 

SU-er 

Possible summer res: 
Possible summer res: 
Likely summer residcllt ~1 SMI 
Likely summer resident in matore spruce forests tbrougho 



Appendix 4.12-k Continued. 

COMMON NAME 
BIRDS CONT. 
Soarrows and Grosbeak Cont. 

SCIENTIFIC NAME APPARENT STATUS 

Leucosticte arctoa 



COMMON NAME 
MAMMALS 
-. 

SCIENTIFIC NAME APPARENT STATUS 

1 snrews 
Black-backed Shrew 
“Common Shrew 
Dusky Shrew 
Pygmy Shrew 
HVagrant Shrew 

I n .* . . sorex arcucus arcucus 
Sorex cinereus cinereus R 
Sorex monticolis obscurus R 
Sorex hoyi hoyi L 
Soren vagrans va*rans R 

Rodents 
a*L Beaver 
- . . . . ._- , tlusny-rauea wooarar 
” Deer Mouse 
Heather Vole 
“Least Chipmunk 
a Long-tailed Vole 
Meadow Jumping Mouse 
Meadow Vole 
Muskrat 
Northern Flying Squirrel 
B~uPorcupine 
‘s”pLRed Squirrel 

t I 
1 Castor canadensis canadensis 1 Resident in wetland areas of Pine River floodplain . . . . . . . fleoroma cmerea arummonal I Yl -ossible resident throughout 

Peromyscus maniculatus borealis R esident throughout 
Phenacomys intermedius Ievis Pt ossible resident throughout 
Tamias minimus borealis --!I-~~. ..~ Resloenr m: roughout 
Microtis longicaudis vellerosus Resident in forest edge habitats 

:irbnt in w~tlnnrl rind rip&n areas 
:o marsh and wetland areas 
Id areas throughout 

ikely resident throughout 
esident throughout 
^ :̂.P -̂. “..-.~hn,,+ 

Zapus hudsonius hudsonius Possible re&.,... . . . ,.- ..“.. . y.I 
Microtis pennsylvanicus drummondi Possible resident in proximity I 
Ondatra zibethica spahdata Resident in proximity to wetlar 
Glaucomys sabrinus alpinus L-- 
Erethizon dorsatum myops R 
Tamiasciurus hudsonicus pmblei RGUU~IIL u,roue ) . . “ . . I  

“Southern Red-backed Vole 
a Western Jumping Mouse 

1 Clethrionomys gapperi athabascae 1 R*cid*nt +hrnlln 
1 Zapus princeps saltator IR 

1 Woodchuck 

VU.““ . . .  “ . . “ I  dhout 
esident in proximity to riparian and wetland habitats 

I ,&dent tbrouehout ( Marmota monax canadensis ID 
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Appendtx 4.12-1: Continued. 

COMMON NAME 1 SCIENTIFIC NAME 1 APPARENT STATES 
AMPHIBIANS I I , 
Lang-toed Salamander 
Northern Chorus Frog 
Spotted Frog 
avL Western Toad 
“Wood Frog 

Ambystoma macroa’actylum 
Pseudacris triseriata 
Rana pretiosa 
Bufo boreas 
Rana sylvatica 

Possible resident in proximity to wetland breeding habitats 
Possible resident in proximity to wetland breeding habitats 
Likely resident in wetland and riparian habitats 
Resident throughout 
Resident throughout 

REPTILES I 
Common Garter Snake 1 Thanmophis sirtalis Likely resident throughout 
Western Terrestrial Garter Snake 1 Thamnophis elegans Likely resident in proximity to wetland breeding habitats 



APPENDIX 4.12-2 

WILDLIFE CAPABILITY RATINGS 
FOR ECOSYSTEM UNJTS AND STRUCTURAL STAGES 

ON A PROPOSED COAL MINE AT WILLOW CREEK 
NEARCHETWYND 



Appendix 4.122: Wildlife capability ratings for ecosystem tits and structural stages 
on a proposed coal mine at Willow Creek near Chetwynd. (Rating 
system based on Demarchi 1996 - see Appendix 4.12-2a below). 
Structural stages currently occurring on the subject property are 
shaded. 

ESSFmv2 Ecosystem Units and Structural Stages 
FR (01) - Subalpine Fir-Rhododendron - 1 ) FR (01) - Subalpine Ji’ir -Rhododendron 1 



EsSFmvZ Ecosystem Units and St~ctural Stages 
FL (02) - Subalpine Fir - Linganberry 1 BT (03) - Subalpine Fir/ Bhk Spruce - 1 

I Labrador Tea I 
I (as, -9 mm 

wildlife species 1 2 3a 3b 4 5 6 I 

i 
ESWmv2 Ecosystem Units and structural Stages 

FO - Subaloine Fir - Oak Fern - 1 PO (04) - Subahine Fir - Oak Fern - I 

IYeilow-b.Flgcatcher(XIXIXIXIXIXIXIXI 

I Knight Plume I 



EsSFmv2 Ecosystem Units and Structural S 
,Fa (06) - Subalpine Fir -Alder - Hors&ail 

ESSFmv2 Ecosystem Units and Structural Stages 
SE (00) - Sedge Fen Wetland WS (00) -Willow - S&e Fen Wetland 

Wildlife Species 
(SE) 
1 2 



Fe&T8 
(SO, son% SOW) 

WiIdme Species 1 2 3a 3b 4 5 6 7 

wildlife species 1 2 3a 3b 4 5 6 7 



SBSwk2 Ecosystem Units and Structural Stages 
( SC (03) - Spruce - HucldebelTy - I SD (03) -Spruce-Devil’s Club 

HI&bwh Cranberry 
(SCk, SCkm, SCks) 

1 Warble- 
Elk 1613141415151515 
Fisher ININILIL(LILILIL 
Grizzly Bear ~6~3~314)4~4~4~4 
Marten ININININININIT.IM 

Mole Deer 
Northern Goshawk 
Philadelphia Vireo 
Trumpeter swan 
White-tailed Deer 

614141515141414 
Yellow-b.FlvcatcherIXIXiXIXIXiXIXIX xlxlxlxlxlululu 

SBSwk2 Ecosystem Units and Structural Stages 
SD (05) - Spruce-Devil’s Club SH (06) - Spruce - Hors&ail 

1 (SW 
Wildlife Species 1 2 3a 3b 4 5 6 7 

Bay-breast.WarblerIXIXIXIXIXIXIUIU 
Black-t.G.Warbler l~lxlXlXlxlxlUlU 
Broad-wingedHawkININININININININI 
Canada Warbler IXIXJXIXJXIX x x 
CaneMav Warbler 1 X 1 X 1 X I X I X 1 X U U _ _ 
Connecticut IxIxIxlxIxI xxx 

Grizzly Bear 
Marten 

Mole Deer 

Philadelphia Viieo 
Trumpeter Swan 
White-tailed Deer 
Woodland Caribou 
Yellow-b. Flycatcher 



BWBSmwl Ecosystem Units and Structural Staga 
I AM (01) -White sPnlce/ Tremblina I 1 AM (01) -White Smuce/ Trembline I 

Aspen --Step Moss - 
(mm, AM% AMmn) 

wildlife Specks 1 2 3a 3b 4 5 6 7 



BWBSmwl Ecosystem Units and Structural Stages 
Map (01 - serat stage of AM) - I 1 SW (03) - whit.2 spruce - wildrye - I 

WoodlandCaribou 1613151515151515 
Yellow-b.FlycatcherIXIXIXIXIX(XIXIX 

BWBSmwl Ecosystem Units and Structural Stages 
I SW (03) -White Soruce - Wildrve - I I Swa.5(03-semlstaeeofSwJ- I 

I Trembling A&n - S&polaUie 



BWBSmwl Ecosystem Units and structmal Stages 
I SW:as(03-seralStageofSw)- I so (05) -White Smuce - currant - oak I 

Trembling A&en - SwpolaUie 
(swlrm:as) 

wihwe species 1 2 3a 3b 4 5 6 7 

Fisher NNLLLLLL 
Grizzly Bear 6 4 5 5 5 5 5 5 
Marten NNNNNNLL 

[Yellow-b.FlyeatcherIXIXIXIXIXIXIXIXI 

BWBSmwl Ecosystem Units and Structural Stages 
so (0.5) - white spruce - currant-oak 1 SC (06) - whit.2 spruce - current - 

Fern I BIuebds I 
I ww 

wildlife species 1 2 3a 3b 4 5 6 7 



BWBSmwl Ecosystem Units and Structural Stages 
I SC: a!3 (06 - seral stage of SC) - I I sJ3to7l-wllitesuruce-cllITant- I 

TdmblinS Asp& - B&k Twinberry 
Wa:ab, SCaaab, SCam:ab, SCm:ab) 

Wildlife Species 1 2 ( 3a 1 3b 1 4 5 6 7 
lb1 

BWBSmwl Ecosystem Units and Structural Stages 
I SEkac(O7-seralstageofSH)- ) AS (00) -white Spruce/ Trembling 

Trembling Aspen - Cow Parsnip 
(SEhC, SHa:ac, SHam:ac, SCmn:ac) 

Wildlife Species 1 2 3a 3b 4 5 6 7 



BWBSmwl Ecosystem Units and Structural Stages 
I SE (00) - sedge Wetland I WH (00) - Wihw - Sedge - Horsetail 

(SE) 
Wildlife Species 1 2 



Appendix 4.122a: Habitat capability rating scheme for three levels of knowledge about a 
species use of habitat. Ratings are based on the habitat’s potential (i.e., the 
carrying capacity under optimal conditions) to support a particular species 
and reflect the animal’s use of the best habitat (i.e., ecosection, 
biogeoclimatic unit or ecosystem unit) in the province. Species use is 
determined by the number of each species using one square kilometre of 
habitat for a month (# animals/knQ/montb). 

canying Detailed Knowledge 
Capacity 
(under Elk 
optimal Grizzly Bear 
conditions Moose 
1 Mule Deer 

White-tailed Deer 
Woodland Caribou 

Rating Code 
loo-75% High 1 
7550% Moderately 2 

Hi@ 
50-25% Moderate 3 
25-5% LOW 4 
5-O% Very Low 5 
0% Nil 6 

- 
I 
I 

Intermediate Gowledge 

Broad-winged Hawk 
Fisher 
Ma&a 
Northern Goshawk 
Trumpeter Swan 

Lited Knowledge 

Bay-breasted Warbler 
Black-t. Green Warbler 
Canada Warbler 
Cape May Warbler 
Connecticut Warbler 
Philadelphia Viieo 
Yellow-b. Flycatcher 



APPENDIX 4.12-3 

MODELS AND CONCEPTS 
USED FOR DEVELOPING SUITABILITY AND CAPABILITY RATINGS 

FOR WILDLIFE AT WILLOW CREEK. 



Appendix 4.12-3: Models and concepts used for developing suitability and capability 
ratings for wildlife at Willow Creek. 

