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6. Environmental Assessment 

6.1 Air Quality and Climate 

6.1.1 Air Quality 

6.1.1.1 Environmental Setting and Baseline Conditions 
Existing air quality conditions in the Smithers area are described below; more detailed analysis 
and discussion of baseline conditions are presented in the Davidson Project Meteorology, Air 
Quality and Noise Baseline Study (Appendix D1) and Davidson Project Air Quality Dispersion 
Modelling (Appendix D2). 

The British Columbia Ministry of Environment (BC MOE) operates an air quality monitoring 
station at the St. Joseph Elementary School in Smithers.  This station continuously monitors a 
number of parameters, including particulate matter (PM), CO, O3, and NO2.  Baseline conditions 
for these parameters are summarized in Table 6.1-1. 

The Bulkley Valley Lake District Airshed Management Society (BVLDAMS), a group made up 
of local citizens from Kitwanga to Endako, has developed an Airshed Management Plan 
(BVLDAMS, 2006), which outlines air quality concerns in the district, and a five-year plan 
(2004 to 2009) to protect and improve air quality.  The air pollutant of greatest concern is PM.  
PM is classified according to its particle size; total suspended particulate includes all PM less 
than 30 µm diameter, and fine particulate is less than 10 or 2.5 µm diameter (PM10 and PM2.5,
respectively).  Fine particulates are small enough to be inhaled, and are associated with potential 
health effects.  The major sources of PM in the region are smoke (from sources such as forest 
harvest debris burning, beehive burners and residential heating) and fugitive dust (especially in 
early spring due to sand on roads from winter traction control).

The BC Ambient Air Quality Objective for PM10 is 50 !g/m3, although air quality advisories 
may be announced at lower concentrations.  The average PM10 concentration observed at the St. 
Joseph Elementary School over the monitoring period February 12, 1997 to May 31, 2006 was 
16 !g/m3; the maximum observed daily concentration was 150 !g/m3 on March 21, 1998.  On 
average, the PM10 objective was exceeded 5.8 days per year.  Seasonally, the objective was 
exceeded on 3.6% of spring days, 1.5% of winter days and 0.8% of fall days.  No exceedances 
were noted during summer days over the period.  The elevated PM10 concentrations recorded 
during the spring season are likely due to mechanically generated road dust from winter traction 
materials. 

The Canada-wide Standard for PM2.5 is 30 !g/m3.  After correcting the PM2.5 data from the St. 
Joseph Elementary School station for temperature bias, over the monitoring period July 9, 2004 
to May 31, 2006, the standard was exceeded 14 times (6.8 days per year).  Seasonally, the 
standard was exceeded on 6.8% of winter days and 1.1% of fall days. No exceedances were 
recorded during the spring and summer seasons. 
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Table 6.1-1 
Baseline Concentrations Observed at the St. Joseph Elementary 

School Air Quality Monitoring Station 
    Spring  Summer Fall Winter    

Feb.22 to 
May 21 

May 22 to 
Aug. 21 

Aug. 22 to 
Nov. 21 

Nov. 22 to 
Feb.21 Annual 

Period of 
Record 

1-hour CO concentration  
(98th percentile) 

µg/m3 1,200 900 1,200 1,500 1,200 1997 to 2006

8-hour CO concentration  
(98th percentile) 

µg/m3 1,038 914 1,113 1,314 1,094 1997 to 2006

Mean CO concentration µg/m3 310 286 336 488 355 1997 to 2006
        
1-hour NO2 concentration 
(98th percentile)  

µg/m3 44.0 19.1 26.8 49.7 35.0 1997 to 2006

24-hour NO2 concentration 
(98th percentile) 

µg/m3 30.8 11.4 19.4 41.4 26.0 1997 to 2006

Mean NO2 concentration µg/m3 12.4 4.6 8.1 19.3 11.1 1997 to 2006
        
1-hour SO2 concentration 
(98th percentile) 

µg/m3 29 29 27 21 27 1996 to 2006

3-hour SO2 concentration 
(98th percentile) 

µg/m3 26.3 25.7 23.2 19.7 23.7 1996 to 2006

24-hour SO2 concentration 
(98th percentile) 

µg/m3 15.0 12.6 13.1 13.1 13.5 1996 to 2006

Mean SO2 concentration µg/m3 3.9 3.9 3.0 2.1 3.3 1997 to 2006
        
24-hour PM10 concentration 
(98th percentile) 

µg/m3 61.9 33.4 34.1 44.9 43.6 1997 to 2006

Mean PM10 concentration µg/m3 20.9 13.0 14.4 15.3 15.9 1997 to 2006
        
24-hour PM2.5 concentration 
(98th percentile) 

µg/m3 20.9 12.7 28.5 46.9 27.2 Jul. 2004 to 
Aug. 2006 

Mean PM2.5 concentration µg/m3 9.0 4.4 8.7 19.2 9.8 Jul. 2004 to 
Aug. 2006 

 

In April 2006, a Partisol 2000H air sampler was installed near the Project site to monitor baseline 
PM10 and PM2.5 concentrations.  Initially the sampler ran on a three-day cycle, alternately 
sampling PM10 and PM2.5.  In July 2006, a high-volume air sampler was installed next to the 
Partisol sampler.  The second sampler was installed to allow simultaneous collection of both 
PM10 and PM2.5 on a six-day cycle.  A six-day monitoring cycle is standard for the NAPS 
Network.  Baseline monitoring continued through July 2007.  Figure 6.1-1 compares results from 
the Davidson Partisol and the St. Joseph TEOM stations for the period April to August 2006.  
There is substantial scatter between the two samplers.  While concentrations are within a similar 
range, in general, concentrations observed at the St. Joseph station are higher than at the 
Davidson station. 
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6.1.1.2 Selection of Valued Ecosystem Components (VECs) 
Air quality is considered a VEC because it is a pathway for contaminants to enter the terrestrial 
and aquatic food chains.  Air quality is a fundamental component of the natural ecosystem 
because of its biological importance to vegetation and wildlife.  Air quality also has aesthetic 
value in terms of visibility and odour.  Air contaminants have the potential to adversely affect 
human health.  In addition, air quality issues have the potential to extend to regional and global 
scales to include potential acidic depositions (acid rain) and climate effects (global warming). 

Air emissions from the Project will consist primarily of diesel emissions from trucks (hauling ore 
from the underground mine to the load-out facility, and from haul trucks taking the ore from the 
load out facility to Endako), natural gas emissions from the underground ventilation system, and 
fugitive dust derived from drilling and blasting, and traffic along the unpaved haul road and 
Highway 16. 

The assessment of air quality is based on both the national and provincial ambient air quality 
objectives, which are intended to ensure long-term protection of public health and the 
environment.  The criteria air contaminants included in the air quality assessment are 
summarized in Table 6.1-2. 

Table 6.1-2 
Criteria Air Contaminants Included in the Air Quality Effects 

Assessment 
Compound Description 
SO2 Fossil fuel contains a small amount of organic sulphur compounds. During fuel combustion, 

the sulphur is oxidized and emitted as SO2 gas with the engine exhaust. In the atmosphere, 
SO2 can further oxidize to sulphate particles, which contributes to acid deposition. 

NOx NOx gas primarily consists of nitrogen oxide (NO) and NO2. The gasses are emitted with 
exhaust from combustion engines and by products from blasting operations. NOx can be 
converted to nitric acid in the atmosphere and thus contribute to acid deposition. 

CO CO is formed as a result of incomplete combustion of fossil fuels. The gas prevents oxygen 
from attaching to red blood cells and is therefore toxic at high concentrations. 

PM10 PM10 particles are airborne particles that have a diameter of 10 µm or less.  The majority of 
PM10 particles are from fugitive dust sources. PM10 have the potential to enter the upper 
respiratory systems and have been linked to health problems. 

PM2.5 PM2.5 particles are a subset of PM10 and are defined as particles with a diameter less than 
2.5 µm. These particles are small enough to enter deep into the respiratory system. The 
majority of particulate matter emitted with diesel engine exhaust are PM2.5.

 

6.1.1.3 Spatial Boundaries 
Effects related to air quality are assessed based on results from the CALPUFF air dispersion 
model developed for the Project (Appendix D2).  A 20 km by 20 km study area was defined for 
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the model.  The study area covers the Project area and the Town of Smithers, including Ski 
Smithers (Figure 6.1-2).  The model results were calculated within 500 m by 500 m cells across 
the study area; higher resolution calculations were produced for nested grids (50 m by 50 m 
cells) centered over Smithers and the mine site footprint. 

The spatial boundaries for the effects assessment focus on locations where receptors would be 
most affected by Project-related emissions.  Based on the model results, the highest ambient 
concentrations will be encountered by receptors along Highway 16 through Smithers.  The 
assessment also considers air quality effects at the nearest residential properties to the mine site. 

Given the relatively close proximity of residential properties (potential sensitive receptors) to the 
Project, short range air quality effects are expected to be of greatest interest in terms of 
evaluating air quality effects. However, the modelling results also provide an indication of the 
air quality effects for long-range transport of air contaminants from the Project. 

6.1.1.4 Identification and Description of Potential Project Effects

Identification of Potential Effects 
The Project components that consume fuel will affect air quality through air emissions, which 
may increase the ambient concentrations of SO2, NOx, CO, and particulate matter (PM10 and 
PM2.5).  Additionally, mine related traffic along paved and unpaved roads may produce fugitive 
dust which also increases particulate matter concentrations.  Since the mine workings will be 
underground, fugitive dust associated with blasting and ore handling/transfer is not expected to 
be a concern.  However, emissions from the natural gas heated ventilation system and diesel 
mining equipment will be vented out the 700 m adit to the ambient air.   

The mine components and phases that may contribute to air quality effects are summarized in 
Table 6.1-3.  Fuel combustion and air emissions are expected from all Project components during 
the construction phase.  Once constructed, the pipeline will not contribute emissions, and during 
post-closure, except for very limited vehicle traffic associated with on-going monitoring, no 
emissions are expected.  Fugitive dust will be produced during construction and closure activities 
at the mine site and loadout, utilities corridor, and haul road; however, the main source of 
fugitive dust is expected to be during operations, associated with haul truck traffic along the 
unpaved haul road, and, to a lesser degree, along the highway.

To assess effects related to air quality, fugitive dust calculations and results from the CALPUFF 
air dispersion modelling were used.  The CALPUFF model was designed to estimate emissions 
associated with the Project under “worst case” conditions, when emissions would be expected to 
be highest (e.g., during the operation and maintenance phase).  The remainder of the air quality 
assessment only considers the operations and maintenance phase of the Project; air quality 
effects during the construction, closure and post-closure phases are assumed to be equal to, or 
less than, the operation and maintenance phase. 
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Table 6.1-3 
Identification of Potential Effects to Air Quality 

Potential Effects 
Component Emissions Fugitive Dust 
Construction 
Mine Site and Loadout X X
Underground Mine X
Utilities X X
Haul Road X X
Operation and Maintenance 
Mine Site and Loadout X X
Underground Mine X
Utilities
Haul Road X X
Closure 
Mine Site and Loadout X X
Underground Mine X
Utilities
Haul Road X X
Post-closure 
Mine Site and Loadout 
Underground Mine 
Utilities
Haul Road 

 

Additionally, the modelling results represent the additive effect of emissions associated with all 
Project components (i.e., mine site and loadout, underground mine, utilities, and haul road).  
Therefore, the assessment considers air quality effects due to the Project as a whole instead of 
due to individual components. 

Description of the Nature and Extent of Potential Effects 
The national and provincial ambient air quality objectives for the criteria air contaminants being 
assessed are outlined in Table 6.1-4.  However, even if concentrations are predicted to be below 
air quality objectives, changes to baseline concentrations are still considered to be an air quality 
effect.  Baseline concentrations for the criteria contaminants were summarized in Table 6.1-1.  
Based on both air quality objectives and baseline concentrations, definitions for assessing the 
nature and extent of potential effects related to air quality are outlined in Table 6.1-5.   



B.
C.

B.
C.

B.
C.

B.
C.

 B
B.

C.
 C

(le
ve

l A
)

(le
ve

l B
)

(le
ve

l C
)

TL
V-

TW
A

TL
V-

ST
EL

O
bj

ec
tiv

e
O

bj
ec

tiv
e

O
bj

ec
tiv

e
O

bj
ec

tiv
e/

gu
id

el
in

e
O

bj
ec

tiv
e/

gu
id

el
in

e
O

bj
ec

tiv
e/

gu
id

el
in

e
1 

ho
ur

15
00

0
35

00
0

14
30

0
28

00
0

35
00

0
8 

ho
ur

60
00

15
00

0
20

00
0

55
00

11
00

0
14

30
0

29
00

0
1 

ho
ur

40
0

10
00

8 
ho

ur
60

00
10

00
0

24
 h

ou
r

20
0

30
0

An
nu

al
60

10
0

1 
ho

ur
45

0
90

0
45

0
90

0
90

0-
13

00
3 

ho
ur

37
5

66
5

8 
ho

ur
52

00
13

00
0

24
 h

ou
r

15
0

30
0

80
0

16
0

26
0

36
0

An
nu

al
30

60
25

50
80

24
 h

ou
r

12
0

40
0

15
0

20
0

26
0

An
nu

al
60

70
60

70
75

D
at

e 
of

 R
ef

er
en

ce
19

89
19

89
19

89
se

ve
ra

l
se

ve
ra

l
se

ve
ra

l

PM
10

24
 h

ou
r

50

PM
2.

5
24

 h
ou

r
30

15
00

A

A:
 R

es
pi

ra
bl

e 
co

m
bu

st
ib

le
 d

us
t.

  B
rit

is
h 

Co
lu

m
bi

a 
an

d 
Ca

na
da

 A
ir 

Q
ua

lit
y 

O
bj

ec
tiv

es
 a

nd
 S

ta
nd

ar
ds

Ta
bl

e 
6.

1-
4

C:
 H

ea
lth

, S
af

et
y 

an
d 

Re
cl

am
at

io
n 

Co
de

 fo
r M

in
es

 in
 B

rit
is

h 
Co

lu
m

bi
a 

– 
Th

re
sh

ol
d 

Li
m

it 
Va

lu
e 

– 
Sh

or
t T

er
m

 E
xp

os
ur

e 
Le

ve
l; 

th
e 

co
nc

en
tra

tio
n 

to
 w

hi
ch

 w
or

ke
rs

 c
an

 b
e 

ex
po

se
d 

co
nt

in
uo

us
ly

 fo
r a

 s
ho

rt 
pe

rio
d 

of
 ti

m
e,

 it
 m

us
t n

ot
 b

e 
lo

ng
er

 th
an

 1
5 

m
in

ut
es

, s
ep

ar
at

ed
 b

y 
at

 
le

as
t 6

0 
m

in
ut

es
 if

 re
pe

at
ed

, a
nd

 o
cc

ur
 n

o 
m

or
e 

th
an

 4
 ti

m
es

 p
er

 d
ay

.

Am
bi

en
t A

ir 
Q

ua
lit

y 
O

bj
ec

tiv
es

 E
st

ab
lis

he
d 

in
 1

99
5

Ca
na

da
-w

id
e 

St
an

da
rd

s 
Es

ta
bl

is
he

d 
in

 2
00

0

C
ar

bo
n 

m
on

ox
id

e

N
itr

og
en

 d
io

xi
de

Su
lp

hu
r d

io
xi

de

To
ta

l s
us

pe
nd

ed
 p

ar
tic

ul
at

e

Ca
na

da
 (m

ax
im

um
 

to
le

ra
bl

e)

B:
 H

ea
lth

, S
af

et
y 

an
d 

Re
cl

am
at

io
n 

Co
de

 fo
r M

in
es

 in
 B

rit
is

h 
Co

lu
m

bi
a 

– 
Th

re
sh

ol
d 

Li
m

it 
Va

lu
e 

– 
Ti

m
e 

W
ei

gh
te

d 
Av

er
ag

e 
ap

pl
ic

ab
le

 to
 a

n 
8-

ho
ur

 w
or

kd
ay

, 4
0-

ho
ur

s 
pe

r w
ee

k 
to

 w
hi

ch
 a

ll 
w

or
ke

rs
 c

an
 b

e 
re

pe
at

ed
ly

 e
xp

os
ed

 w
ith

ou
t a

dv
er

se
 e

ffe
ct

s.

Co
nt

am
in

an
t

Av
er

ag
in

g 
Pe

rio
d

Ca
na

da
 (m

ax
im

um
 

de
si

ra
bl

e)
Ca

na
da

 (m
ax

im
um

 
ac

ce
pt

ab
le

)



Environmental Assessment 

August 2008 Davidson Project: Application for Environmental Assessment Certificate Blue Pearl Mining Inc. 
Volume I 6–9 Rescan™ Environmental Services Ltd. (Proj. #750-4) 

Table 6.1-5 
Description of the Nature and Extent of Potential Effects on Air Quality 
Major Project-related emissions will cause air quality objectives to be exceeded. 
Medium Project-related emissions will increase concentrations to between 50% and 100% of air 

quality objectives; or, where the baseline concentrations are already near/above air quality 
objectives, the Project emissions will contribute to existing air quality concerns. 

Low Project-related emissions will increase concentrations to greater than 10% above baseline 
concentrations. 

Negligible Including Project-related emissions, concentrations will be less than 10% above baseline 
concentrations. 

 

Figures 6.1-3 to 6.1-6 summarize the results of the CALPUFF air dispersion modelling for the 
criteria air contaminants.  Results indicate that emissions for all modelled parameters will be 
below air quality objectives at the Project fence line (edge of the mine site and loadout footprint) 
and throughout the entire model domain.  It is important to note that for particulate matter, the 
model only considered exhaust PM2.5 emissions from existing Highway 16 traffic and all Project 
related activities; total PM2.5, which would also include particulate matter associated with 
fugitive dust, local wood burning and other local industrial activity, was not modelled due to the 
high degree of uncertainty associated with emissions estimates.  Exhaust PM2.5 was modelled 
specifically for assessing the potential for health effects associated diesel emissions.  Health 
effects are discussed in detail in Section 6.16. 

Based on the definitions of nature and extent, results from the CALPUFF air dispersion 
modelling were used to assess each criteria contaminant along Highway 16 through Smithers and 
at the nearest residence to the mine site.  Modelling results along Highway 16 represent average 
conditions along the stretch of highway through the centre of Smithers, as defined by the nested 
grid used in the model.   

The assessment of nature and extent of effects for each air quality parameter are summarized for 
each of the locations in Table 6.1-6.  While hourly NO2 concentrations at the nearest residence to 
the mine site were modelled to be greater than 10% above background, this change is not reflected 
at the daily or annual time scales.  Considering that NO2 concentrations at the nearest residence are 
much lower than those adjacent to the highway, and that concentrations at both locations remain 
only a small fraction of the air quality objective, changes in NO2 are considered negligible. 

Although PM10 and PM2.5 concentrations could not be modelled, the nature and extent of PM10
and PM2.5 effects were assessed as medium because baseline concentrations are already 
near/above air quality objectives and have been identified as a concern within the local 
community.
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6.1.1.5 Mitigation Measures and Identification of the Potential Residual Adverse 
Effects

Based on results from the emissions inventory and CALPUFF modelling, the vast majority of 
particulate matter (PM10 and PM2.5) associated with the Project will be generated from fugitive 
dust produced by vehicle traffic along the unpaved haul road and along Highway 16.  An air 
quality management plan will be established by Blue Pearl to minimize the generation of fugitive 
dust from the mine site and loadout facility and along the unpaved haul road.  Details of the air 
quality management plan are outlined in Section 11.2.   

6.1.1.6 Assessment of the Significance of Residual Adverse Effects 
The significance of residual adverse effects following the application of mitigation measures is 
assessed based on six descriptors (magnitude, spatial extent, duration, frequency, reversibility, 
and resilience) as defined in Chapter 5.  The assessment also considers the probability of 
occurrence, and discusses the confidence limits of the assessment.  A summary of the entire 
assessment of air quality is provided in Table 6.1-7. 

The emissions inventory compiled for the CALPUFF modelling suggests that, unmitigated, PM10
and PM2.5 emissions from activities associated with the Project will increase the overall 
emissions to the Bulkley Valley Lakes District (BVLD) airshed by 2% and 1% respectively.  
Particulate emissions are highly variable and strongly depend on meteorological conditions 
(wind speed and direction, relative humidity, precipitation, etc.), fugitive dust management 
measures (such as road watering) and specific activities on the road.  Therefore, estimates of 
fugitive dust emissions associated with Project activities were associated with considerable 
uncertainty and are considered order-of-magnitude estimates.  Fugitive dust management 
measures are well-established, and effectively minimize particulate emissions.  However, 
because baseline conditions already periodically exceed air quality objectives, the magnitude of 
Project related particulate matter emission is assessed as moderate.    

The spatial extent of particulate emissions will be highly localized, and limited to the immediate 
vicinity of the mine site and loadout and the haul road.  Based on the terminal settling velocity of 
a 10 !m particle (0.00806 m/s), a release height of 3 m, and a cross wind of 0.87 m/s (average 
wind speed recorded at the Davidson meteorology station), the majority of dust particles are 
expected to settle within approximately 325 m of the point of generation.   

Emission of particulate matter will occur throughout operation of the Project and therefore is 
considered medium-term.  While mine operation (including particulate emissions from 
underground and from haul truck traffic) will be relatively continuous, air quality episodes in the 
area only occur periodically and are strongly seasonally dependent.

Increased particulate emissions are short-term reversible, as emissions will cease with closure of 
the Project, returning concentrations to baseline conditions.  Due to its size, the atmosphere has a 
large dilution capacity, making it resilient to changes in atmospheric concentrations.  The 
resiliency of the population to changes in particulate concentrations is addressed in Section 6.16 
(Health Effects). 
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Overall, the significance of residual effects following application of the Air Quality management 
plan is considered low.  The probability that the Project will directly cause air quality problems 
is low; however, emissions and fugitive dust generated by the Project will contribute to an 
airshed with existing air quality concerns.  The confidence limits of this assessment are high.  
While the estimation of PM concentrations from fugitive dust is associated with a high level of 
uncertainty, standard fugitive dust management practices, such as road watering, are known to be 
extremely effective at reducing PM mobilization. 

6.1.2 Climate 

6.1.2.1 Environmental Setting and Baseline Conditions 
A robust set of baseline climate data is available from three meteorology stations in the 
immediate Project area.   

The Meteorological Service of Canada (MSC) has operated a station at the Smithers Airport 
since 1942.  For stations with long records, 30-year climate normals are often used to describe 
average climate conditions.  The 30-year period averages out year-to-year variations while 
factoring out long-term climatic variations.  Climate normals are recalculated every 10 years; the 
current period is 1971 to 2000.  The most recent data from the station were also used to 
characterize baseline conditions for the Project.

BC MOE operates an air quality monitoring station at the St. Joseph Elementary School in 
Smithers.  As part of this monitoring program, a second meteorology station is operated.  For 
baseline characterization, wind speed data from this station were used, as the sensor at the St. 
Joseph station has a lower starting threshold than the one at the Airport station.

In October 2005 an automated meteorology station was installed in the Project area at an 
elevation of approximately 700 m, at the first switchback on the road up to the 1066 m Adit.  
This station monitors air temperature, relative humidity, wind speed and direction, total 
precipitation and snow depth.

More detailed information about the climate of the Project area is provided in the Appendix D1; 
a summary is provided below. 

A strong precipitation gradient exists between the west coast and Smithers, which is 
approximately 200 km inland from the Pacific Ocean.  As moist, maritime air masses from the 
coast move inland, they are forced to release much of their moisture on the windward slopes of 
Coast Mountains before reaching the Project area.  Average annual precipitation at the Smithers 
Airport is 513 mm, compared with 1,322 mm at Terrace and 2,594 mm at Prince Rupert (Climate 
Normals (1971 to 2000)).  Maximum precipitation generally occurs in the fall and early winter 
due to the frequent development of Pacific storms.  Approximately 40% of precipitation at the 
Smithers Airport falls as snow; this percentage will increase with elevation up the side of 
Hudson Bay Mountain.  Maximum observed snow depth at Smithers Airport (522 m elevation) 
for the 2005/2006 winter was 20 cm on January 17, 2006; at the Davidson meteorology station 
(700 m), maximum observed snow depth was 51 cm on March 14, 2006.  
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Being on the lee side of the Coast Mountains, the air in the region is dry, with cold winters and 
mild summers.  At the Smithers Airport, extreme temperatures range between -40° and 35ºC, 
however, average monthly temperatures range from -9° to 15ºC.  Little difference was observed 
between temperature readings from the Davidson meteorology station with those from the 
Airport; therefore the temperatures observed at the airport are generally representative of the 
Project area.   

Clear skies and stable air are common for the area.  The stability may be enhanced by subsidence 
from high pressure systems, which produce temperature inversions.  Stable conditions trap the 
air in the bottom of the Bulkley Valley; low winds prevent the air from mixing, trapping air 
pollutants in the valley bottom as well.  Stable conditions that persist for a period of days may 
give rise to episodes of poor air quality. 

In Smithers, winds are generally from the southeast, flowing down the axis of the Bulkley 
Valley.  The maximum observed wind speed at the St. Joseph Elementary School station for the 
period January 2005 to June 2006, was 8.5 m/s (30 km/hr).  Near the Project site, local 
topography and forest cover exerts micro scale control over wind speeds and direction.  At the 
Davidson meteorology station, winds have a stronger southwesterly component, draining down 
the side of Hudson Bay Mountain into the Bulkley Valley.  Heavy forest cover on the 
mountainside slows winds down compared to the valley bottom.  Maximum observed wind 
speed at the Davidson meteorology station over the monitoring period October 2005 to 
December 2006 was 3.5 m/s (13 km/hr). 

6.1.2.2 Selection of Valued Ecosystems Components
Climate describes the predominant weather patterns of an area and has been selected as a VEC 
for the project because it is a fundamental aspect of the natural environment.  Changes to the 
climate will affect many other ecosystem components. 

A major influence on the global climate is the presence of greenhouse gases (GHGs), which 
include water vapour, CO2, CH4, N2O, O3, sulphur hexafluoride (SF6), hydrofluorocarbons (HFC) 
and perflurocarbons (PFC).  Over the past century, the amount of GHGs in the atmosphere has 
been increasing due to anthropogenic GHG emissions resulting from industrial activity, population 
growth, fossil fuel burning, and a reduction of large-scale carbon sinks due to deforestation.  The 
rising levels of GHGs increases the heat retained within the earth’s atmosphere causing changes in 
the global climate.  It is expected that the most significant consequences from climate change will 
be related to changes in: 

! average air temperature and seasonal temperature distribution; 

! seasonal rainfall patterns; 

! magnitude and frequency of extreme weather events; 

! soil moisture budgets; 

! prevailing winds (speed and direction); and 

! water availability. 



Environmental Assessment 

August 2008 Davidson Project: Application for Environmental Assessment Certificate Blue Pearl Mining Inc. 
Volume I 6–24 Rescan™ Environmental Services Ltd. (Proj. #750-4) 

These changes could lead to alterations in local glacial cover, hydrologic regime and vegetative 
and wildlife communities.  This section assesses the Project contribution to global climate 
change.  Implications of climate change on the Project are discussed in the Chapter 8.  

6.1.2.3 Spatial Boundaries 
Potential effects on the climate by the Project will occur through the release of GHGs that can 
contribute to global climate change.  Therefore, the climate effects assessment is limited to the 
effect the Project will have on atmospheric GHG levels.  GHG emissions resulting from the 
Project will be limited to the immediate Project area.  However, it is not appropriate to discuss 
the implications of the emissions within a defined spatial boundary because it is the total global 
atmospheric GHGs that contribute to climate change.  Thus, climate effects assessed in this 
chapter are considered to have a trans-boundary geographic extent. 

The effect on the climate from the incremental increase in atmospheric GHGs from any single 
source can not be quantified (CEA Agency, 2003). Therefore, the significance of effects to the 
climate as a result of the Project is assessed by comparing projected Project emissions to 
national, provincial and industry sector standards.

6.1.2.4 Identification and Description of Potential Project Effects 

Identification of Potential Effects 
The primary GHGs from human sources are CO2, CH4 and N2O.  All three will be emitted as a 
consequence of energy consumption in the form of fuel and electricity.  The consumption of 
diesel, natural gas, and gasoline will result in direct GHG emission by Project components.  
Electrical use by Project components will generate indirect GHG emissions through the 
production of that energy. 

Any Project component that consumes either fuel or electricity has the potential to affect the 
climate by the emission of GHGs.  Energy in the form of fuel or electricity will be consumed by 
all Project components in each Project phase, with the exception of post-closure.  

Diesel, natural gas, and electricity will be the primary energy sources for the Project; gasoline will 
be a minor energy source.  Diesel will be used for all underground mobile equipment as well as for 
transporting ore from the proposed mine to the existing Endako Mine.  The mean annual diesel 
consumption during the operational phase of the mine is estimated to be 9.4 x 106 L (Table 6.1-8). 

For this assessment it was assumed that all personal vehicle traffic to and from the proposed 
mine will be by gasoline-powered vehicles and that there will be 100 return trips from the 
proposed mine to Highway 16.  It is also assumed that the personal traffic to and from the mine 
will be taken from the existing traffic pool along Highway 16.  Therefore, GHG emissions from 
personal vehicles using Highway 16 are not considered in this assessment.  The estimated 
average annual gasoline consumption during the operational phase of the mine is 84,900 L.   

Natural gas will be used to run underground air heaters.  The mean annual natural gas 
consumption during full production is estimated to be 573,000 m3.
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Table 6.1-8 
Projected Mean Annual Fuel and Electricity Consumption of the 

Davidson Project during Full Production 

Activity Energy Source 
Mean Annual
Consumption 

Underground mobile equipment  Diesel 4.54 million L 
Transportation of ore from mine site to Endako Mine1 Diesel 4.87 million L 
 Total Diesel 9.42 million L 
Personal vehicle traffic to/from mine site2 Gasoline 0.85 million L 
Mine air heaters Natural Gas 0.57 million m3

Underground stationary equipment (excluding mine air heaters) Electricity 15.3 GWh 
1Based on assumption of 50 return trips per day made by B-trains, with a fuel consumption of 57.6 L/100 km NRCan 
(2000). 
2Based on assumption of 100 return trips per day between Highway 16 and mine site by large pickup trucks with a fuel 
consumption of 17.1 L/100 km NRCan (2006). 