Bay-breasted WarbIer 

a present! absent rating was used because limited lmowledge on habitat utilization is available for 
this species 

l habitat suitabiity was only rated for the. SBSwk2 and the BwBSmwl biogeoclimatic zones since 
this species is not known to occnr in the ESSFmv2 

l productive id moist forests (generally age class 6 and 7) were generally considered to be of 
highest value because dense stands of mature spruce forest appear to be preferred habitat 

l extremely dry, less productive sites were not considered to be suitable, although drier sites with 
dense spruce stands may be used 

Black-throated Green Warbler 

l a present/ absent rating was used because limited knowledge on habitat utilization is available for 
this species 

l all biogeoclimatic zones were rated 
l only mature or old growth forests (i.e., structural stage 6 and 7) on moist, productive sites were 

considered suitable 

Broad-winged Hawk 

l because intermediate knowledge is available on this species a four class rating system was used 
l because all records in northeastern B.C. are from the BWBS biogeocliitic zone, the SBS &d 

ESSF zones were not rated 
l because preferred nesting habitats are deciduous and open, mixed forests often near water, site 

series witb a significant mature (i.e., structural stage 6 and 7), deciduous forest component were 
rated 

Canada Warbler 

l a present/ absent rating was used because only limited knowledge on habitat utilization is available 
for this species 

l because all records in northeastern B.C. are from the BWBS biogeocliitic zone, the SBS and 
ESSF zones were not rated 

l because preferred habitats are mixed forest stands with well developed understorey, strnctural 
stages 5 and 6 were rated as having suitability for all site series except for the seral stage types 
where stmctnral stage 7 was also rated 

Cape May Warbler 

l a present/ absent rating was used because liited knowledge on habitat utilization is available for 
this species 

l habitat suitability was only rated for the SBSwk2 and the BWELSmwl biogeocliitic zones since 
this species is not known to occur in the ESSFmir;! 

l productive and moist forests (generally structural stage 6 and 7) were generally considered to be 
of highest value because matnre stands of spruce forest appear to be preferred habitat 

l extremely dry, less productive sites were not considered to be suitable, although drier sites with 
dense sprnce stands may be used 



Connecticut Warbler 

l a present/ absent rating was used because lhuited Jmowledge on habitat utilization is available for 
this species 

l because all records in northeastern B.C. are from the BWBS biogeoclimatic zone, the SBS and 
ESSF zones were not rated 

* because preferred nesting habitats are deciduous and open, mixed forests often near water, site 
series with a sign&ant matnre (i.e., stmctnral stage 5, 6 and 7), deciduous forest component were 
rated as being suitable 

l because detaikd information is available on-habitat requirements a six class rating system was used 
l because of similar habitat requirements, mule deer and white-tailed deer were rated the same; 

ratings were mostly similar to those for grimly bear 
l habitats were only rated for their value as foraging areas during the growing season; because of 

high snow depths, elk winter at lower elevations; value of mature and old-growth forests in the 
BWBSmwl as cover and shelter in winter was not considered 

l early seral stages (i.e., wetlands, clearcuts etc.) in moist and productive sites were generally rated 
as having higher suitability because of the abundance of herbaceous forage 

l older stmctnral stage forests in rich and moist sites were also rated higher because of the increased 
availability of forage 

Fisher 

l because intermediate knowledge is available on this species a four class rating system was used 
. all biogeocliitic zones were rated 
l mature and old growth stands (i.e., stmctnral stage 6 and 7) were considered to be of highest 

snitabiity for fisher for denning and foraging; structoral stages 3a to 5 were generally considered 
to be of low value as foraging areas 

Grizzly Bear 

l because detailed information is available on habitat requirements a six class mung system was used 
l ah biogeocliitic zones were rated for grizzly bear 
l suitability ratings are for foraging in the growing season only, as grizzly bears are not expected 

to den within the site 
l production of herbs and berries was the prhnary factor considered in developing the ratings 
l younger seral stage habitats were generally rated higher than forested sites 
l rich, moist sites were rated higher than drier sites 
. mature and old-growth forests were rated higher than younger forest stands because of generally 

increased herb and shrub production in the understorey 

. because intermediate lmowledge is available on this species a four class rating system was used 
l all biogeoclimatic zones were rated 
l mature and old growth stands (i.e., structural stage 6 and 7) were considered to be of highest 

suitability for marten for denning and foraging; stmctural stages 4 and 5 were generally considered 
to be of low value as foraging areas 



Moose 

l because detailed information is available on habitat requirements a six class rating system was used 
. all biogeoclimatic zones were rated for moose 
l habitats of high shrub diversity tid density were generally rated the highest (e.g., structural stages 

3a, 3b); preferred shrub habitats generally occurred on rich and moist sites 
l wetlands were rated highly because of the excellerit foraging opportunities in the growing season 

Mule Deer 

l because detailed information is available on habitat requirements a six class rating system was used 
l because of similar habitat requirements, elk and white-tailed deer were rated the same; ratings 

were qmostly similar to those for grizzly bear 
l habitats were only rated for their value as foraging areas during the growing season; because of 

high snow depths, mule deer winter at lower elevations; value of mature and old-growth forests 
in the BWBSmwl as cover and shelter in winter was not considered 

l early seral stages (i.e., wetlands, clearcuts etc.) in moist and productive sites were generally rated 
as having higher suitability because of the abundanie of herbaceous forage 

l older structural stage forests in rich and moist sites were also rated higher because of the increased 
availability of forage 

Northern Goshawk 

l because intermediate knowledge is available on this species a four class rating system was used 
. habitat suitability was not considered to be dependent on elevation or coniferous tree species 

composition of forests 
l productive and moist, mature and old growth forests were considered to be of higher value to 

northern goshawk because of breeding opportunities 
l most vegetated habitats (i.e., structural stage 3a and older) were rated as being of low suitability 

for foraging 

Philadelphia Vireo 

. a present/ absent rating was used because limited knowledge on habitat utiliition is available for 
this species 

l habitat suitability was only rated for the SBSwk2 and the BWBSmwl biogeocliitic zones since 
this species is not known to occur in the EsSFmv2 

. because preferred breeding habitats are dense, rapidly growing aspen stands (- 20 years of age) 
only structural stage 4 and 5 were considered suitable for most site series. For site series in the 
BWBSmwl, structural stage 6 was also considered to be suitable 

. moister, productive sites in the SBSwk2 (i.e., SH/O6) were not considered suitable because of the 
greater abundance of coniferous trees in early seral stages 

l drier sites were not considered to be suitable 

Trumpeter swan 

l because intermediate lolowledge is available on this species a four class rating system was used 
l only wetland habitats in the Pine River valley (i.e., BWBSmwl) were considered suitable as 

foraging areas; nesting is not expected to occur 



Whit&ailed Deer 

. because detailed information is available on habitat requirements a six class rating system was used 
l because of similar habitat requirements, elk and mule deer were rated the same; ratings were 

mostly similar to those for grizzly bear 
* habitats were only rated for their value as foraging areas during the growing season; because of 

high snow depths, white-tailed deer winter at lower elevations; value of mahue and old-growth 
forests in the BWBSmwl as cover and shelter in winter was not considered 

l early seral stages (i.e., wetlands, clearcuts etc.) in moist and productive sites were generally rated 
as having higher suitability because of the abundance of herbaceous forage 

l older structural stage forests in rich and moist sites were also rated higher because of the increased 
availability of forage 

Woodland Caribou 

l because detailed information is available on habitat requirements a six class rating system was used 
l caribou are not known from the study area, however ah habitats in all biogeoclbnatic zones were 

rated 
l highest rated habitats were mature, old-growth forests which are expected to carry heavy lichen 

loads 
0 because winter forage (i.e., lichens) are limiting, late structural forests were rated for food 

availability in winter and early structoral stages were rated for availability of forage during the 
growing season 

l early send stage forests (i.e., 2) were also rated as higher than dense forest stands because of the 
availability of herbaceous plants for foraging 

Yellow-bellied Flycatcher 

l a present/ absent rating was used because kited knowledge on habitat utilization is available for 
this species 

l all biogeoclimatic zones were rated 
l because coniferous forest edge habitats along creeks, lakes or other waterbodies are preferred 

breeding habitats, only very moist and rich sites forested sites were rated 
l open wetlands were also rated as potentially suitable because of foraging opportunities for 

flycatchers nesting in adjacent rich, moist sites 
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AFK!HAEOLOGY/HERITAGE/TRADITIONAL USE STUDY TERMS OF REFERENCE 



. 

: 

::. 

: 

__. 

. . 

: . . . 

WEST MOBERLY FIRST’f(j’kilOh 
AND SAULTEAU FlRST~~ATiQh 

LAND USE. CONS%L~ATIOk 

. . _. ‘. 
._ 

WILLOW CREEK~~R0.IEG-l 
PINE. VALLEY, BR~ilS~. ~OLUMEI~ 

PINE VALLEY COAL LTD 
_. 

. . 

~‘:Prepared 5% 

Fedirchuk McCullough &&ssodatesLtd. 
200.1719 - lcc4venb~ S.W. 

Calgary, Albeztz 
,;. T3COKl 

., July1997 

: ‘. 

. . 

._ 

. 

I: 



‘_ 

I . . ._ 

WEST MOBEkLY F&T I&ION 
AND SAULTEiXU FldST.M@JON 

LAND USE CONSiJL?&IDN 

-_ 

.- 

WlLLOWkREEK’PROJECi 
PINE VALLEY, BRtTlSH.i=OLtiMBiA 

P!NE VALLEY CO& LTD. 

t :& r&ties; of Norecol. Dames & Moore, Inc., Fedirchuk f&C’cw!lo~gh & 
$sociates Ltd.’ (FMA) is submitting a proposal, for a .tfaditional land use 
onsult&n prbgram with both the West Moberly First Natio.n and the S&k@au 
irst N+m. ‘. 

he prop6sed.‘knsultation program will update an arqhaeolo~idal .@erview 
ssessmi?nt .that was undertaken prior to Pine Valley Goal L&s PmposEid 
evelopmant of the willow Creek Project in 1982. The archaeoiogical.~verielv 
.s&assme$ was part of an application submitted by David Miner& u&r the 
line Db@opment Review Process for development of an unds@ouhd, min’e 
nd Bss+iated facilities. The archaeology was undertaken by DC: RL: Carlsbn, 
‘rdfe;ssd[ bf’grchaeology at Simon Fraser Unive&y for tie project consultants 
33. m&assessment was conducted in July and August bf 1981 and.follow$d 
18 GuideI& for Heritage Resources Imp&3 Assessment in Briti$h: Columbia, 
&that tini& therewas minimal, ifany, consultation with First NationS. . . 

:hiaf C&q& Desjartais of West Moberly First Nation and Pine’:Va!iey Coal 
epiesentatives Dave Fawcett and Rob Hawes are in’agieement that Firs1 
rations consultation is a necessary addition to the archaeological .ass&stient 
tie W&t Moberly First Nation has idenffied the Willow Creek Pioject Area a6 
lxisting %&in their ‘critical use area”. 

. ‘. 

. . 

: 
, 

. 

. . , 
‘. 

. 

. .’ 

. . 



: 

l).&&“the 1961 study in terms ofany impacts from changes in -&zi~ori’%f 
mine faciiities {using the proposed facility locations in the 1937 feaeibili@ rep&). 
T&s may.‘involve a m-assessment of the archaeological a’v+atioh%f th+prbjeCt 
area and e:re+tted Archaeological Impact Assessment. 

.: 
: :;, .‘. 

;). idantifi;’ and assess potential impacts on tradition>1 4and u& &as:and 
heritage:rasource sites. Traditional land use areas and heritage r$so@ca sites 
may. :in&ide, but not be restricted to, traditional trails : .camp. sites 
herballrriedicin?4 plant collecting areas. spiritual or sacred ,pl&reit.arid. b&i 
sites. We respect that this information may be confidential. . . 
:_ : .” 

;. : ~ I 
.:’ 

l).The FMA consultant would be retained by Pine Valley C&l .b,ut IN&& 
cooperatively with West Moberly First Nation (WMFN) and ,tith:the Saolteaii 
.First Nat@s. 

_. 
._ 

2) WMFN would provide an environmental officer to assist.in the gekt study. 
.I. ‘: 

$%a FM& consultant and WMFN will undertake the fieid study. j&$’ &&d 
study may kmlude traveling throughout the Pine Valley Coal (PVCj devetopmeiri 
area .to locate and assess soecific traditional land use areas .~and ‘historic ..; .. 

nsultant would have two meetings with WMFN 
e study to get input (oral liistory) from the 

study to present the study results. 

erballmedicinal plank and other tradition 

6yThe’ FMA consultant, with input from WMFN, &ill prepare 
tions for Pine Valley. Coal Ltd:, The repo 

FN concerns about potential conflicts between’“.PVC 
traditional use areas,and heritage resource sites. .” 

7) A final report will be prepared by the FMA consultapt. 

.: : 
_. .: 



I ._ : 
PRELIMIRARY MEETING 
Y. 

The tradittona[‘iand,use consultation program will consist of initial tieetings w 
the West Mobitiy First Nation and the Saulteau First Nation. Participants at tl 
initial meeting+#ill discuss 1) the main objectives of the consultation-progre 
2) identify; tees that oould potentially be impacted by development and; 
relevant’ First .Nations individuals who should be consuited regarding the 
selected areas: 

‘_ 

MAPPING AND CONSULTATtON 

The initial meeting will be followed by a sequence of meetingsw$h membe 
from the:.West Moberly First Nation and the Saulteau First Natfon, The Fh 
consultant and a WMFN envimnmentat officer will conduct fhese:meetin 
iointly. The $udy may include trips throughout the PVC development area iv 
first Nations participants. : 

: . . 

REPORTiNG AND RECOMMENDATIONS 

. 

._ : 
__ 

A.lerbat repod’would be made to Pine Valley Coal Ltd., We&~‘~oberly:Fi 
Nation and. Saulteau First Nation immediately upon completion’of..herit 
resource. .mapping and First Nations consultation. An interim report %dfor 
final reportwould subsequently be prepared. 

Reckmmkndations concerning identified traditional use areas a&or. herita 
resource sites would be formulated on the basis of the results :of,. the Fi 
f&tons .traditiooal land use consultation and mapping. 

: 
. . .._ 

. . 

. 

‘. 
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_,: 

iCHEDtJL;E 
., . . 

he Fi&F$atioh Consultation would commence at the request of. Pi& Valle!, 
;aal Ltd., and at the convenience of the West Moberly First Nation and the 
kultealj yrst Nation. 

._ ‘_ 
:‘is estimated that two days will be required For travel and an initial meeting ‘& 
38 Chi&f.and council of the West Moberly First Nation and the $ulteau Firs’ 
l$ion 

: ._ 
in additi&l Five ‘days will be required for the consultation .and. map@n< 
trogram. This five day estimate considers time, spent meeting .~~h ‘vartous 
groups and.individuaIs from the West Moberly First Nations arid’.&& Saul!eai 
%st .Natioti: and the recording of traditional use areas ahd he&ge: resouicc 
lit.eiwh&? necessary. es well as travel time to and from @Igary. 

: 
\.verbal.&portwill be made to Pine Valley Coal Ltd., Wesf Moberly Fi&t Natior 
Ind Saulteau First Nation upon completion of tha Land. Use CpnSult&on ant 
iI?pping: ::An .intarim report and/or a final report inctuding.detailed iriformation or 
he natur6. ctintent and significance of the resources identified woulc 
subsequently be prepared on behalf of Pine V&y Coal and Notif, DBmei E 
ilobre, .Inc. 

.: . . 
:’ ._ 

:&PO&T; EXPERIENCE 

‘edirchuk)vfqCullough &Associates Ltd. is a privately owned Canaiiian fieritagc 
,esaurces’consulting Firm with a specialized interest in the western ~~d’northe~ 
egiqns orCanada. Since its inception in 1981. the company has beenengagec 
n$he conduct of a wide range of archaeological, histartcal and paleonlolagiti 
;tudiesrelated to resource, tourism and community development projects. 

‘... 
‘. 

. . . . 
:  

.  

.  



APPENDIX 4.14-l 

WATER LICENCES FOR THE PINE RIVER 



TARLO 3.7-2 

WATRR LICENCFS FOR TiiB PINE RIMR 

LICENCE PEACE RIVER DISTRICT COMPLETION TO FILE NO. 
Date Condi- Pinnl sowee Licetlsee LAND qunntity Iw- Point of 31~1 Dee Extends to 

tiomi 
COmptrolleP Remarks 

WRST 6th MERIDIAN pose Diversion 31st Dec. 
20/9/61 27 160 Pine River chetwynd Lands w/lr the bdy’s 150 000 W wks A93 1965 0238541 R/W 

01 Chetwynd W wks. Dist. g.o.d. P.062 
r\pp.n35 Fine River ilyws. Dpt. Works cross L.385, whole flow 93 O/NE 0228829 

307,308 tt 1142 (B-5) 
26/4/63 29097 Pin@ River Westconst Lot D of Bik.A, P1.A 10000 g.n.d. ind. 93/O/NB 1905 0249547 

Traw Ltd. 1539, Uik.C, Lot 373 10000 gad. W wks (E-5) 
App.#133 Pine River Dept. Hwys Rncroech on & 93 O/NE 0228829 

DiversIon of P. River 03-5) 
App.#407 Pine River PGE Riwy. Chnnn. imp. to Pine E93. P. 002 0304407 

River in vicinity df lots 
1913,2054 & 2021 

hpp.#641 Pine River BC Riwy. Cbnnn. Diversion s/in F93. F.002 .0304641 
R/W ia. 1913 x 2021 

App.#798 Piue River D. Neisotl Chow. imp. w/in 93 O/NE 0304799 
Lot 1136 (B-6) 

2/8/70 50129 Pine River Chctwyild nU lands w/in the bound- 450,000 W wks. A93. P.002 1900 0330930 
da&s of Chetwynd 

ntw 
G.&d. Trib. to 

3IvJ9.7 J-00 



APPENDIX 6.2-l 

SCREEN3 DISPERSION MODEL RESULTS 



APPENDIX 6.2-l 

Distance 
Yom Pile 

(4 
1 

100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 

10 m Stockpile Height 
6.5 

44.02 
291.6 
313.7 
312.5 
288.9 
303.6 
294.7 
274.4 
251.6 
229.2 
208.6 
190.3 
174.1 
159.7 
146.9 
135.5 
125.4 
116.5 
108.4 
101.2 
94.74 
89.16 
84.15 
79.51 
75.33 

.71.49 
67.96 
64.69 
61.69 
58.91 

20. 40 
(kph) 

874.8 
941 

937.6 
866.7 

132.1 

910.7 
884 

823.3 
754.7 
687.7 
625.8 

571 
522.3 

479 
440.6 
406.6 
376.3 
349.4 
325.2 
303.7 
284.2 
267.5 
252.4 
238.5 

226 
214.5 
203.9 
194.1 
185.1 
176.7 

1804 
1941 
1934 
1788 

272.4 

1878 
1823 
1698 
1557 
1418 
1291 
1178 
1077 

987.9 
908.8 
838.7 
776.2 
720.6 
670.8 
626.4 
586.2 
551.7 
520.7 

492 
466.1 
442.3 
420.5 
400.3 
381.7 
364.5 

6.5 

6.842 
157.8 

177 
169.1 
156.3 
147.2 
137.1 
129.7 

130 
126.5 

121 
114.5 
107.9 
101.4 
95.26 
89.47 
84.06 
79.07 
74.46 
70.23 
66.31 
62.85 
59.69 
56.72 
54.02 
51.51 
49.18 
47.01 
44.99 
43.11 

15 m Stockpile Height 

473.5 

20 

531.1 
507.2 

(kph) 
20.53 

469 
441.7 
411.3 
389.2 
390.1 
379.5 
362.9 
343.6 
323.7 
304.3 
285.8 
268.4 
252.2 
237.2 
223.4 
210.7 
198.9 
188.5 
179.1 
170.2 

162 
154.5 
147.5 

141 
135 

129.3 

976.7 
1095 

40 

1046 
967.3 

42.34 

911.1 
848.3 
802.6 
804.7 
782.6 
748.5 
708.6 
667.7 
627.7 
589.4 
553.6 
520.1 
489.2 
460.7 
434.6 
410.3 
388.9 
369.3 

351 
334.2 
318.7 
304.3 
290.8 
278.4 
266.8 

20 m Stockpile Height 
6.5 

0.8118 
93.12 
108.2 
105.4 
102.5 
97.4 

86.64 
81.03 
76.58 
71.05 
65.82 
65.62 
64.45 
62.71 
60.61 

.58.34 
55.99 
53.64 
51.33 

49.1 
46.94 
44.93 
43.05 
41.23 
39.55 
37.97 
36.48 
35.06 
33.74 
32.49 

20. 
(W) 

2.435 
279.4 
324.6 
316.1 
307.4 
292.2 
259.9 
243.1 
229.8 
213.2 
197.5 
196.8 
193.4 
188.1 
181.8 

175 
168 

160.9 
154 

147.3 
140.8 
134.8 
129.1 
123.7 
118.7 
113.9 
109.4 
105.2 
101.2 
97.46 

40 

5.023 
576.2 
669.5 
651.9 

634 
602.7 
536.1 
501.4 
473.9 
439.6 
407.2 

406 
398.8 

388 
375 
361 

346.4 
331.9 
317.6 
303.8 
290.4 

278 
266.3 
255.1 
244.7 
234.9 
225.7 

217 
208.7 

201 

60 

9.376 
1076 
1250 
1217 
1184 
1125 
1001 

935.9 
884.5 
820.7 
760.2 
757.9 
744.4 
724.3 
700.1 
673.9 
646.7 
619.5 
592.8 
567.1 
542.1 
518.9 
497.2 
476.2 
456.8 
438.6 
421.3 

405 
389.6 
375.2 



APPENDIX 6.5-l 

QUINTETTE COAL NITROGEN DATA 



I 
I AISLIZ ~I 

MONTHLY NITROGEN LOADING DATA. QUINTEITE OPERATING CORPORATION I 
STATION: s-i POND PE6739 

I I I I TOTAL 1 AVG.DAILY I TOTAL 

, V.“” I .“.“” I 
7 2.35 0.005 ^ ^-- 

. . -, - i 2.4% 0.006 -_ ___ 
1 18-May-94 7.19 0.009 7.199 Z”IJ, 
’ ‘-‘‘ty-95 8 8 41471 

5.75 5.75 4752 1 

h:hdm\33079\001\reporAappendWPP631-l.XLS -Appendix 6.3-1, Table 1 Page 1 of 2 



I MONTHLY NITROGEN LOADING DATA, QUINTEiTE OPERATING CORPORATION I 
STATION: S-i POND PE6739 

TOTAL A\ -_-_ __- 
MONTH SAMPLING AMMONIA NITRATE NITRITE NITROGEN FLOW RAl 

DATE mglL mg/L mg/L mg/L m?day gfd 
8 1%Aug-93 6.31 0.006 6.316 1210 7642 
n 16-Aug-94 12.3 12.3 1728 2125r 

15-Aug-95 6.24 ^^. .- 1. 
.- . _- 

12 0.813 345.6 281 
12 Y-U :“.““I 3.731 1210 4515 
12 8-Dee-93 1 I co.oo1 I 5.68 5.681 1362 7851 
12 13-Dee-94 ) 0.0131 7.91 0.001 7.914 864 6838 
12 Anar-QG I ” ni9l 731 n ““!a 7.221 2160 15597 

h:\ndm\33079\Wl\repert\appen~PP631-I .XLS -Appendix 6.3-1, Table 1 Page 2 of 2 



TABLE 2 
MONTHLY NITROGEN LOADING GJMMARY 

QUINTkmE COAL S-4 POND 
/ Average 1 1 Average% 

Month 
January 
Februaty 
March 
April 
May 
June 

Load St Dev Load Load 
5,513 6,128 3.9% 
3,544 2,938 2.5% 

20,035 17,112 14.2% 
9,624 6,548 6.8% 

13,565 12,482 9.6% 
25.612 37,l 355 18.2% 

July 11,892 9,183 8.4% 
August 9,666 8,933 6.9% 
September 9,281 9,761 6.6% 
October 17,686 20,048 12.7% 
November 7,917 5,841 ., 5.6% 
December 6,329 5,295 4.5% 

ITotal I 140,686 1 I I 

h:!ndm\33079\001\reporKappendMPP631-2.XLS -Appendix 6.3-1, Table 2 



I PERCENT COMPOSITION OF NITROGEN COMPOUNDS, I 
YY 

SAMPLING 

I 
I , 

23-Am-87 1 0.0061 

h:\ndm\33079\001\report\appendMPP331-3.XLS -Appendix 6.3-1, Table 3 Page 1 Of 3 



TABLE 3 
PERCENT COMPOSITION OF NITROGEN COMPOUNDS, 

QUINTETTE OPERATING CORPORATION, STATION: S-4 POND PE6739 
SAMPLING AMMONIA NITRATE NITRITE TOTAL AMMONIA NITRATE NITRITE 

DATE l *  *  NITROGEN 
mg/L m9lL m9fL mg/L % % % 

6-Jun-91 1.29 0.009 - --- 
11 Jul-91 1.94 0.007 ( 

- --.-. 
6-Now91 I 2.191 0.0005 2. 