Electricity will be used to power all stationary underground equipment and is estimated to 
average 15.3 GWh.   

Although CO2 is the most common GHG, other gases including N2O and CH4 are also 
considered as GHGs.  Each gas has a unique global warming potential.  For example, one unit of 
CH4 has a global warming potential of 21 CO2 units.  Similarly, one unit of N2O has a global 
warming potential of 310 CO2 units.  In order to account for all GHGs together, each gas is 
converted to CO2 equivalence (CO2-eq) based on their global warming potential (with CO2
having a global warming potential of one).

The Canadian Standards Association CO2 Calculation Tool was used to estimate the GHG 
emissions in units of CO2-eq from the estimated fuel and power usage of the Project.  Mean total 
(direct and indirect) annual GHG emissions from the Project during full production are estimated 
to be 27.6 kt of CO2-eq (Table 6.1-9).

Table 6.1-9 
Estimated Mean Annual Energy Use and GHG Emissions from the 

Davidson Project during Full Production 
Energy Use Emissions

Source Quantity 
Energy 

(terajoules) 

Direct 
Emissions
(kt CO2-eq) 

Indirect 
(kt CO2-eq)

Total 
(kt CO2-eq) 

Total Intensity 
(kt CO2-eq/terajoules)

Diesel 9.42 million L 364 26.0 - 
Gasoline 0.85 million L 2.94 0.21 - 
Natural Gas 0.57 million m3 21.8 1.09 - 
Electricity 15.3 GWh 55.1 - 0.31 27.6 0.058 
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Although the energy provided by electricity will satisfy 12% of the Project’s total energy 
demands, the resulting indirect emissions will constitute only 1% of total Project emissions 
because most, if not all, electricity will be from hydroelectric sources. 

Description of Nature and Extent of Potential Effects 
The incremental increase in global GHG gas emissions from a single facility can not be used to 
estimate a resulting change in the global or local climate (CEA Agency, 2003).  Therefore, the 
significance of GHG emissions from the Project is gauged by comparing the projected Project 
emissions to current legislation and national, provincial, and industry sector norms in terms of 
both total emissions and emission intensity.  

Currently there are no legal requirements to limit GHG emission nor are there clearly sanctioned 
benchmarks for GHG emission reductions.  However, under subsection 46(1) of the 1999 
Canadian Environmental Protection Act, facilities that emit 100 kt CO2-eq per year are required 
to report their annual GHG emissions to Statistics Canada.  

Additionally, in November 2005, six GHGs were added to Schedule 1 of CEPA 1999 including 
CO2, CH4, N2O, SF6, HFCs, and PFCs.  The addition of these substances to Schedule 1 of CEPA 
1999 will facilitate the use of preventive or control measures to restrict emissions.  However, the 
addition of GHGs to Schedule 1 of CEPA 1999 has not yet led to any regulations.

Based on the current facility reporting threshold and comparison to national, provincial, and 
industry norms as described below, the nature and extent of the potential effects of the Project 
GHG emissions during the operational phase of the mine can be defined (Table 6.1-10).  
Although GHG emissions will be emitted during the construction and closure phases of the mine, 
due to their short-term timeframe their nature and extent are expected to be negligible and are not 
assessed quantitatively.

A comparison of the estimated annual total GHG emissions from the Project to total emissions 
from national, provincial, and sector sources for 2004 is provided in Table 6.1-11.  Data for 2004 
is used for comparison as it is the last year for which national and provincial emission data are 
available.  Total emissions from the Project are minor in comparison to total national, provincial, 
and metal mining industrial emissions.  

It is also useful to compare the emission intensity projected for the Project to the rest of the metal 
ore mining sector.  GHG emission intensity can be stated in terms of emissions per unit of ore 
produced (kt CO2-eq/ Mt) or per unit energy consumed (kt CO2-eq/terajoules).  Data for this 
comparison were obtained from the Canadian Industrial Energy End-Use Data and Analysis 
Centre (CIEEDAC, 2004), which monitors energy use by industrial sectors.  A summary of 
metal ore mining sector GHG emissions, energy usage, productivity, and emission intensities is 
presented and compared to Davidson projections in Table 6.1-12. 
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Table 6.1-10 
Description of the Nature and Extent of Potential Effects on Climate 

Nature  
and Extent Definition 
Major Annual GHG emissions will exceed facility reporting threshold of 100 kt CO2-eq

Total annual emissions will be a major constituent of national, provincial, and industry sector 
GHG inventories. 
Emission intensities are greater than national, provincial, and industry sector norms. 

Medium Annual GHG emissions will not exceed facility reporting threshold of 100 kt CO2-eq.
Total annual emissions will be a minor constituent of national, provincial, and industry sector 
GHG inventories. 
Emission intensities are greater than national, provincial, and industry sector norms. 

Low Annual GHG emissions will not exceed facility reporting threshold of 100 kt CO2-eq.
Total annual emissions will be a minor constituent of national, provincial, and industry sector 
GHG inventories. 
Emission intensities are similar to national, provincial, and industry sector norms. 

Negligible Annual GHG emissions will not exceed facility reporting threshold of 100 kt CO2-eq.
Total annual emissions will be a minor constituent of national, provincial, and industry sector 
GHG inventories. 
Emission intensities are less than national, provincial, and industry sector norms. 

Table 6.1-11 
2004 Canadian GHG Emissions 

Source 
GHG Emissions 

(kt CO2-eq) 
Project Emissions as Percent 

of Source Emissions (%) 
Davidson Project – projected 27.6 100 
Canada1 758,000 0.004
British Columbia1 66,840 0.04 
Canadian Metal Ore Mining Sector2 2,938 0.94

1Environment Canada (2005a). 
2Direct emissions only, from Canadian Industrial Energy End-use Data and Analysis Centre. 

Table 6.1-12 
Canadian Metal Mining Sector GHG Emission Intensities 

Data 
Sector Averages for 

Period from 1990 to 2003 
Estimated Annual Data
for Davidson Project 

Production (million t/yr) 243 0.73
Annual energy consumption (terajoules/yr) 86,619 444
Direct CO2-eq emissions (kt) 3,453 27.3
Indirect CO2-eq emissions (kt) 1,432 0.31
Total CO2-eq emissions (kt) 4,885 27.6
Emission intensity (kt/million t) 20.1 37.9 
Emission intensity (kt/terajoules) 0.056 0.058 
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The projected Project emission intensity in terms ore production is twice that of the metal mining 
sector.  This is due to the fact that data for the Canadian metal mining sector is dominated by 
open-pit mines which generally have much higher annual production than underground mines 
which increases their efficiency in unit production terms.  Due to the influence of open-pit mines 
on the industry sectors norms, and the substantial differences between operations between open-
pit and underground mines, comparison of projected emissions to sector norms is more 
appropriate in terms of energy consumption. 

The projected emission intensity of the Project per unit energy consumed is similar to the metal 
mining sector average.  This similarity is attributable to the partial sourcing of energy demands 
to electricity and the relative clean hydroelectric production of that electricity.  Within Canada, 
only Manitoba has lower indirect GHG emissions from the production of electricity than BC 
(CSA, 2005).

In summary, the Project is projected to have: 

! annual GHG emissions that will not exceed the facility reporting threshold of 100 kt CO2-
eq;

! annual GHG emission that constitute a minor portion of national, provincial, and industry 
sector inventories; and 

! GHG emission intensities similar to the metal-mining sector norm. 

Therefore, following Table 6.1-10, the potential effects of the Project on the climate have a low 
nature and extent. 

6.1.2.5 Mitigation Measures and Identification of the Potential Residual Adverse 
Effects

Blue Pearl’s environmental policy includes commitments to foster a long-term healthy 
environment and protect the quality of air, as well as the application of best industry practices 
and techniques to company operations.  These commitments extend to energy consumption and 
GHG emissions.  Additionally, costs of energy supply, whether for fuel or electricity, will be one 
of the largest expenditures for the Project.  Therefore, energy efficiency will be a major 
consideration in Project operations from a fiscal as well as an environmental perspective.   

A number of aspects of the Project design and management practices will minimize GHG 
emissions including: 

! all stationary underground equipment will use electrical power, with the exception of the 
air heaters; 

! electricity will be supplied primarily by hydroelectric sources rather than higher emission 
sources such as diesel generators; 

! natural gas will be supplied to the mine by a pipeline rather than being transported by 
trucks;
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! a thorough maintenance program will help maximize energy efficiency for all mining 
equipment; 

! fuel and electrical consumption will be rigorously monitored; and 

! energy efficiency will be an important feature considered when purchasing new and 
replacement equipment.  

These measures will aid in controlling and minimizing energy consumption and GHG emissions, 
however energy will still be consumed throughout the life of the Project.  Therefore, residual 
climate effects in the form of GHG emissions will occur. 

6.1.2.6 Assessment of the Significance of Residual Adverse Effects 
The significance of the residual adverse effects is summarized in Table 6.1-13.  For GHG 
emissions it is only appropriate to consider the total emissions from all components of the 
Project together.  Therefore, the assessment of significance of the residual GHG emissions is 
done fore each phase of the Project but not for individual components within each phase.

The residual adverse effects of the Project on the climate are equivalent to the numbers provided 
in Section 6.1.2.4.  With projected annual emissions of 27.6 kt CO2-eq at an intensity of 0.058 kt 
CO2-eq per terajoule of energy consumed, the magnitude of the residual effects is low following 
Table 6.1-11. 

Emissions from the Project will contribute to the global GHG inventory; therefore, the climate 
effects have a trans-boundary spatial extent.

GHGs will be emitted throughout the life of the mine and will cease once Project operations 
stop.  Thus, the climate effects will have a medium duration and continuous frequency.  

CO2, the dominant GHG that will be emitted by the Project, is consumed by carbon sinks, such 
as forests and large bodies of water.  Hence, the emission of most of GHGs will naturally be 
consumed resulting in a short-term reversibility of the climate effects. 

Due to the natural ability of the environment to consume GHG emissions and the global nature 
of the inventory that Project emissions will contribute to, the resilience of the climate to the 
effects is high. 

Predominantly due to the low magnitude, the incremental contribution of GHG to total 
atmospheric levels, and the resiliency of the climate to GHG emissions, residual adverse climate 
effects of the Project are believed to have a negligible level of significance.

6.1.2.7 Deciding Whether the Residual Adverse Effects Are Likely 

Probability of Occurrence 
GHGs will be emitted throughout all phases of the Project; therefore, the probability of 
occurrence of this effect is high. 
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Scientific Uncertainty of Significant Adverse Effects 
The release of CO2, CH4, and N2O during fossil fuel consumption is scientifically certain.  
However, uncertainty does exist in the projection of annual energy consumption and the resulting 
amount of GHG emissions.  

The projection of annual energy consumption was based on equipment requirements for the 
Project as well as the energy requirements of the individual pieces of equipment using existing 
technology under current regulations.  Similarly, the estimation of GHGs from the energy 
consumption projections is based on existing fuel types and provincial electricity emission 
factors.  Due to recent focus on energy usage and climate change it is likely that energy use and 
the resulting GHG emissions will deviate from the current projections because of improved 
technology and more stringent regulations.  Thus, there is an intermediate degree of uncertainty 
in the conclusions made during this assessment.   

6.2 Terrain, Surficial Geology, and Soils 
With an understanding of the baseline conditions, an assessment can be made on the effects of the 
Project on the soils and surficial materials and planning and mitigation measures can be developed 
to minimize and rehabilitate the disturbances to reduce short and long term effects on the adjacent 
resources.  As well, many of the facilities will be closed at the completion of the project and an 
understanding of the soils, terrain, and surficial materials is key to developing the closure and final 
reclamation plans for the various facilities.  The following includes a description of the baseline 
conditions and an assessment of the potential effects resulting from the Project.  A final assessment 
is made of potential residual effects following mitigation.  The baseline conditions are broad, 
covering the Project area, while the effects are specific to infrastructures. 

6.2.1 Environmental Setting and Baseline Conditions 
The Project involved a review of existing information on terrain and soils and a detailed field 
program that was carried out in 2005, 2006, and 2007 by Rescan in conjunction with the 
terrestrial ecosystem mapping (TEM) program (Appendix E1) and terrain stability and geohazard 
analysis carried out in 2005 and 2006 by BGC Engineering Inc. (BGC; Appendices E2 and E3). 

The TEM study area encompasses approximately 2,000 ha and includes the mine site, the north 
and south road corridor options, and the utility corridor right-of-way.  It is defined by a 250 m 
buffer around all proposed mining access roads, the pipeline, and infrastructure development.  
The 2005 terrain hazard program covered an area of 32 km2 on the east side of Hudson Bay 
Mountain.  The 2006 program covered the Toboggan Creek fan up to 640 m elevation and terrain 
up to 1 km east of Toboggan Creek to include the road alignment north of the fan. 

6.2.1.1 Methodology 
Terrain stability refers to gravitationally induced mass movements.  The terrain stability mapping 
focused on the sites identified as unstable or subject to landslide or snow avalanche geohazards.  
The study was carried out at an overview level following the guidelines and standards set by the 
Resources Inventory Committee (1998) and the Mapping and Assessing Terrain Stability  
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Guidebook (BC MOF, 1999).  It was based on fieldwork and air photo interpretation of 
approximately 1:20,000 scale airphotos.  At this scale, hazard polygons may contain areas not 
subject to hazard that were too small to map.  The landslide prone terrain was mapped with a 
potential landslide return period of up to 100 years. 

Terrain stability ratings range from Class I (stable) to Class V (unstable).  They indicate the 
likelihood of instability resulting from clear-cut logging and road construction practices.  Terrain 
stability ratings are based primarily on: 

! slope steepness; 

! material type; 

! surface erosion potential; and 

! geomorphological processes. 

Other considerations include drainage.  Relatively poorly drained or wet slopes may be prone to 
slope failures through a reduction in shear strength due to high soil pore water pressure. 

During the field investigation, the soils were assessed in detail and soil samples were collected 
for laboratory analysis that included fertility and metals.  The soil surveying and mapping 
program included field sampling, photo typing, and spatial database attribution.  Field sampling 
was designed to achieve a minimum density of one sample per 20 ha to meet a Survey Intensity 
Level 2 at a scale of 1:15,000 (RIC, 1995).  Data collection was focused in the central study area 
near the existing and proposed adits and access roads.  Terrain information that formed the basis 
for the soils mapping was provided by BGC Engineering Inc. (2005).  Soil map units were 
delineated within the larger bioterrain polygons and identified soil characteristics directly 
correlated to terrestrial ecosystem expression. 

Field soil descriptions were completed according to Luttmerding et al. (1990) and humus forms 
were described and classified according to Green et al. (1993).  Soils were classified to the 
subgroup level using Agriculture Canada Expert Committee on Soil Survey (1998) and then 
categorized as soil mapping units.  The site descriptions outline the landform, genetic material, 
parent material, and soil morphology and classification characteristics for each map unit 
(Appendix E1). 

6.2.1.2 Project Area Landscape 
The mine site is on the northeastern flank of Hudson Bay Mountain and the northern haul road 
and pipeline run along the valley bottom.  Several major creek drainages dissect the area 
including Toboggan, Glacier Gulch, Kathlyn, and Simpson Creeks.  Toboggan and Glacier 
Gulch creeks primarily flow into Toboggan Lake, while Kathlyn Creek’s drainage flows into 
Lake Kathlyn.  Both Glacier Gulch and Toboggan creek were diverted from their pre-existing 
course in the late 1930s (Trowbridge, 2006). Glacier Gulch Creek was diverted from Lake 
Kathlyn into Toboggan Lake.  Toboggan Creek was diverted from Toboggan Lake northward to 
join the outfall of the lake several hundred metres downstream.  Historically, both creeks 
repeatedly coalesced and aggraded.  The remaining creeks meander through the valley bottom 
before reaching the Bulkley River. 
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6.2.1.3 Surficial Geology 
The region was completely covered by the Cordilleran ice sheet between 25,000 and 10,000 years 
ago (Stumpf et al., 2000).  At the glacial maximum, ice elevations exceeded 2,440 m, and flowed 
southwest across topography towards the Pacific Ocean.  Deep glacial till material was deposited 
during this period, on mid- and lower slopes of the mountains and the valley basins.  Localized 
glaciofluvial and glaciolacustrine sediments were subsequently deposited during the late glacial 
phase, between 13,000 and 9,000 years ago.  Post-glacial reworking of glacial till through fluvial 
processes resulted in fan, plain, and terrace features in the valley bottoms.  Colluvial material 
occurs on steeper slopes and discontinuously overlies steep bedrock exposures in alpine terrain.  
Post-glacial fluvial processes deposited fine sediment in the gentle valley bottom plains between 
the basal till deposits.  Exposed sediment, gravels, and cobbles indicate active deposition of fluvial 
and colluvial sediments within several of the drainages in the project area. 

6.2.1.4 Terrain
The study area occurs within the Bulkley Ranges on the boundary between the Skeena and 
Hazelton Mountains (Holland, 1976).  It has an elevation relief of 700 m, with a maximum height 
of 1,200 m above sea level (masl) on the mountain slopes, and a minimum height of 480 masl 
adjacent to the Bulkley River.  The mountainous terrain is steep and snow avalanche activity is 
prominent in alpine terrain and gullies, with avalanche scars extending below treeline.  Historical 
debris avalanche and debris flow lobes occur on some lower slopes.  Alluvial fans are associated 
with both Glacier Gulch and Toboggan creek.  A debris flood runout also occurs at the extreme 
apex of Glacier Gulch Creek (Figure 6.2-1).  Rock falls have also been identified in the Project 
area.  Hazards that may be associated with various Project facilities are discussed below. 

Mine site and Loadout Facility 
There was no evidence of terrain instability or landslide activity noted at the mine site and 
loadout facility but minor soils creep or slope wash were occurring in the steeper areas at the 
time of the on-site inspection.  No evidence of past instability was observed around the 1066 
Adit.  The area was given a Terrain Stability Class IV rating due to the steepness of the area. 

Portions of the road near switchbacks 3, 5, and 7 extend into a snow avalanche path and are 
subject to snow avalanche hazard.  Switchback No. 7 extends 30 m into the avalanche path and 
would be subject to the most frequent events. No. 5 is subject to moderately frequent events 
(approximately 2- to10-year return period) and No. 3 has been assessed as having lower return 
period snow avalanche events. 

Based on the landslide magnitude classification referenced in BGC’s analysis (Appendix E2), 
Class 2 gravel and boulder debris flow lobes were observed south of No. 7 and 25 m south of 
No. 5.  A larger Class 3 boulder deposit interpreted as a debris flow lobe was observed south of 
No. 5. 

Two debris avalanches were mapped at switchback No. 6.  The southern failure ran out in the 
northwest corner of the proposed mine site and loadout facility area.  A small debris avalanche 
had been initiated in road fill material approximately 130 m north of switchback No. 9. 



#*

#*#*#*#*
#*

$+

$+ $+

$+
$+

$+
$+

$+

$+$+

$+$+

$+

_̂
_̂

_̂

_̂

_̂

_̂

_̂

_̂ _̂

_̂_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

Ad
it

Pl
an

tS
ite

Pl
an

tS
ite

A
cc

es
s

R
oa

d

Pi
pe

lin
e

G
la

ci
er

G
ul

ch
C

re
ek

To
bo

gg
an

C
re

ek

Si
m

ps
on

C
re

ek

Ka
th

ly
n

C
re

ek

1
2 3

4 5

6 7

8

9

10

11

940

96
0

98
0

92
0

80
0

760

90
0

740

88
0

86
0

720

84
0

820

700

660

50
0

48
0

540

560

580

46
0

520

11
20

11
00

11
40

11
60

11
80

1000

10
80

1020

1060

10
40

12
00

1220

1240

12
60

12
80

13
00

13
20

1340

1360
13

80 1400

1420

1440

600

17
20

17
60

18
20

18
40

18
60

1880

1900

1920

19
40

19
60

19
80

2000

20
20

2040

20
80

21
00

2120

440

22
20

2140

22
40

22
00

620

21
80

2160

22
60

78
0

22
80

14
60

14
80

15
00

1520

15
40

15
60

1580

640

16
00

24
00

16
20

23
00

16
40

16
60

2060

16
80

23
20

17
00

17
40

2340 23
80

2360

17
80

680

18
00 24

20

2460

25
00

25
20

2440

24
80

25
40

25
60

22
20

1720

17
40

660

2480

12
80

19
40

50
0

52
0

500

14
80

540

76
0

86
0

740

25
00

56
0

24
80

23
20

24
60

720

20
60

18
80

18
00

700

760

800

19
80

18
80

1780

17
00

740

17
20

18
00

23
00

54
0

98
0

1960

17
60

16
00

14
40 1920

2140

2420

22
40

940

980

540

20
60

660
60

0

520

16
40

19
20

19
80

21
80

1940

1560

600

520

58
0

480

840

17
60

22
60

1680

21
00

15
40

2000

22
80

2240

54
0

1640

840

22
00

16
20

19
00

18
40

540

22
00

58
0

48
0

90
0

19
60

2000

740

760

500

13
60

2280

82
0

1900

2040

1820

52
0

14
00 202013

20

19
20

23
001500

96
0

80
0

2040

25
40

24
40

50
0

580

780

2500

2100

740

16
60

680

1520

1580

740

1840

16
20

13
40

520

19
40

2160

520

640

54
0

15
60

88
0

62
0

72
0

720

520

19
60

540

600

22
60

23
00

12
60

76
0

21
20

23
60

520

19
20

1680

23
20

620

48
0

20
80

720

2560

19
00

18
60

13
80

1900

560

720

14
60

740

92
0

1980

520

20
60

780

720

2000

2440

68
0

78
0

1900

78
0

520

62
0

62
0

1660

520

56
0

680

540

17
00

1740

560

600
620

700

82
0

18
20

18
80

60
0

18
60

20
60

740

720

56
0

14
20

19
60

640

54
0

560

20
20

13
00

1860

820

15
80

17
80

22 R
"b

14
4

R
d2

L

46 R
"b

24 R
b

88 R
"d

52 R
d

91 R
d

48 R
"b

74 R
"s

2

32 R
b

43 R
"b

d

39 R
"d

11
7

R
d

16 R
b

53 R
"d

36 R
d2

51 R
"d

14
0

R
d2

40 R
"d

41 R
"d

12
1

R
d2

47 R
b

80 R
b

70 R
d

11
6

R
"d

33 R
b

34 R
d2

25 R
b

65 R
"d

42 R
bd

69 R
d

64 R
"d

71 R
d

29 R
b

49 R
b

11
9

R
"s

26 R
b

82 R
s

89 R
"d

15
4

R
"s

10 U

7 U

9 U

6 U

14
5 U

15
3 U

14
6 U

¯
49

0
0

49
0

24
5

M
et

er
s

N
A

D
19

83
U

TM
Zo

ne
9N

Le
ge

nd R
"b

R
oc

kf
al

li
ni

tia
tio

n

R
"b

d
R

oc
kf

al
la

nd
de

br
is

flo
w

in
iti

at
io

n

R
"d

D
eb

ris
Fl

ow
In

iti
at

io
n

R
"s

D
eb

ris
A

va
la

nc
he

In
iti

at
io

n

R
"s

2
P

ot
en

tia
lr

oa
d-

re
la

te
d

de
br

is
av

al
an

ch
es

R
d2

D
eb

ris
Fl

oo
d

ru
no

ut

R
b

R
oc

kf
al

lr
un

ou
t

R
bd

R
oc

kf
al

la
nd

de
br

is
flo

w
ru

no
ut

R
d

D
eb

ris
flo

w
ru

no
ut

R
d2

L
D

eb
ris

flo
w

(lo
w

er
lik

el
ih

oo
d)

ru
no

ut

R
s

D
eb

ris
av

al
an

ch
e

ru
no

ut

Fl
oo

di
ng

La
nd

sl
id

e
pa

th
s

(a
pp

ro
x)

S
no

w
av

al
an

ch
e

pa
th

s
(a

pp
ro

x)

P
ot

en
tia

la
va

la
nc

he
ar

ea
(o

ut
lin

ed
)

C
on

to
ur

s
(2

0
m

)

S
tu

dy
bo

un
da

ry

_̂
O

ct
3-

7,
20

05
si

te
vi

si
t

#*
N

ov
16

,2
00

5
si

te
vi

si
t

D
ra

in
ag

e
pa

th
w

ay
s

$+
M

ay
18

,2
00

6
si

te
vi

si
t

N
ot

es
:

1)
H

az
ar

d
po

ly
go

ns
m

ay
co

nt
ai

n
ar

ea
s

no
ts

ub
je

ct
to

ha
za

rd
th

at
w

er
e

to
o

sm
al

lt
o

m
ap

.
2)

M
ap

pi
ng

is
ba

se
d

on
fie

ld
w

or
k

an
d

ai
rp

ho
to

in
te

rp
re

ta
tio

n
of

ap
pr

ox
im

at
el

y
1:

20
,0

00
sc

al
e

ai
rp

ho
to

s,
an

d
sh

ou
ld

no
tb

e
en

la
rg

ed
to

a
m

or
e

de
ta

ile
d

sc
al

e
th

an
is

pr
ov

id
ed

on
th

is
m

ap
.

3)
La

nd
sl

id
e-

pr
on

e
te

rr
ai

n
w

ith
po

te
nt

ia
ll

an
ds

lid
e

re
tu

rn
pe

rio
ds

up
to

ap
pr

ox
im

at
el

y
10

0
ye

ar
s

ar
e

m
ap

pe
d.

4)
B

as
em

ap
da

ta
w

as
pr

ov
id

ed
by

R
es

ca
n

Lt
d.

5)
Th

is
m

ap
is

a
“s

na
ps

ho
ti

n
tim

e.
Fu

tu
re

ch
an

ge
s

in
la

nd
us

e
or

de
ve

lo
pm

en
tm

ay
w

ar
ra

nt
th

e
re

dr
aw

in
g

of
ce

rta
in

ar
ea

s.

FI
GU

RE
 6.

2-
1

TM

ai 
no

.  a
18

95
5w

Jo
b N

o. 
 75

0-4
11

/01
/20

08
-5:

00
pm

T
er

ra
in

 G
eo

ha
za

rd
s

So
ur

ce
: 

 E
ng

ine
er

ing
 In

c



Environmental Assessment 

August 2008 Davidson Project: Application for Environmental Assessment Certificate Blue Pearl Mining Inc. 
Volume I 6–36 Rescan™ Environmental Services Ltd. (Proj. #750-4) 

Utility Corridor 
The fan on Kathlyn Creek is subject to debris flows or debris floods.  Simpson Creek is 
potentially subject to avulsion during flood events.  Upslope of the Simpson Creek fan, failures 
could potentially be transformed into debris flows or debris floods. 

Haul Road 
The road crossing Glacier Gulch Fan is potentially subject to inundation.  In the Toboggan Creek 
channel and floodplain areas, parts of the road traverse areas potentially subject to annual 
flooding and some areas have a high probability (40% to 90% probability occurrence in 50 years; 
annual probability: 0.008-0.02) of debris floods. The proposed road alignment avoids the most 
active section of Toboggan Creek that is subject to annual flooding in some sections.  It is rated 
as medium (10% to 40% probability of occurrence in 50 years; annual probability: 0.002-0.008).  
The lowermost fan area may be subject to shallow flooding during debris flood or flooding 
events in Toboggan Creek and has been rated as medium to high for flooding. 

6.2.1.5 Soils
The soils are variable as they reflect the differences in slope, aspect, drainage, parent material, 
and elevation that are great over short distances within the study area.  The soils on the upper 
mountain slope reflect the cold and wet climate, active disturbances, abundant seepage, and the 
colluvial and glacial parent materials associated with the steep, mountainous terrain.  The upper 
parts of the slopes are characterized by shallow, coarse textured colluvium and bedrock 
exposures.  Deep and compact basal till deposits occur mid-slope.  Seasonal seepage is 
significant in the fans.  Continuous near-surface water tables and minor peaty surface deposits 
are present in the lower part of the fans.  Water ponding frequently occurs where the fans abut 
the higher elevation glacial till deposits. 

Due to the complexity of the geology and geomorphology of the Project area, the soils have been 
divided into 21 mapping units based on four types of parent materials including colluvial (C) 
(210 ha), glacial till (M) (1,000 ha), fluvial (F) (665 ha) and organic (O) (15 ha).  Other surfaces 
include bedrock (R), water, and anthropogenic (A) units (40 ha). 

The soil mapping units are presented in Figure 6.2-2.  The landform, slope and slope position, 
parent materials, drainage, and soil classification for each mapping unit is presented in 
Table 6.2-1.  Of this, 23% of the Project area is mapped as M1b, 15% as M1c, 16% as F1a, 9% 
as F1b, and 8% of the Project area is mapped as F1d.   The following is a brief description of the 
soils discussed by parent material.  Detailed descriptions are presented in Appendix E1. 

Colluvial Soils 
The soils occurring in Mapping Units C1 (a-b) and C2 (a-c) are developed on colluvial materials 
that occur as veneers (less than 1 m thick).  They are generally found on steep slopes 
(Plates 6.2-1 and 6.2-2).  The soils in Mapping Unit C3 (a-b) and C4 (a-b) are developed on 
colluvial deposits that occur as blankets, generally on the less steeply sloping areas.  All of the 
soils are coarse textured and have a high coarse fragment content with the result that they have 
low moisture and nutrient holding capacities.  Rooting depth may be limited by the presence of  
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shallow or exposed bedrock where the soils occur as veneers.  The soils are generally rapidly 
drained in the steeper areas but may be imperfectly drained in some areas.  Seepage was noted in 
Mapping Units C2c, C3b, and C4a.  The soils are predominantly classified as Podzols (Humo 
Ferric) with a component of Brunisols (Dystric). 

Plate 6.2-1.  Colluvial material (Mapping Unit C2a). Plate 6.2-2.  Typical landscape of Mapping Unit 
C2b. 

Glacial Till Materials 
The glacial till deposits in the Project area are predominantly thick and compact except those 
mapped as M1a, M2a, and M2c, which are unconsolidated.  The glacial till deposits generally 
occur on slopes between 5% and 25%.  They are predominantly medium textured and have a 
coarse fragment content between 25% and 45%.  These soils have good moisture and nutrient 
holding capacities. 

The till materials in the Project area are predominantly imperfectly drained and may be subject to 
seasonal seepage due to their mid- and lower slope positions (Plate 6.2-3) such as occurs in 
Mapping Units M1c, M2b, and M2c, which have significant seasonal seepage.  The water table 
is near the surface in some areas such as in Mapping Unit M1d, which represents depressional 
units at the toe of slopes (Plate 6.2-4).  These soils range from imperfectly to poorly drained.  
They are predominantly classified as Gleysols, indicating ongoing wet conditions.  A small 
component of glacial till material is classified as Podzols and Brunisols, such as in Mapping 
Units M1a, M2a, and M2c.  They are better drained.  Approximately 45% or 455 ha of the 
morainal soils are mapped as M1b and 30% or 300 ha are mapped as M1c. 
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Plate 6.2-3.  Glacial till material (Mapping 
Unit M1b). 

Plate 6.2-4.  Glacial Till Material, Mapping Unit 
M1d. 

Fluvial Materials 
The fluvial deposits are generally silt textured and occur on the distal portions of alluvial fans 
that are the zone of low energy.  These soils have good moisture and nutrient holding capacities 
and have less than 10% coarse fragments.  The soils in Mapping Unit F1a receive a significant 
amount of seasonal seepage and are imperfectly drained.  Approximately 50% or 317 ha of the 
soils developed on fluvial deposits are mapped as belonging to Mapping Unit F1a (Plate 6.2-5). 

Soils occurring in Mapping Unit F1b are poor to very poorly drained and have a high water table. 
A year-round near-surface water table restricts organic decomposition resulting in shallow 
accumulations of saturated peaty material over the sand and silt textured materials.  While these 
sites initially appear too wet for agriculture, drainage allows for this use.  Extensive cultivated 
fields are found on this soil type along the Toboggan Creek system.  Approximately 26% or 
173 ha of the fluvial soils are mapped as F1b. 

The water table is at the surface in Mapping Unit F1c (Plate 6.2-6) and these soils are very 
poorly drained.  Soils in this mapping unit occur on the most distal portions of active fluvial fans 
where recurring sediment deposition and high water tables restrict vegetation to marsh type 
ecosystems.  The organic horizons are composed of sedge and alder litter and may be found 
buried under loamy sand textured horizons.  These soils occupy approximately 14 ha. 

The fluvial soils in Mapping Unit F1d (Plate 6.2-7) occur on the apex of the alluvial fans and 
have slopes between 5% and 15%.  This is a zone of high energy and consequently, the soils are 
very coarse textured.  The soils contain gravels and cobbles and have a coarse fragment content 
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between 40% and 60%, by volume.  These soils have low nutrient and moisture holding 
capacities and are imperfectly drained.  They occupy 163 ha. 

All of the fluvial soils are classified as Gleysols reflecting wet conditions.  An exception is the 
soil mapped as Mapping Unit F1d.  These soils are classified as Brunisols.  They are gravelly 
and better drained due to their high permeability and location on sloping topography.  They have 
developed on finer textured fluvial soils and are used for agricultural production. 

Plate 6.2-5.  Fluvial material in 
Mapping Unit F1a. 

Plate 6.2-6.  Fluvial material in 
Mapping Unit F1c. 

Plate 6.2-7.  Fluvial material in 
Mapping Unit F1d. 

Organic Materials 
Organic soils occur in a moist glacial till depression in the southern road corridor option.  The 
site is poorly drained, although a near surface water table is not always present.  The upper 
surface material is well decomposed and the soils are classified as Typic Humisols.  They are 
seasonally saturated and are poor to very poorly drained. 

Other Materials 
Anthropomorphic soil units are mapped wherever human disturbance has permanently modified 
the functional and diagnostic properties of the soil (e.g., mine waste rock, existing roads, and 
railway beds).  This mapping unit includes 50 polygons for a total area of 40 ha. 

Rock is mapped where bedrock is exposed. 
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6.2.1.6 Chemical Analysis 

Methodology
Soil samples were collected at 30 sites representing major soil mapping units.  At each location a 
300 g sample was collected from the profile at the 0 to 15 cm and 35 to 50 cm depths at most 
sites.  Samples were tested by ALS Environmental, Vancouver, B.C., for 28 metals as well as for 
fertility analysis. 

The procedure used has been designed for contaminated site assessments and is based on 
Environmental Protection Agency (EPA) methodology.  Samples are digested at 90o C for two 
hours using a 1:1 ratio of concentrated nitric and hydrochloric acids.  This method is intended to 
dissolve metals that may be environmentally available.  By design, elements bound in silicate 
structures are not normally dissolved by this procedure as they are not usually mobile in the 
environment.  The metals and detection limits analyzed by ALS are shown in Table 6.2-2. 

Table 6.2-2 
Metal Analysis (ALS lab) 

Metals Abbreviation 
Detection Limit 

(mg/kg) 
Aluminum Al 50 
Antimony Sb 10 
Arsenic As 5 
Barium Ba 1 
Beryllium Be 0.5
Bismuth Bi 20 
Cadmium Cd 0.5 
Calcium Ca 50 
Chromium Cr 2 
Cobalt Co 2 
Copper Cu 1 
Iron Fe 50 
Lead Pb 50 
Lithium Li 2 
Magnesium Mg 50 
Manganese Mn 1 
Mercury Hg 0.05 
Molybdenum Mo 2 
Nickel Ni 5 
Phosphorus Pb 50 
Potassium K 200 

  (continued) 
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Table 6.2-2 
Metal Analysis (ALS lab) (completed) 

Metals Abbreviation 
Detection Limit 

(mg/kg) 
Selenium Se 0.1 
Silver Ag 2 
Sodium Na 200 
Tin Sn 5 
Titanium Ti 1 
Vanadium V 2 
Zinc Zn 1 

 

Soil samples were also analyzed for pH, exchangeable calcium, magnesium, potassium, sodium, 
cation exchange capacity, total sulphur, electrical conductivity, and particle size (% sand, silt, 
and clay).  Results of the metal tests were assessed against the CCME (Canadian Council of the 
Ministers of Environment) and CSR (B.C. Contaminated Site Regulations) guidelines as 
presented in Table 6.2-3.  These guidelines have been developed for both Park/Residence and 
Industrial uses.  In some circumstances, the criteria are the same for both.  Guideline criteria are 
available for 18 of 30 metals. 

Laboratory Results 

Fertility

Carbon
Total organic carbon is low in the coarser textured soils and moderate in the finer textured soils.  
Carbon is generally higher in the surface layer.  For example, total carbon is 7.5% at F18, which 
is on a moderately fine textured fluvial deposit and as low as 0.8% at F4, which occurs on coarse 
textured colluvial material. 

Soil Reaction 
Soil reaction is generally acidic with pH values in the range of 4.5 to5.5.  This can be 
ameliorated with liming. 

Nitrogen and Phosphorus 
Total nitrogen and available phosphorus are generally low except in the organically enriched 
surface horizons.  Phosphorus is relatively high in the surface layer at F4, F9, G17, V118, and 
V160.  Some fertilizer will likely be required at reclamation with more required if subsoil is 
exposed. 
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Metals
The results of the metal analysis indicate that the CCME and CSR guidelines were exceeded for 
arsenic, barium, copper, molybdenum, vanadium, and zinc.  The following is a discussion of 
these findings.  The data is presented graphically (Figure 6.2-3 (a-f)).  Both the industrial and 
park/residence criteria are included on each graph. 

Arsenic
Arsenic generally exceeded the CCME guidelines throughout the Project area indicating that the 
soil materials are naturally high in this metal (Figure 6.2-3a).  They are developed on transported 
materials that have been in contact with arsenic rich bedrock.  Arsenic can be transported in 
water and several sites are at the base of a steep slope or in seepage areas.  Arsenic exceeded the 
Park/Residential CSR guidelines at several sites throughout the Project area.  It exceeded the 
CSR industrial guidelines at two sites, V33 and F15.  Site V33 is toward the toe of the slope, on 
colluvial material, and F15 is upslope from V33, at the beginning of the switchback road, also on 
colluvial material.  At most sites, the amount of arsenic is similar in the surface and at depth.  At 
Sites V33 and V15 arsenic was substantially higher in the surface layer, which may be a result of 
surface seepage. 

Barium
Barium is low in the study area and only exceeds the CSR Park/Residential and Industrial 
guidelines at Site F8 (Figure 6.2-3b).  There is no trend related to depth.  It appears to be 
associated with zinc. 

Copper
Copper exceeded the CCME Park/Residence guidelines in approximately 35% of the samples 
tested, which indicates it occurs naturally at elevated levels (Figure 6.2-3c).  Some samples 
exceeded the CCME Industrial guidelines.  Copper at sites F9 and F15 was more elevated than at 
other sites and exceeded the Industrial CSR guidelines in the subsurface soils.  Copper appears to 
be associated with arsenic as elevated amounts occur at the same sites.  Site F9 occurs on fluvial 
material and F15 is on a colluvial deposit.  At most sites, the copper content is similar in both the 
surface and subsurface with no trend at either depth. 

Molybdenum
Molybdenum is generally low in the study area and below the Park/Residential CCME and CSR 
guidelines (Figure 6.2-3d).  At three sites, F9, F15, and G16 molybdenum exceeded the 
Industrial CCME and CSR guidelines with a large peak at F9 and a lesser one at G16.  
Molybdenum appears to be associated with copper.  Site G16 is on a fluvial deposit.  Similar to 
copper, elevated levels occur at either or both depths. 

Vanadium
Vanadium is common in the area but the background levels are generally below the CSR and 
CCME Park/Residential and Industrial guidelines (Figure 6.2-3e). Little variation in vanadium 
occurs in the study area with no trend related to soil depth.  Vanadium exceeded the CCME 
guidelines at F7 and F8, which are on morainal material. 
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Arsenic Amounts in Surface and
Subsurface Soil Samples

FIGURE 6.2-3a
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Barium Amounts in Surface and
Subsurface Soil Samples

FIGURE 6.2-3b
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Copper Amounts in Surface and
Subsurface Soil Samples

FIGURE 6.2-3c
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Molybdenum Amounts in Surface and
Subsurface Soil Samples

FIGURE 6.2-3d
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Zinc
Zinc is generally low in the study area and exceeded the CCME Park/Residential guidelines only 
at three sites F8, F18, and V35 with the largest peak at F8 in the surface layer (Figure 6.2-3f). 
Little variation in zinc occurs in the study area with no trend related to soil depth.  Site F8 occurs 
on morainal material, F18 is on a fluvial deposit, and V35 is on colluvium.  Zinc appears to be 
associated with vanadium. 

6.2.2 Selection of Valued Ecosystems Components 
Erosion and mass wasting events naturally occur on the slopes of Hudson Bay Mountain.  
Development of the Project has the potential to change the stability of slopes and increase the 
risk of geohazards.  Therefore, terrain stability was selected as a VEC.  This section focuses on 
how the Project may affect the potential for geohazards; Chapter 8 (Effects of the Environment 
on the Project) addresses the potential for large, naturally occurring, mass wasting events and 
avalanches to affect the Project. 

Soils are an integral part of terrestrial ecosystems and are important as they support wildlife and 
vegetation VECs.  The potential of soils to support landscape and vegetation VECs is dependent 
on the preservation of their physical and chemical properties through good management 
practices.  Some soils are particularly sensitive to disturbance and their identification is 
necessary to develop appropriate management and handling methods. 

Agricultural land is also a VEC.  Disturbance of the soils will reduce their agricultural capability, 
and therefore production potential.  This will have an economic impact on the farmer(s) who 
generates or will wish to generate income in the future from agricultural use of the land. 

6.2.3 Spatial Boundaries 
The spatial boundaries for the terrain stability and soils effects assessments are outlined in Figure 
6.2-4.  The assessment focuses on areas that will be disturbed by Project infrastructure: 

! new haul road (7 km long; 25 m wide assessment corridor, including the road surface 
[10 m] with  a 7.5 m buffer on either side of the road), which includes the power line; 

! mine site and loadout facility (12 ha); 

! utility corridor (10 m wide corridor); 

! the 1066 Development Rock Storage Pile (DRSP) (1.6 ha); 

! the north end of the haul road within the Agricultural Land Reserve (ALR); and 

! the east end of the utilities corridor within the ALR. 

The switchback road (10 m wide and 4.3 km in length) and the existing road connecting the mine 
site to the proposed haul road and the mine site to the bottom of the haul road are not included in 
the effects assessment as the soils will not be further affected by the Project. 
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6.2.4 Identification and Description of Potential Project Effects 
For terrain stability, the effects assessment focuses on how project development and project 
infrastructures may affect the probability that geohazards will occur.  For example, cut and fill 
associated with construction of the haul road may decrease the stability in some areas, increasing 
the probability of landslides or debris flows.  While the resulting event may not occur 
immediately, changes to stability may occur during the construction phase and again as a result 
of reclamation work during the closure phase.  Road maintenance under the supervision of a 
qualified geoscientist or engineer may be required (due to processes such as frost heave) to 
maintain stability during the operations, maintenance, or post-closure phases. 

In terms of soils, three potential effects were identified: loss of soil, degradation, and 
contamination of soil.  Loss of soil represents the most severe form of ground disturbance.  The 
mine site and loadout area and the haul road bed are examples of areas that are designated as lost. 

Areas that will be indirectly affected by mine activities are identified as ‘degraded.’  These areas 
are generally adjacent to infrastructure and may become degraded due to activities associated 
with the Project.  Degradation may occur in the form of soil compaction, surface erosion, or 
decreased soil fertility. 

Soil compaction results in the reduction of pore space between soil particles.  Smaller pores in 
the soil limit the amount of water and nutrients available to plant roots.  Compaction also 
interferes with root penetration.  These effects affect plant establishment and growth.  
Compaction may also reduce water infiltration, which can result in surface runoff and erosion if 
the soils are denuded of vegetation.  A large amount of soil can be lost and slope failure can 
occur during high rainfall events on steeply sloping, bare slopes.  With failures, fertile surface 
soils and the landform may be lost.  Bare soils may also be susceptible to splash erosion resulting 
in the loss of soil structure with the effect of sealing off the surface, thereby preventing root 
penetration and seedling development.  Soil fertility may also be compromised or lost due to the 
mixing of fertile surface soils with infertile subsurface material. 

Soil contamination may occur from fuels, grease, lubricants, and other materials from trucks and 
machinery on-site.  These substances may accumulate in the soils, increasing the concentration 
of metals and other pollutants. 

The potential effects related to terrain stability and soils for each Project component and phase 
are summarized in Table 6.2-4.  No effects related to terrain stability or soils are anticipated for 
the underground mine component. 

The nature and extent of potential effects has been assessed for each project component (mine 
site and loadout, utilities corridor, and haul road).  The soils occurring on farmland have been 
considered separately as they require special management. 
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Table 6.2-4 
Identification of Potential Effects Related to Terrain Stability and Soils 

Project Component Stage Geohazard 
Soil 
Loss 

Soil  
Disturbance 

Soil  
Contamination 

Mine Site and Loadout   
Construction x x x x

Operation and Maintenance   x
Closure x  x

Post-closure   
Utilities Corridor Construction x  x x

Operation and Maintenance   x x
Closure   

Post-closure   
Haul Road Construction x x x x

Operation and Maintenance   
Closure x  x

Farmland Construction  x x x 
Operation and Maintenance   

Closure   x
 Post-closure 

 

The surficial materials vary across the Project area and include morainal, fluvial, and colluvial 
deposits.  They vary in drainage, texture, coarse fragment content, thickness, slope position, parent 
material, and soil development.  This has implications on the nature of the effects of various 
disturbances on them.  Each soil type had been rated according to the predicted effect of the different 
disturbance types on the various soils and is considered in the development of the soil management 
plans.  The criteria used to assess the potential effects are defined in Table 6.2-5. 

Table 6.2-5 
Definitions of the Nature and Extent of Potential Effects on Terrain 

Stability and Soils 
Major Major shift away from the baseline conditions; fundamental change to terrain stability or 

soil quality by a relatively high amount for a long-term period. 
Medium A significant shift away from the baseline conditions; substantial change to terrain stability 

or soil quality either by a high amount, or for a relatively long-term period. 
Low Minor shift away from the baseline conditions.  Changes in stability or soil quality are likely 

to be relatively small, or of a minor temporary nature. 
Negligible Very slight change from the baseline conditions such that no discernible effect upon 

stability or soil quality. 
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6.2.4.1 Project Area 
Approximately 18.5 ha of soils will be lost due to the Project and 15.5 ha degraded (Table 6.2-6).  
Roughly 87% of the soils that will be lost and 67% of those that will be degraded will occur on 
morainal materials. 

Table 6.2-6 
Potential Soil Effects Associated with Project 

Degraded Soil Lost Soil 
Soil Parent 
Material 

Soil Map 
Code 

Total Area 
(ha) 

Percentage 
(%)  

Total Area 
(ha) 

Percentage 
(%) 

Colluvial C 2.5 13 1.5 7 
Fluvial F 3.6 20 1.3 6 
Morainal M 12.5 67  18.8 87 
Total (ha) 18.6 100  21.6 100 

 

Existing roads, rail beds, rock dumps, and other human induced disturbance have been mapped as 
anthropogenic.  This includes the switchback road leading to the upper adit, the 600 m gravel road 
that leads from the mine site to the southern end of the proposed haul road, along Slack Road, and 
several other places.  These are not a part of the effects assessment, as although they may be 
affected by the Project, the Project activities will not cause further detriment to the soils.  The 
stability of some susceptible areas may be aggravated if protective vegetation and trees are 
disturbed.

6.2.4.2 Mine site and Loadout Facility 

Terrain Stability 
Given that there is no evidence of major stability concerns around the mine site and loadout 
footprint at the 700 m elevation, the nature and extent of terrain stability effects is considered 
negligible. 

There is evidence of snow avalanche and debris flow and avalanche activity at a number of 
locations along the switchback road.  The 1066 DRSP will be adjacent to switchback 10.  No 
evidence of instability was noted at this location.  General conditions around the switchback road 
have improved as a result of upgrades completed on the road under Blue Pearl’s Notice of Work; 
however, there is potential for mass wasting events to occur.  In general, the magnitude of 
historical mass wasting events appears to be relatively small, and therefore the nature and extent 
of terrain stability effects along the road is considered low. 

Soils

Construction
The mine site/loadout facility will result in a soil loss of 12 ha.  The loss will occur in the 
construction stage.  Much of the site will be covered with impermeable surfaces or will be 
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exposed to heavy vehicular traffic.  More than 95% of the site is on morainal soils and 4% of the 
site is on colluvial materials (Table 6.2-7).  Due to the high amount of disturbance, the nature 
and extent of effects on the soils in the mine site and loadout area are rated as major.

Table 6.2-7 
Potential Soil Effects Due to the Construction of the Mine site and 

Loadout Facility 

Lost Soil: by Map Code 
Lost Soil: 

by Parent Material 
Soil Parent 
Material 

Soil Map 
Code 

Total Area 
(ha) 

Percentage 
(%) 

Nature and 
Extent  

Total Area 
(ha) 

Percentage 
(%) 

C2b 0.1 1 Major  
C2c 0.1 1 Major  

Colluvial 

C3b 0.3 2 Major  

0.5 4 

M1c 4.1 34 Major  
M1d 0.6 5 Major  
M2a 0.7 6 Major  

Morainal

M2b 6.1 50 Major  

11.5 96 

Total (ha) 11.9 100   12 100

 

Concrete spills may occur during the construction of the various pads and foundations.  Washing 
of concrete trucks on-site could result in concrete contamination of the soil.  Soil contamination 
may also occur due to fuels, grease, and lubricants from trucks, generators and heavy equipment 
during construction.  Without mitigation, the nature and extent of these effects are predicted to 
be medium. 

The 1066 DRSP will occupy 1.58 ha.  Preparation of the site will require the development of a 
level surface.  Approximately 99% of this area occurs on morainal material of which 92% is 
mapped as M2a.  This will occur in the construction stage.  Due to the high amount of 
disturbance, the nature and extent of effects on the soils in this area is rated as major. 

Operation and Maintenance 
The disturbance of the soils related to the mine site and loadout area and the 1066 DRSP will 
occur during the construction phase.  Activities during operations and maintenance should not 
have any additional adverse impacts on the soils except in the mine site and loadout area, in 
relation to potential soil contamination.  Oil, grease, lubricants, etc., from equipment operated on 
the site such as generators and trucks, may be introduced to the soil.  Also, dust will likely be 
generated in the bin area of the loadout.  This dust may contain metals that may be transported to 
surrounding soils.  Metals are generally not mobile in soils, and therefore, after 10 years of 
operation, metals may accumulate.  The nature and extent of effects related to contamination are 
considered medium.
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6.2.4.3 Utilities

Terrain Stability 
The only potential geohazards identified along the corridor include areas affected by debris flood 
and clearwater flood activity on Kathlyn and Simpson Creeks.  Construction of the utilities 
corridor would not influence the initiation of debris flows or avalanches farther up the slope; 
therefore, the nature and extent of terrain stability effects related to the utilities corridor are 
considered negligible. 

Soils
Natural gas will be transported via an underground pipeline from Slack Rd to the mine site and 
between the mine site and the 1066 Adit.  A pipeline will carry water from the 1066 Adit down to 
the treatment facility, and from the treatment facility to the Bulkley River.  Both pipelines will be 
in the same trench.  Electricity will be brought to the mine site by a single power line that will be in 
the same corridor as the haul road and will connect between the mine site and the fans at the 1066 
Adit via above ground single power poles in the same corridor as the water and gas pipelines. 

The pipelines will be buried in a trench 2 m deep and 1 m wide and backfilled.  Soils along the 
corridor are considered disturbed as opposed to lost, as the corridor can be re-vegetated
immediately following construction.  Part of the pipeline will be along Slack Road, which is 
mapped as anthropogenic.  The total amount of land that will be disturbed by the corridor (not 
including areas mapped as anthropogenic) is 7 ha, based on a width of 10 m.  Due to the short-
term nature of the construction of the utilities corridor (approximately three months), the 
potential for soil contamination along the utilities corridor from oil, grease, and other lubricants 
is considered negligible. 

To assess the amount of soil disturbance along the corridor, the corridor was divided into four 
distinct sections: 

! between the Bulkley River and the transmission line (4.4 km);

! along the transmission line (3.0 km);

! between the transmission line and new haul road  (0.7 km); and

! between the bottom of switchback road and 1066 m Adit (2.0 km).

Bulkley River to the Transmission Line 
Approximately 3 ha or 69% of the utilities corridor between the Bulkley River and the 
transmission line are mapped as anthropogenic, as the corridor will be under existing road or rail 
bed.  These components are not included in the effects assessment with regard to soil because the 
Project will not cause further soil degradation or loss.  The installation of the pipeline under 
existing road and rail beds will reduce the impact of the corridor by using an existing footprint. 
The effects assessment will be carried out on the remaining 1.3 ha of this section of the corridor, 
which will cross fluvial and morainal materials (Table 6.2-8). 
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Table 6.2-8 
Utilities Corridor: Bulkley River to the Transmission Line Corridor 

Degraded Soils 

Degraded Soil: by Map Code 
Degraded Soil: 

by Parent Material 
Soil 
Parent 
Material 

Soil 
Map 
Code 

Total 
Area 
(ha) 

Percentage 
(%) 

Nature 
and 

Extent)   

Total 
Area 
(ha) 

Percentage 
(%) 

F1a 0.6 46 Medium 
Fluvial F1b 0.6 46 Medium 1.2 92 
Morainal M1c 0.1 8 Medium 0.1 8 
Total (ha) 1.3 100     1.3 100 

 

The soils mapped as fluvial (F1a and F1b) occupy 1.2 ha or 92% of the soils along this portion of 
the corridor.  They are imperfectly to very poorly drained and are in seepage receiving areas.  A 
portion of the soils have high silt content such that they are subject to compaction when wet.  
They may also have an organic capping or organically enriched surface horizon that provides 
high nutrient and water holding capacities.  Trenching and backfilling can result in the loss or 
degradation of the surface organic layer.  This will have a detrimental effect on the soil fertility. 

A portion of the morainal soils (M1b) are coarser textured, and therefore, less susceptible to 
compaction.  They are imperfectly drained.  Some may have an organic capping that will be 
subject to compaction and, if buried, will result in degradation of soil fertility.  They may also be 
very gravelly at depth.  If the gravelly material is left on the surface during backfilling, this will 
result in a loss in productivity.

Vegetation will likely encroach onto the disturbed area; however, without mitigation, 
productivity will likely be low and the site may be subject to weed infestation.  The morainal 
soils may also be moderately fine textured at depth (M1c).  If this material is left on the surface 
following backfilling, production will likely be lower as these soils are subject to compaction, 
particularly when wet.  The nature and extent of effects along the utilities corridor between the 
Bulkley River and the transmission line is predicted to be medium.

Transmission Line Right-of-Way 
The area under the transmission line has been disturbed to construct the power line.  It is 
regularly maintained to reduce tall growth under the wires.  The soils are generally not disturbed 
but may be somewhat compacted due to regular access onto the right-of-way.  The 10 m width of 
the utilities corridor will affect 3 ha and cross four different soil types.  Four percent of the soils 
in this part of the corridor are mapped as fluvial and 96% are mapped as morainal (Table 6.2-9). 
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Table 6.2-9 
Utilities Corridor: Along Transmission Line Corridor Degraded Soils 

Degraded Soil: Map Code 
Degraded Soil: 
Parent Material 

Soil Parent 
Material 

Soil Map 
Code 

Total 
Area (ha) 

Percentage 
(%) 

Nature and 
Extent  

Total 
Area (ha) 

Percentage 
(%) 

Fluvial F1d 0.1 4 Low  0.1 4 
M1b 0.2 5 Medium  
M1c 2.7 88 Medium  

Morainal M1d 0.1 3 Medium  2.9 96 
Total (ha) 3 100   3 100

 

The fluvial soils (F1d) in this area are imperfectly drained and subject to seasonal seepage.  They 
are very coarse textured and gravelly with 40% to 60% coarse fragments by volume, and are 
therefore not subject to compaction.  They generally have low moisture and nutrient holding 
capacities, an indicator of low fertility.   

Approximately 96% of the soils are mapped as morainal.  A greater portion of the morainal soils 
(M1c and M1d) are moderately fine textured at depth and may receive a significant amount of 
seepage during wetter parts of the year.  Without good management, the deeper soils, if left on 
the surface following backfilling, will likely have poor structure and be subject to compaction 
when wet.  This will have a detrimental effect on plant establishment and growth.  During 
trenching and backfilling, the finer textured layer in these soil types may brought to the surface, 
and if mixed with the surface soil, may result in a degrading the surface soil.   

The soils mapped as M1b represent only 5% of the soils occurring along the transmission line.  
They are somewhat gravelly with a coarse fragment content of between 25% and 45% with 
fragments including gravels, cobbles, and stones.  They are medium textured and so should have 
relatively good moisture and nutrient holding capacities.  They may receive some seepage during 
the wetter parts of the year.   

The nature and extent of effects along the transmission line right of way is predicted to be medium 
except on the coarse textured, gravelly fluvial soils mapped as F1d on which the effect is predicted 
to be low.  As well, there is potential of fuel spills from excavation equipment and trucks.  The 
effects on the soils are predicted to be low.  The soils may be compacted in high traffic and 
laydown areas.  This will result in poor vegetative growth.  The effect is predicted to be medium. 

Transmission Line Right-of-Way to New Haul Road  
The utilities corridor between the transmission line and new haul road where it joins the existing 
road from the mine site occurs on forested land so the effects will differ from the other portions 
of the corridor that have been previously cleared.  Roughly 0.5 ha of land will be disturbed in 
this part of the corridor.  It will cross morainal soils mapped as M1c.  These soils receive a 
significant amount of seepage during wetter periods.  The clay rich materials, if left on the 
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surface following backfilling of the trench, are subject to compaction and erosion, particularly 
when wet.  Vegetation will likely encroach onto the disturbed areas, with time.  Without 
mitigation, the installation of the utility corridor will likely result in a degradation of soil fertility 
if the surface soils are mixed with the subsoils.  The effect is predicted to be medium.  The 
nature and extent of effects along the utility corridor between the transmission corridor and the 
haul road/existing road is predicted to be medium. 

Switchback Road to 1066 Adit 
The utility corridor will be adjacent to an existing road between the mine site and the switchback 
road so this area is not included in the effects assessment.  The corridor will periodically cross 
the switchback road (for a total of 0.16 ha) toward the 1066 Adit.  Other than where it crosses the 
road, this part of the corridor is also forested.  The area will be cleared and power poles installed 
once the trench is backfilled.  Roughly 1.8 ha of land will be disturbed in this part of the corridor.
It will cross predominantly morainal (75%) soils (Table 6.2-10).  This portion of the corridor 
occurs on steeper slopes, so the soils may be more susceptible to erosion compared to the other 
portions of the corridor. 

Table 6.2-10 
Utilities Corridor:  Switchback Road to 1066 Adit – Degraded Soils 

Degraded Soil: by Map Code 
Degraded Soil: by 

Parent Material 

Soil Parent 
Material 

Soil Map 
Code 

Total 
Area 
(ha) 

Percentage 
(%) 

Nature and 
Extent 

Total 
Area 
(ha) 

Percentage 
(%) 

Anthropogenic  A 0.2 8 Low   8
C3b 0.2 8 Medium 

Colluvial C4b 0.2 8 High 0.4 16 
Fluvial F1d <0.1 1 Low  0.3 1 

M1d 0.2 8 Medium 
 M2b 1.3 67 Medium 1.5 75 
Total (ha) 2 100   2.2 100 

 

A portion of the colluvial soils are coarse textured and very gravelly (C3b).  These soils have low 
moisture and nutrient holding capacities and generally low amounts of organic matter.  Based on 
these factors, the effects of the trenching and backfilling of these soils is predicted to be low. 

Colluvial soils that have a high silt matrix (C4b), may be subject to compaction if handled or 
traversed when wet, and to surface erosion where bare or disturbed.  Compaction will result in a 
loss of plant productivity.  Without mitigation, the effect is predicted to be high; however, these 
soils occupy less than one ha or 1% of the corridor. 
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The fluvial soils (F1d) are coarse textured and very gravelly with a coarse fragment content 
between 40% and 60%.  They occur in a high seepage zone.  These soils likely have low native 
fertility, and therefore the effect of the trenching is estimated to be low. 