1 I-Dee-91 0.8121 0.001 0.8131 
2 2.611 0.01 22-Jan-g: 

19-Feb-9: 

$+ 99.8% 0.53 
0.8% 99.1% 0.1% , 

97.9% 2.1% 
,“a ( 3.W”J, 100.0% 0.0% 

- 7305 100.0% 0.0% 
100.0% 0.0% 

1505 100.0% 0.0% 
-.mrl 100.0% 0.0% 
1.3241 99.8% 0.2% .__I 

99.8% 0.2% 
i.62?’ I, 99.8% 0.2% 
;.38b, I 99.9% 0.1% 
i.316 99.9% 0.1% 

^̂  ^̂ , 
0.1% 
0.1% 
0.8% 
0.0% 
- 1% 

4-Dee-961 0.0121 7.21 0.0091 7.2211 

Values < detection limit set equal to 0.5 times the detection limit 

h:\ndm\33079\001\repW.append’&PP631-3.XLS -Appendix 6.51, Table 3 Page 2 of 3 



I PERCENT COMPOSITION OF NITROGEN COMPOUNDS, 
QUINTElTE OPERATING CORPORATION, STATION: S-4 PONd PE6?39 

SAMPLING AMMONIA NITRATE NITRITE TOTAL AMMONIA NITRATE NITRITE 
DATE l *  *  NITROGEN 

mg/L m9/L mg/L m9/L. % % % 

SUMMARY STATISTICS 
100% - 

Statistic Ammonia Nitrate Nitrite NO3 + NO2 
Mean 12.0% 91.4% 1.8% 6.8% 
SD 20.9% 19.9% 4.7% 

llower 95% C.L. 
51 90 90 

6.3% 87.3% 0.8% 
I Inn!x R!i% 17.8% 95.5% 2.7% 

h:\ndm\33079\OOl\reportkppen@APP631-3.XLS _ Appendix 6.3-l) Table 3 Page 3 Of 3 



APPENDIX 7.3-l 

SPRRADSKEET CALCULATION TABLES FOR 
SEDIMENTATION POND SIZING 



TABLE B-l 
PRELIMINARY CALCULATION OF I:10 YEAR STORM RUNOFF 

FROM PLANT SITE 

AREA 
RUNOFF COEFFICIENT’ 

ONE HOUR STORM 
Precipitation rate* 
Flow rates 
Volume 

SIX HOUR STORM 
Precipitation rate’ 
Flow rate3 
Volume 

TWELVE HOUR STORM 
Precipitation rate* 
Flow rate3 

Volume 

TWENTY FOUR HOUR STORM 
Precipitation rate2 

Flow rate3 
Volume 

ha 

mmlhr 
m3/s 
m3 

mmlhr 5.6 
m’ls 0.1 
m3 1687 

mmlhr 
m3/s 
m3 

3.9 
0.05 
2340 

mmihr 
m% 
m3 

ml TO UPPER PLANT SITE SED POND 
SEDPOND 11 

10.0 
0.5 

22 
0.3 

1100 

2.5 
0.03 
3000 

10.0 5.0 
0.4 0.95 

22 22 
0.2 0.3 
080 1045 

5.6 5.6 
0.1 0.1 

1350 1603 

3.9 3.9 
0.04 0.05 
1872 2223 

2.5 2.5 -l- 0.03 0.03 
2400 2850 

- 

3.0 
0.65 

22 
0.1 
429 

5.6 
0.0 
658 

3.9 
0.02 
913 

2.5 
0.01 
1170 

- 

0.7 
2354 

0.17 
3611 

0.12 
5008 

0.07 
6420 

POND DESIGN TO RETAIN TEN HOUR STORM 

Main Plant Site Pond Lower Plant Site Sed Pond 
Volume 4256 m3 1989 m3 assume 85% retention of 12 hour storm 

Pond depth 1.5 m 1.5 m 
Effective flow depth lm Im assume flow in upper lm of pond only 

Required area 4256 m* 1989 mz 

Nominal width4 29 m 20 m 
Noo?,inal Length 146 m 100 m 

NOTES: 
1) Runoff coefficient estimation based on Table 2-23 in: 

‘The Water Encyclopedia”. eds. van der Leeden et al., 1990 
2) Precipitation intensity-duration from the “Rainfall Frequency Atlas of Canada”, Hogg and Car-r, 1985. 
3) Flows calculated using Rational Method. 
4) Based on 511 length to width ratio. 



TABLE B-2 
PRELIMINARY CALCULATION OF I:200 YEAR STORM RUNOFF 

FROM PLANT SITE 

ONE HOUR STORM 

TWENTY FOUR HOUR STORM 

Main Plant Sed Pond Lower 
Pond volume see previous table 

Effective flow depth assume Row in upper Im of pond only 
Retention time 1.05 hr 1.05 hr based on one hour duration storm 

NOTES: 
1) Runoff coefficient estimation based on Table 2-23 in: 

‘The Water Encyclopedia”, eds. van der Leeden et al., 1990 
2) Precipitation intensity-duration from the “Rainfall Frequency Atlas of Canada”, Hogg and Carr, 1955. 
3) Flows calculated using Rational Method. 



TABLE B-3 
PRELIMINARY CALCULATION OF I:10 YEAR STORM RUNOFF 

FROM NORTH PITS AND WASTE DUMPS (PHASE IA DFJAINAGE) 

RUNOFF COEFFICIENT’ 

ONE HOUR STORM 

SIX HOUR STORM 

TWELVE HOUR STORM 

mmlhr 5.6 5.6 5.6 
m31s 0.8 0.2 0.6 
m3 7978.803i , , 3246.1728 12485.20 

mmhr 3.9 3.9 3.9 
m% 0.6 0.1 0.4 
m3 24935.04 4502.16 17316 

59.2 14.8 
0.9 0.65 

22 22 22 
3.3 0.6 2.3 

11721.6 2116.4 8140 

2.5 2.5 
0.4 0.1 

31968 5772 

- - - 
POND DESIGN TO RETAIN TEN HOUR STORM 

Volume 39740 m3 
Pond depth 2.5 m 

Effective flow depth im 
Required area 39740 m2 

Width4 89 m 
Length 446m 

2.5 
0.3 

22200 

SED POND 

148.0 

6.1 
21978 

1.6 
33710 

1.1 
46753 

0.69 
59940 

assume 05% retention of 12 hour storm 

assume flow in upper Im of pond only 

NOTES: 
1) Runoff coefficient estimation based on Table 2-23 in: 

‘The Water Encyclopedia”, eds. van der Leeden et al., 1990 
2) Precipitation intensity-duration from the “Rainfall Frequency Atlas of Canada”, Hogg and Carr, 1985. 
3) Flows calculated using Rational Method. 
4) Based on 5:l length to width ratio. 



TABLE B-4 
PRELIMINARY CALCULATION OF I:200 YEAR STORM RUNOFF 

FROM NORTH PITS AND WASTE DUMPS (PHASE IA DRAINAGE) 

TO PHASE IA (NORTH PIT) SED POND 

k 
s G 

k .k ow ii5 3w 
a OS 

$2 
W&A 

5G; 
WKrJl 

% iis 

$2 

1az 5 ; :$ r;;<s a 29 

ss;i: E EE 

REA ha 59.2 14.8 74.0 148.0 
UNOFF COEFFICIENT’ 0.9 0.65 0.5 

‘NE HOUR STORM 
Precipitation rate’ mmihr 38 38 38 
Flow rate3 m% 5.6 1.0 3.9 10.5 
Volume m3 20246 3656 14060 37962 

WENTY FOUR HOUR STORM 
Precipitation rate mmJhr 4.3 4.3 4.3 
Flow rate3 m’ls 0.6 0.1 0.4 1.2 
Volume m3 54985 9928 38184 103097 

ETENTION PROVIDED BY PROPOSED POND DESIGN 

Volume 39740 m3 
Pond depth 2.5 m 
Effective flow depth Im 
Retention time 1.05 hr 

see previous table 

assume flow in upper Im of pond only 
based on one hour duration storm volume 

NOTES: 
1) Runoff coefficient estimation based on Table 2-23 in: 

“The Water Encyclopedia”, eds. van der Leeden eta/., 1990 
2) Precipitation intensity-duration from the “Rainfall Frequency Atlas of Canada”, Hogg and Carr, 1985. 
3) Flows calculated using Rational Method. 



TABLE B-5 
PRELIMINARY CALCULATION OF I:10 YEAR STORM RUNOFF 

FROM PHASE IB DRAINAGE AREA (PENINSULA YlT) 

EXTERNAL DUMP SE1 

REA 
UNOFF COEFFICIENT’ 

Precipitation rate* 
Flow rates 
Volume 

Flow rate3 
Volume 

Precipitation rate’ 
Flow rates 
Volume 

DND DESIGN TO RETAIN TEN HOUR STORM 

Phase Phase IB External Dumo Sed Pond 

Volume 6683 m3 2586 m’ assume 85% retention of 12 hr storm 
Pond depth 2.5 m 2.5 m 
Effective flow depth .I m lm assume flow in upper im of pond only 
Required area 6683 m2 2586 mz 

Width4 37 m 23 m 
Length 183 m 114 m 

NOTES: 
1) Runoff coefficient estimation based on Table 2-23 in: 

‘The Water Encyclopedia”, eds. van der Leeden et al., 1990 
2) Precipitation intensity-duration from the “Rainfall Frequency Atlas of Canada”, Hogg and Carr, 1985. 
3) Flows calculated using Rational Method. 
4) Based on 5:l length to width ratio. 



TABLE B-6 
PRELIMINARY CALCULATION OF I:200 YEAR STORM RUNOFF 

FROM PHASE IB DRAINAGE AREA (PENINSULA PIT) 

TO PHASE IB (PENINSULA PIT) SED 
TO PHASE 18 

POND EXTERNAL DUMP 
SED POND 

3w 
k ii! 3= & 

2 u3 
5”: $2 g -‘O 

2’ 
tg 

p% 
z% eE z2 

,REA ha 12 12 13 
UNOFF COEFFICIENT’ 0.9 0.5 0.5 

INE HOUR STORM 
Precipitation rate2 mmhr 38 38 38 
Flow rate’ m% 1.1 0.6 1.8 0.69 
Volume m’ 4104 2280 6384 2470 

WENN FOUR HOUR STORM 
Precipitation rate mmhr 4.3 4.3 4.3 
Flow ate3 m% 0.1 0.1 0.20 0.08 
Volume m3 11146 6192 17338 6708 

ETENTION PROVIDED BY PROPOSED POND DESIGN 

Phase ii3 Pit Sed Pond Phase 1B External Dumo Sed Pond 
Volume 6683 m3 2586 m3 see previous table 
Pond depth 2.5 m 2.5 m 
Effective flow depth lm lm assume flow in upper lm of pond onlj 
Retention time 1.05 hr 1.05 hr based on one hour duration storm 

NOTES: 
1) Runoff coefficient estimation based on Table 2-23 in: 

‘The Water Encyclopedia”, eds. van der Leeden et al., 1990 
2) Precipitation intensity-duration from the “Rainfall Frequency Atlas of Canada”, Hogg and Carr, 1985. 
3) Flows calculated using Rational Method. 



TABLE B-7 
PRELIMINARY CALCULATION OF I:10 YEAR STORM RUNOFF 

FROM PHASE 2 DRAINAGE AREAS (1 TO 4 SEAM PIT AND DUMPS) 

II TO PHASE 

T- 
! 1 

rREA ha 
<UNOFF COEFFICIENT’ 

)NE HOUR STORM 
Precipitation rate* mmlhr 
Flow rates m3/s 
Volume m3 

ilX HOUR STORM 
Precipitation rate’ mmfhr 
Flow rate3 msls 
Volume m3 

WELVE HOUR STORM 
Precipitation rate’ mmlhr 
Flow rate3 maIs 
Volume m3 

WENTY FOUR HOUR STORM 
Precipitation rate* mrnfhr 
Flow rate3 ma/s 
Volume m3 

23.3 
0.9 

22 
1.3 

4613 

5.6 
0.3 

7076 

3.9 
0.2 

9814 

2.5 
0.1 

12582 

‘OND DESIGN TO RETAIN TEN HOUR STORM 

22 22 22 
1.0 1.7 0.2 

3762 6160 644 

5.6 5.6 5.6 
0.3 0.4 0.0 

5770 9448 987 

3.9 3.9 3.9 
0.2 0.3 0.0 

8003 13104 1369 

2.5 2.5 2.5 
0.1 0.2 0.0 

10280 16800 1755 

Volume 27446 m’ 
Pond depth 2.5 m 
Effective flow depth Im 
Required area 27446 m2 

Width4 74 m 
Length 370 m 

assume 85% retention of 12 hour storm 

assume Row in upper 1 m of pond only 

- 

4.2 
15179 

1.1 
23282 

0.75 
32290 

0.48 
41397 

NOTES: 
1) Runoff coefficient estimation based on Table 2-23 in: 

“The Water Encyclopedia”, eds. van der Leeden et al., 1990 
2) Precipitation intensity-duration from the “Rainfall Frequency Atlas of Canada”, Hogg and Can; 1985. 
3) Flows calculated using Rational Method. 
4) Based on 5:l length to width ratio. 



TABLE B-8 
PRELIMINARY CALCULATION OF I:200 YEAR STORM INFLOWS 

FROM PHASE 2 DRAINAGE AREAS (1 TO 4 SEAM PIT AND DUMPS) 

TO PHASE 2 (IN-PIT) SED POND 
t 
z 
2 gi a 

ii Figp 
2g 

+ii 
SW 

$4J 9= 

g2 E$ 
a:rss 

E ‘Z 
WO- u3 

f; 

zn P$+-a 

gzzg $g”o $5 

1ap 2 $ 5 ap 

za E EE 

4REA ha 23.3 19.0 56.0 4.5 
?UNOFF COEFFICIENT’ 0.9 0.9 0.5 0.65 

JNE HOUR STORM 
Precipitation rate* mmihr 38 36 38 38 
Flow rate3 m31s 2.2 1.8 3.0 0.3 7.3 
Volume m3 7969 6498 10640 1112 26218 

MlENTY FOUR HOUR STORM 
Precipitation rate mmlhr 4.3 4.3 4.3 4.3 
Flow rate3 m3/s 0.3 0.2 0.3 0.0 0.82 
Volume m3 21641 17647 28896 3019 71203 

ZETENTION PROVIDED BY PROPOSED POND DESIGN 

Volume 27446 m3 
Pond depth 2.5 m 
Effective flow depth Im 
Retention time 1.05 hr 

see previous table 

assume flow in upper 1 m of pond only 
based on one hour duration storm volume 

NOTES: 
1) Runoff coefficient estimation based on Table 2-23 in: 

‘The Water Encyclopedia”, eds. van der Leeden et al., 1990 
2) Precipitation intensityduration from the “Rainfall Frequency Atlas of Canada”, Hogg and Cam 1985. 
3) Flows calculated using Rational Method. 



TABLE B-9 
PRELIMINARY CALCULATION OF I:10 YEAR STORM RUNOFF 

FROM PHASE 3 DRAINAGE AREA (1 TO 4 SEAM PITS) 

RUNOFF COEFFICIENT’ 

ONE HOUR STORM 

ha 

m% 
m3 

SIX HOUR STORM 
Precipitation rate’ 
Flow rate’ 
Volume 

m% 
m3 

TWENTY FOUR HOUR STORM 

TO PHASE 3 SED POND OF 

31.6 I 21.4 
0.9 0.65 

22 I 22 1.7 
I 

0.9 
6257 3060 

5.6 5.6 5.6 
0.4 0.2 0.1 

9597 4694 1466 

3.9 3.9 3.9 
0.3 0.2 0.0 

13310 6510 2035.6 

2.5 2.5 2.5 
0.2 0.1 0.0 

17064 8346 2610 

22 
0.3 
957 

2.9 
10274 

0.73 
15.758 

0.51 
21856 

0.32 
28020 

POND DESIGN TO RETAIN TEN HOUR STORM 

Pumped Flow4 
Volume 
Pond depth 
Effective flow depth 
Required area 
Width5 
Length 

0.22 m% 
7783 m3 

2.5 m 
Im 

7783 m2 
39 m 

197 m 

assume runoff reports to pit sump for pumping 

assume flow in upper lm of pond only 

NOTES: 
1) Runoff coefficient estimation based on Table 2-23 in: 

‘The Water Encyclopedia”, eds. van der Leeden et al.. 1990 
2) Precipitation intensity-duration from the “Rainfall Frequency Atlas of Canada”, Hogg and Carr, 1985. 
3) Flows calculated using Rational Method. 
4) Pumps sized to remove 24 hour storm over 36 hour period. 
5) Based on 5:l length to width ratio. 



TABLE B-l 0 
PRELIMINARY CALCULATION OF I:200 YEAR STORM INFLOWS 

FROM PHASE 3 DRAINAGE AREA (1 TO 4 SEAM PITS) 

TO PHASE 3 SED POND OR PHASE 2 (IN-PIT) SED POND 
-er g 2s 

wlw kk+ 
s k 243 z!a iilw 

$2 
5 2 $ p!iig AZ 

“O& 
CD: 

552 83 
zv)% SZ6 59 

4REA ha 31.6 21.4 a.7 
?UNOFF COEFFICIENT’ 0.9 0.65 0.5 

3NE HOUR STORM 
Precipitation rate’ mdhr 38 38 38 
Flow rate’ m% 3.0 1.5 0.5 4.9 
Volume m3 10807 5286 1653 17746 

MIENTY FOUR HOUR STORM 
Precipitation rate mmfhr 4.3 4.3 4.3 
Flow rate3 m% 0.3 0.2 0.1 0.56 
Volume m3 29350.08 14355.12 4409.2 48194 

?ETENTION PROVlDED BY PROPOSED POND DESIGN 

Volume 7783 m3 see previous table 
Pond depth 2.5 m 
Effective flow depth lm assume flow in upper lm of pond only 
Retention time 0.44 hr based on one hour duration storm and gravity drainage 

NOTES: 
1) Runoff coefficient estimation based on Table 2-23 in: 

“The Water Encyclopedia”, eds. van der Leeden et al.. 1,990 
2) Precipitation intensity-duration from the “Rainfall Frequency Atlas of Canada”, Hogg and Carr, 1985. 
3) Flows calculated using Rational Method. 



TABLE B-l 1 
PRELIMINARY CALCULATION OF I:10 YEAR STORM RUNOFF 

FROM PHASE 4A DRAINAGE AREAS (SEAM 5 TO 7 PIT AND DUMPS) 

INE HOUR STORM 

IX HOUR STORM 

Volume 

Volume 

OND DESIGN TO RETAIN TEN HOUR STORM 

Pumped Flow4 0.17 m% 
Volume 6173 ms 

Pond depth 2.5 m 
Effective flow depth im 

Required area 6173 m2 

Widths 35 m 
Length 176 m 

assume runoff reports to pit sump for pumping 

assume flow in upper 1 m of pond only 

NOTES: 
1) Runoff coefficient estimation based on Table 2-23 in: 

‘The Water Encyclopedia”, eds. van der Leeden et al.. 1990 
2) Precipitation intensity-duration from the “Rainfall Frequency Atlas of Canada”, Hogg and Carr, 1985. 
3) Flows calculated using Rational Method. 
4) Pumps sized to remove 24 hour storm over 36 hour period. 
5) Based on 5:l length to-width ratio. 



TABLE B-12 
PRELIMINARY CALCULATION OF 1:200 YEAR STORM RUNOFF 

FROM PHASE 4A DRAINAGE AREA (SEAM 5 TO 7 PIT AND DUMPS) 

TO PHASE 2 (IN PIT) SED POND 
n 

25 
t 2 .E 

!-it- 3ul 
0. a03 18-l 05 

w  5 ‘E 
0-a 

;; 2:; 
Eiz 
<g! 

2% 

fg$ 
ago 
222% es i% 

AREA ha 22.8 22.8 3.4 
RUNOFF COEFFICIENT’ 0.9 0.65 0.5 

ONE HOUR STORM 
Precipitation rate’ mmfhr 
Flow rate3 m% 
Volume m3 

TWENTY FOUR HOUR STORM 
Precipitation rate mmfhr 
Flow rate3 m’ls 
Volume m3 

38 
2.2 

7797.6 

4.3 
0.2 

21176.64 

38 
1.6 

5632 

4.3 
0.2 

15294.24 

38 
0.2 
646 

4.3 
0.0 

1764.4 

3.91 
14075 

0.44 
38225 

RETENTION PROVIDED BY PROPOSED POND DESIGN 

Volume 6173 m3 
Pond depth 2.5 m 

Effective flow depth Im 
Retention time 0.44 hr 

see previous table 

assume flow in upper 1 m of pond only 
based on one hour storm duration and gravity flow 

NOTES: 
1) Runoff coefficient estimation based on Table 2-23 in: 

“The Water Encyclopedia”, eds. van der Leeden et a/., 1990 
2) Precipitation intensity-duration from the “Rainfall Frequency Atlas of Canada”, Hogg and Carr, 1965. 
3) Flows calculated using Rational Method. 



TABLE B-13 
PRELIMINARY CALCULATION OF 1 :I 0 YEAR INFLOWS 

FROM PHASE 4B DRAINAGE AREA (8C PIT) 

AREA 
RUNOFF COEFFICIENT’ 

ha 

ONE HOUR STORM 
Precipitation rate* 
Flow rates 
Volume 

mmlhr 22 
m3/s 0.4 
ms 1267 

SIX HOUR STORM 
Precipitation rates 
Flow rates 
Volume 

mmJhr 
msls 
m3 

5.6 
0.09 
1944 

TWELVE HOUR STORM 
Precipitation rate* 
Flow rate3 
Volume 

mmfhr 
m3/s 
ms 

TWENTY FOUR HOUR STORM 
Precipitation rate’ mmlhr 
Flow rates ma/s 
Volume ms 

POND DESIGN TO RETAIN TEN HOUR STORM 

PHASE 48 SED POND 

3.9 
0.06 
2696 

2.5 
0.04 
3466 

Volume 
Pond depth 

Effective flow depth 
Required area 

2291 m3 
2.5 m 

Im 
2291 m2 

assume 85% retention of 12 hour storm 

assume flow in upper Im of pond only 

Width4 
Length 

21 m 
107 m 

NOTES: 
1) Runoff coefficient estimation based on Table 2-23 in: 

‘7he Water Encyclopedia”, eds. van der Leeden et al., 1990 
2) Precipitation intensity-duration from the “Rainfall Frequency Atlas of Canada”, Hogg and Carr, 1985 
3) Flows calculated using Rational Method. 
4) Based on 51 length to width ratio. 