A portion of the morainal soils are high in clay at depth (M1d).  The clay rich materials, if left on 
the surface following backfilling of the trench, are subject to compaction and erosion, 
particularly when wet.  Vegetation will likely encroach onto the disturbed areas with time.  
However, they occupy a small portion (8%) of the morainal materials.  The remainder of the 
morainal soils (1.3 ha representing 90% of the morainal soils) are moderately coarse textured and 
gravelly (M2b).  Without mitigation, the installation of the utility corridor will likely result in a 
degradation of soil fertility if the surface soils are mixed with the subsoils.  The effect is 
predicted to be medium. 

A number of soil types with varying physical characteristics are present along this section of the 
utilities corridor.  In general, the nature and extent of effects along the utility corridor between 
the transmission corridor and the mine site is predicted to be medium. 

6.2.4.4 Haul Road 

Terrain Stability 
The alignment of the haul road follows the base of the mountain across the Glacier Gulch fan 
and has been re-routed upslope of the Toboggan Creek fan.  The fans are geomorphically active, 
with potential for debris flood runout and annual flooding in some areas.  While the road will 
have to be designed to accommodate these events (e.g., appropriately sized culverts and bridges, 
adequate cross drains), the presence of the road will not affect the probability of their occurrence.  
During flooding events, there is the potential for the road to fail and be washed out in some 
areas.  However, given the relatively low gradient along the road alignment, failure of the road 
would be highly localized.  Therefore, the nature and extent of effects along the road are 
considered negligible. 

Soils

Construction

Lost
The haul road and power line will be built during the construction phase.  The road bed will 
cross three colluvial soils, three fluvial, and six morainal soils (Table 6.2-11).  It will be 
primarily at the base of the mountain, along the western edge of the valley (Figure 6.2-2).  Less 
than 1 ha (12%) of the road bed will occur on colluvial soils, approximately 1.2 ha (17%) will 
occur on fluvial deposits, and 5 ha (71%) of the roadbed will occur on morainal materials. 

Without mitigation, the road bed, representing 7.1 ha, is rated as lost.  This nature and extent of 
this effect is considered major. 



Environmental Assessment 

August 2008 Davidson Project: Application for Environmental Assessment Certificate Blue Pearl Mining Inc. 
Volume I 6–65 Rescan™ Environmental Services Ltd. (Proj. #750-4) 

Table 6.2-11 
Haul Road – Lost Soils 

Lost Soil: by Map Code 
Lost Soil: 

by Parent Material 
Soil Parent 
Material 

Soil Map 
Code 

Total Area 
(ha) 

Percentage 
(%) 

Effect (Pre-
Mitigation)  

Total Area 
(ha) 

Percentage 
(%) 

C2b 0.3 4 Major  
C3a 0.5 8 Major  

Colluvial 

C3b <0.1 0 Major  

0.9 12 

F1a 0.4 5 Major  
F1b 0.4 6 Major  

Fluvial

F1d 0.4 6 Major  

1.2 17 

M1b 2.2 32 Major  
M1c 0.7 10 Major  
M2a 1.8 25 Major  
M2b 0.1 1 Major  

Morainal

M2c 0.2 3 Major  

5 71 

Total (ha) 7.1 100   7.1 100 

 

Degraded
The road edges will occupy approximately 10.7 ha (Table 6.2-12).  Roughly 1.2 ha (12%) of the 
edges will occur on colluvial material, 2.8 ha (17%) will occur on fluvial deposits, and 7.5 ha 
(70%) of the road edges will occur on morainal materials. 

Table 6.2-12 
Haul Road – Degraded Soils 

Degraded Soil: by Map Code 
Degraded Soil: 

by Parent Material 
Soil Parent 
Material 

Soil Map 
Code 

Total Area 
(ha) 

Percentage 
(%) 

Nature and 
Extent  

Total Area 
(ha) 

Percentage 
(%) 

C2b 0.4 4 Low  Colluvial  
C3a 0.8 7 Low  

1.2 11 

F1a 0.6 6 Medium  
F1b 0.7 7 Medium  

Fluvial

F1d 0.6 6 Low  

1.9 19 

M1b 3.3 31 Medium  
M1c 1.1 10 Medium  
M1d <0.1  Medium  
M2a 2.7 25 Medium  
M2b 0.1 1 Low  

Morainal

M2c 0.4 4 Medium  

7.6 70 

Total (ha) 10.7 100   10.7 100
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The colluvial soils mapped as C2b (Plate 6.2-8) occur as a veneer (<1 m in depth) and those 
mapped as C3a (Plate 6.2-9) and C3b occur as blankets (>1 m).  All are coarse textured with a 
high coarse fragment content.  They are well to rapidly drained.  These soils have a low 
capability for supporting vegetation because of the high coarse fragment content.  Due to the 
texture and the coarse fragment content, the effect on these soils is expected to be low. 

Plate 6.2-8.  Mapping Unit C2b. Plate 6.2-9.  Soils mapped as C3a. 

The fluvial soils along the haul road occur on alluvial fans.  They are generally in seepage 
receiving areas and are imperfectly to poorly drained.  Soil textures in Mapping Unit F1a and 
F1b range from sandy to silty.  Those high in silt are subject to compaction, particularly when 
wet, and to surface erosion, especially on sloping areas, if denuded of vegetation.  They may 
have an organically enriched capping, which provides fertility to the soils.  During road 
construction, this material may be buried or mixed with poorer quality materials that will reduce 
soil fertility.  Without mitigation, the effect of disturbance on these soils is predicted to be 
medium. They occupy approximately 1.2 hectares.

Where the fluvial soils are coarse textured and gravelly (F1d), the soils have low nutrient and 
moisture holding capacities.  Without mitigation, the effect of road building and the installation 
of the power poles on these soils is predicted to be low. These soils occupy 0.6 ha.

The morainal soils occur as blankets or veneers.  They are generally medium to moderately fine 
textured with generally less than 35% coarse fragments.  Most of the finer textured morainal 
soils are compact (M1c, M1d, M2b) while slightly coarser textured soils (M2a, and M2c) are 
unconsolidated.  Some of the morainal soils mapped as moderately coarse textured contain 
gravels, cobbles, and stones (M1b and M2c).  The construction of the road and the installation of 
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the power poles may result in the degradation of the soil structure and fertility as gravels may be 
brought to the surface and organically enriched surface horizons mixed with the poor quality 
subsoils.  Without mitigation, the effect is predicted to be medium. These soils occupy 
approximately 3.7 ha. 

A portion (1.1) of the morainal soils (M1c and M1d) are moderately fine textured (Plates 6.2-10).
Such soils are subject to compaction, particularly when wet and, being bare as on road edges, 
will be subject to water erosion.  Many occur in seepage areas and are imperfectly to poorly 
drained.  They may have an organic capping and/or an organically enriched surface horizon 
which will be degraded if mixed with less fertile subsoil.  Without mitigation, sloping edges 
along the haul road may continue to erode during high precipitation events with sediment 
entering ditches.  The soils around the power poles may be compacted due to the use of heavy 
equipment.  The soils in the road edge will be degraded but will still be capable of supporting 
vegetation but at lower production levels, at least initially.  The compacted area around the poles 
may not support vegetation.  The soils along the road edge will continue to erode under high 
precipitation events, particularly on sloping areas, until the surface vegetative cover is restored 
sufficiently to protect the surface.  Without mitigation, the effect is predicted to be medium. 

Plate 6.2-10.  Soils in Mapping Unit M1c. Plate 6.2-11.  Soils in Mapping Unit M2b. 

The construction of the road may result in additional disturbance to the adjacent soils as space 
will be required to manoeuvre construction equipment.  This could result in disturbance of the 
vegetation and, in high traffic areas, compaction of the soils.  Without mitigation, the nature and 
extent of degradation of soils along the haul road is predicted to be negligible where the 
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vegetation remains, and medium where the soils are exposed to precipitation and heavy 
equipment traffic. 

Operation and Maintenance 
Reclamation work along the road edges will commence immediately following completion of 
haul road construction. Activities during the operation and maintenance stages are not expected 
to have any additional adverse impact on the soils along the haul road. 

Closure
During closure, the road will be decommissioned, the power poles removed, and the corridor 
reclaimed.  While there may be some additional disturbance to the soil as a result of heavy 
equipment traffic during decommissioning, the disturbance is expected to be highly localized, 
and will be reclaimed along with the rest of the corridor.  Effects during this phase are 
considered negligible. 

6.2.4.5 Agricultural Land 

Haul Road 

Construction
The haul road will be built during the construction phase and will cross 1 km of the ALR (Figure 
6.2-2).  Roughly 0.8 km of the road will be constructed through forested land and the remaining 
0.2 km will occur on land that has been cleared and is or has previously been used for 
agricultural purposes.  The soils cleared for agricultural use are mapped as F1b (Figure 6.2-4).  
The soils have been assessed for their suitability for agriculture.  This was carried out at scale of 
1;125,000 and was not meant for site specific purposes but does give a general indication of the 
soils capability for agriculture (Figure 6.2-5). 

The soils are rated as 60% Class 4 and 40% Class 6 with wetness limitations.  The soils with a 
wetness limitation may be improvable by one class with drainage.  The range of crops the land 
can support increases as the rating improves (Class 3 has a higher agricultural capability rating 
than Class 4).  The soils rated as Class 4 soils should be capable of supporting some grains and 
hay production.  Those rated as Class 5 should be capable of producing hay and the Class 6 soils 
should be capable of supporting pasture.  The effect of the road on the soils is considered major 
as the farmer(s) will not be able to grow crops or pasture animals on this land.  It will have an 
additional impact where the field is severed as it will interfere with field layout, ease of 
harvesting, and result in the lost of adjacent land due to increased edge effects. 

The portion of the road that will pass through forested land in the ALR will have less of an effect 
but it will result in the loss of the potential for future agricultural use. 
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Operations and Maintenance 
The continual use of the haul road will not have a further effect on the forested part of the land 
within the ALR.  However, the ongoing use of the haul road will interfere with agricultural use 
as it will be more difficult to move equipment and animals across the road where the road severs 
the agricultural field.  As well, cows pasturing in the fields may be affected by truck noise, dust, 
and truck exhaust.  The effect is considered to be major.

Closure
The haul road will be closed when operations cease.  With closure, the haul road alignment will 
be reclaimed.  The effects will be nil with time 

Utility Corridor 

Construction
The utility corridor will be along the eastern edge of a field located southeast of two sewage 
treatment ponds.  No agricultural use currently occurs.  A strip of forested land separates the 
corridor from the agricultural land to the east.  The effect on future agricultural production will 
be low as the corridor is on the edge of the cleared area.  As the pipeline will be buried, no 
effects are expected beyond the construction period. 

6.2.5 Mitigation Measures and Identification of the Potential Residual 
Adverse Effects 

6.2.5.1 Mine site and Loadout Facility 

Mitigation Measures 
A qualified geoscientist or engineer will inspect the switchback road to ensure construction of 
appropriate drainage ditches and regularly spaced culverts will minimize the concentration of 
natural drainage, reducing the potential for debris avalanches to occur.  The road will be 
regularly inspected by Blue Pearl staff to ensure drainage structures are clear of debris and 
functioning appropriately. 

To reduce the impact on the soils, suitable soils will be salvaged and stockpiled within the 
footprint of the mine site and loadout and the 1066 DRSP.  This material will be used for 
reclamation purposes during closure (Chapter 4). 

During operation, a regular maintenance program will be established for all equipment and liners 
will be used under stationary equipment (e.g., generators), to reduce the potential for soil 
contamination from leaks of fuel, lubricants, etc.  Spills of fuels and concrete will be reported 
and cleaned up immediately.  Washing of concrete trucks will occur in designated areas that will 
be lined to capture washings. 

At closure, all infrastructure will be removed, the site will be prepared and the soils will be 
spread using best management practices.  The site will be vegetated and will include tree 
seedlings native to the site.  The site will likely be further invaded by native species. 
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Potential Residual Effects 
Some dust will likely be generated at the loadout and truck loading station, causing potential 
contamination of surrounding soils.  Following reclamation, vegetative production will likely be 
lower than pre-Project conditions due to the degree of disturbance to the site. 

6.2.5.2 Utility Corridor 

Mitigation Measures 
The surface soils under the transmission line will be stripped and placed in a windrow or pile for 
easy retrieval.  The subsoil will then be excavated and windrowed separately.  A tarp will be 
placed on the surface where the subsoil is very gravelly to minimize the degradation of the surface 
soils under the excavated material.  The trench will be backfilled following installation of the 
pipes, first with subsoil and finally with the salvaged topsoil.  It will be re-vegetated as soon as 
feasible following construction.  A grass/legume seed mix will be used to establish a rapid cover 
and reduce the potential for erosion.  The topsoil will likely not require fertilizer as these soils are 
generally fertile.  This will be confirmed before seeding to ensure a good catch of the seeds. 

Vegetation will be carefully stripped along the utility corridor on the undisturbed area between 
the transmission line right-of-way and the plant, to minimize the damage to the surface soils.  
Similar to the steps to excavate the trench for the transmission line right-of-way portion, the 
surface soils will be salvaged.  The underlying soils will then be excavated and stored separately.  
They will be replaced in sequence, as discussed above.  Care will be taken not to cause 
compaction.  Areas showing poor growth will be ameliorated. 

The same soils handling practices will be carried out between the transmission line right-of-way 
and the Bulkley River.  Care will be taken not to disturb the soils adjacent to the road where the 
corridor will be beneath the existing road surface. 

Potential Residual Effects 
The productivity of the soils along the corridor will likely be lower following construction of the 
trench as the soil structure and microbial populations will have been disrupted.  This should 
improve with time and with implementation of good soil management practices. 

6.2.5.3 Haul Road 

Mitigation Measures 
During construction, suitable topsoil will be salvaged from the road footprint (25 m) prior to 
construction, and stockpiled.  Depending on the nature of the soils along the road edges, topsoil 
will be spread on them as soon as feasible following construction.  Topsoil has a high native 
fertility and if handled well should have good soil structure.  The road edges will be re-vegetated 
with a grass seed mix for rapid cover establishment to minimize the potential for surface erosion.  
The seed will be broadcast or hydroseeded.  Fertilizer will likely not be required.  The fertility 
will be assessed to confirm this.  The topsoil will likely contain native seed that will be valuable 
in eventually returning the road edges to a condition similar to the pre-disturbance state. 
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In areas where no soils are salvaged, road edges will be hydroseeded as soon as feasible 
following road construction.  Fertilizer will be included for these areas as well as a tackifer to 
protect the soils from surface water erosion. 

No mitigation will likely be required in the peripheral areas used in the road construction except 
where the vegetation has been removed.  If vegetation has been removed, the surface will be 
ripped where required and seeded with a grass mixture. 

A detailed closure plan for the road has been developed (Chapter 4) that will involve extensive 
surface preparation and re-vegetation initially with a grass/legume seed mix for rapid cover 
establishment.  This will be followed by planting with tree seedlings. 

Potential Residual Effects 
There will likely be potential residual effects as production on all re-vegetated surfaces will 
likely be lower initially, compared to the adjacent non-disturbed areas.  The road edges will 
likely have a lower residual effect as they have been less severely disturbed than the road bed 
portion.  More intensive soil management will be required at mine closure for the roadbed. 

6.2.5.4 Agricultural Land 

Mitigation Measures 
The interference in agricultural cropping practices at the northern end of the haul road cannot be 
mitigated while the road is in operation.  However, the effects of noise and dust can be 
minimized.  Mitigation measures will be determined through discussion with the landowner, but 
may include planting trees along the open part of the road.  This will further affect the amount of 
land that can be used for production but may be less detrimental to the agricultural operations 
than with no vegetative barrier.  Further, gates and fencing will be required if the area is used for 
pasturing animals. 

At closure, the trees, fences, and gates can be removed and the severed field reverted to a single 
field.

Potential Residual Effects 
There will likely be potential residual effects as production on all re-vegetated surfaces will 
likely be lower initially, compared to the adjacent non-disturbed areas.  However, with time this 
effect should be minimized. 

6.2.6 Assessment of the Significance of Residual Adverse Effects 
The significance of residual effects following mitigation measures is assessed below.  The 
assessment considers the magnitude, spatial extent, duration, frequency, reversibility, and 
resilience of the potential effects as defined in Section 5.5.6.  The assessment also considers the 
probability of occurrence, and discusses the confidence limits of the assessment.  A tabular 
summary of the entire assessment of terrain stability and soils is provided at the end of this 
section (Table 6.2-13). 
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6.2.6.1 Mine site and Loadout Facility 
Although development of the mine site and loadout and the 1066 DRSP will have a major effect 
on soils, the sites will be rehabilitated upon closure.  Following closure, the magnitude of effects 
is predicted to be low, and confined to the immediate footprint areas.  The disturbance of soils 
will likely result in a loss of soil structure and fertility and a loss or disruption to the microbial 
populations and other living organisms that normally exist in the soils.  This will affect the 
recovery of the sites.  However, the effects are reversible in the long term, and with time, the site 
should recover substantially as the different components of the ecosystem achieve balance.  
Variability in vegetation and micro fauna should gradually increase.  With good soils and 
vegetation management, the significance of residual effects is predicted to be low.

Potential contamination of adjacent soils, if it occurs, will represent a long-term effect.  Due to 
its short-term nature, the magnitude of soil contamination during the construction phase is 
expected to be low.  However, over the entire mine plan the potential for contamination 
increases.  While spills will be immediately reported and cleaned up, contaminants may 
accumulate in the soil over time, so the magnitude during operations and maintenance is 
considered moderate.  While the probability of small spills occurring is high, the degree of 
contamination will be difficult to quantify until closure. 

6.2.6.2 Utility Corridor 
Effects related to construction of the utilities corridor will be limited to the 10 m wide corridor.  
With proper application of the mitigation measures outlined above, disturbance to the soil will be 
minimized and the magnitude is predicted to be low.  The soils will have been disturbed so 
productivity will likely be lower.  This effect will be reversible in the short term once the soil 
structure, organic matter, and microbial populations are built up again.  With good management 
practices the significance of the residual effect should be negligible.

While contamination of the soil would represent a long-term effect, due to the short-term, highly 
localized nature of the corridor construction (approximately 3 months; shorter at any given point 
along the corridor), the magnitude of potential contamination is considered low.  Any spills will 
be immediately reported and cleaned up.  Therefore, the significance of residual effects is 
considered negligible, and the probability that contamination will occur is predicted to be low. 

6.2.6.3 Haul Road 
The road edges will be progressively reclaimed immediately following construction.  With good 
management, the road edges should have a stable vegetative cover within the mine operation 
period with better production on the topsoiled areas.  The magnitude of soil degradation in these 
areas following reclamation work is expected to be low, with the effects being reversible in the 
short term.  Residual effects are considered negligible.

Given that the degree of disturbance is much greater on the road bed, recovery of the soil will not 
be as rapid following reclamation, as along the road edges.  However, the effect is predicted to 
be reversible in the long term, and with time, good production should be achieved along the haul 
road following closure.  The potential for residual effects is considered low if good soil and 
vegetation management are carried out.
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While contamination of the soil along the haul road would represent a long-term effect, with an 
effective maintenance program, the equipment is not expected to leak substantial amounts of 
grease and oil.  The number of vehicles travelling on the road throughout the life of the mine will 
be relatively low, further minimizing frequency and magnitude contamination.  Any spills will 
be immediately reported and cleaned up.  The potential for contamination to occur is considered 
low and the significance of residual adverse effects is considered negligible.

6.2.6.4 Scientific Uncertainty of Significant Adverse Effects 
Numerical data and models are not available for soils analysis of this type and as a result 
confidence limits of the assessment are unknown.  However, this effects assessment was carried 
out using the best professional judgment of accredited and experienced soil scientists. 

6.3 Surface Water Quantity 

6.3.1 Environmental Setting and Baseline Conditions 
The following is a brief overview of hydrological conditions in northwestern B.C., with a focus 
on watersheds potentially affected by the Project.  Complete details of the surface water 
hydrology of the study area are provided in Appendix F1.  The surface water system includes all 
water that flows overland, in streams and rivers, and water flowing in the shallow subsurface.  
This includes flow through soil layers and within a series of shallow alluvial aquifers that lie 
above an impermeable till layer that extends across the lower slopes of Hudson Bay Mountain at 
a depth of around 1 to 10 m.  This impermeable layer isolates surface flows (including flow in 
the shallow subsurface aquifers) from the groundwater system.  The shallow subsurface aquifers 
include alluvial deposits that fill the valleys of the lower reaches of the gullies draining Hudson 
Bay Mountain.  They are considered part of the surface flow system as they are hydrologically 
linked to the stream network and flows respond to, and follow, the surface topography. 

Stream flow is generally the focus of any surface hydrology assessment, as the stream 
environment provides habitat to many aquatic organisms, and often is a water source for human 
use and consumption.  Monitoring stream flow provides a record of the spatially integrated 
hydrological response of the entire watershed area upstream of the monitoring point, and allows 
analysis of both the total flow volume and the timing of flow events. 

For the watersheds in the Project area, a typical hydrological year can be divided into four main 
flow periods: 

! Winter: characterized by ice covered streams with low to negligible stream flow, 
depending on the elevation of the stream and watershed area; 

! Spring/freshet: characterized by high flows due to snowmelt; can be the period of the 
annual peak flow; 

! Summer: characterized by steady, moderate to high flows supplied by rainfall, melt 
water from residual snow patches and glacial melt water; rainstorms can result in short-
term flow peaks; and 
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! Fall: characterized by generally moderate to low flows, but interrupted by rain-fed storm 
events and rain-on-snow events, which can have peak flows in excess of freshet flows; 
the most extreme flood events often occur during this period. 

Examples of typical annual flow hydrographs for the Bulkley River and Simpson Creek are 
illustrated in Figure 6.3-1.  The figure shows how the scale of the watershed controls 
hydrological response.  The two hydrographs generally mirror each, each responding to the same 
precipitation driven events.  However, the small, headwater watersheds are influenced by small  
scale effects such as local topography and microscale weather patterns, which produce spatial 
variability in snowfall and precipitation, and control temperatures and the rate and timing of 
snow and glacier melt.  The Simpson Creek hydrograph is characterized by many peaks with 
sharp rising and falling limbs indicating the basin quickly responds to individual storm events.  
Extreme flows are often generated by rain-on-snow events in the fall.  In contrast, the Bulkley 
River is less influenced by small scale effects.  Its flows are controlled by the regional climate, 
and typically peak flows are generated by spring freshet flows.  Recession limbs are much 
broader and flows through the summer are more influenced by residual snow melt than 
individual precipitation events. 

Figure 6.3-2 outlines the hydrology study area for the Project.  The Kathlyn Creek, Glacier Gulch 
Creek and Toboggan Creek watersheds all have small drainage areas, and are similar to Simpson 
Creek (SC1), where the WSC has operated an automated hydrometric station since 1970.  As part 
of the baseline monitoring program, automated hydrometric stations were established on each of 
Kathlyn (KC1), Glacier Gulch (GG3) and Toboggan (TC2) creeks at the base of Hudson Bay 
Mountain.  Stations were also established on Club Creek (CC1), which diverts water from Glacier 
Gulch Creek into Lake Kathlyn, at the 1066 m Adit (A1), and on tributary channels within the 
Kathlyn Creek (KC4 and KC316) and Glacier Gulch Creek (GG4a) watersheds. 

The Bulkley River has a much larger watershed area (approximately 8,940 km2 at the proposed 
mine water discharge location).  Historical flows have been monitored at a number of locations 
along the Bulkley River; however, the only station that is currently active is the Bulkley River at 
Quick (#08EE004).  This station is located approximately 23 km upstream of the town of 
Smithers.  Data is available from this station from 1931 to present, making it a very robust 
baseline dataset.  There is historical data for the Bulkley River at Smithers (#08EE005) from 
1915 to 1971.  Overlap in the records of the two stations was used to scale up flows from the 
Bulkley River at Quick to those at the proposed wastewater discharge location. 

Results from the baseline monitoring program were used to derive a number of key hydrological 
parameters (annual runoff, monthly flow distribution, flood flows and low flows) for the Bulkley 
River at the wastewater discharge point, Simpson Creek (SC1), Kathlyn Creek (KC1), Glacier 
Gulch Creek (GG3) and Toboggan Creek (TC2). 

6.3.1.1 Annual Runoff 
Annual runoff is a measure of the total volume of water flowing through a site of interest.  It 
provides a large-scale indication of the water available for human use as well as for aquatic and 
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terrestrial life.  Runoff is expressed as a depth of water in mm.  It is generally calculated by 
dividing the total flow volume (m3) observed at a monitoring station with the drainage area (m2)
flowing into the site.  Estimates of average annual runoff depths were based on elevation 
adjusted annual precipitation estimates and a runoff coefficient of 0.72; return period estimates 
were made based on statistical analysis of long-term data from the Bulkley River at Quick and 
Simpson Creek (Table 6.3-1). 

Table 6.3-1 
Key Hydrological Parameters: Annual Runoff Depth 

Runoff (mm) 
Return Period Bulkley River at Quick SC1 KC1 GG3 TC2 

1 in 100 Dry 377 375 314 459 391 
1 in 50 400 405 339 496 422 
1 in 25 426 439 367 537 457 
1 in 10 466 491 410 600 511 
1 in 2 (Average) 574 633 529 774 659 
1 in 10 Wet 683 775 648 948 807 
1 in 25 723 827 691 1,011 861 
1 in 50 748 861 719 1,052 896 
1 in 100 771 891 745 1,089 928 

6.3.1.2 Monthly Flow Distribution 
An assessment of the average monthly flow distribution for a watershed (the percent of the 
annual flow that occurs during each month) provides an indication of the seasonal variation in 
flows at the site.  These values can be combined with annual runoff totals to estimate monthly 
runoff totals and average monthly flows associated with different annual runoff totals.  A similar 
pattern is evident for each of the watersheds (Table 6.3-2), with the majority of flow (65% to 
82%) concentrated between May and August.  GG3 and TC2 carry a higher percentage of flow 
through the late summer due to the influence of glaciers in their headwaters.  Due to its size, the 
Bulkley River carries higher winter flows. 

6.3.1.3 Flood Flows 
Floods in northwestern BC are typically produced by three main mechanisms: 

1. rapid snowmelt: during freshet conditions in June or July; 
2. rain falling on melting snow: during freshet conditions in June or July, or during early 

winter in October and November; or 
3. heavy rainfall: during September or October. 

For the Bulkley River, peak flows are typically produced by mechanisms 1 or 2 and occur in June 
or July (66 of the 73 years that the station at Quick has been operational).  For the small watersheds 
(SC1, KC1, GG3, and TC2), peak flows are caused by a mixture of all three mechanisms; the most 
extreme events likely occur as a result of rain-on-snow events in October or November. 
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Table 6.3-2 
Key Hydrological Parameters: Monthly Flow Distribution 

Percent of Annual Runoff 
Month Bulkley River at Quick SC1 KC1 GG3 TC2 
January 2 1 1 0.5 1 
February 2 0.5 0.5 0.5 0.5 
March 2 1 1 1 1 
April 5 4 4 4 3 
May 19 17 17 7 19
June 22 29 29 13 22 
July 15 20 20 23 20 
August 9 10 10 27 21 
September 6 7 7 10 5 
October 7 6 6 6 4 
November 6 3 3 5 3 
December 4 1 1 3 1 

 

Flood frequency analysis is used to predict the magnitude of flood flows for different return 
periods.  The return period refers to the probability of occurrence of the flood event.  A 1-in-100 
year return period (Q100) event is the magnitude of flow that has a 1% chance of being equalled 
or exceeded in a given year; similarly a Q50 has a 2% chance of being exceeded in a year.  The 
average annual flood is generally defined as the Q2.

Flood frequency analysis was conducted for the Bulkley River at Quick and SC1 using their long 
term datasets.  Results for the Bulkley River at Quick were scaled up to represent those at the 
wastewater discharge location.  Results from SC1 were used to produce scaled estimates for 
KC1, GG3 and TC2 (Table 6.3-3). 

Table 6.3-3 
Key Hydrological Parameters: Flood Flows 

Watershed 
Bulkley River 
near Smithers SC1 KC1 GG3 TC2 

Area (km2) 8,940 13.2 7.5 14.5 24.9 
Q2 (m3/s) 103 3.2 2.1 3.5 5.2 
Q10 (m3/s) 192 6.4 4.2 6.8 10.3 
Q100 (m3/s) 400 13.2 8.7 14.2 21.3 

 

6.3.1.4 Low Flows 
Predictions of low flow conditions are vital for managing water resources and assessing impacts 
on aquatic life.  This is especially important for the Bulkley River, which supports important 
populations of Chinook and Coho salmon, rainbow and cutthroat trout, dolly varden and 
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steelhead, and for the smaller study area watersheds (especially Simpson and Kathlyn Creeks) 
which provide residential drinking water to many users. 

In a given year, two periods of low flow are often of interest.  In northern B.C., the annual low 
flow consistently occurs during the winter, when most water is stored as either ice or snow.  
Quantifying the annual low flow is important for assessing potential effects of the Project on 
water supply to downstream water users.  However, important aspects of a stream’s health, such 
as the presence of certain aquatic species, or activities that could affect the quantity or quality of 
water in a stream, may be restricted to the open water season.  Therefore, the June to September 
low flows were also estimated for each watershed (Table 6.3-4).  The most common low flow 
index is the 7-day low flow.  The low flow analysis was carried out for two different return 
periods, the average (7Q2) and the 10 year (7Q10). 

Table 6.3-4 
Key Hydrological Parameters: Low Flows 

Watershed 
Bulkley River 
near Smithers SC1 KC1 GG3 TC2 

Drainage Area (km2) 8,940 13.2 7.5 14.5 24.9 
June to September 7Q2 (m3/s) 80.2 0.099 0.062 0.107 0.167 
June to September 7Q10 (m3/s) 62.9 0.034 0.021 0.037 0.06 
Annual 7Q2 (m3/s) 21.6 0.008 0.004 0.008 0.015 
Annual 7Q10 (m3/s) 14.4 0.003 0.002 0.004 0.007 

 

6.3.2 Selection of Valued Ecosystem Components 
Surface water quantity is considered a VEC because streams in the Project area provide drinking 
water to a number of local water users, and the streams also provide habitat for important fish 
populations.  Maintenance of sufficient water quantity is important for continued ecosystem 
health for aquatic species, and continued water supply for water users.  Analysis of surface water 
quantity will consider potential impacts to the total available water volume and the timing and 
magnitude of flow events. 

6.3.3 Spatial Boundaries 
The main Project infrastructure will be located within the Kathlyn Creek Watershed, upstream of 
Lake Kathlyn.  Water discharging from within the underground mine and surface runoff from the 
‘capture and treat’ area of the mine site and loadout (Figure 3.2-3) will be collected and treated 
on-site before being discharged, via a pipeline, into the Bulkley River, near the Smithers sewage 
treatment plant.  The haul route will cross streams in the Club Creek, Glacier Gulch Creek and 
Toboggan Creek watersheds and the utilities corridor will cross streams in the Kathlyn Creek and 
Simpson Creek watersheds.  Based on consideration of the locations of the various Project 
components (Figure 6.3-3), a number of key locations have been identified for assessing surface 
water quantity impacts.  The locations were selected so that impacts to water users and to general 
ecosystem health can be specifically addressed.  Key locations include: 
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! PD62028 and PD62949: the location of the closest water users downstream of the 
Project; any impacts to water users would be greatest at these locations. 

! KC1: located on Kathlyn Creek near the inflow to Lake Kathlyn, this location is 
representative of the entire Kathlyn Creek Watershed upstream of the lake; 

! Bulkley River: flow estimates are based on WSC station #08EE005, the Bulkley River 
near Smithers and are representative of flow at the point of mine water discharge; and 

! Stream crossings along the new haul road and utilities corridor. 

6.3.4 Identification of Potential Effects 
In this section, potential impacts from the Project on surface water quantity are identified based on 
consideration of activities associated with the different Project components (Mine Site and 
Loadout, Underground Mine, Utilities and Haul Road) and the different Project phases 
(Construction, Operation and Maintenance, Closure, and Post-closure).  Potential effects on surface 
water quantity associated with each of the Project components and phases are outlined in 
Table 6.3-5.  In the initial screening of effects, no potential effects were identified for the Post-
closure phase; therefore this phase was excluded from the rest of the assessment of surface water 
quantity.

Table 6.3-5 
Identification of Potential Effects to Surface Water Quantity 

Project 
Component 

Activity or  
Sub-component(s) 

that Influence(s) 
Effect Potential Effect Description of Potential Effect 

Construction 
Mine Site and 
Loadout 

Establishment of site 
drainage 

Change in surface 
water quantity 

Hillslope flow from above mine site and loadout 
will be diverted around footprint.  Runoff from 

direct precipitation on the active area of the mine 
site and loadout will be diverted out of the 

Kathlyn Creek Watershed and discharged into 
the Bulkley River. 

Underground
Mine

Development of 700 m 
adit and expansion of 

1066 m adit 

Change in surface 
water quantity 

Development of the 700 Adit may influence 
seeps which supply water to local water users. 

Underground
Mine

Development of 700 m 
adit and expansion of 

1066 m adit 

Change in surface 
water quantity 

Artesian water from the bedrock aquifer will be 
collected and discharged into the Bulkley River 

Utilities Installation of pipeline Change in surface 
water quantity 

The pipeline crosses a number of streams in the 
Kathlyn Creek and Simpson Creek watersheds.  
Temporary diversion of water will be required at 

each stream during installation. 
Haul Road Site clearing; 

construction of 
drainage ditches and 

stream crossings 

Change in surface 
water quantity 

Flow may be changed during installation of 
stream crossings.  Decreased forest cover, and 
the compact road surface may increase runoff. 

(continued) 
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Table 6.3-5 
Identification of Potential Effects to Surface Water Quantity 

(completed) 

Project 
Component 

Activity or  
Sub-component(s) 

that Influence(s) 
Effect Potential Effect Description of Potential Effect 

Operation and Maintenance 
Mine Site and 
Loadout 

Existence of site 
infrastructure

Change in surface 
water quantity 

Hillslope flow from above mine site and loadout 
will be diverted around footprint.  Runoff from 

direct precipitation on the active area of the mine 
site and loadout will be diverted out of the 

Kathlyn Creek Watershed and discharged into 
the Bulkley River. 

Underground
Mine

Existence of 
underground mine 

Change in surface 
water quantity 

The presence of the 700 Adit may influence 
seeps which supply water to local water users. 

Underground
Mine

Existence of 
underground mine 

Change in surface 
water quantity 

Artesian water from the bedrock aquifer will be 
collected and discharged into the Bulkley River 

Haul Road Existence of haul road Change in surface 
water quantity 

Decreased forest cover, and the compact road 
surface may increase runoff.  Stream crossings 

may obstruct movement of stream flow. 
Closure 
Mine Site and 
Loadout 

Removal of all site 
infrastructure;

decommissioning of 
access road 

Change in surface 
water quantity 

Closure of the mine site and loadout would 
restore natural drainage patterns to baseline 

conditions. 

Underground
Mine

Portal closure Change in surface 
water quantity 

Portals will be sealed with concrete plugs; water 
will no longer discharge freely from the 1066 or 

700 adits. 
Haul Road Standard 

decommissioning: 
grading, soil 
placement, 

revegetation, restoring 
natural drainage. 

Change in surface 
water quantity 

Decommissioning the road would restore natural 
drainage patterns to baseline conditions. 

 

6.3.4.1 Mine Site and Loadout 
The mine site and loadout is located at an elevation of approximately 700 m.  It covers an area of 
approximately 11.0 ha in the headwaters of Kath trib A3a.  Early on in the construction phase, a 
cutoff ditch will be established to collect hillslope flow from above the mine site and loadout and 
direct it away from the footprint and into Kath trib A3a; culverts will direct flow in Kath trib A3a 
through the footprint area. 

Two drainage systems will be established within the mine site and loadout footprint at the 700 m 
elevation (see Figure 3.2-3).  In the non-operational area of the site (2.2 ha), runoff generated 
from precipitation falling on the parking lot and office will be directed to a sedimentation pond, 
which will allow removal of total suspended solids (TSS) and residual hydrocarbons prior to 
being discharged into the Kathlyn Creek Watershed.  Runoff generated from precipitation falling 
on the active area of the mine site and loadout (5.8 ha) will be directed, along with water from 
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the underground mine (1066 and 700 adits) and the 1066 DRSP to a retention pond.  Water from 
the retention pond will be treated on-site and then diverted out of the Kathlyn Creek Watershed 
and discharged via a pipeline and diffuser to the Bulkley River.  Discharging runoff from the 
mine site and loadout into the Bulkley River will result in a reduction of water supply within the 
Kathlyn Creek Watershed. 

6.3.4.2 Underground Mine 
The ore body will be accessed via the proposed 700 adit, which will be driven from the mine site 
and loadout area.  Any water produced from within the underground mine (including water that 
is currently discharging from the existing 1066 Adit) will be directed to the mine site retention 
pond.  Following treatment, the water will be discharged via a pipeline to the Bulkley River.  
This will represent an addition of flow to the Bulkley River.  During the consultation process, 
concerns were raised in regard to the potential for water extracted from the underground mine to 
influence local water supply, a portion of which is fed by seeps. 

6.3.4.3 Utilities
An 8 km pipeline will be established in order to discharge treated mine-water into the Bulkley 
River.  Installation of the pipeline will require excavation of a trench approximately 2 m deep and 
1 m wide.  The pipeline will cross several streams in the Kathlyn Creek and Simpson Creek 
watersheds.  During installation of the pipeline, flow in these streams may be temporarily affected. 

6.3.4.4 Haul Road 
To haul ore from the loadout to the processing facility at Endako, a 7.2 km unpaved road will be 
constructed to connect the loadout facility to Highway 16.  The road goes north from the loadout, 
passing through the Club Creek, Glacier Gulch Creek and Toboggan Creek watersheds.  
Construction of the haul road will require clearing of a right-of-way, excavation and fill for the 
road surface, installation of culverts or bridges for nine stream crossings and construction of 
drainage structures (e.g., ditches and cross-drain culverts).  Flow in the streams may be 
temporarily affected during construction.  After construction, the timing and volume of flow may 
be influenced as a result of the change in land cover from forest to compact road surface. 

6.3.5 Description of the Nature and Extent of Potential Effects 
In this section, the nature and extent of potential effects are assessed for each of the Project 
components and phases.  Results from the water balance presented in Section 3.8 (and 
summarized again in Figure 6.3-4) are used to assess the potential for impacts to the key 
hydrological parameters (annual runoff, runoff distribution, peak flows, and low flows).  Impacts 
are assessed at the key locations identified in Section 6.3.3.  The definitions used to assess the 
nature and extent of the potential surface water quantity effects are provided in Table 6.3-6. 
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Table 6.3-6 
Description of the Nature and Extent of Potential Effects on Surface 

Water Quantity 
Major Major shift away from the baseline conditions, fundamental change to surface water 

quantity either by a relatively high amount for a long-term period or by a very high amount 
for an episode such that watershed hydrology is greatly changed from the baseline 
situation.

Medium A significant shift from the baseline conditions that may be long-term or a high amount for 
a temporary period.  Results in a change in the hydrologic conditions of the watershed. 

Low Minor shift away from the baseline conditions.  Changes in water quantity are likely to be 
relatively small, or be of a minor temporary nature such that watershed hydrology is 
slightly affected. 

Negligible Very slight change from the baseline conditions such that no discernible effect upon the 
watershed hydrology results. 

 

6.3.5.1 Mine Site and Loadout 

Construction
The construction phase will be will be short term, especially from a surface water quantity 
perspective, as water management infrastructure (e.g., site drainage, retention pond, treatment 
facility) will be the first priority.  The site will be cleared and graded to allow construction of site 
infrastructure.  While site drainage ditches will re-direct flow paths around the site footprint, the 
water balance will not measurably change from baseline conditions, because no water will be 
added or removed from the area.  The nature and extent of impacts are considered negligible.

Construction of the 700 Adit will only begin once all water management infrastructures are 
established, including an operational water treatment facility, pipeline, and diffuser.  While 
development of the 700 Adit is still considered part of the construction phase, from a water 
management perspective, water quantity impacts will be the same as during operations and 
maintenance.  Therefore impacts related to collecting and discharging this water are addressed 
under the Operation and Maintenance phase. 

Operation and Maintenance 
As outlined in Figures 6.3-4 and 6.3-5, runoff generated in the non-operational (‘natural 
drainage’) area of the mine site and load out (2.2 ha), from the parking lot and office areas, will 
report to a sedimentation pond before discharging to Kath trib A3a.  While the pond may cause 
flow to be temporarily retained, this water would have naturally fallen within the Kath trib A3a 
drainage area; therefore there would be no change to the surface water quantity.  Temporary 
retention of water within the sedimentation ponds would result in a slight change in the timing of 
flows.  Impacts within the non-operational footprint area are considered negligible.

All runoff generated in the operational (‘capture and treat’) area of the mine site and load out 
(6.6 ha) will be collected and treated before being diverted with the rest of the mine water to the  



ai 
no

.  a
18

16
4w

-C
h6

Jo
b N

o. 
 75

0-4
15

/02
/20

08
-11

:00
am

TM

FI
GU

RE
 6.

3-
5

D
av

id
so

n 
M

in
e 

Su
rf

ac
e 

Si
te

 R
un

of
f W

at
er

 C
ol

le
ct

io
n 

Pl
an

So
ur

ce
: 

tch



Environmental Assessment 

August 2008 Davidson Project: Application for Environmental Assessment Certificate Blue Pearl Mining Inc. 
Volume I 6–91 Rescan™ Environmental Services Ltd. (Proj. #750-4) 

Bulkley River.  This will decrease the watershed area at PD62028 and KC1, and will affect the 
annual runoff depth, peak flow and low flow volumes at these key locations.  There will be no 
impacts at PD62949, as this location is topographically separated from the mine site and loadout.  
The magnitude of the changes on surface water quantity is summarized in Table 6.3-7. 

Table 6.3-7 
Magnitude of Impacts Related to Diverting Water from Mine Site and 

Loadout Out of Kathlyn Creek Watershed 
Watershed 

  PD62028 KC1 
Watershed area 283 ha 749 ha Baseline Conditions 

Average annual runoff1 505 mm 529 mm 
Mine site and loadout area2 6.6 ha 6.6 ha 
Adjusted watershed area 276 ha 742 ha 

Change in watershed area -2.5% -0.9%
Annual water volume collected from mine site surface3 42,749 m3 42,749 m3

Resultant change in annual runoff -15 mm -5.8 mm 

Operation and 
Maintenance 

Change in annual runoff -3.0% -1.1% 
Notes:  
1 Average annual runoff calculated by applying a runoff coefficient of 0.72 to orographically adjusted annual precipitation 
estimates based on the median elevation of the watershed (see Appendix F1 for derivation of runoff coefficient and 
orographic correction factor). 
2 Includes the active area at the 700 m elevation and surface area of the 1066 DRSP.  This total area will be “lost” from the 
Kathlyn Creek Watershed. 
3 Based on water balance presented in Section 3.8. 

Based on the water balance calculations for the 700 Operational Area and the 1066 DRSP, on 
average, an annual water volume of 42,749 m3 would be diverted from the PD62028 and KC1 
watersheds and discharged into the Bulkley River.  This represents a decrease in annual runoff of 
15 mm (3.0%) and 5.8 mm (1.1%) for PD62028 and KC1, respectively.  The percentage change 
would be expected to be the same even during an extreme dry or wet year.  Given the large range 
of natural variability in annual runoff totals (420 to 918 mm from historical observations at SC1), 
such a small change in annual runoff will not affect the water supply of downstream water users 
or ecosystem health downstream.  The nature and extent of this change is considered negligible.

It should be noted that only a portion of the mine site and loadout runoff that is diverted to the 
Bulkley River represents an increase in flow; under baseline conditions, the runoff would 
naturally drain to the Bulkley River.  However, the estimated runoff coefficient for the natural 
watershed is 0.72; for the mine site and loadout, the estimated runoff coefficient is 1.0 (i.e., all 
precipitation falling directly onto the mine site and loadout will be collected and diverted).  
Therefore, the increase in flow in the Bulkley River is 28% of the annual water volume diverted 
from the mine site and loadout, or 11,970 m3.  This increase in flow is orders of magnitude 
smaller than the annual flow volume of the Bulkley River near the pipeline discharge location 
(5,132 Mm3) and is considered negligible.
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Removing the operational area of the mine site and loadout from the PD62028 and KC1 
watersheds represents less than a 3% change in total watershed area.  Based on the small change 
in watershed area, no measurable impact on peak flow rates is expected at PD62028 or KC1.  
There is high natural inter-annual variability associated with annual peak flows.  As such, the 
uncertainty associated with Q100 peak flow estimates, is generally on the order of 20% to 40% 
(Beaumont, 1989; Jones and Fahl, 1994; Curran et al., 2003), which is much larger than the 
changes in watershed areas.  The nature and extent of impacts related to peak flow is therefore 
considered negligible.

Similarly, no impacts are expected to low flows at PD62028 or KC1.  Baseline low flows in 
these streams are naturally very low, with streams freezing over during the winter.  The impact 
from a slightly decreased watershed area would not be detectable and is considered negligible.

Closure
Upon closure, all site infrastructures will be removed and drainage patterns will be returned to 
baseline conditions.  Vegetation will take five to ten years to re-establish following closure 
activities; no long-term impacts to surface water quantity are expected. 

6.3.5.2 Underground Mine 

Construction
A concern that was raised through the consultation process was the potential for impacts to the 
water supply of local residents, specifically in regards to potential interactions between the 
surface and groundwater systems, and the influence of the Glacier Gulch fault.  Water flowing 
down the avalanche track at the south end of the switchback road disappears subsurface near 
switchback #7.  Seeps observed at switchback #3 supply water to Kath trib A, which is the main 
water source for PD62949 approximately 1 km further downstream, and also provides water to 
PD62028.

In addition to the surface water and groundwater baseline monitoring programs (Appendices F1 
through F3), specific field studies were completed that included tracer studies and water 
sampling to investigate the source of the water seeping out at switchback #3 (Appendices F5 and 
F6).  Results of the tracer studies were inconclusive (i.e., no direct connection between water 
from the avalanche track and the seeps was observed), however analysis of the water samples 
provides important evidence about the source of the water.  Electrical conductivity was 
monitored in the field, and water samples were collected from the three seeps near switchback #3 
(KC12, KC-SP1, KC-SP2), and from the avalanche track upslope (KCDS).  These samples were 
analyzed along with other surface water samples collected within the Kathlyn Creek watershed, 
and samples from the groundwater well RES-DAV-01A.  This well was drilled into bedrock 
approximately 600 m north of the seeps, immediately adjacent to the proposed mine site 
footprint area. 

Based on comparison of electrical conductivity, the water from the seeps showed similar 
conductivity to the other surface water samples (range = 18 to 60 !S/cm), and was markedly  
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lower than conductivities observed from deep groundwater sources (range = 200 to 900 !S/cm) 
(Appendix F5).  High conductivity is characteristic of rock aquifers due to the high 
concentrations of dissolved ions (electrolytes) in the groundwater.  The long residence time of 
the groundwater in rock aquifers allows for the dissolution of ions (salts) associated with the 
aquifer rocks. 

Water samples were also analysed based on major ions (Cl, SO4, HCO3, Na, K, Ca, Mg) and are 
summarized in a Piper plot in Figure 6.3-6.  Piper plots are used to show clustering of data points 
to indicate samples that have similar compositions.  The water from the seeps clusters with the 
other surface samples in the top portion of the plot, and is distinctly different than the sample 
from RES-DAV-01A.  This provides strong evidence that the water from the seeps reflects a 
surface water source, and not a deep groundwater source. 

Rescan drilled 5 wells as part of the Groundwater Baseline Program (Appendix F2).  Five 
additional holes were drilled by BGC Engineering as part of geotechnical investigations of the 
mine site area (Appendix C3).  All of these holes encountered a significant till layer (ranging 
from 3.5 to >40 m thick).  This suggests that a till layer should be expected in the area of 
switchback #3.  The till has lower hydraulic conductivity than the bedrock aquifers, and therefore 
would act as an aquitard, preventing significant interaction between the surface (and shallow 
groundwater) and deep groundwater systems.  Based on the available field data, the nature and 
extent of interactions between surface and groundwater systems is considered low.

Any water produced during portal construction will be collected, treated, and discharged into the 
Bulkley River; this will increase flow in the Bulkley River.  As outlined in the water balance, in 
the long term (i.e., once the underground workings are fully developed), the underground mine is 
expected to produce an average of 36 L/s (0.036 m3/s) of water to be discharged into the Bulkley 
River.  The water treatment facility will be designed to be able to treat 60 L/s on a continual 
basis.  While instantaneous flow rates during construction may temporarily exceed 60 L/s, the 
retention pond has capacity to store this water.  Since only a small portion of the underground 
workings will be developed through the construction phase, average flow rates are expected to be 
much less than the long term average used to develop the water balance.  Based on the design 
rate of 60 L/s, the magnitude of the impact of discharging into the Bulkley River is summarized 
in Table 6.3-8.  Even under extreme low flow conditions (7Q100), the addition of 60 L/s of mine 
water would only increase flow in the Bulkley River by 0.43%.  Therefore effects related to 
water quantity are considered negligible.

Operation and Maintenance 
Through the life of the Project, the underground mine will continue to discharge water from the 
bedrock aquifer, which will be collected, treated, and sent to the Bulkley River.  As outlined 
above, the impact of discharging 60 L/s of treated water is expected to be less than 0.5% of the 
extreme low flows in the Bulkley River, and impacts are therefore considered negligible.

Closure
Upon closure of the Project, the portal will be sealed with cement plugs.  Details of the closure 
plan are discussed in Chapter 4.  Sealing the adits will mean that water will not freely discharge 
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from the mine.  Once the water treatment facility is closed, flow in the Bulkley River will return 
to baseline conditions. 

Table 6.3-8 
Impact of the Addition of Water from the Underground Mine on Low 

Flows in the Bulkley River at the Proposed Discharge Location 

Return 
Period (yrs) 

Annual 7-day Low 
Flow Estimate 

(m3/s)1 

Additional Input of Water 
from Underground Mine 

(m3/s) 

Resultant Low Flow 
Estimate  

(m3/s) 
Increase in Flow

(%) 
2 25.1 0.060 25.2 0.24 
5 19.4 0.060 19.5 0.31 
10 17.2 0.060 17.3 0.35 
20 15.8 0.060 15.9 0.38 
50 14.6 0.060 14.7 0.41 
100 14.1 0.060 14.2 0.43 

1 Based on 7-day low flow analysis of WSC station #08EE004, Bulkley River at Quick, plus 20% to account for increase in 
watershed area at discharge location. 

6.3.5.3 Utilities

Construction
Installation of the pipeline will require a trench to be excavated across portions of the Kathlyn 
Creek and Simpson Creek watersheds; the pipe will be buried below the frost line at a depth of 
approximately 1.8 m (6 ft).  When excavating the trench, areas of near surface groundwater will 
likely be intercepted, filling the trench with water.  When necessary, pumps will be used to dewater 
the trench during construction.  Pumped water will be discharged to the surface a short distance 
away.  Depending on the location of the discharge point, some of the discharged water may flow 
overland and reach a nearby stream, increasing flow.  It should be noted however, that the flow 
increase would be short-term.  The near surface groundwater would eventually reach the stream 
channel through natural drainage patterns.  Pumping the water only provides a faster flow path for 
the water; it does not change the total volume of water within the watershed. 

Fifteen stream crossings have been identified along the pipeline, including the Bulkley River at the 
diffuser location.  Pipeline installation at these crossings will require flow to be temporarily 
diverted either by pumping, or through diversion channels.  Alternatively, trenchless installation 
techniques (e.g., pipe ramming) will be used to install the pipe beneath sensitive streams where 
there is important fish habitat, or water users immediately downstream.  While streamflow may be 
diverted around the construction site during installation at stream crossings, this will not affect 
water quantity downstream. 

Given the above discussion, the nature and extent of surface water quantity effects related to 
pipeline installation are considered low.

Operation and Maintenance 
Once the pipeline is installed, no impacts to surface water quantity are expected.  Impacts related 
to pipeline leaks or spills are addressed in Chapter 7 (Accidents and Malfunctions). 
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Closure
Upon closure, the pipeline intake at the mine site, and the diffuser at the Bulkley River, will be 
decommissioned by removal and capping of the ends.  The remaining non-functioning sections 
of pipeline will remain buried.  No impacts to surface water quantity are expected. 

6.3.5.4 Haul Road 

Construction
Impacts to surface water quantity related to construction of the haul road will be limited to the 
areas near stream crossings.  A total of 9 stream crossings have been identified along the haul 
road route.  Temporary pumping or diversion of stream water will be required when installing 
stream crossing structures.  Any pumped or diverted water will be re-introduced to the stream 
further downstream; therefore the total water volume will not be affected.  Any impacts to 
surface water quantity during construction will be localized and very short-term, and are 
considered negligible.

Operation and Maintenance 
Potential impacts to the hydrological response of a watershed associated with roads include: 

! increased runoff depths, due to decreased forest cover, and the compact road surface; 

! increased peak flows, due to increased hydrologic response to storm events; and 

! obstructed flow paths at stream crossings, especially during high flow events. 

The change in land cover from forest to road surface may increase annual runoff depths.  The 
baseline annual runoff coefficient for the Project area is approximately 0.72.  The new road 
surface would increase the runoff coefficient to approximately 0.90; this represents an increase in 
runoff of approximately 18%.  However, the total area of the road corridor (17 ha) represents less 
than 1% of the watershed area in each of the Club Creek, Glacier Gulch Creek and Toboggan 
Creek watersheds (Table 6.3-9). Cumulatively, an 18% increase in runoff over less than 1% of 
the watershed area will have a negligible impact on annual runoff depth. 

Table 6.3-9 
Summary of Road Corridor Areas in the Club Creek, Glacier Gulch 

Creek and Toboggan Creek Watersheds 

Watershed 
Watershed Area 

(km2) 
Road 

Length (m) 
Road Corridor 

Area (ha) 
Percentage of 

Watershed Area (%) 
Club Creek 3.51 818 2.0 0.58 
Glacier Gulch Creek 14.42 2,712 6.8 0.47 
Toboggan Creek 57.83 3,280 8.2 0.14 

Notes:  
1 Club Creek Watershed area does not include flow input from the Glacier Gulch diversion. 
2 Glacier Gulch Creek Watershed defined as area upstream of GG3 hydrometric station. 
3 Toboggan Creek Watershed defined as area upstream of the last stream crossing. 
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The compact road surface and drainage ditches can theoretically increase peak flows by 
providing preferential flow pathways that speed up the hydrologic response of the watershed; 
however, there has been a lack of consistent evidence to support this (Scherer and Pike, 2003).  
King and Tennyson (1984) suggest that significant changes in peak flows (Q4 and Q20) occurred 
in an experiment with small watersheds (0.28 to 1.48 km2) where roads exceeded 3.9% of the 
total basin area.  However, others have argued that these results were not statistically significant 
(Teti and Northway, 1986), and suggest that there were no detectible changes to peak discharge 
in watersheds with road area less than 4.3% of the watershed.  Given the small area (less than 1% 
for all watersheds) affected by road construction for the Project, it is likely that the road will 
have a negligible effect on the timing and magnitude of peak flows. 

Nine stream crossings have been identified along the haul road from the mine site and loadout to 
Highway 16.  Structures (culverts and bridges) will be designed and installed at these crossings 
following guidelines suggested in the Forest Road Engineering Guidebook (BC MOF, 2002b).  
The bridges and culverts will all be designed to pass the 1-in-100 year (Q100) storm flow.  Rip-
rap will be appropriately sized and used where necessary to prevent erosion and to protect the 
crossing structures. 

Under most flow conditions, the culverts and bridges will be able to convey discharge with no 
impact on natural stream flows.  However, it is possible that the design flows will be exceeded. 

If design flows are exceeded, culvert or bridge structures may partially obstruct flows, which 
could result in elevated upstream water levels (backwatering) and overtopping of the structure.  
This may delay the timing of the peak flow; however, the total flow volume would not be 
affected.  The rip-rap at the inlet of culverts and bridges will protect against catastrophic failure 
of crossing structures during peak flows. 

The probability of exceeding a flood of return period t within n years is: 

Exceedance Probability =
n

t
"
#
$%

&
' (( 111

Hence, based on a 10-year mine plan, the Q100 has a 10% chance of being exceeded for each 
crossing.  Given the low probability of occurrence, impacts related to the obstruction of flow 
paths are considered low.

Closure
The Closure Plan requires deactivation of the road, removal of stream crossing structures and 
reclamation of the road corridor.  Work associated with closure will return drainage patterns to 
baseline conditions.  No impacts to surface water quantity are expected. 
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6.3.6 Mitigation Measures and Identification of the Potential Residual 
Adverse Effects 

6.3.6.1 Mine Site and Loadout 

Construction
Best management practices, as outlined in Section 11, will be followed during construction of mine 
site and loadout infrastructure.  An environmental monitor will be on site to ensure appropriate 
measures are taken when working in and around stream environments.  While surface flows may 
be diverted around construction areas, no change in surface water quantity is expected. 

Operation and Maintenance 
An inspection program will be established to ensure drainage ditches and culverts are clear of 
sediment and debris (branches, leaves, snow, etc.) so that water can freely flow through the 
system.  This will be especially important at the beginning of spring melt, and at the beginning of 
the fall.  While clogged ditches and culverts may affect the timing of flows, no change in surface 
water quantity is expected. 

6.3.6.2 Underground Mine 
As described in Section 3.5.2.6, as blasting holes are drilled to advance underground drifts, the 
holes will be observed to determine if a constant water source is reporting to the area.  If a 
significant amount of water is produced, pressure grouting will be completed in order to limit the 
amount of water flowing into the mine.  Preventing water from flowing into the mine (especially 
water from any faults or fractures encountered) will mitigate potential impacts to seeps and to 
local water supply.  Should impacts to local water supply be observed, Blue Pearl will provide 
residents with an alternate water source (e.g., install pipe to tap into an adjacent watershed). 

6.3.6.3 Utilities

Construction
Best management practices (Section 11.3) will be followed during installation of the pipeline.  
Before pumping near surface groundwater in the area of active installation, an environmental 
monitor will identify appropriate locations for discharging pumped water.  Care will be taken 
when backfilling the trench to ensure that the fill material will exhibit similar permeability to the 
surrounding area, and therefore not act as a preferential flow pathway. 

Pipe ramming will be used to install the pipe beneath sensitive stream environments.  No change 
in surface water quantity is expected at these locations. 

6.3.6.4 Haul Road 

Construction
Best management practices will be followed when working in and around stream environments 
to install stream crossing structures (i.e., culverts and bridges).  An environmental monitor will 
be on site to determine appropriate methods for diverting or pumping water around the reach 
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where construction activities will take place.  While pumping or diverting flow will temporarily 
displace the natural flow path in the immediate vicinity of construction, no change in surface 
water quantity is expected downstream. 

Operation and Maintenance 
Culverts and bridge crossings along the haul road will be designed to accommodate the Q100 flow 
event.  This will inherently mitigate effects to flows below the Q100.  However, over time 
sediment and/or debris (e.g., branches, leaves, snow, etc.) may accumulate in or around the 
structure, decreasing the ability of the structure to pass the flow.  A regular monitoring program 
will be established to ensure crossing structures, as well as drainage ditches along the side of the 
road, are free to convey flow through the system.  This will be especially important at the 
beginning of spring melt, and at the beginning of the fall. 

Closure
Best management practices will be followed when working in and around stream environments 
to remove stream crossing structures (i.e., culverts and bridges).  An environmental monitor will 
be on-site to determine appropriate methods for diverting or pumping water around the reach 
where decommissioning activities will take place.  While pumping or diverting flow will 
temporarily displace the natural flow path, in the immediate vicinity of construction, no change 
in surface water quantity is expected downstream. 

6.3.7 Assessment of the Significance of Residual Adverse Effects 
Based on the description of potential Project effects, three activities/components were identified 
as having the potential for adverse residual effects: development of the underground mine, 
installation of the pipeline, and the presence of haul road stream crossings.  The significance of 
these potential effects is assessed below.  The assessment considers the magnitude, spatial extent, 
duration, frequency, reversibility and resilience of the potential effects as defined in 
Section 5.5.6.  The assessment also considers the probability of occurrence, and discusses the 
confidence limits of the assessment.  A summary of the entire assessment of surface water 
quantity is provided in Table 6.3-10. 