TABLE B-14 
PRELIMINARY CALCULATION OF I:200 YEAR STORM RUNOFF 

FROM PHASE 4B DRAINAGE AREA (8C PIT) 

AREA 
RUNOFF COEFFICIENT’ 

ha 

ONE HOUR STORM 
Precipitation rate* 
Flow rates 
Volume 

mmihr 38 
msls 0.61 
m3 2189 

TWENTY FOUR HOUR STORM 
Precipitation rate 
Flow rate3 
Volume 

mmihr 
m% 
m3 

4.3 
0.07 
5944 

PHASE 4B SED POND 

IRETENTION PROVIDED BY PROPOSED POND DESIGN 

Volume 
Pond depth 

Effective flow depth 
Retention time 

2291 m3 
2.5 m 

Im 
1.05 hr 

see previous table 

assume flow in upper Im of pond onll 
based on one hour duration storm 

NOTES: 
I) Runoff coefficient estimation based on Table 2-23 in: 

‘The Water Encyclopedia”, eds. van der Leeden et a/., 1990 
2) Precipitation intensity-duration from the “Rainfall Frequency Atlas of Canada”, Hogg and Cam 1995. 

3) Flows calculated using Rational Method. 



TABLE B-l 5 
PRELIMINARY CALCULATION OF I:10 YEAR STORM RUNOFF 

FROM PHASE 5 DRAINAGE AREA (SEAM 5 TO 7 PIT) 

TO PHASE 2 (IN PIT) SED POND 

AREA 
RUNOFF COEFFICIENT’ 

ONE HOUR STORM 
Precipitation rates 
Flow rates 
Volume 

SIX HOUR STORM 
Precipitation rate* 
Flow rate3 
Volume 

TWELVE HOUR STORM 
Precipitation rates 
Flow rate3 
Volume 

TWENN FOUR HOUR STORM 
Precipitation rate* 
Flow rate3 
Volume 

ha 

mmlhr 
m3/s 
m3 

mmihr 
msls 
m3 

mmlhr 
msls 
m3 

mm/hr 
m3/s 
m3 

26.9 
0.9 

22 
1.5 

5326 

5.6 
0.38 
8169 

3.9 
0.26 

11330 

2.5 
0.17 

14526 

POND DESIGN TO RETAIN TEN HOUR STORM 

Volume 9631 m3 
Pond depth 2.5 m 

Effective flow depth Im 
Required area 9631 m* 

Width4 44m 
Length 219 m 

assume 85% retention of 12 hour storm 

assume flow in upper 1 m of pond only 

NOTES: 
1) Runoff coefficient estimation based on Table 2-23 in: 

‘The Water Encyclopedia”, eds. van der Leeden et al., 1990 
2) Precipitation intensity-duration from the “Rainfall Frequency Atlas of Canada”, Hogg and Carr, 1985. 
3) Flows calculated using Rational Method. 
4) Based on 51 length to width ratio. 



TABLE B-16 
PRELIMINARY CALCULATION OF 1200 YEAR STORM RUNOFF 

FROM PHASE 5 DRAINAGE AREA (SEAM 5 TO 7 PIT) 

I5 
I AREA 
RUNOFF COEFFICIENT’ I 

ha 

ONE HOUR STORM 
Precipitation rate* 
Flow rate3 
Volume 

mm/hr 
m% 
m3 

TWENTY FOUR HOUR STORM 
Precipitation rate 
Flow rate3 
Volume 

mrnlhr 
m% 
m3 

TO PHASE 2 (IN PIT) SED POND 

26.9 
0.9 

3% 
2.6 

9200 

4.3 
0.29 

24989 

RETENTION PROVIDED BY PROPOSED POND DESIGN 

Volume 9631 m3 
Pond depth 2.5 m 

Effective flow depth Im 
Retention time 1.05 hr 

see previous table 

assume flow in upper Im of pond onl) 
based on one hour duration storm 

NOTES: 
1) Runoff coefficient estimation based on Table 2-23 in: 

“The Wafer Encyclopedia”, eds. van der Leeden et al., 1990 
2) Precipitation intensity-duration from the “Rainfall Frequency Atlas of Canada”, Hogg and Carr, 1985. 
3) Flows calculated using Rational Method. 
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lntroducfion and Summary 

A. The Willow Creek mine project 

Pine Valley Coal Ltd. holds coal mining licenses for an area of land within Pine Pass, in 
the Peace River District of northeast British Columbia. A group of these licenses on the 
south valley slope of the Pine River make up the Willow Creek Property. This property, 
located approximately 45 km west of the town of Chetwynd, has been explored and 
studied extensively over the last few years in efforts to develop a small open-pit coal 
mine. The prospective mine is referred to as the Willow Creek Project. 

The proposed mine is expected to produce coal at a rate of approximately 900,000 tonnes 
per year with a workforce in the range of 100-120 employees. The life of the mine, based 
on projections from 1997, is fifteen years ending approximately by the year 2013. 

i. British CoIumbia’s Environmental Assessment Procesi; 

As a new coaI mining operation with greater than lOO,COO tonnes of production per 
year, the Willow Creek Project is subject to review under the British Columbia 
Environmental Assessment Act. However, because review of the project was 
initiated prior to the enactment of this legislation, the terms of reference for the 
project’s review were generated under the previous Mine Development Assessment 
Process. 

2. Socio-economic impact assessment 

Although a comprehensive assessment of socio-economic effects is not required 
under the terms of reference for this project, Pine Valley recognizes the importance 
of these issues to the province and the public in the context of the Environmental 
Assessment Review. Consequently, a socio-economic baseline assessment has been 
prepared by the consulting firm of Norecol, Dames & Moore for the Chetwynd and 
Dawson Creek communities which are likely to be most affected by the new mine. 
In addition, KPMG has been retained to explore further the implications of the mine 
project in terms of economic impacts. 
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B. Study objectives 

This KPMG study is intended to complement the work of Norecol, Dames & Moore by 
providing a quantitative assessment of the economic significance of the Willow Creek 
Project to the province of BC and to federal and provincial tax revenues. 

The specific objectives of this study are to develop estimates of the direct, indirect and 
induced economic impacts of the project on: 

n The provincial economy as a whole 

m Employment 

n Tax revenues accruing to the provincial and federal governments 

m Other economic indicators relevant to the project. 

C. Study methodology 

The methodology for achieving the study objectives consisted of three parts. 

1. Extract economic data 

The BC Input-Output Model (BCIOM.), a sophisticated econometric model of the 
BC economy maintained by the Ministry of Finance and Corporate Relations, 
provided the framework for determining which economic variables would be 
assessed. The specitic financial and operations information on the project required 
to calculate those variables was then extracted from the feasibility analyses 
performed by NorWest Mine Services Ltd. 

ii. Assess impact on economic variables 

Once the relevant economic variables had been calculated, the direct, indirect and 
induced impacts on the provincial economy were assessed using the BC Provincial 
Economic Multipliers (derived for the BCIOM by the Analysis and Evaluation 
Branch of the BC Ministry of Finance and Corporate Relations) for the coal mining 
industry. 

3. Estimate tax revenues 

Finally, using the NorWest discounted cash flow analysis for the 15 year duration of 
the project, taxation benefits accruing to both the federal and provincial 
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governments were estimated for both personal and corporate income taxes and 
mineral taxes. 

D. Summary of study results 

The results of this study of economic benefits from the Willow Creek Project to the BC 
economy and both provincial and federal tax revenues are summarized in Exhibit El. All 
values are measured in Canadiiin dollars with the‘exception of employment which is 
measured in person years. 

Exhibit I-1 
Summary of economic impacts (15 year totals) 

lndustty Output lndustty Output 
Equipment Purchases Equipment Purchases 
wages a mm wages a mm 
other Goods a services other Goods a services 

II: BCIOM mulliplisr 

$5.601283 1.00 5.601,2@3 0.41 2,296,526 ‘0.00 0 
$79.198,718 I.00 79.198,718 0:OO 0 'iOo.75 59.399.039 

$122440.358 1.00 122,440,3s3 0.41 50,200,547 &YJ 0 
%63.939,758 1.00 63,939,758 '~0.41 26.215.301 0.00 0 

.; 

379.198.718 0.48 3S.O1&5 ij9 15.047,756 ;O:W 0 
$EO.144,631 0.48 28.869.423 0.19 11,427,4cX 0.00 0 

.I ( 
:.. 

L 
1,542 1.00 1.542 .d.@ 963 ,o.bo 0 

I . . 

$20,59l,W 
$15.810.376 
$10;107667 
$10,7@.9,201 

wi73,972 

57397,809 
$133,597.757 
$172,W,,SO5 

$90.155.059 

su,oM,141 
54X296.903 

$20591,667 
$15.810.376 
s10.707.567 
s10,7&201 
S8S73.972 

k&&8 Pine Valley Coal Ltd.-Willow Creek Project Economic Impact Assessment 3 



Aggregate Economic Impacts 

A. Measures of economic impacts 

The BC Input-Output Model (BCIOM) is a sophisticated analytical model which can be 
used to assess the economic significance of specitic changes in activity within the BC 
economy. Conceptually, the model is a simplified mathematical representation of 
relationships among industries and commodities within the economy. When activity in 
one industry changes, the model will estimate how that change impacts demand and 
supply for related industries. Although the relationships within the economy are 
simplified, the model itself is highly complex involving 216 industries and 627 
commodities. 

Since the level of detail provided by the BCIOM is not required for the Willow Creek 
project, the assessment undertaken here utilizes the economic multipliers inherent to the 
model to estimate the aggregate impacts of theproject on a few key economic variables. 

1. Measure l-Industry output 

Industry output is the economic measure of the value of an industry’s total 
production or output. This value is calculated by summing the costs of all inputs to 
production (regardless of their source) and adding any operating surplus (or profit) 
earned on the sale of that output. 

For the WiIIow Creek. project, the variabIes used to calcuiate the value of output are 
the following: 

l Equipment purchases 

l Wages and benefits 

l Other goods and services (required to carry out operations) 

l Operating surplus 
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2. Measure 2-Gross Domestic Product (GDP) 

GDP is a broad’ indicator of economic activity made up of four main components: 
personal consumption expenditures (spending), private domestic investment (made 
by businesses and nonprofit institutions in the local economy), net exports of goods 
and services; and government purchases. GDP is also referred to as the measure of 
value-added in the economy since these measures are derived from primary inputs 
to .the economy. Primary inputs are those which are not directly linked to the 
production of commodities by other industries. For example, labour is a primary 
input because it is not a product of another production process. Heavy equipment, 
however, is produced by equipment manufacturers who in tnm use the inputs of 
other industrial processes. 

For the Willow Creek project, economic impact on GDP is calculated from the 
following values: 

l Wages and benefits 

l Operating surplus 

3. Measure 3-Employment 

Employment can be measured in a number of different ways. For the Willow Creek 
project, the employment effect is measured in terms of person-years of employment 
generated. 

4. Measure 4-Tax revenues 

Tax revenues accruing to all levels of government are examined in detail in Chapter 
III. 

B. BC provincial economic multipliers 

The estimated direct, indirect and induced impacts of the Willow Creek Project on the BC 
economy were calculated using multipliers derived for the BCIOA4. The specific 
multipliers used were the large aggregation industry multipliers for coal mining 
operations. Use of these multipliers for the purposes of estimating the economic impacts 
of this project was guided by the instructions manual provided by the Analysis and 
Evaluation Branch of the BC Ministry of Finance and Corporate Relations. 

Some of the key assumptions underlying the use of multipliers for this study include the 
following: 
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British Columbia is an open economy. Therefore, the induced impacts of 
economic activity on the BC economy are extremely difficult to determine 
with confidence and have been omitted from this analysis. Many of the 
goods and services which go into producing the inputs to the mine production 
process may be imported. Moreover, the coal produced by the mine is 
expected to be almost entirely exported. 

The only exception in calculating induced economic effects involves the 
wages and benefits of the mine project’s employees. These are expected to 
induce economic activity to a certain extent through spending on commodities 
produced in the BC economy. However, the indirect effects are expected to 
be zero in this case as employees would not generally be consumers of the 
output~of a coal mine. 

Tax revenues accruing to governments are not calculated using the BCIOM 
multipliers. Instead, these revenues have been estimated using federal and BC 
tax rates and the discounted cash flow analysis prepared by NorWest. This 
approach allows for a more detailed assessment of tax revenues. Impacts of 
the project on tax revenues are discussed in detail in Chapter III. 

C. Estimated aggregate economic impacts 

Exhibit II-Z summarizes the results of the aggregate economic impact analysis. 

Exhibit II-2 
Estimated aggregate economic impacts (15 year totals) 

Industry Output 
Equipment Purchases 
wages a Benefts 
other Goods & sefvices 
operating surplus 

cross Domestic Product 
Wages & Benefits 
Operating B”iQl”S 

Employment 
(person years @2100 h&y) 

pz BCIOM multiplier 

Ewnomic Impacts 
VahE P Direct ) p indirect 

I 
$5.601.263 I.00 5.601.283 0.41 2296.526 

S79,188.718 1.00 79.188,718 0.00 
$122,440,358 1.00 122.440.358 0.41 60,2co.54; 

563,938,758 1.00 63339,758 0.41 26.215.301 

$79.198,718 0.48 38,015.385 0.19 15.047.756 
560.144.631 0.48 SW69.423 0.19 11,427.430 

1.542 1.00 1.542 0.62 SC 
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1. impacts on industry output 

The Project is expected to impact industry output in the BC economy by over $400 
million during its fifteen year duration. The direct and induced effects arising from 
expenditures on wages and benefits are expected to total approximately $140 
million. Expected direct and indirect effects from other production inputs total over 
$180 million and those arising from operating surplus near $85 million. 

2. impacts on GDP 

The Project is also expected to impact the GDP of BC’s economy by over $90 
million over the course of its operation. Direct-and indirect effects expected from 
expenditures on wages and benefits totaI $53 rniihon while those from operating 
surplus total $40 million. 

3. Impacts on employment 

In terms of employment benefits, the direct and indirect impacts of jobs created by 
the project are expected to total approximately 2,500 person years of employment 
over the course of its operation. 
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Governmenf Revenues 

A. Calculating economic impacts of tax revenues 

Tax values are important economic effects of the mine project. Tax revenues were 
estimated using federal and BC tax rates, employee wages and benefits and the 
discounted cash flow analysis prepared by NorWest for the fifteen year duration of the 
project. 

The economic effects of tax revenues amestimated in terms of direct impacts only. The 
indirect and induced impacts on the BC economy of tax revenues are difficult to measure 
with confidence and have therefore been omitted from this analysis. 

1. Personal income tax 

Personal income taxes were estimated using average federal and provincial tax 
rates: 

. Federal tax-estimated at 26% of total wages and benefits. 

. Provincial tax--estimated at 52% of federal tax amount 

2. Cdrporate income tax 

Corporate income taxes were estimated using the federal and provincial corporate 
tax rates for taxable earnings. Taxable earnings, or annual operating surplus, was 
estimated using the annual revenue, operatingcost and capital expenditure estimates 
contained in the cash flow analysis while depreciating capital assets according to the 
class 41 (mine assets) CCA rate. The tax rates used are as follows: 

l Federal tax--estimated at 29.12% of annual taxable earnings until all 
capital expenditures are recouped, then at 21.84%. 

. Provincial tax-estimated at 16% of annual taxable earnings. 
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3. Other taxes 

Other notable sources of tax revenue include municipal taxes and the BC Mineral 
Tax. Municipal taxes havenot been estimated here as no generic formula for such 
calculations presently exists. This source of tax revenue does represent a significant 
economic benefit to local governments and would be added to the federa.and 
.provincial tax estimates for a more complete estimate of government revenues. 

l Municipal tax-not measured quantitatively. 

l BC Mineral Tax-estimated at 2% of annual net revenue until all losses 
and capital expenditures are recouped (@lOO% per year), then at 13%. 

B. Taxation benefits accruing to federal and provincial 
governments 

The results of the tax revenue analysis are summarized in Exhibit III-I. A detailed 
calculation of these estimated tax revenues is provided in Appendix A. 

Exhibit Ill-1 
Government revenues (15 year totals) 

Direct Impacts 
Federal Piovincial Totals 

. personal income tax 20,59 1,667 10,707,667 31299,334 
l corporate income tax 15,810,376 10,789,201 26,599,577 
. BC Mineral Tax - 8,673,972 8,673,972 

Totals 36,402,043 30,170,840 66,572,883 

1. Personal taxes 

The Project is expected to generate a total of over $31 million in personal tax 
revenues for the federal and provincial governments during its lifetime. Although 
the greatest tax benefits wiI1 be accrued to the federal government, the benefits to 
provincial revenues are also significant at over $10 million. 

2. Corporate taxes 

In terms of corporate taxes, the Project is expected to generate a total of over $26 
million in revenues for the federal and provincial governments. Benefits accrued to 
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the province exceed $10 million while benefits to the federal government exceed 
$15 million. 

3.. BC Mineral Tax 

The province will also accrue benefits through the BC Mineral Tax in excess of $8 
million. 
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Appendix A 

Tax Revenue Estimates 
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APPENDIX 12.2-1 

SPILL RESPONSE MEASURES - FLOWCHARTS 



















APPENDIX 16.1-1 

PUBLIC CONSULTATION DOCUMENTATION 



ENVIRONMENTAL. ASSESSMENT PROCESS 

General Consultations 

June 21.1996 Telephone conversation with Lyle Mortensen of Louisiana Pacific about their logging plan 
for Willow Flats. Dave Fawcett arranged a meeting for further discusison in Chetwynd on 
26th. 

June 26,1996 Meeting with Lyle Mortensen of Louisiana Pacific about logging plan for Willow Flats. 
Dave Fawcett gave him a plan of our disturbance areas and our preferred sites. 

June 30,1997 Phone conversation with Doug Halverson of Westcoast Energy 

July 1,1997 Phone conversation with Carolyn McNabb of Westcoast Energy 

July 3,1997 Meeting with Westcoast Energy in Vancouver. 



ENVIRONMENTAL ASSESSMENT PROCESS 

Government Log 

June 13,1996 Meeting with EAO office (Mike Kent) in Victoria. 
Attended by Dave Fawcett, Pine Valley Coal; Bruce Ott, Norecol, Dames & Moore. 
EAO also had Bob Hart (Environment), Bruce Leslie (First Nations), in 
attendance. 

Minutes issued. 

June 17,1996 Dave Fawcett left message for Mike Kent to provide the contacts for the First 
Nations groups. 

June IS,1996 Received the requested contacts from Mike Kent. 

Jnne21,1996 Telephone call from. Bruce Carmichael regarding the loction of water 
flow/quality stations - the map from Bruce Ott was not clear. I described 
locations and he said that the information was snfficient. 

July 4,1996 Site vist by Mike Kent, Ed Beswick, Bob Hart, Bruce Jamison, Rob Backmeyer, 
along with Bruce Ott (Norecol, Dames & Moore) and Kevin James (Pine Valley 
Coal). 

July II,1996 Meeting at Pine Valley’s offices with Mike Kent (EAO), Ed Beswick (MEI), and 
Bruce Ott (Norecol, Dames & Moore). Key items: Willow Soluth (to be included), 
staff gauge on Tributary #3, weather station and First Nations. 

Additional information is attached in a memorandum issues by EAO. 



P 
.;,-. 

PINE VALLEY COAL ,LTD. 

501 - 1200 West Pender Street, Vancouver, B.C. Canada V6E 2Sg Tel: (604) 667-5833 Fax (604) 68246gg 

April 9,1996 

Michael J. Kent 
Project Assessment Director 
Environmental Assessment Office 
2nd Floor, 836 Yates Street 
Victoria, B.C. 
VSV IX4 

Dear Mr. Kent: 

Re: Willow Creek Project 
: 

For your information and records, please note that I recently had the following meetings with 
respect to the Willow Creek Project. 

April ?st: Ministry of Employment a,nd Investment, - ,... _: . 
Prince George 
Contact - Ed Beswick 

General overview of the project and developments with respect to joint- 
venture. 

April 2nd: Forestry - Dawson Creek 
Contact - Paul Gevatkoff 
General overview of the project 

April 2nd: Chetwynd Town Council 
Update on Willow Creek Project 

April 2nd: Willow Flats 
Informal “information meeting” on the status of Willow Creek Project 
including a question and answer session. List of attendees is attached. 
Other people came and left during the meeting .without putting 
themselves on the list. 

.. 

As discussed with you previously and with Mr. Beswick in Prince George, I would like to move 
ahead with a general meeting of the review committee in the near future. It was suggested 
that the “Terms of Reference” be circulated for review prior to the meeting; I believe that Mr. 
Beswick will be contacting you on this. 
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I am in the process of selecting an environmental fim~ and hope to have the firm selected by 
the 26th. If would appear that the best time for a meeting would be in early May after the 
consultant I coordinator has had an opportunity to become familiar with the project. 

I will @I you shortly for further dikussion on the above. 

David Fawcett 
Chief Operating Officer 

DF:fp 

,’ ;. .c ‘. 
: 
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APPENDIX 16.1-1 

PINE VALLEY COAL 
PUBLIC CONSULTATION PROGRAM 

APRIL 1996 TO JUNE 1997 

PAST ACTIVITIES: 

1996 

April 15: - 

May23: - 

May29 - 

July9: - 

sep20: - 

Dec. 5: - 

Letter of concern from Jackie Machalek and Andre Roofthooti, issues: 
major concerns re: impacts on life-style, trap line, water pollution, noise 

Letter from Sanda Ketsa, wanted to be kept informed, why only select a’ 
few residents; was Willow Flats contacted by company> 

PVC letter reply to Sanda Ketsa; all people that left names at Willow Flats 
meeting were contacted, welcome more people to come forward, further 
meetings when additional information available; 

PVC letter to Jackie Machalek and Andrew Roofthooft, Information 
Update, delays in site geological program; 
Similar letters sent to S&J Chantree, Tim&Edith Hurford, Bard&Sanda 
Ketsa, Bill&Marilyn Lamoureux, D&R Nielsen, Ken Sheen, and Don 
Smith; 
PVC letter to Major Barb Shirley of Chetwynd, Willow Creek Project 
Update, site geological program delayed; 
Letter to Jack Hannam, Director of Peace River Regional District, Willow 
Creek Project Update, site geological program delayed; 

Meeting with Dave Fawcett, Rob Hawes and Wayne Sawchuk of Friends 
of Northern Rockies. About (total) 50 members in group. Discussed 
feasibility study, design concept, and scheduling; concerns raised; visual 
impacts, water pollution in Willow Flats, dust with Chinook winds up to 
40 to 50 mile&r down the valley, noise from blasting, coal trams, and 
trucks loading; group not yet developed a position on PVC project; felt 
people of Willow Flats either opposed to the project or not supporting it; 

Call from Brad Ketsa. He had heard mmours about things being approved 
and equipment being ordered. He had not read the notice in the Chetwynd 
Echo. PVC behind on the Feasibility Study and hence, did not have any 
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Dec. 6: 

1997 

Jan. 20: 

Jan. 21: 

Jan. 28: 

Jan. 28: 

March 27: 

May 3: 

June 5: 

new information to present. Informed again that PVC will have meetings 
once new information; this will occur before PVC is in the review process. 