6.3.7.1 Development of the Underground Mine 
Development of the Underground Mine will cause the workings to be a sink for groundwater.  
Grouting procedures during the advancement of underground workings will minimize the 
volume of water discharging to the workings, and minimize any potential impacts to water 
supply from seeps in the area.  Following implementation of mitigation measures, the magnitude 
of potential effects is considered low, and any effects would be highly localized.  The effect 
would be continuous, but would be reversible in the short term, as additional grouting could be 
completed.  The probability of occurrence is low, and the confidence limits of the assessment are 
considered intermediate.  The level of significance of this effect is considered negligible.

6.3.7.2 Installation of the Pipeline 
When installing the pipeline, near surface groundwater will to be pumped in order to allow 
installation to be completed in a dry trench.  Pumping will likely occur at a number of locations 
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along the pipeline corridor.  At any one location, the magnitude of pumping (e.g., volume) will 
be low, and pumping will be highly localized and short-term.  Pumped water will be discharged 
to the surface a short distance away.  The Environmental Monitor will ensure that water is 
discharged at an appropriate location that allows the water to infiltrate back into the subsurface 
and is at least 20 m from the nearest stream, minimizing the potential for overland flow.  Such 
areas are abundant along the forested, alluvial slopes of the area; therefore, the probability of 
occurrence for changes to streamflow is low.  The confidence limits in the mitigation measures 
are intermediate.  Following completion of the pipeline at each location, flow paths will be 
returned to natural conditions.  The level of significance of this effect is considered negligible.

6.3.7.3 Haul Road Stream Crossings 
Given the uncertainty associated with the estimation of extreme flow events, the confidence 
limits are intermediate; however, an appropriate factor of safety will be included in the design of 
all stream crossings. 

A regular monitoring program will be established to ensure crossing structures, as well as 
drainage ditches along the side of the road, are free to convey flow through the system.  The 
structures will be rip-rapped to protect them from failure under such extreme flows. 

If the design flow is exceeded, water would back up behind the structure.  This would affect the 
timing of flow (attenuating peak flows), but would not affect the total volume of water.  Should 
such an extreme event occur, effects would be highly localized, and short-term.  Once flows 
subside, natural flow patterns would be restored.  The level of significance of this effect is 
considered negligible.

6.4 Surface Water Quality 

6.4.1 Environmental Setting and Baseline Conditions  

6.4.1.1 Overview
Surface water in the Project area is an important resource for local residents, who use it for 
drinking and agricultural purposes.  Surface water is also an intrinsic component of the 
biological and physical environment.  It is an indicator of environmental health because it is 
linked to other key ecosystem components such as fish and fish habitat, aquatic resources 
(benthos and periphyton), soil, vegetation, and wildlife.  This section assesses potential changes 
to the physical environment that may affect water quality concentrations.  How potential changes 
in water quality may affect fish and aquatic resources, and human health (i.e., drinking water) is 
assessed in Sections 6.7 and 6.16, respectively. 

Baseline water quality studies included both chemistry and toxicity analyses of the water within the 
Project area.  The geographic extent of the baseline study area encompassed the following 
watershed groups (Figure 6.4-1):  

! Adit: A1, AD2, A3, A4, and A5; 

! Glacier Gulch Creek: GG1, GG2, GG3, GG4, UK1, UK2, and CC1;  
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! Kathlyn Creek: KC1, KC2, KC3, KC4, KC6, KC7, KC8, KC9, KC10, KC11, KC12, 
KC13, KC15, and KC16; 

! Simpson Creek: SC1 and SC2;

! Tobbogan Creek: TC1 and TC2; and

! Bulkley River: BR1, BR2, BR3, BR4, and BR5. 

The sampling locations encompass the mine site and loadout area, haul road, and the downstream 
receiving environment. Some water samples were also collected from Elliot Creek (EC1) and 
Glass Creek (GC1), but these were not part of the main sampling program, and are not discussed 
further here.  Complete details of baseline data are provided in Appendix F3, and a summary is 
provided below.  

6.4.1.2 Water Chemistry 
Water quality stations and sampling frequency were proposed by Blue Pearl, and further refined 
through consultation with regulatory agencies and public interest groups.  The site selection was 
designed to overlap with the aquatic biology surveys (Section 6.7).  Water from streams in the 
study area was sampled and analyzed for physical parameters, dissolved anions, nutrients, total and 
dissolved metals, and total organic carbon (TOC).  Sites were monitored monthly between April 
2005 and May 2006.  To characterize the variability during key flow period, sampling frequency 
was increased to weekly during the fall (October 2005), winter (January to February 2006), and 
freshet (May to June 2006).  Monthly sampling is ongoing, though at fewer stations than the April 
2005 to May 2006 period. 

Due to the diversity of water use in the Project area, a variety of provincial (B.C.), federal, and 
international water quality guidelines and regulations were consulted to provide a basis for 
comparison and evaluation, including: the Metal Mining Effluent Regulations (MMER) for end-
of-pipe discharge levels, CCME for Protection of Aquatic Life and Drinking Water, B.C. 
Drinking Water guidelines, B.C. water quality guidelines for the Protection of Aquatic Life, and 
World Health Organization (WHO) Drinking Water guidelines as requested on behalf of the 
Wet’suwet’en during a working group meeting in March, 2006.  Baseline water quality with 
respect to drinking water is presented in more detail in the Health Effects Assessment (Section 
6.16).

The following sections present a summary of the water chemistry for each of the watershed 
groups.  The maximum and average values that were measured in each watershed group are 
presented in Table 6.4-1.  Complete details of the baseline program are provided in Appendix F3.  

Adit
Water has been flowing from the 1066 Adit and down the east face of Hudson Bay Mountain for 
over three decades.  Five sites within the Adit watershed grouping were monitored.  The 
following 14 parameters were in excess of the MMER, CCME and/or B.C. guidelines for one or 
more samples: TSS, fluoride, sulphate, ammonia nitrogen, and total aluminum, antimony, 
arsenic, cadmium, cobalt, copper, iron, lead, manganese, and molybdenum.  
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Development and exploration blasting activities in the 1066 Adit (under various Notice of Work 
permits from the BC MEMPR) contributed TSS and nitrogen compounds to the receiving 
environment at water sampling site A1.  The water flowing from A1 enters a waste rock pile and 
flows subsurface to A5.  The water quality at A5 was better than at A1, indicating attenuation of 
these parameters as water flows through the pile.  Attenuation of arsenic was also identified at 
this location.  Development activities at the 1066 Adit, though producing observable changes to 
the water quality at A1, did not result in long-term changes to the water quality at sample sites 
A5, GG4, and in the lower reaches of the receiving environment. 

Glacier Gulch 
Seven sites were monitored from the Glacier Gulch watershed grouping.  Ten parameters in this 
watershed grouping were observed to exceed MMER, CCME and/or B.C. guidelines including: 
fluoride, sulphate, and total aluminum, arsenic, cadmium (due to inadequate laboratory detection 
limits), copper, iron, manganese, molybdenum, and zinc.   

Kathlyn Creek 
Fifteen sites were monitored from the Kathlyn Creek watershed grouping.  Parameters in 
Kathlyn Creek watershed grouping that were observed to exceed MMER, CCME and/or B.C. 
guidelines for one or more samples include: total aluminum, arsenic, copper, iron, manganese, 
and molybdenum.  Of the watershed groupings, the Kathlyn Creek watershed grouping had the 
least number of parameters that exceeded guidelines under baseline conditions.  Samples that did 
exceed guideline values were associated with elevated TSS and turbidity.  

Bulkley River
Five sites within the Bulkley River were monitored.  Parameters in the Bulkley River that 
consistently exceeded MMER, CCME and/or B.C. guidelines were total aluminum, copper, iron, 
and mercury.  

Simpson, and Toboggan Creeks 
Two sites were monitored from the Simpson Creek watershed and three sites were monitored in 
the Toboggan Creek watershed.  Parameters that were observed to exceed MMER, CCME and/or 
B.C. guidelines for one or more samples were: total aluminum, copper, and iron. 

6.4.1.3 Principal Component Analysis  
Due to the large number of monitoring parameters and the complexity of the monitoring results, 
a principal component analysis (PCA) was conducted to provide a clearer interpretation of the 
water quality data.  PCA is a mathematical procedure that transforms a number of (possibly) 
correlated variables into a smaller number of uncorrelated variables called principal components.  
The first principal component accounts for as much of the variability in the data as possible, and 
each succeeding component accounts for as much of the remaining variability as possible. 

Six components were extracted from the PCA.  The first two (PC1 and PC2) accounted for 
34.3% and 18.4% of the explained variance in the data set, respectively.  The first component 
was significantly correlated with 11 water quality variables, including parameters related to 
water hardness (Ca, Mg, hardness, and alkalinity), conductivity (Total Dissolved Solids (TDS)) 
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and conductivity), fluoride, sulphate, sulphur, and total molybdenum and strontium.  The second 
component was related to total aluminum, turbidity, and TSS.  A plot of the component factor 
scores showed a decreasing trend in PC1 (hardness/conductivity/molybdenum) from the Adit to 
the down-gradient waterbodies (Figure 6.4-2).

6.4.1.4 Toxicity
Toxicity testing of stream water was conducted at a number of locations to strengthen 
understanding of existing water quality conditions in the receiving environments downstream of 
the Project.  Toxicity tests were conducted during four periods: October (high rain driven flows), 
January (low flows), May (freshet), and August (low flows).  Acute toxicity tests were conducted 
with water collected from the following sampling locations: Kathlyn Creek (KC3 and KC4), 
Glacier Gulch Creek (GG4), 1066 Adit (A1), Toboggan Creek (TC1), and the Bulkley River (BR3 
and BR4).  Acute tests included both the 48-hour Daphnia magna LC50 and the 96-hour rainbow 
trout (Oncorhynchus mykiss) LC50 bioassays.  Chronic toxicity tests were conducted on water from 
monitoring site A1.  These tests included the seven day cladoceran (Ceriodaphnia dubia) partial 
life-cycle test, seven day Lemna minor growth inhibition test, 72-hour algal (Selenastrum 
capricornutum) growth inhibition test and seven-day rainbow trout embryo viability test.  

The results of the toxicity tests indicated that the potential receiving environment (i.e., waters 
downstream of the 1066 Adit and the Bulkley River) do not appear to be acutely or chronically 
toxic to aquatic life.  One acute test exhibited a decrease in survival (LC50 at 71% test water 
concentration), observed in the August 2006 sample collected from GG4.  In addition, water 
from the 1066 Adit did not show chronic effects to invertebrates, algae, aquatic plants, or fish.  
One sublethal test exhibited a decrease in growth, observed in the October 2005 sample and the 
measurement endpoint was a reduction in Lemna gibba frond number. 

6.4.2 Selection of Valued Ecosystem Components 
Surface water quality is a VEC because it is an important resource for local residents who use it for 
drinking and agricultural purposes.  As part of the work associated with the Notice of Work, Blue 
Pearl identified 39 residences/groups that use Glacier Gulch and Kathlyn creeks as a source of 
drinking water (upstream of Lake Kathlyn).  Water quality is also an indicator of environmental 
health as it is linked to other key ecosystem components such as fish and fish habitat, aquatic 
resources (benthos and periphyton), soil, vegetation, and wildlife.  As described earlier, Section 6.4 
assesses potential changes to the physical environment that may affect water quality 
concentrations.  How potential changes in water quality may affect fish and aquatic resources, and 
human health (i.e., drinking water), is assessed in Sections 6.7 and 6.16, respectively. 

6.4.3 Spatial Boundaries  
The spatial boundaries of the surface water quality effects assessment are:  

! the reach of the Bulkley River downstream of the proposed discharge location;

! the Kathlyn Creek watershed; and

! the Toboggan Creek watershed (Figure 6.4-3).   
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The length of the reach in the Bulkley River is based on mixing conditions within the river 
downstream of the mine water discharge location, as described later in this section.  The Kathlyn 
Creek watershed incorporates all infrastructure associated with the mine site and loadout, the 
utilities corridor, and a short section of the new haul road.  Lake Kathlyn and the Club Creek and 
Simpson Creek sub-watersheds are included within this boundary.  Toboggan Creek watershed 
includes the new haul road.  The Glacier Gulch Creek sub-watershed is included within this 
boundary.

6.4.4 Identification and Description of Potential Project Effects  

6.4.4.1 Identification of Potential Effects 
The following section identifies the potential effects that the four mine components (i.e., mine 
site and loadout, underground mine, utilities corridor, and haul road) may have on the quality of 
water in the waterbodies that are in the assessment boundaries.  A summary of the identified 
potential effects is presented in Table 6.4-2.  Throughout this section, unless otherwise stated, it 
is assumed that all infrastructure and mine activity is working under normal operating conditions.
Accidents and malfunctions related to situations such as failure of water treatment infrastructure 
or a major contaminant spill are addressed in Chapter 7. 

Table 6.4-2 
Identification of Potential Effects on Surface Water Quality  

Potential Effect  

Component 
Surface Runoff 

and Siltation 
Localized 

hydrocarbon spill 

Discharge of 
Non-Operational 

Water 

Discharge of 
Treated Mine 

Water 
Mine site and Loadout          
Construction K K  B 
Operation and Maintenance K K K B 
Closure K K  B 
Post-closure     
Utilities         
Construction K, B K, B   
Operation and Maintenance     
Closure     
Post-closure     
Haul Road         
Construction K, T K, T   
Operation and Maintenance K, T K, T   
Closure K, T K, T   
Post-closure         

Notes:  
     K = potential effect within the Kathlyn Creek Watershed. 
     T = potential effect within the Toboggan Creek watershed. 
     B = potential effect in the Bulkley River. 
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Mine Site and Loadout 
As described in Section 3.8.2, water management at the mine site and loadout is divided into four 
zones, based on the level and type of activity occurring in that area (Figure 6.4-4):

1. General water management;  

2. Diversion ditching;

3. Non-operational mine site runoff; and 

4. Operational water.  

General Water Management 
Natural hillslope runoff within the Kath Trib A3 drainage will be exposed to mining activity 
from limited traffic along the switchback road (mainly during mine construction), daily traffic 
accessing the 700 m mine site area (haul trucks, employees, and service vehicles), as well as 
runoff from topsoil stockpiles.  Potential impacts to water quality in this zone include increased 
suspended sediment concentrations as a result of erosion from road and soil stockpile surfaces 
and introduction of hydrocarbons such as fuel, oil, and grease from trucks and machinery.   

Diversion Ditching 
Cutoff ditches will collect hillslope runoff from the area immediately upslope of the 700 m mine 
site footprint and direct it to Kath Trib A3a, minimizing the amount of runoff flowing through 
the mine site area.  Kath Trib A3a flows through the non-operational mine site area between the 
parking lot and the topsoil stockpile.  Culverts will be used where necessary to direct the flow 
under mine site roads.  Potential effects to water quality include increased concentrations of 
suspended solids from erosion of areas disturbed during construction of the cutoff ditches.

Non-operational Mine Site Runoff 
Non-operational mine site runoff includes all surface runoff generated from the ‘natural drainage’ 
area of the mine site and loadout as delineated in Figure 6.4-5, including the office and parking lot 
areas.  Runoff from these areas will report to a sedimentation pond before discharging to Kath Trib 
A3a.  Potential effects to water quality include elevated suspended solids and elevated 
hydrocarbons from minor spills and leaks on the parking lot and mine site roads. 

Operational Water 
Operational water includes any water discharging from the underground mine (1066 and 700 
Adits), runoff from the 1066 DRSP, and surface runoff from the ‘capture and treat’ area of the 
mine site and loadout as delineated in Figure 6.4-5.  The capture and treat area includes all 
surface areas that may be in direct contact with mining activity (e.g., the loadout, fuelling 
stations, maintenance shops, and the 700 DRSP).  While the water management plan has been 
designed to remove operational mine water from the Kathlyn Creek watershed (a source of 
drinking water), there are potential effects associated with discharging the treated mine water to 
the Bulkley River. 
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During Project development, potential water quality issues were identified from water 
discharging from the underground mine, and from surface runoff from the DRSPs.  Baseline 
monitoring indicated that water discharging from the portal of the 1066 Adit has elevated levels 
of dissolved molybdenum and arsenic.  It is expected that new water sources encountered during 
development of the underground mine will reflect this same water quality.  Therefore, as 
described in Section 3.8.3, the water treatment facility has been designed to treat for these two 
parameters.  The treatment process uses the same treatment method that has been successfully 
used since 1998 at the Brenda Mines in Peachland, B.C.   

The 1066 and 700 DRSPs will contain rock that has shown the potential to produce metal 
leaching and acid rock drainage (ML/ARD) (see Section 3.6).  Special management methods will 
be adopted to minimize the potential for ML/ARD.  The piles will be stored on high density 
polyethylene- (HDPE) lined pads, preventing seepage into the local groundwater system.  The 
Bowser and Hazelton rocks, which are potentially acid-generating, will be encapsulated within a 
granodiorite layer, which has some neutralizing capacity.  In addition, lime will be incorporated 
into the piles as they are constructed to further increase their neutralizing capacity.  All runoff 
from the DRSPs will be directed to the retention pond of the water treatment facility.  The 
DRSPs will be stored on surface for a short period.  The rock will be backhauled into the 
underground mine and used as backfill material.  Underground, the rock will be placed in 
neutralizing granodiorite, or incorporated into cement rock fill; therefore, it is not expected to 
degrade underground water chemistry.  

The remainder of the operational area at the 700 m elevation (approximately 3.6 ha) includes the 
mine loadout facility, mine site roads, the maintenance/warehouse building and the water 
treatment facility.  Storm runoff from this area will report to the water treatment facility.  The 
majority of activity within this area will be related to regular truck traffic.  Other than the 
potential for elevated concentrations of suspended solids, the water quality of this storm runoff is 
expected to reflect the baseline water quality of the Kathlyn Creek area.

Water will continually discharge from the underground workings.  Design of the water treatment 
facility has incorporated contingency measures for periods when the treatment plant is down.  
The retention pond of the water treatment facility will have a capacity of 6,000 m3.  Average 
daily flow from the underground mine is expected to be approximately 3,110 m3.  Excess 
capacity will be maintained in the pond to provide a minimum retention of 24 hours in case the 
water treatment facility is temporarily inoperable.  Installation of a diffuser in the Bulkley River 
is another contingency measure.  In the event that the treatment facility is down, and the capacity 
of the retention pond is exceeded, water would need to be discharged to the Bulkley River 
untreated.  The diffuser will ensure rapid mixing of the mine water with the receiving 
environment, minimizing potential downstream effects. 

The water treatment facility will be constructed and fully operational before development of the 
underground mine begins; therefore, no water from the underground mine will discharge into 
Kathlyn Creek watershed.  The water treatment facility will remain in operation after closure, 
until it is determined through monitoring and consultation with government agencies and the 
Wet’suwet’en that it is no longer required. 
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Utilities Corridor
During construction of the utilities corridor there is the potential for surface water to be affected 
by surface runoff, siltation, and minor contaminant spills.  The water courses that may be 
affected include: Bulkley River, Kathlyn Creek, Simpson Creek, Chicken Lake Creek, 
McKinnon Creek, and their tributaries.  During construction, placement of the diffuser at the 
discharge location in the Bulkley River may result in a slight increase in suspended solids within 
the river.  Installation of the pipeline will involve the temporary diversion of small creeks.  
Standard practices will be followed to minimize the generation of suspended solids.  For larger 
or more sensitive streams, water quality will be protected by installing the pipeline using 
trenchless methods such as pipe ramming.  The pipeline corridor will be re-vegetated 
immediately following construction; therefore increased surface runoff and siltation are not 
anticipated during mine operation.  The pipeline will not be removed at closure and consequently 
no further effects are expected beyond the construction phase.

Haul Road 
During construction of the haul road there is the potential for surface water within the Kathlyn 
Creek, Club Creek, Glacier Gulch Creek, and Toboggan Creek watersheds to be affected by 
surface runoff, siltation, and minor fuel/hydrocarbon spills.  Mitigation and management plans, as 
described in Section 6.4.4.3 below, will control the potential for contamination of surface water. 

During operation, road dust will be suppressed during the summer months through road 
watering; in the winter, clean sand will be used for traction.  No effects are expected related to 
these road maintenance activities.  Upon closure, the road will be deactivated and culverts and 
bridges removed.  There is the potential for surface runoff and siltation associated with the 
removal of these structures, but every precaution will be taken to minimize any impacts.  

Mine related traffic on Highway 16 and the access road to Endako is not anticipated to affect 
surface water quality.

6.4.4.2 Description of the Nature and Extent of Potential Effects 
In this section, the nature and extent of the potential effects are assessed based on the definitions 
outlined in Table 6.4-3. 

Table 6.4-3 
Description of the Nature and Extent of Potential Effects on Surface 

Water Quality 
Major Major shift away from the baseline conditions, fundamental change to water quality condition either by 

a relatively high amount for a long-term period or by a very high amount for an episode such that 
watercourse ecology is greatly changed from the baseline situation. 

Medium A significant shift from the baseline conditions that may be long term or a high amount for a temporary 
period.  Results in a change in the ecological status of the watercourse. 

Low Minor shift away from the baseline conditions.  Changes in water quality are likely to be relatively 
small, or be of a minor temporary nature such that watercourse ecology is slightly affected.  Equivalent 
to minor but measurable change. 

Negligible Very slight change from the baseline conditions such that no discernible effect upon the watercourse’s 
ecology results.  
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Surface Runoff and Siltation
The potential for surface runoff and siltation effects was identified for all mine phases at the 
mine site and loadout and the haul road, and during construction of the utilities corridor.  Given 
that the mine site and loadout is in a drinking water catchment, the Project design has 
incorporated specific measures to protect water quality within Kathlyn Creek, including the 
sedimentation pond and water treatment facility.  Effects related to discharge of water from these 
two areas is assessed in later sections. 

Within the general water management and diversion ditching areas surrounding the mine site and 
loadout (see Figure 6.4-4) and along the haul road and utilities corridor, standard engineering 
practices and regulatory criteria will be used to design all site infrastructures.  This includes 
designing water management facilities to accommodate extreme flow events.  The greatest 
potential for effects related to generation of suspended solids and siltation will be associated with 
earthworks activities during construction and closure, especially at stream crossing locations.  
Prior to the application of mitigation measures (discussed later in the assessment), the nature and 
extent of the potential effects are considered medium.

Minor Hydrocarbon Spills  
The potential for minor fuel spills was identified for all mine phases at the mine site and loadout 
and the haul road, and during construction of the utilities corridor.  Careless use of hydrocarbons or 
other contaminants could have severe downstream impacts; however, minor spills would be highly 
localized and short duration occurrences (major spills are addressed in Chapter 7).  Prior to the 
application of appropriate mitigation measures, the nature and extent is considered medium.

Discharge of Non-Operational Water 
The sedimentation pond in the non-operational area of the mine site and loadout will collect 
runoff from a 2.2 ha area (Figure 6.4-5).  The total non-operational area is expected to contribute 
approximately 10% of the annual flow to Kath trib A3a immediately below the pond, and 
approximately 1% of the annual flow to the nearest water user (PD62028), approximately 1.2 km 
downstream.  The pond will be sized and designed based on BC MOE guidelines for 
sedimentation ponds in mining (BC MOE, 2001).  This will promote efficient natural settling of 
suspended solids.  The pond will also be equipped with absorbent booms to remove any residual 
hydrocarbons that may run off from the parking lot area.  Following removal of suspended solids 
and residual hydrocarbons, water quality discharging from the pond is expected to reflect 
baseline conditions.  As a contingency measure, if water needs to be pumped out of the pond 
before it meets discharge requirements, instead of discharging to Kath Trib A3a, the water will 
be pumped to the retention pond of the water treatment facility.  The nature and extent of 
potential effects is considered low. 

Discharge of Treated Mine Water 

Water Quality Predictions (Construction) 
Based on groundwater modelling of the underground workings (Appendix C6), during operation 
the stope areas in the granodiorite are expected to be the main source of water discharging to the 
treatment facility.  Limited discharge is expected from the 1066 and 700 Adits (approximately 3 
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L/s); however, during the construction phase, development of the 700 Adit and expansion of the 
1066 Adit will produce different flow conditions.  Existing discharge from the granodiorite at the 
1066 Adit (approximately 3 L/s) will continue, and development work will encounter new water 
sources as fresh rock is exposed.

Based on results of geochemical and ML/ARD testwork, predictions were made for water quality 
discharged from the two adits during the construction phase (Appendix C4).  Results are 
summarized in Table 6.4-4.  The predictions in Appendix C4 are based on dissolved parameters; 
total metals were calculated using the TSS conversion factors described in Table 3.6-2 and 
assuming a TSS concentration of 206 mg/L, based on the upper 95th percentile of observed TSS 
from monitoring at the 1066 Adit during exploration work.   

The predictions for the 1066 and 700 Adits were subsequently used to estimate influent water quality 
to the water treatment facility.  Calculations were based on a combined flow rate to the water 
treatment facility of 15 L/s (6 L/s from the 700 Adit, and 9 L/s from the 1066 Adit).  Short-term flow 
rates may exceed this, but grouting procedures as described in Section 3.5.2.6 will minimize the 
duration of these occurrences. 

Water Quality Predictions (Operation) 
The water balance (Section 3.8.4) identified the various water sources at the mine site during the 
operation phase.  These include the underground mine workings (mine stopes, 1066 and 700 
Adits), the 1066 and 700 DRSPs, and the remaining surface area within the 700 operational area.  
Based on the results of the ML/ARD and geochemical testwork (Appendix C4), as well as 
baseline water sampling, predictions were made for the water quality of each influent source.  
These predictions are summarized in Table 6.4-5.     

On an annual basis, more than 95% of the water reporting to the treatment facility will be from 
the underground mine.  Surface runoff from the 700 operational area and DRSPs represents a 
small fraction of the total volume that will be treated; however, during spring melt or 
immediately following a rainstorm, contribution from surface runoff will increase.  Therefore 
two scenarios are considered in Table 6.4-5:  

! no surface runoff – typical of a dry day in the summer or a winter day where all surface 
water is frozen; and  

! with surface runoff – typical of the spring melt or following a rain storm.   

For the no surface runoff scenario, the treatment facility was assumed to operate at 36 L/s, based 
on results of groundwater modelling (Appendix C6).  For the scenario with surface runoff, in 
addition to the 36 L/s from the underground mine, flow rates from the DRSPs and the remaining 
700 operational area were set at 24 L/s, so that the water treatment facility would operate at full 
capacity (60 L/s). 

The estimates of influent water quality from the mine stopes, the 700 Adit, and the DRSPs were 
based on geochemical analysis as described in Section 3.6, and Appendix C4.  Dissolved metals 
concentrations were based on Appendix C4.  Total metals were calculated based on the TSS 
conversion factors described in Table 3.6-2.  Influent TSS concentrations from the underground 



Lower Bound Upper Bound Lower Bound Upper Bound Lower Bound Upper Bound
Flow Rate (L/s)

pH (unitless) 6.9 8.2 6 8.3 6.5 8.2
Sulphate 130 160 74.2 79 108 128
Chloride 1.6 3.7 4.92 6.16 2.93 4.68
Fluoride 1.2 1.4 0.55 0.99 0.9 1.2
Bromide 0.025 0.025 0.025 0.025 0.025 0.025
Ammonia 9.9 20 15 57 12 35
Nitrate 11 22 17 64 13 39
Nitrite 0.63 1.3 0.94 3.6 0.75 2.22
Total Suspended Solids 2 15 206 15 206 15 206

Total Metals
Aluminum 1.1 15 2.2 17 1.5 15.8
Antimony 0.0056 0.033 0.002 0.011 0.004 0.0242
Arsenic 0.06 0.57 0.03 0.42 0.05 0.51
Barium 0.015 0.21 0.061 0.21 0.033 0.210
Beryllium 0.000295 0.0009 0.00195 0.005 0.000955 0.00254
Bismuth 0.000265 0.0005 0.00132 0.0034 0.000685 0.00166
Boron 0.027 0.457 0.050 0.476 0.036 0.465
Cadmium 0.00024 0.0018 0.00035 0.0013 0.00028 0.00160
Calcium 62.9 99 46 76 56 90
Chromium 0.001 0.016 0.002 0.016 0.002 0.016
Cobalt 0.000 0.005 0.008 0.020 0.004 0.011
Copper 0.011 0.15 0.040 0.20 0.022 0.170
Iron 0.8 11 2.5 14 1.5 12.2
Lead 0.001 0.009 0.001 0.009 0.001 0.009
Lithium 0.003 0.013 0.018 0.057 0.009 0.031
Magnesium 4.38 7.2 2.02 11.0 3.43 8.72
Manganese 0.07 1.04 0.20 1.15 0.12 1.08
Mercury 0.000026 0.00004 0.00023 0.00043 0.000107 0.000196
Molybdenum 3.03 4.9 0.04 0.5 1.83 3.14
Nickel 0.001 0.0079 0.009 0.0232 0.004 0.014
Phosphorus 0.156 0.23 0.22 0.35 0.1804 0.278
Potassium 0.7 6 9.6 21 4.3 12.0
Selenium 0.001 0.0032 0.003 0.0007 0.001 0.002
Silicon 9 1243 12 1247 10 1245
Silver 0.001 0.0083 0.001 0.0083 0.0006 0.0083
Sodium 8.0 18 9.1 63 8.5 36.0
Strontium 0.283 0.53 0.26 0.86 0.27 0.66
Thallium 0.00004 0.00023 0.00033 0.00085 0.00015 0.00048
Tin 0.00016 0.0015 0.00036 0.0174 0.00024 0.00786
Titanium 0.05 0.62 0.05 0.62 0.05 0.62
Uranium 0.0029 0.0062 0.0009 0.0027 0.0021 0.0048
Vanadium 0.002 0.022 0.004 0.027 0.003 0.024
Zinc 0.005 0.084 0.024 0.102 0.012 0.091
Dissolved Metals
Aluminum 0.0011 0.15 1.1 1.3 0.44 0.61
Antimony 0.005 0.025 0.001 0.0024 0.003 0.016
Arsenic 0.032 0.16 0.001 0.0035 0.020 0.097
Barium 0.0046 0.065 0.0503 0.0588 0.0229 0.0625
Beryllium 0.00025 0.00025 0.0019 0.0029 0.0009 0.0013
Bismuth 0.00025 0.00025 0.0013 0.0023 0.0007 0.0011
Boron 0.025 0.045 0.0482 0.0452 0.034 0.045
Cadmium 0.00019 0.0012 0.0003 0.0004 0.0002 0.0009
Calcium 62 87 45 47 55 71
Chromium 0.00025 0.0041 0.0013 0.0023 0.0007 0.0034
Cobalt 0.00005 0.00091 0.0081 0.0082 0.0033 0.0038
Copper 0.0005 0.0082 0.029 0.0292 0.0119 0.0166
Iron 0.015 0.24 1.78 2.22 0.721 1.03
Lead 0.000025 0.00075 0.00041 0.00048 0.00018 0.00064
Lithium 0.0025 0.0073 0.0173 0.0404 0.0084 0.0205
Magnesium 4.3 6.2 1.9 9.1 3.4 7.4
Manganese 0.0085 0.22 0.136 0.201 0.06 0.21
Mercury 0.000025 0.000025 0.000227 0.000227 0.00011 0.00011
Molybdenum 3.0 4.5 0.012 0.056 1.8 2.7
Nickel 0.00005 0.0017 0.009 0.009 0.0036 0.0046
Phosphorus 0.15 0.15 0.21 0.21 0.17 0.17
Potassium 0.42 2.3 9.25 9.25 4.0 5.1
Selenium 0.0005 0.0026 0.00252 0.00452 0.0013 0.0034
Silicon 3.0 6.5 5.5 8.4 4.0 7.3
Silver 0.000005 0.000068 0.000028 0.000048 0.00001 0.00006
Sodium 7.7 14 8.8 55.6 8.2 30.7
Strontium 0.28 0.49 0.254 0.806 0.27 0.62
Thallium 0.000025 0.000025 0.00031 0.00051 0.00014 0.00022
Tin 0.00005 0.00005 0.00025 0.00045 0.0001 0.0002
Titanium 0.005 0.005 0.00702 0.01402 0.006 0.009
Uranium 0.0028 0.0052 0.00083 0.00086 0.0020 0.0035
Vanadium 0.0005 0.0011 0.0025 0.0045 0.0013 0.0025
Zinc 0.0005 0.022 0.019 0.022 0.008 0.022

1066 Adit 1 700 Adit 1

1. Dissolved metals based on predictions from MDAG 2008; Total metals calculated based on equations outlined in Table 3.4-1.

2.        Values for TSS from the underground mine set at 15 mg/L for lower bound, and 206 mg/L for upper bound.  The lower bound reflects the MMER end-of-pipe requirements,
while the upper bound is based on the 95th percentile of TSS from samples collected at A1.  The TSS value was used for calculation of total metals concentrations.

Table 6.4-4

9 6 15

Water Quality Predictions During the Construction Phase
Influent Water Quality to Water Parameter (mg/L unless 

stated)
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workings and from the DRSPs were set at 206 mg/L, based on the 95th percentile of TSS from 
water samples collected at the portal of the 1066 Adit (A1) during exploration work. 

The estimate of influent water quality from the 700 operational area (not including the 700 
DRSP) was based on the observed range from water samples (n = 25) collected at KC3.  Other 
than the potential for elevated TSS, surface runoff from the general operational area is expected 
to reflect background conditions. 

 Water Quality Predictions (Bulkley River Receiving Environment) 
As described in Section 3.8, the water treatment facility will be designed to specifically treat for 
TSS, dissolved molybdenum and arsenic, and ammonia.  To model concentrations in the Bulkley 
River, end-of-pipe concentrations during normal operation of the water treatment facility were 
estimated by assuming that the facility will reduce TSS to 15 mg/L (maximum allowable end-of-
pipe TSS under Federal MMER requirements), remove 98% of both dissolved molybdenum and 
arsenic, and reduce ammonia to 10 mg/L.  All other metals were estimated based on the 
maximum predicted concentrations from Tables 6.4-4 and 6.4-5 assuming a TSS of 15 mg/L.  
Table 6.4-6 summarizes the end-of-pipe concentrations used for the assessment. 

To evaluate the level of mixing achieved in the Bulkley River, the three dimensional numerical 
hydrodynamic model Mike3D, developed by Danish Hydraulic Institute, was used (Appendix 
C9).  A three dimensional model was used to incorporate the lateral mixing around the meander 
bend a short distance downstream of the proposed discharge location.  Data from an Acoustic 
Doppler Current Profiler (ADCP) survey of the Bulkley River at the discharge location was used 
to develop the model.  The model includes both the potential discharge from the Project, as well 
as existing discharge from the Smithers municipal waste water treatment facility (approximately 
25 L/s), approximately 20 m downstream.  Model results for extreme low flow conditions (1-in-
100 year 7-day low flow, 14.1 m3/s) are illustrated in Figure 6.4-6.   

The model predictions show that under these flow conditions, treated Davidson discharge would 
be fully mixed throughout half the width of the river approximately 13 m downstream of the 
proposed diffuser location.  The combination of Davidson water and discharge from the Smithers 
waste water facility would be mixed in half the width of the river approximately 100 m 
downstream, and the combined treated mine water and the municipal waste water would be fully 
mixed across the entire width of the Bulkley River approximately 600 m downstream of the 
proposed diffuser location.   

The results from the hydraulic model of the Bulkley River were combined with the end-of-pipe 
concentrations from Table 6.4-6 to predict water quality in the Bulkley River 13 m downstream of 
the diffuser, 100 m downstream of the diffuser, and 600 m downstream of the diffuser.  These 
predictions are outlined in Table 6.4-7.  Results are compared with baseline data from the Bulkley 
River, as well as federal and provincial water quality guidelines for the receiving environment. 
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Table 6.4-6 
Modelled Water Quality for Normal Operation of the  

Water Treatment Facility 
Parameter (mg/L unless stated) Normal Operation  Parameter (mg/L unless stated) Normal Operation 
Flow Rate (L/s) 60  Total Metals continued 
pH (unitless) 8.0  Copper 0.022
Total Suspended Solids 15 *  Iron 1.8
Sulphate 729 Lead 0.001 
Chloride 8.8 Manganese 15.7 
Ammonia 10* Mercury 0.00011 
Nitrate 39 Molybdenum 0.09 *
Nitrite 2 Nickel 0.004 
Total Metals   Phosphorus 0.20
Aluminum 1.7 Selenium 0.001 
Antimony 0.037 Silver 0.0009 
Arsenic 0.0400 * Thallium 0.00029 
Boron 0.082 Titanium 0.05 
Cadmium 0.0074 Zinc 0.012 
Chromium 0.005 Dissolved Metals 
Cobalt 0.022 Aluminum 0.63 

Note: * for the purposes of this assessment, under normal operating conditions, the treatment facility is assumed to 
reduce TSS to 15 mg/L, ammonia to 10 mg/L, and to remove 98% of dissolved molybdenum and arsenic. 

Predictions show that at 13 m downstream of the diffuser some parameters would be elevated 
over baseline concentrations: 

! Maximum sulphate concentrations are predicted to increase from 5.4 to 11.5 mg/L. 
However, the predicted maximum sulphate concentration remains well below the B.C. 
water quality guideline of 50 mg/L.  

! Maximum ammonia, nitrate, and nitrite concentrations are predicted to increase by 
factors of 7.0, 7.8, and 19.7, respectively.  Ammonia and nitrate leves remain well below 
BC guideline values, while nitrite is equivalent to guidelines.  All three species are 
nutrients for aquatic plants and microorganisms, and therefore are readily biodegradable. 

! With the exception of metals that already exceed receiving environment guidelines under 
baseline conditions, all metals parameters are estimated to meet the most stringent 
receiving environment guidelines. 

! For metals that exceeded guidelines under baseline conditions, the input of treated 
Davidson mine water is not expected to substantially change downstream concentrations, 
as seen by generally low ratios. 
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As outlined in Figure 6.4-6, the predicted parameter concentrations apply to half the width of the 
Bulkley River; the water quality in the other half of the channel remains at baseline 
concentrations.  

The water quality predictions 100 m downstream include the treated Davidson mine water and 
contributions from Smithers’ waste water treatment plant; at this point, both the waste water 
treatment plant discharge and the mine water are fully mixed in half the width of the Bulkley 
River.  

The Smithers waste water treatment plant discharge has relatively low concentrations of total 
metals but high nutrient (ammonia, nitrate, and phosphorous) concentrations and occasionally 
high TSS concentrations.  The signature of the waste water treatment plant discharge is therefore 
limited to these parameters.  Compared to the evaluation point 13 m downstream of the proposed 
diffuser, the predicted maximum ammonia and nitrate concentrations increased slightly at 100 m 
downstream, but both parameters are predicted to remain well below their guideline values of 
2.43 mg/L and 10 mg/L, respectively. 

At approximately 600 m downstream from the proposed Davidson diffuser, both the mine water 
and the Smithers waste water would be fully mixed across the entire width of the Bulkley River 
at a 1-in-100-year seven-day low flow.  At this point, the water quality predictions are 
representative of the maximum water quality parameter concentrations that will be sustained at a 
considerable distance further downstream.  

At 600 m downstream of the proposed diffuser, modelled concentrations of total metals are very 
similar to baseline conditions.  Because of the very low baseline concentrations of antimony and 
silver the concentrations of these metals are predicted to increase by factors of 2.0 and 1.6, 
respectively, but will remain well below B.C. and CCME guidelines.  Concentrations of total 
molybdenum are predicted to increase by a factor of 2.0 from 0.00078 mg/L to 0.00120 mg/L, 
but this remains an order of magnitude below the irrigation guideline threshold of 0.02 mg/L.  
The largest effect would be in ammonia, nitrite, and nitrite concentrations.  Ammonia 
concentrations would increase by a factor of 7.3 (to 0.10 mg/L), nitrate by a factor of 5.3 (to 
0.26 mg/L) and nitrite by a factor of 10.4 (to 0.010 mg/L).  All three parameters are predicted to 
remain well below B.C. and CCME guideline values, even under the extreme low flow 
conditions in the Bulkley River. 

It should be noted that the predicted increases in parameter concentration were evaluated at a 
river flow of 14.1 m3/s.  This flow rate in the Bulkley River is only expected to occur 1 out of 
every 5,200 weeks, or 0.02% of the time.  At all other times, the Bulkley River would provide 
additional dilution, and concentrations would be lower.  Average flow in the Bulkley River at 
this location is approximately 160 m3/s, more than 10 times the low flow rate used in the 
analysis.   
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Permit Levels 
During mine operations the quality of water discharged from the mine water treatment facility to 
the Bulkley River must comply with federal discharge criteria and limits laid out in a Waste 
Management Permit issued by the Provincial Government.  

Federal Permit Requirements 
The federal mine effluent criteria are defined by the MMER under the Fisheries Act and are 
administered by Environment Canada.  The regulation applies to any metal mine that discharges 
effluent in excess of 50 m3 per day.  The criteria apply to ‘end-of-pipe’ concentrations, with 
samples taken at the outlet of the facility before dilution with natural waters.  Table 6.4-8 shows 
the criteria for parameters regulated under MMER.  The criteria refer to Total Metals and they 
are regulated on the maximum monthly mean concentration at the discharge point.  The MMER 
criteria apply to all stages of mine developments, including construction, operation, and 
reclamation.  The MMER criteria are practically non-negotiable because a change would require 
a Schedule II amendment through a Federal Order in Council.  This type of amendment would be 
a significantly time-consuming process.  However, based on the water quality predictions 
outlined in Table 6.4-4 and 6.4-5, assuming end-of-pipe TSS meets the 15 mg/L requirement, it 
is anticipated that the Davidson mine water will meet all MMER requirements. 

Provincial Permit Requirements 
In British Columbia, effluent discharge objectives are based on the “Objectives for the Mining, 
Smelting and Related Industries.”  The objectives describe a range of concentrations for each 
discharge parameter with the site-specific level to be determined based on the sensitivity of the 
receiving environment.  The range of values for parameters covered by the objectives is provided 
in Table 6.4-8.  The objectives are generally measured against dissolved metal concentrations in 
the effluent.  An operational mine will have to comply with water quality limits set out in a 
Provincial Waste Management Permit.  Examples of permits for other mines in B.C. are outlined 
in Table 6.4-8. 

Proposed permit limits for the end-of-pipe discharge at the Project are also provided in Table 
6.4-8.  The proposed Permit Limits are based on results of total element contents from the 
various Davidson rock units, water quality modelling in the Bulkley River, and precedent at 
other mines in B.C.  

To identify the metals and other elements that occur at relatively high levels in the various 
Davidson rock units, observed total elemental levels were compared with average crustal 
abundances (Appendix C4).  Metals that were observed to regularly exceed crustal abundances 
were bismuth and selenium.  Other metals that were observed to exceed crustal abundances in at 
least a few samples included: arsenic, copper, molybdenum, silver, sulphur, and tungsten.  
Cesium and indium were also identified in one sample.   

Elevated solid-phase levels do not necessarily mean that an element will leach into water to 
create a high aqueous concentration.  Some elements have elevated solid-phase levels because 
they do not leach substantially.  This is likely the case for selenium and bismuth, which were 
consistently below detection limits in water samples collected at the portal of the 1066 Adit. 
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Proposed permit levels for arsenic, copper, molybdenum, and zinc were based on the low end of 
the provincial range or precedent from other provincial permits.   

The proposed ammonia level is 10 mg/L.  The potential for elevated ammonia concentrations 
will be greatest during the construction phase, as ammonia residuals are typically higher during 
drifting (the mining method used to develop the 700 Adit) compared with blasthole stoping (the 
mining method that will be used to mine the ore body). 

Using the same analysis outlined for normal operation, Table 6.4-9 summarizes water quality 
predictions in the Bulkley River for the proposed permit levels.  End-of-pipe permit levels are 
based on dissolved metals concentrations, while receiving environment criteria are based on total 
metals.  Therefore the end-of-pipe values in Table 6.4-9 are based on the proposed dissolved 
permit levels, adjusted to total metals concentrations using the TSS scaling factors from 
Table 3.6-2 at a TSS of 15 mg/L. 

The results show that with the exception of copper and zinc, which exceed guidelines under 
baseline conditions, all parameters would meet the most stringent receiving environment criteria 
within 13 m downstream of the diffuser.  For copper and zinc, the predicted change from 
background is less than 20% at 13 m downstream of the diffuser, and concentrations remain 
within the range of observed concentrations at BR5. 

Again, this analysis was conducted under 100-year 7-day low flow conditions.  Under higher 
flow conditions in the Bulkley River, resulting downstream concentrations would be even lower.  
Therefore these results indicate that the proposed permit levels would be protective of the 
receiving environment. 

Based on the modelling results, under normal operating conditions, the magnitude and extent of 
potential effects in the Bulkley River is considered low (i.e., a minor, but measureable change 
from baseline).   

The modelling results were also used to consider potential impacts of discharging untreated 
water to the Bulkley River in the case that the water treatment facility is down, and the retention 
capacity on-site is exceeded.  Complete details of this scenario are discussed in Appendix C9, 
and are addressed further in Chapter 7 (Accidents and Malfunctions). 

6.4.4.3 Mitigation Measures and Identification of the Potential Residual Adverse 
Effects

Surface Runoff and Siltation
Construction and closure of the Project components (i.e., mine site and loadout, utilities corridor, 
and haul road) will cause physical disturbance of the terrain and will increase surface runoff 
within the Project area.  This could accelerate local erosion rates and, if not managed properly, 
result in siltation that could deteriorate the water quality in local streams.  To mitigate these 
effects best management construction practices including appropriate erosion and sediment 
control measures (e.g., sedimentation ponds, silt fencing, drainage ditches), will be implemented  



Pr
ed

ic
te

d 
Co

nc
en

tra
tio

n
Ra

tio
 1

Pr
ed

ic
te

d 
Co

nc
en

tra
tio

n
Ra

tio
 1

Pr
ed

ic
te

d 
Co

nc
en

tra
tio

n
Ra

tio
 1

Fl
ow

 R
at

e 
(L

/s
)

14
,1

00
14

,1
00

25
60

Ph
ys

ic
al

 T
es

ts
pH

6.
5 

- 9
.0

 
8.

3
8.

1
7.

8
8.

0
8.

3
1.

0
8.

3
1.

0
8.

3
1.

0

TS
S

m
g/

L
25

>a
m

bi
en

t 
5 

m
g/

L>
am

bi
en

t
79

13
0

53
15

78
1.

0
78

1.
0

79
1.

0
Di

ss
ol

ve
d 

 A
ni

on
s 

an
d 

Nu
tri

en
ts

Am
m

on
ia

m
g/

L
2.

43
2.

43
0.

01
4

0.
04

6
26

10
0.

10
7.

0
0.

19
13

.5
0.

10
7.

3
To

ta
l M

et
al

s
Ar

se
ni

c
m

g/
L

0.
00

5
0.

00
5

0.
00

11
0.

00
20

0.
00

35
0.

08
 2

0.
00

18
1.

6
0.

00
18

1.
6

0.
00

14
1.

3
C

op
pe

r
m

g/
L

0.
00

2
0.

00
20

0.
00

45
0.

00
82

0.
03

10
0.

04
1 

2
0.

00
48

1.
1

0.
00

49
1.

1
0.

00
47

1.
0

M
ol

yb
de

nu
m

m
g/

L
0.

07
30

0.
02

00
0.

00
08

0.
00

07
0.

00
47

0.
28

2
0.

00
31

4.
0

0.
00

31
4.

0
0.

00
20

2.
5

Zi
nc

m
g/

L
0.

03
0.

00
75

0.
00

97
0.

01
70

0.
05

10
0.

20
2

0.
01

13
1.

2
0.

01
14

1.
2

0.
01

06
1.

1
No

te
s:

Va
lu

es
 in

 b
ol

d 
id

en
tif

iy
 p

ar
am

et
er

s 
th

at
 e

xc
ee

d 
gu

id
el

in
e 

va
lu

es
 u

nd
er

 b
as

el
in

e 
co

nd
iti

on
s.

1.
 R

at
io

 o
f P

re
di

ct
ed

 c
on

ce
nt

ra
tio

n 
to

 B
as

el
in

e 
co

nc
en

tra
tio

n 
at

 B
R4

.
2.

 C
al

cu
la

te
d 

us
in

g 
th

e 
pr

op
os

ed
 p

er
m

it 
le

ve
l (

di
ss

ol
ve

d)
 p

lu
s 

th
e 

TS
S 

sc
al

in
g 

fa
ct

or
s 

fro
m

 T
ab

le
 3

.6
-2

.

10
0 

m
 D

ow
ns

tre
am

 
of

 D
av

id
so

n 
Di

ffu
se

r
60

0 
m

 D
ow

ns
tre

am
 

of
 D

av
id

so
n 

Di
ffu

se
r

To
w

n 
of

 S
m

ith
er

s 
W

as
te

w
at

er
 

Tr
ea

tm
en

t P
la

nt
 

Da
vi

ds
on

 E
nd

 
of

 P
ip

e

13
 m

 D
ow

ns
tre

am
 

of
 D

av
id

so
n 

Di
ffu

se
r

CC
M

E 
W

at
er

 
Q

ua
lit

y 
G

ui
de

lin
es

BC
 W

at
er

 
Q

ua
lit

y 
G

ui
de

lin
es

 
(lo

w
es

t 
th

re
sh

ol
d)

Bu
lk

le
y 

Ri
ve

r -
 9

8t
h 

Pe
rc

en
til

e 
Up

st
re

am
 

of
 W

as
te

w
at

er
 

Tr
ea

tm
en

t P
la

nt
 

(B
R4

)

Bu
lk

le
y 

Ri
ve

r -
 9

8t
h 

Pe
rc

en
til

e 
Do

w
ns

tre
am

 
of

 W
as

te
w

at
er

 
Tr

ea
tm

en
t P

la
nt

 (B
R5

)Ta
bl

e 
6.

4-
9

Pr
ed

ic
te

d 
W

at
er

 Q
ua

lit
y 

in
 th

e 
Bu

lk
le

y 
Ri

ve
r D

ow
ns

tre
am

 o
f t

he
 D

av
id

so
n 

Di
ffu

se
r (

Pe
rm

it 
Le

ve
l s

Bu
lk

le
y 

Ri
ve

r B
as

el
in

e 
W

at
er

 Q
ua

lit
y

Re
ce

iv
in

g 
En

vi
ro

nm
en

t (
1-

in
-1

00
 y

r L
ow

 F
lo

w
 C

on
di

tio
ns

 in
 B

ul
kl

ey
 R

iv
er

)
W

at
er

 Q
ua

lit
y 

G
ui

de
lin

es



Environmental Assessment 

August 2008 Davidson Project: Application for Environmental Assessment Certificate Blue Pearl Mining Inc. 
Volume I 6–133 Rescan™ Environmental Services Ltd. (Proj. #750-4) 

throughout the Project area.  Soil stockpiles and cut/fill slopes will be re-vegetated immediately 
to minimize erosion.  Environmental monitors will be on-site during construction to ensure 
watercourses are not affected.  A supply of sediment and erosion control materials (e.g., silt 
fencing, hay bales) will be maintained on-site to allow immediate response to specific locations 
of concern that may be identified.  Additional detail regarding erosion and sediment control is 
outlined in the Environmental Management Systems (Section 11.11). 

Minor Contaminant Spills
Localized release of hydrocarbons (from mobile re-fuelling, or leaking equipment) or chemical 
spills (water treatment plant chemicals, explosives, etc.) can be expected to occur over the life of 
the mine.  Areas with high spill potential (e.g., fuelling station, solvent and reagent storage areas) 
will be equipped with secondary containment.  Chapter 11 (Environmental Management 
Systems) outlines procedures that will be established to ensure appropriate handling of materials 
to minimize spills.  Spills will most likely occur within the operational area of the mine site and 
loadout, and would not reach local streams.  Procedures will be developed and spill response 
equipment will be readily available to contain and remedy any spills. 

Leaks or spills may occur from construction equipment or haul trucks outside of the operational 
area.  Strict maintenance programs will be required for all mobile equipment.  Additionally, spill 
kits will be required for all equipment, and any spill will be reported to mine environmental staff.  
The Spill and Emergency Response Plan (Section 11.10) describes steps that will be taken in the 
event of a spill.  Depending on the size and location of the spill, this may include notification of 
regulators and local residents. 

Discharge of Settled Non-Operational Water 
The use of a sedimentation pond to treat water from the non-operational area was incorporated in 
the Project design to provide retention time and to ensure that suspended solids are allowed to 
settle out prior to discharge to the receiving environment.  The pond will be sized and designed 
based on BC MOE guidelines for sedimentation ponds (BC MOE, 2001).  This will ensure 
efficient settling of suspended solids, even under extreme storm events.  The pond will also be 
equipped with absorbent booms designed to remove any residual hydrocarbons that may be 
generated from the parking lot and road surfaces.  The pond will be regularly monitored; 
absorbent booms will be replaced and accumulated sediment will be removed from the pond as 
necessary.

As outlined in Chapter 13, water samples will be regularly collected from the sedimentation 
pond to ensure water quality entering the receiving environment meets permit requirements (a 
permit will be required under the Environmental Management Act).  If water quality exceeds 
permit requirements, adaptive management strategies will be considered. 

Discharge of Treated Mine Water  
The water treatment facility and pipeline/diffuser to the Bulkley River were mitigation measures 
that Blue Pearl implemented early in the Project design.  The retention pond of the water treatment 
facility will have a capacity of 6,000 m3.  Average daily flow from the underground mine is 
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expected to be approximately 3,110 m3.  Excess capacity will be maintained in the pond to provide 
a minimum retention of 24 hours in case the water treatment facility is temporarily inoperable.  

The diffuser was included as an extra contingency measure to ensure rapid mixing of the mine 
water with the Bulkley in the case that the water treatment facility is down, the retention pond 
capacity is exceeded, and untreated water needs to be discharged into the Bulkley River.  As 
outlined in the water quality modelling report (Appendix C9), even in the extremely rare event 
that untreated water would need to be discharged during the 1-in-100 year 7-day low flow event, 
most water quality parameters would still meet receiving water criteria in the Bulkley River. 

Production of nitrogen species (ammonia, nitrate, and nitrite) is directly related to blasting 
activity and materials handling underground.  Blue Pearl will implement a rigorous explosives 
management plan that will include the use of best management practices and standard operating 
procedures for explosives handling.  Examples of best management practices that will be 
implemented are outlined in Table 6.4-10.  The key to successful implementation of this 
management plan will be employee education and awareness to ensure good housekeeping 
practices.  Additional details of the explosives management plan are outlined in the 
Environmental Management System (Section 11.8.7). 

Table 6.4-10 
Best Management Practices for Explosives Handling and Use 

Source/Cause of Increased 
Blasting Residue Best Management Practices 
Spillage during storage and loading • Properly sized and maintained storage and loading equipment; 

• Good housekeeping, including prompt and thorough cleanup of spilled 
blasting product; 

• Training of employees on proper cleanup protocol. 

Bulk explosives spill at transfer 
points

• Locate bulk explosive bins and storage tanks in dry areas only. 
• Inspect and maintain storage areas regularly and cleanup promptly; 
• Training of employees on handling and transferring protocol. 

Partial bag of product improperly 
disposed of 

Training of employees on disposal or re-use of partial bags of blasting 
product.

Loading explosives into wet or 
damp holes 

• Use of hole liners to isolate water flow from the blasting agent; 
• Wet or damp holes can have the standing water removed by using 

compressed air prior to loading. 

Overloading holes with blasting 
agent

Training of employees to use standard operating procedures to 
ensure that holes are not overfilled. 

Premature movement of rock in 
adjacent holes causing a cutoff 
and misfire 

Multiple delay primers in areas where ground movement may occur. 

Incorrect delay times can result 
in misfires 

Adjust the delay times to reduce the potential for cutoffs and misfires. 

(continued) 
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Table 6.4-10 
Best Management Practices for Explosives Handling and Use 

(completed) 
Source/Cause of Increased 
Blasting Residue Best Management Practices 
Blasted ore or development rock 
stored in wet areas 

Divert, dam, channel, or pump underground mine water drainage 
away from the storage area. 

Excess water in area to be 
blasted 

• Drill, drain, and/or grout areas to minimize water flow prior to 
blasting; 

• Use water resistant emulsions as blasting agent. 

Manage areas of the mine water 
drainage that show elevated 
ammonia 

Field testing of pooled water in the mine to determine levels of 
ammonia concentration and manage these areas to ensure higher 
concentrations are not released quickly. 

 

Blue Pearl will implement an Aquatic Effects Monitoring Program (see Chapter 13), which will 
include regular water quality monitoring at end-of-pipe and within the Bulkley River to meet 
MMER requirements, as well as any stipulations in the waste discharge permit issued by the 
BC MOE. 

6.4.4.4 Assessment of the Significance of Residual Adverse Effects 
The assessment of residual adverse effects takes into account the mitigation measures to be 
adopted.  The assessment uses the descriptor definitions outlined in Chapter 5 (Table 5.2-4) to 
assess the significance of residual adverse effects to water quality.  The assessment of 
significance is summarized in Table 6.4-11. 

Surface Runoff and Siltation 
With application of appropriate mitigation measures, the magnitude of high-TSS runoff is 
expected to be low.  The spatial extent will be limited to the immediate Project footprint, and 
more likely to specific sites where additional mitigation measures could be applied.  The 
duration of the residual effects will be short term (in the order of hours to days), and effects 
would be reversible in the short term.  The frequency of effects on water quality will be periodic 
(i.e., it may occur intermittently but repeatedly over the life span of the Project).  The 
significance of residual effects is considered negligible.

Minor Contaminant Spills 
With application of appropriate mitigation measures, the magnitude of effects related to minor 
spills is expected to be low.  The spatial extent will be highly localized.  The duration of the 
residual effects will be short term, as sites will be remediated as soon as possible.  The frequency 
of effects on water quality will be periodic through the life of the Project.  The significance of 
residual effects is considered negligible.
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Discharge of Settled Non-Operational Water 
The magnitude of discharge from the sedimentation pond to the receiving environment is 
considered low (approximately 10% of flow to stream immediately downstream of release point, 
and 1% of flow at nearest downstream water user), and the spatial extent is local.  While water 
will be discharged fairly continuously through the life of the Project, the occurrence of 
discharging concentrations above relevant discharge criteria would be periodic, if at all.  Effects 
would be reversible in the short term, as the monitoring program will identify any problems, and 
further mitigation measures could be implemented if necessary.  The significance of residual 
effects is considered negligible.

Discharge of Treated Mine Water  
Water quality predictions for the Bulkley River were based on 1-in-100 year 7-day low flow 
conditions.  Even under these extreme low flows, water quality within the river is expected to meet 
the most stringent federal and provincial receiving environment guidelines within 13 m 
downstream of the diffuser.  Based on this analysis, the magnitude of potential impacts is 
considered low.  The spatial extent is landscape, as the mine water discharge will be carried 
downstream along the Bulkley; however, full mixing is expected to occur within 600 m of the 
discharge point, and effluent will continue to be diluted as downstream tributaries contribute to 
flow in the Bulkley River.  The effect will be continuous through the life of the mine, but is 
reversible in the short term.  Due to the large amount of available dilution, the resilience of the 
Bulkley is considered high.  The significance of residual effects is considered negligible.

6.4.4.5 Deciding Whether the Residual Adverse Effects are Likely
Mitigation measures and best management practices for surface runoff, siltation, and minor fuel 
spills have been developed to reduce effects from such occurrences.  These practices are 
commonly used in industry and have been shown to be effective in preventing adverse water 
quality effects.  Implementation of these measures is relatively flexible, and they can be applied 
adaptively as potential issues are identified.  Subsequently, confidence limits for the assessment 
are high, and there is a low probability that significant residual effects from surface runoff, 
siltation, and minor fuel spills will occur. 

There is a high probability that water will be discharged to the Bulkley River, and that some 
parameters will increase above baseline levels.  While values will change from baseline, they are 
not expected to exceed the most stringent regulatory guidelines in the receiving environment.  
There is uncertainty inherent in modelling, and in the prediction of future water quality discharging 
from the underground mine; however, the assessment was based on conservative assumptions and 
worst case scenarios.  The confidence limits of the assessment are intermediate. 
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6.5 Groundwater Quantity 

6.5.1 Introduction 
Baseline hydrogeological studies were undertaken by Rescan in 2005 and 2006 and are described 
in detail in the Rescan groundwater baseline report (Appendix F2).  The following section 
describes the hydrogeological setting of the Project area based on results obtained from baseline 
hydrogeology data and from a review of available published literature on hydrogeology of the 
Hudson Bay Mountain area.  Five wells were drilled and installed by Rescan as monitoring wells 
in the general area of the Project; five residential wells were also incorporated in the study.  The 
location of the Rescan installed wells and residential wells included in the baseline study are 
presented in Figure 6.5-1.