Letters to Brad Ketsa, S&J Chantree, Jackie Machalek & Andre 
Roofthooft, Don Smith and Ken Sheen, re: delays in environmental and 
feasibility studies, hope to complete in February; rumours re: approvals 
and project proceeding not true; Project Report not yet submitted, will call 
for meetings with Willow Flats resident when additional information 
available, possibly in January; 

Meeting with Willow Flats residents attending, Stu & Jan Chantray, Brad 
and Sanda Ketsa, Dave Fawcett and Rob Hawes. Issues raised include the 
schedule, noise, dust, how information is to be communicated. 

Meeting with Mayor Charlie Lassar and Councilors of Chetwynd, issues 
raised: visual impacts, noise, dust, surface and groundwater quality, 
economic (job) opportunities for Chetwynd, transportation, local concerns 
re: Willow Flats, work opportunities to support new infrastructure, traffic 
problems, B.C. Rail, mine’s economic stability; Chetwynd can handle 
growth, schools have capacities, has college campus; growth will not 
negatively impact on Chetwynd; 

Meeting with Ministries of Economic Investment, and Environment, 
Lands, and Parks; general discussions re: project status, environmental 
study, public consultation, First Nations program, etc.; 

Meeting with Environmental Assessment Office, project status, 
environmental study, public consultation, and First Nations program. 

Willow Creek Project Information Update sheet sent to Willow Flats 
residents, Mayor Charlie Lasser, Mr. Tom Caton (Director, Peace River 
Regional District), Mr. Wayne Sawchuk, Chief George Desjarlais and 
Chief Bud Napoleon. 

Rob Hawes’ meeting with Willow Flats residents; attending Stu & Jan 
Chantree, Sanda & Brad Ketsa, Andrew Roofthooft, Jackie Machalek and 
Sandy Sheen. This was a project up-date meeting and to hear residents’ 
concerns about schedule delays and effects from mine. 

letter by Dave Fawcett to Willow Flats residents with an up-date of 
Willow Creek project planning schedule and a commitment to on-going 
communication. 
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June 18: - Dave Fawcett,called Stu Chantree to arrange a meeting for next week. He 
is very busy so agreed to postpone it until possibly the 2nd week of July. 
He said that he did not have any new questions at the moment. 

June 18: - Dave Fawcett called Andre Roofthooft to postpone the meeting. They are 
not available during tb.e 2nd week of July. He said that LP was planning 
to cut the poplar west of Willow Creek this fall, and had plans for other 
blocks (52043, 52045, 52046 and 52048). Dave Fawcett said that he 
would be talking to LP. 

July9: - Information letter sent to Willow Flats and area resident as follows: Mr. & 
Mrs. S. & J. Chantree, Mr. & Mrs. Tim &Edith Hurford, Mr. & Mrs. Brad 
& Sanda Ketsa, Mr. & Mrs. Bill & Marilyn Lamoureux, Jackie Machalek 
& Andrew Roofthooft, Mr. & Mrs. D. & R. Neilsen, Mr. Ken Sheen, Mr. 
Don Smith. 

July17: - Call from Andre Roofthooft. He said that he was on the site last week and 
found that we had holes that were not plugged or capped. Dave Fawcett 
would remind the site people to ensure that this was done (subsequently 
talked to Yaro Horachek and asked that they do this.) 

PUBLIC NOTICES (Information Up-dates) 

November 26,1996: Chetwynd Echo 

July 16, 1996: - Chetwynd Echo 
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ENVIRONMENTAL ASSESSMENT PROCESS 

Public Notices 

The following public not&s were issued: 

July l&l996 Chetwynd Echo 

Nov 26,1996 Chetwynd Echo 

In conformance with requirements of the BC Environmental Assessment Act, notice will be 
given in local and provincial newspapers as well as other media outlets as appropriate and 
specified by the EAO of submission of the Willow Creek Project Report. 

At least two week’s notice will be given in local newspapers and radio stations of all public 
meetings to be held as part of the public consultation’ program undertaken by PVC once the 
Project Report is submitted. 



ENVIRONMENTAL ASSESSMENT PROCESS 

Willow Flats Log 

June 18,1996 

June 18,1996 

July 9,1996 

July 17,1996 

Dee 51996 

May 3,1997 

Called Stu Chantree to arrange a meeting for next week. He is very busy so we 
agreed to postpone it until possibly the 2nd week of July.. He said that he did 
not have anhy new questions at the moment. 

Called Andre Roofhooft. Dave Fawcett said that he was postponing the meeting. 
They are not available during the 2nd week of July. He said that LP was planning 
to cut the poplar west of Willow Creek this fall, and had plans for other blocks 
(52043, 52045, 52046 and 52048). Dave Fawcett said that he would be talking to 
LP. 

Information letter sent to Willow Flats and area residents as follows: Mr. & 
Mrs. S&J Chantree, Mr. & Mrs. Tim & Edith Hurford, Mr. & Mrs. Brad & Sandra 
Ketsa, Mr. & Mrs. Bill & Marilyn Lamoureux, Jackie Machalek & Andre Roofthooft, 
Mr. & Mrs. D. & R. Nielsen, Mr. Ken Sheen, Mr. Don Smith. 

Call from Andre Roofthooft. He said that he was on the site last week and found 
that Pine Valley Coal had holes that were not plugged or capped. Dave Fawcett 
said that he would remind the site people to ensure tht this was done. (Dave 
Fawcett subsequently talked with Yaro Horachek and asked that they do this.) 

Call from Brad Ketsa. He had heard rumors about things being approved and 
equipment being ordered. He had not read the notice in the Chetwynd Echo. Dave 
Fawcett said that Pine Valley Coal were behind on the Feasibility Study and 
hence, did not have any new information to present. 

Dave Fawcett informed him again that Pine Valley Coak will be having meetings 
once the company have new information and that will occur before the company 
is in the review process. 

Meeting with Willow Flats Residents. Rob Hawes in attendance from NDM. Stuart 
and Jan Chantree, Brad and Sandra Ketsa, Jackie Machalek, Andre Roofthooft, 
Sandy Sheen residents in attendance. Project update given by R. Hawes. 
Residents want a bi-monthly update on the project. Residents are looking for 
compensation, or perhaps property buyout. 



Caton Tim 
Chantree S. &J. 
Davison Rick 
Derby Jim 
Embree David & Roz 
Embree Karen 
Evans James 
Gottselig Rick & Carol 
Horsman Jeff 
Hunt D. & K. 
Hutford Tim & Edith 
Kelly Glenn & Carolyn 
Kesta Brad & Sandra 
Lamoureux Bill & Marilyn 
Machalek Jackie 
Macrie Alex & Susan 
Mallia .” George 
Nielsen D. & R. 
Roofthooft Andre 
Sawchuk Wayne 
Sheen Ken ’ 
Simpson Ernie 
Smith Don 
Williams Kelle, 

Joanne & Ian 
Wrnland Gene &Judy 

WILLOW FLATS MEETING 
April &I996 

LIST OF ATTENDEES 

Address 

Box 413 Chetwynd, B.C.VOC IJO 
Box 1623 Chetwynd, B.C.VOC 1JO 
Box 750 Chetwynd, B.C.VOC IJO 
Box 366 Chetwynd, B.C.VOC IJO 
Box 534 Chetwynd, B.C.VOC 1JO 
Box 2061 Chehvynd, B.C.VOC IJO 
Box 2061 Chetwynd, B.C.VOC IJO 
Box 1955 Chetwynd, B.C.VOC 1 JO 
Box 612 Chetwynd, B.C.VOC IJO 
Box 2602 Chehvynd, B.C.VOC 1 JO 
Box 2295 Chetwynd, B.C. VOC IJO 
Box 1029 Chetwynd, B.C.VOC 1 JO 
Box 271 Chetwynd, B.C.VOC 1 JO 
Box 1171 Chetvvynd, B.C.VOC IJO 
Box 131.6 Chetwynd, B.C.VOC IJO 
Box 1464 Chetwynd, B.C.VOq,lJp :i 
Box 553 Chetwynd; B:C:VOC 1 JO’, 
Box 2Of4 Chetwynd, B.C.VOC 1 JO 
Box 1316 Chetwynd, B.C.VOC IJO 
Box 1876 Chetwynd, B.C.VOC IJO 
Box 2598 Chetwynd, B.C.VOC IJO 
Box 867 Chetwynd, B.C.VOC IJO 
Box 1080 Chetwnd, B.C.VOC IJO 

788-2201 
788-2314 
768-2246 
788-2046 
788-3718 
788-1884 
788-1884 
788-2116 
788-9693 
788-8190 
788-2562 
788-2715 
788-3217 
788-3005 
788-2830 

: 788-3226 
788-965’9 
788-2632 
788-2830 
788-2685 
788-7834 
788-7884 
788-2337 

Box 35 Chetwynd, B.C.VOC IJO 788-2592 
Box 778 Chetwynd, B.C. VOC lJ0 788-1942 



APPENDIX 17.1-1 

PINE VALLEY COAL 
FIRST NATIONS CONSULTATION PROGRAM 

JUNE 1996 TO JUNE 1997 



ENVIRONMENTAL ASSESSMENT PROCESS 

First Nations Log 

June 18,1996 

June 18,1996 

June 19,1996 

June 19,1996 

June 19,1996 

June 251996 

June 26,1996 

June 27,1996 

Sept 20,1996 

Jan 20,1997 

May 51997 

May 5,1997 

July 28, 1997 

Called Judy Maas, Treaty 8 and set up meeting for June 25th. 

Called Claire Gauthier, Kelly Lake. Left message for him to call reg’&iing 
setting a meeting time. 

Received call from Kelly Lake band conlirming a meeting for Tuesday p.m. 

Call and fax to Bud .Napoleon, Saluteau band regarding meeting for next week. 
No response to message or fax. 

Call from Terrance Armstrong; Treaty 8 regarding funding of documentary. 
General discussion of purpose; I said that I would discuss it with them next 
week. 

Meeting at Treaty 8 Association office in Fort St. John - Judy Maas, Stu Cameron 
and others. 

Meeting with Kelly Lake Band - Claire Gauthier (Chief) and two councillors. 

Meeting with West Moberly Band - George Desjarlais - Chief. 

Meeting with Saulteau Band Milton Wood - Councillor and economic 
development, Barb Loberg - Councillor, Geraldine Gauthier - Councillor, and 
Rhonda Lalonde - Council Executive. 

Meeting with West Moberly and Saulteau. Dave Fawcett in atttendance from Pine 
Valley Coal. Rob Hawes in attendance from NDM. Chief George Desjarlais, Tim 
Davis and John Doike in attendance from West Moberly. 

Meeting with West Moberly. Dave Fawcett in attendance from Pine Valley Coal. 
Rob Hawes in attendance from NDM. Chief George Desjarlais, Mike Ray in 
attendance from West Moberly. West Moberly noted legal obligations under 
Treaty 8 and the Bands desire for a protocol agreement. Dave Fawcett provided 
an update on the project. 

Meeting with Saulteau. Rob Hawes in attendance from NDM. Chief Napoleon Bud, 
Geraldine Gauthier, Barb Lobert and Band Manager Renzo Caron in attendance 
from the Saulteau. 

Meeting with McLeod Lake Band. Rob Hawes in attendance from NDM. Economic 
Development Officer Bob Inkpen in attendance from the Band.. 

Meeting with West Moberly FN, Mike Rae and Eli Nelson. Terms of reference for 



a critical cornunity use area assessment were agreed upon. Study to be in lieu 
of further archaeological impact assessments at the request of WlvIFN. Study to 
be conducted by Fedirchuk McCullough & Assoc. of Calgary. 

Aug II,1997 Telephone conversation with Amy Gauthier, Councillor, Saluteau First Nations 
to set up a.meeting Sepember 8, 1997 between Pine Valley Coal and Saulteau FN. 