6.5.2 Bedrock Geology 
The Davidson deposit lies within the Intermontane Belt of sedimentary, volcanic, and intrusive 
rocks of the Canadian Cordillera.  Jurassic volcanic rocks of the Hazelton Group exposed on the 
south flank of Hudson Bay Mountain include mafic to felsic flows, tuff, breccia and lesser 
mudstone, conglomerate, and limestone.  The Hazelton rocks are overlain by Early Cretaceous 
Skeena Group sedimentary rocks (greywacke, sandstone, and mudstone with coal seams) 
exposed on the east flank of the mountain.  A concealed granodiorite sheet of late Jurassic age 
intrudes the volcanic sequence. The large sheet is subdivided into an upper aplitic granodiorite, 
a central porphyritic granodiorite, and a basal granodiorite (Figure 6.5-2).  The granodiorite sheet 
is a host for the highest grade molybdenum (Atkinson, 1995).  

6.5.3 Structure and Faulting 
There are three major faults within the Hudson Bay Mountain area (Figure 6.5-3) (Atkinson, 
1995):

1. The Glacier Gulch Fault trends northwest, dipping steeply northeast.  This fault crops out 
immediately below the existing adit (at 1,066m elevation) and forms the contact between the 
Hazelton and Skeena groups. 

2. The Hudson Bay Thrust Fault is a north-northeast trending fault, cropping out on the west 
slope of Hudson Bay Mountain.  This fault is a result of a Lower Jurassic sequence thrust 
over Middle Jurassic rocks. 

3. The East-West Shear Zone is a major shear zone exposed in the south cirque trending east to 
west and forms a prominent notch in the headwall of the cirque.   

6.5.4 Hydrostratigraphy 

6.5.4.1 Overburden Units 
The Bulkley Valley-Hudson Bay Mountain area has been affected by one or more glacial 
episodes that deposited and compacted variable sediments, thus changing the hydrogeology of 
the area profoundly.  Drilling conducted by the city of Smithers showed that the valley fill is  
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FIGURE 6.5-2Geologic Cross Section of the Davidson
Deposit to Show Rock Types and Alteration
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composed of discontinuous lenses of material, all probably directly or indirectly of glacial origin.  
Figure 6.5-4 presents a conceptual model of the hydrostratigraphy at the Hudson Bay Mountain 
and the Bulkley Valley. 

Hydrostratigraphy encountered in the study area is summarized as follows: 

1. Variable Surficial Colluvial Deposits: These are shallow, discontinuous surficial fluvial and 
colluvial fan deposits composed mainly of silt, sand, and/or loamy-sand with variable coarse 
fragment content, genetically derived from avalanche and glaciofluvial deposits (BGC, 
2005).

2. Glacial Till: This unit represents an aquitard (impermeable unit, antonym of aquifer) 
underlying the surficial deposits. It is composed of compacted glacial and basal boulder till 
with very high clay content.  This unit is impermeable. 

3. Sand/Gravel Unit: This is a confined water-bearing unit (capped by till) and is composed of 
alluvial deposits comprised mainly of sand and rounded gravels with variable silt and clay 
content.  At the loadout and plant site (700 masl), this unit was not evident in the drilled well 
RES-DAV-01A.  This unit was intercepted by RES-DAV-04 (589 masl) at ~15 m below 
ground surface.  This unit has high permeability.  

4. Lower Sedimentary Layers: A second coarse gravel and sand unit about 10 m thick from 88.4 
to 98.5 m below ground surface (mbgs) was encountered at a drill site near the Smithers 
Airport (PHCL, 1973).  This unit was not evident in the log of RES-DAV-01A at 700 m 
elevation.

6.5.4.2 Rock Units 
General rock lithology and hydrostratigraphy of the Davidson mine site area can be summarized 
in four units (from top to bottom) as follows (Figure 6.5-4): 

1. Sedimentary Unit (Skeena Group): This top unit is water-bearing and composed of 
limestone, mudstone, cherts, and conglomerates.  This unit is expected to be relatively 
permeable.  In areas where the till is thick, the Skeena rocks aquifer is confined and its 
hydraulic head measures above ground surface (e.g., RES-DAV-01A and RES-DAV-03). 

2. Volcanic Unit (Hazelton Group): Hazelton volcanic rocks are comprised of a thick 
continuous sequence of poorly layered metamorphosed volcanic and sedimentary rocks.  This 
unit is not expected to be permeable; however, high fracture density could cause this unit to 
be considered relatively permeable. 

3. Granodiorite Unit: The granodiorite intrusion runs northwest to southeast.  This unit is not 
expected to be permeable; however, high fracture density could cause this unit to be 
considered relatively permeable 

4. Hudson Bay Mountain Stock Unit: This unit is referred to as the quartz monzonite stock and 
comprises the bottom rock unit.  This unit is mainly composed of porphyritic granite and 
quartz and expected to be impermeable.

Figure 6.5-4 summarizes a conceptual model of the hydrostratigraphy of the overburden and 
bedrock layers.  Existing provincially mapped gravel aquifers are presented in Figure 6.5-5. 



Re
s_

AV
ai 

no
.  a

13
64

4w
-E

A
Jo

b N
o. 

 76
7-

3
01

/08
/20

06
-5

:00
pm

Sc
he

m
at

ic
 D

ia
gr

am
 o

f a
 C

on
ce

pt
ua

l M
od

el
 o

f t
he

 H
yd

ro
st

ra
tig

ra
ph

y
of

 th
e H

ud
so

n 
Ba

y 
M

ou
nt

ai
n 

an
d 

Bu
lk

le
y 

V
al

le
y

FI
GU

RE
 6.

5-
4

TM

H
ud

so
n 

Ba
y

G
la

ci
er

H
az

el
to

n
G

ro
up

 V
ol

ca
ni

cs

La
ke

 K
at

hl
yn

G
la

ci
al

 B
ou

ld
er

/C
la

y
Ti

ll

A
llu

vi
al

 F
an

 D
ep

os
it

s

To
p 

So
il G

la
ci

al
 B

ou
ld

er
/C

la
y

Ti
ll

U
pp

er
 G

ra
ve

l/S
an

d
A

qu
ife

r

Lo
w

er
 G

ra
ve

l/S
an

d
A

qu
ife

r

Cl
ay

/S
ilt

La
ye

rs

M
ix

ed
 C

la
y/

Si
lt

Rh
yo

lit
e 

pl
ug

H
ud

so
n 

Ba
y

M
ou

nt
ai

n 
st

oc
k

ote
: 

ot 
to 

sc
e

G
ra

no
di

or
it

e/
Po

rp
hy

ri
ti

c
G

ra
no

di
or

it
e

Sk
ee

na
 G

ro
up

Se
di

m
en

ta
ry

 R
oc

ks

Fa
ul

t C
on

ta
ct



60
90

00

61
00

00

61
10

00

61
20

00

61
30

00

61
40

00

61
50

00

61
60

00

61
70

00

60
50

00

60
60

00

60
70

00

60
80

00

6082000

6081000

6080000

6079000

6078000

6077000

6076000

6075000

6074000

6073000

ai no.  a13642w-EA Job No.  767-3 Res_AP25/01/2007-11:55am

FIGURE 6.5-5
Mapped Gravel/Sand Aquifers in
the Smithers-Bulkley Valley Area

TM

Aquifer 580-IIIC

Aquifer 584-IIC

Unclassified Aquifer 

Hudson Bay Glacier

Mine Road

Source: htt : e e go cc ce in ot cgsc

Lake
Kathlyn



Environmental Assessment 

August 2008 Davidson Project: Application for Environmental Assessment Certificate Blue Pearl Mining Inc. 
Volume I 6–146 Rescan™ Environmental Services Ltd. (Proj. #750-4) 

6.5.5 Groundwater Recharge, Discharge, and Flow Directions 

6.5.5.1 Recharge to Overburden Groundwater
Recharge to the surficial alluvial fan groundwater regime (surficial groundwater) is mainly from 
rainfall and surface runoff via glacier and snowmelt waters.  Average annual precipitation is 
estimated at 880 mm/year (for 1,066 m elevation).  Secondary sources of recharge for the 
perched groundwater may include subsurface flow (during dry periods) from creeks.  Recharge 
of groundwater from surface water bodies may occur when groundwater elevations are lower 
than that of surface water in the creeks and rivers.   

In areas where till is present, recharge to the gravel aquifers from surface sources is expected to 
be very limited.  The upper and lower sand/gravel aquifers are more likely connected to the 
Bulkley River than the creeks draining the Hudson Bay Mountain; thus, most of the sand/gravel 
aquifer recharge/discharge is expected to be sourced from/to the Bulkley River.  But, if a direct 
connection exists between the sand/gravel aquifers and the Skeena group rocks, the rock 
groundwater would be a source of recharge to the sand /gravel aquifer.  In areas where till is not 
present, direct precipitation could also be a recharge source to this system. 

6.5.5.2 Recharge to Rock Groundwater 
In the Hudson Bay Mountain area, recharge to the bedrock groundwater regime is mainly from 
two sources:  direct precipitation and glacial/snow melt waters.  The variable thickness and the 
mixed sedimentary nature of the overburden layer allows for recharge to the bedrock aquifer to 
take place in areas where the overburden is not present (mountain peak), or very thin (high 
elevations).  In this case direct recharge to bedrock groundwater is possible by infiltration or 
percolation.  Glacial melt water from the Hudson Bay Glacier constitutes a recharge source to the 
rock aquifer by direct percolation through the fractures and faults.

6.5.5.3 Discharge to Surface Water 
The study area, on the eastern slope of the Hudson Bay Mountain, does not have major flowing 
groundwater-fed springs.  Discharge of surficial groundwater (saturated zone above the clay and 
till layer) is mainly to local creeks such as Glacier Gulch Creek and its smaller tributaries as well 
as to Lake Kathlyn.  Drilled residential and municipal wells represent minor points of 
groundwater discharge from the sand/gravel aquifers.  The discharge of the lower and upper 
sand/gravel aquifers below the till layer as well as sedimentary and volcanic rock groundwater 
goes toward the Bulkley River drainage (river elevation is around 435 masl).     

6.5.5.4 Groundwater Flow 

Current Groundwater Conditions 
Measured groundwater elevations from all monitoring points below the till are presented in 
Figure 6.5-6.  In general, the groundwater potentiometric surface in the Hudson Bay Mountain 
area within the aquifers beneath the till seems to follow topography (i.e., surface and 
groundwater flows from high elevations to lower elevations and the Bulkley River).  Artesian 
conditions exist at two of the wells (RES-DAV-01A and RES-DAV-03).   
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Shallow Groundwater
The profile of surficial material at the Davidson mine site indicates 1 to 2 m of sand and silt of 
glacial, alluvial/colluvial origins.  Water retained in surface storage features (depressions/ 
excavations) infiltrates through the sand and silt layers or evaporates.  A portion of surficial 
material water storage and infiltrated water is lost to evapotranspiration.  

Groundwater flow in the surficial material is expected to be from higher elevations on the 
mountain to the Bulkley Valley.  Most water within this zone is not expected to infiltrate or 
migrate through the underlying till and clay layer.  Groundwater flow in these alluvial/colluvial
fans is expected to be down-gradient toward their respective host creek, ultimately discharging in 
Lake Kathlyn or the Bulkley River.

Deep Groundwater
Groundwater flow in bedrock occurs in the sedimentary (Skeena) and in the volcanic (Hazelton) 
units.  The bedrock groundwater system flows from upland recharge areas to lowland discharge 
areas below the sedimentary overburden units.  Given the high head difference between the water 
table elevation near the top of the Hudson Bay Mountain and bedrock elevation in the Bulkley 
Valley, vertical groundwater flow from bedrock to overburden units is conceivable.  Groundwater 
flux from bedrock to the overburden unit will be controlled by the permeability of the zone(s) in 
contact with the bedrock.   

6.5.6 Selection of Valued Ecosystems Components 
Groundwater was identified as a VEC with groundwater quantity as a sub-VEC.  The rationale 
for inclusion of groundwater as a VEC is because groundwater is an inseparable component of 
the water cycle and the terrestrial and aquatic environments.  Furthermore, groundwater is 
protected under the B.C. Water Act.

6.5.7 Spatial Boundaries 
Spatial boundaries for the Davidson environmental assessment of groundwater quantity include 
the Glacier Gulch watershed boundaries, Lake Kathlyn, the Bulkley River, and a 500 m buffer 
around the proposed pipeline (Figure 6.5-7).  Vertically, the groundwater effects assessment 
include groundwater aquifers below the till layer.  The surficial system above the till/clay layer is 
an inseparable part of the surface water system of the numerous creeks and rivers in the area.  
Therefore, the assessment of the water quantity of the shallow surficial flow system in the 
Project area is presented, discussed, and assessed under surface water (Section 6.3). 

6.5.8 Identification and Description of Potential Project Effects 

6.5.8.1 Introduction
Potential environmental impacts resulting from the Project include groundwater level, flow 
directions, and aquifer storage.  No potential effects were identified in relation to surface 
infrastructure (mine site and loadout, utilities corridor, haul road).  Potential effects related to 
trenching for pipeline installation are addressed under surface water quantity (Section 6.3).  The 
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nature and extent of the potential environmental effects are defined in Table 6.5-1.  Mining 
activities that could potentially have significant environmental effects on groundwater quantity 
in the assessment area include construction and operation of the 700 Adit, ore extraction (stope 
development), and bulkheads construction.  Table 6.5-2 summarizes the effects of mine 
components on groundwater quantity in the Project area, including nature, extent, magnitude, 
duration, and frequency, and is based on definitions and methods as described in Chapter 5. 

Table 6.5-1 
Description of the Nature and Extent of Potential Effects on 

Groundwater Quality 
Major Major shift away from the baseline conditions, fundamental change to water quantity (groundwater 

level, storage, and flow directions) either by a relatively high amount for a long-term period or by a very 
high amount for an episode such that groundwater quantity is greatly changed from the baseline 
situation. 

Medium A significant shift in groundwater quantity results from the baseline conditions that may be long-term or 
a high amount for a temporary period.  Results in a change in groundwater quantity. 

Low Minor shift in groundwater quantity away from the baseline conditions. Changes in water quantity are 
likely to be relatively small, or be of a minor temporary nature such that groundwater quantity is slightly 
affected.  Results in minor but measurable change in groundwater quantity. 

Negligible Very slight change from the baseline conditions such that no discernible effect upon groundwater 
quantity results.  No measurable change in groundwater quantity. 

 

6.5.8.2 Construction and Operation Phases 
The primary expected effect on groundwater levels, flow, and storage during construction and 
operation is discharge through the 700 Adit.  Construction and operation of the 700 Adit, and the 
ore extraction process by stope development will potentially affect groundwater quantity and 
storage.

Development of the 700 Adit 
Groundwater discharge to the surface as a result of construction of the 700 Adit is expected to 
lower the groundwater table, alter flow direction of groundwater, and decrease storage in the 
Skeena and Hazelton rock aquifers above the adit.  The 700 Adit, planned to be 5.5 m by 5.5 m 
and 2.9 km long, will act as a conduit for groundwater discharge from the rock formations to the 
surface.  Based on results from a hydrogeologic model developed for the Project (Appendix C6), 
the average amount of groundwater that may drain from these rock aquifers through adit walls 
was estimated to be 260 m3/d (Figure 6.5-8).  This is a fraction of the recharge to the system, 
which is nearly 2,700 m3/d, assuming an estimated recharge area of 10 km2 for Glacier Gulch 
watershed and 100 mm/year recharge rate (approximately 11% of precipitation).  This rate is 
sufficient to replenish the outflow from the proposed adit.  The nature and extent of the impact of 
construction and operation of the 700 Adit on groundwater quantity in the vicinity of the adit is 
expected to be of medium magnitude. 
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Ore Extraction 
Sublevel stoping will be employed at the Davidson mine site.  Ore extraction will result in large 
rooms (stopes) with pillars separating them for structural support.  Groundwater seepage from 
the stope walls is expected to join groundwater seepage from the adit walls to discharge at 
ground surface (adit portal) where the water will be collected and treated, then discharged by 
pipe to the Bulkley River.  The hydrogeologic model estimates the average rate of groundwater 
seepage from the stopes and the adits to be 3,110 m3/d.  Ore extraction is expected to have an 
effect of medium magnitude on groundwater quantity.   

In a worst-case scenario where the rocks above the proposed 700 Adit are completely drained 
(which is highly unlikely), the groundwater level in the rock system would not be expected to fall 
below the 700 m elevation (adit elevation) and thus is not expected to affect groundwater levels of 
the gravel aquifers in the Bulkley valley.  The difference in head between the residential wells and 
the 700 Adit would still be more than 200 m, which is sufficient to drive groundwater flow from 
the Hudson Bay Mountain to the Bulkley Valley and into the residential wells.  Most residents in 
the Bulkley Valley down-gradient of the mine site who own deep groundwater wells draw their 
potable water from the gravel aquifer(s).  The drop in head up-gradient of the recharge area for the 
residential wells is not expected to affect the water levels in residential wells, as predicted by the 
groundwater model (Figure 6.5-9). 

6.5.8.3 Closure and Post-closure Phases 

Bulkhead Construction 
At closure, mining activities will cease and reclamation of the area covered by the mine footprint 
will commence.  The 1066 and 700 Adits will be sealed with concrete bulkheads.  Sealing the 
adits will prevent groundwater from freely discharging to the surface.  Groundwater levels are 
expected to slowly recover to pre-mining levels.  The constructed bulkheads in the 700 Adit will 
cause groundwater to accumulate and eventually fill up the adit length.  Seepage rates of 3 L/s 
predicted by the groundwater model from the 700 Adit walls can fill up the 700 Adit volume 
(~87,725 m3) within a period of one year.  This does account for grouting practices that minimize 
water flow during construction and operation.  Similarly, the planned construction of cemented 
waste rock pillars in the underground mine will decrease groundwater seepage in the 
underground stope areas.  The decrease in seepage is expected to extend the underground filling 
period.  Post-closure, the groundwater model predicts the maximum level will be reached in 
approximately 40 years (Figure 6.5-10).  The nature and extent of bulkhead construction on 
groundwater quantity is expected to be positive. 

6.5.8.4 Mitigation Measures and Identification of the Potential Residual Adverse 
Effects
Potential residual adverse effects for groundwater quantity were identified as occurring during 
the construction and operation phases of the 700 Adit and underground (Table 6.5-2). 
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700 Adit and Ore Extraction 
As described in Section 3.5.2.6, blasting holes will be observed to determine if a constant water 
source is reporting to the area.  If a significant amount of water is produced, pressure grouting 
will be completed to limit the amount of water flowing into the adit.   

The total amount of groundwater discharge from both adits and the stope areas throughout the 12 
year mine plan (construction and operation) is estimated to be in the range of 9.5 to 17 million 
cubic metres.  Grouting of major contributing fractures and fault zones is expected to be reduce 
this amount.   

Bulkhead Construction 
Although bulkheads will allow groundwater levels to increase, a residual adverse effect may 
occur if the integrity of the seals is compromised.  If at any time after closure the seals start 
leaking or preferential flow paths through rock fractures are established by groundwater, then 
groundwater quantity (storage, levels, and flow directions) will be affected in and around the 
adits and underground.  A complete failure of the adits bulkheads is discussed in Chapter 7 
(Accidents and Malfunctions).  Failure of the bulkheads should not affect the groundwater 
quantity used by the Bulkley Valley residents as discussed in Section 6.5.8.2.  As described in 
the closure plan (Chapter 4), the bulkheads will be regularly inspected to ensure their integrity.  
A monitoring program will be established to monitor and sample seeps and springs in the Project 
area that may be influenced by the underground workings. 

6.5.8.5 Assessment of the Significance of Residual Adverse Effects 

The level of significance of the residual adverse effects were assessed according to definitions in 
Table 6.5-3 as per the environmental assessment methodology presented in Chapter 5. 

Table 6.5-3 
Level of Significance of Residual Adverse Effects, After Mitigation  

Level of Significance Definition 
High Potential effect could threaten sustainability of groundwater quantity and should 

be considered a management concern.  Research, monitoring and/or recovery 
initiatives should be considered. 

Medium Potential effect could result in a decline of groundwater quantity to lower than 
baseline, but stable levels in the study area after project closure and into the 
foreseeable future.  Regional management actions such as research, 
monitoring, and/or recovery initiatives may be required. 

Low Potential effect may result in slight decline in groundwater quantity in study area 
during the life of the Project.  Research, monitoring, and/or recovery initiatives 
would not normally be required. 

Negligible Potential effect may result in a slight decline in groundwater quantity in study 
area for a very short temporal period (i.e., construction phase), but the resource 
should return to baseline levels. 
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Construction and Operation 
The level of significance of the residual adverse effect on groundwater quantity from 
construction and operation was assessed to be medium.  The residual effect on groundwater is 
not expected to occur below the 700 m elevation in the regional area.  Regional management 
actions such as monitoring are recommended. 

Closure and Post-closure 
The level of significance of residual adverse effect expected on groundwater quantity post-
closure was assessed as being low.  Groundwater will be monitored as part of the Aquatic Effects 
Monitoring Program (see Chapter 13).  The potential for residual adverse environmental effects 
on groundwater quantity from installation of the bulkheads is negligible. 

6.5.8.6 Probability of Occurrence 
The probability of occurrence for the adverse residual effects on groundwater quantity as a result 
of mining activity is high during construction and operation and also high for the positive effect 
post-closure phase.  Adit development during construction and ore extraction activities during 
operation are expected to draw groundwater levels down and alter flow directions in the 
surrounding area.  Post-closure, once the adit structures are sealed, there is a high probability that 
groundwater will accumulate in the voids behind the bulkheads.  The adits and the underground, 
which will have lower hydraulic head compared to the surrounding rocks, will act as sinks to 
surrounding groundwater.  The amount of seepage will be controlled by the fracures and faults 
intercepted by the adit, stopes, and pillars. 

6.5.8.7 Scientific Uncertainty of Significant Adverse Effects 
The assessment of effects for the Project was based on professional judgment and a developed 
groundwater numerical model.  There is always inherent uncertainty in the development of 
computer-based models due to the simplifying assumptions that must be made to the model for 
what in reality is a large, complex groundwater system.  Where possible, conservative estimates 
were used to develop the model.  While the model produces reasonable results, the confidence 
limits associated with the estimated flow rates are intermediate (i.e., between 40 and 80%).  The 
assessment describes a hypothetical worst-case scenario, where water levels are drawn down to 
the 700 m elevation (portal outlet).  While this scenario is highly unlikely, even in this case, 
groundwater supply to downstream users would not be affected; therefore confidence limits of 
the assessment of residual effects are high. 

6.6 Groundwater Quality 

6.6.1 Introduction 
As part of the baseline monitoring program, groundwater samples were collected from ten wells 
in the general area of the Project (see Figure 6.5-1 in the previous section for well locations).  
Five of these wells were installed by Rescan in 2005 and 2006, and five were existing residential 
wells.  Between December 2005 and October 2006, a total of 40 samples were collected from the 
wells.  Detailed analysis of these samples is provided in Appendix F2.  The following sections 
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summarize the groundwater quality interpreted from data collected during the groundwater 
baseline study. 

6.6.2 General Chemistry of Groundwater 
Table 6.6-1 summarizes the site-wide range of observed physical parameters and major ion 
concentrations and compares them to B.C. Drinking Water Standards (BCDWS).  Values for pH 
ranged from 7.16 to 8.4 and electrical conductivities (EC) ranged between 23 and 1,650 µS/cm, 
reflecting a wide range of major ion concentrations.  Low EC values were characteristic of the 
shallow residential wells (RES-Rosger and RES-Roger), which draw their water directly from 
nearby creeks.  Excluding these two wells, the range of electric conductivity was somewhat 
narrower (196 to 1,640 µS/cm), which is more characteristic of groundwater. 

Water quality in the shallow residential wells reflected natural surface water conditions.  These 
waters are characterized by near-neutral pH, low EC, and low alkalinity (Figure 6.6-1).  Water 
quality in the deep wells had a higher degree of natural mineralization compared to the shallow 
wells.  These waters have near-neutral pH and high EC, as well as a wide range of alkalinity due 
to the natural variation in carbonate content of aquifer materials.   

Water from deep groundwater wells had a high range of sulphate concentrations ranging from 
3.2 to 802 mg/L (Figure 6.6-2).  Wells located at the toe of Hudson Bay Mountain (RES-DAV-
04 and RES-DAV-02) registered the highest sulphate concentration, indicating high 
groundwater/rock interactions at these well locations and their sources of groundwater recharge 
(Skeena rocks).  Deep residential wells exhibited high alkalinity values (maximum of 520 mg/L 
at RES-Arnold) indicating intensive interaction with carbonate-type sediments.  

The water quality of wells near the toe of the mountain is characterized by neutral to alkaline pH, 
high EC and moderate to high major ion concentrations (particularly calcium and sulphate).  
Concentrations that measured above BCDWS in the last sampling in October 2006 included the 
following: 

! RES-DAV-01B: total Fe = 5.77 mg/L and total Mn = 1.26 mg/L; 

! RES-DAV-02: TDS = 544 mg/L, total Fe = 4.72 mg/L, and total Mn = 1.40 mg/L and 
TOC = 8.94 mg/L; 

! RES-DAV-03: total Fe = 0.831 mg/L; 

! RES-DAV-04: TDS = 1280 mg/L, hardness = 545 mg/L, sulphate = 766 mg/L, and Mn = 
0.61 mg/L; 

! RES-Arnold: TDS = 558 and hardness = 518 mg/L;  

! RES-Martin: TDS = 521 and hardness = 209 mg/L; and 

! RES-Pratt: hardness = 280 mg/L. 
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FIGURE 6.6-1pH, Total Dissolved Solids and Conductivity
of Groundwater from the Davidson Project

and Surrounding Area
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FIGURE 6.6-2Alkalinity and Sulphate Concentrations at
Groundwater Wells in the Davidson Project

and Surrounding Area
TM
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Table 6.6-1 
General Chemistry of Groundwater from 2005 to 2006 Sampling 

Parameter Units Minimum Maximum Average
BCDWS 

(maximum) 
pH (Lab) pH units 7.16 8.4 7.9 6.5 to 8.5 
Electric Conductivity (!S/cm) 23.0 1,650 654.8 NG 
Total Dissolved Solids mg/L 24.0 1,300 457.0 500 
Sulphate mg/L 3.2 802 149.9 500 
Alkalinity (as CaCO3) mg/L 3.3 520 230.6 NG 
Calcium mg/L 2.7 151 51.8 NG 
Chloride mg/L 0.5 58.2 9.12 250 
Fluoride mg/L 0.026 0.5 0.2 1.50 
Magnesium, dissolved mg/L 1.30 84.8 21.9 500 
Sodium, dissolved mg/L <2.0 180 80.6 200 

1NG = No guidelines. 
Bolded values: above BCDWS. 

6.6.2.1 Metals, Total Carbon, and Nutrients in Groundwater 
There was a wide range of dissolved metal concentrations in groundwater within the general 
Project area.  Some metals such as beryllium, bismuth, mercury, silver, thallium, and vanadium 
had no detectable dissolved concentrations.  Dissolved trace metals present in detectable but very 
low concentrations included tin, nickel, lead, cobalt, chromium, cadmium, arsenic, and 
antimony.  Elevated concentrations of dissolved metals were evident for aluminum, iron, 
manganese, calcium, magnesium, potassium, sodium, and sulphur.  Dissolved metal 
concentrations above BCDWS were detected for dissolved aluminum (~0.3 mg/L at RES-DAV-
01A, Figure 6.6-3).

Total metal concentrations of manganese were consistently above BCDWS at RES-DAV-1B, 
RES-DAV-02, RES-DAV-03, RES-Martin and RES-Kwantes (Figure 6.6-4).  Elevated 
molybdenum concentrations were present in RES-DAV-03 (~0.15 mg/L) which is southeast of 
the ore deposit; however, total molybdenum was below BCDWS in all wells.  Total iron 
concentration was consistently measured above BCDWS at RES-DAV-03.  Total lead was 
detected above BCDWS at RES-Kwantes on Dec 19, 2005 (Figure 6.6-4); however, subsequent 
samples taken at RES-Kwantes showed very low lead concentrations indicating the first sample 
may have contained a sampling or laboratory error.

Table 6.6-2 presents a summary of groundwater TOC and nutrient concentrations.  TOC 
concentrations in groundwater at the Davidson site ranged from 0.5 to 112 mg/L.  Most 
groundwater wells recorded TOC concentrations less than BCDWS with the exception of RES-
DAV-02 and RES-DAV-03 (Figure 6.6-5).  In both of these wells, TOC concentrations showed a 
sharp decrease with time indicating a possibility that the high organic carbon concentration was a 
relic of drilling.  Another plausible explanation for the high TOC is a possible presence of coal in 
the subsurface.  Coal seams were detected in the underground drilling at the Davidson mine site.  
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FIGURE 6.6-3Metal Concentrations in
Groundwater at the Davidson
Project and Surrounding Area
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FIGURE 6.6-4Total Manganese and Total Lead Concentrations
in Groundwater at the Davidson Mine Site

and Surrounding Area
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FIGURE 6.6-5Total Organic Carbon Concentrations
in Groundwater at the Davidson Project

and Surrounding Area
TM
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Nutrient concentrations in groundwater were low and fairly consistent across the site.  Nitrite 
concentrations ranged from 0.001 to 0.1 mg/L and phosphate concentrations ranged from 0.003 
to 3.9 mg/L.  Nitrate concentrations ranged from 0.006 to 0.65 mg/L and ammonia ranged from 
0.006 to 0.65 mg/L.  

Table 6.6-2 
Total Organic Carbon and Nutrient 

Concentrations in Davidson Groundwater 
Constituent Units Minimum Maximum Average BCDWS 
TOC mg/L 0.50 112 11.16 4
Nitrate as Nitrogen mg/L 0.006 0.53 0.1 10 
Nitrite as Nitrogen mg/L 0.001 0.1 0.02 1 
Ammonia as Nitrogen mg/L 0.006 0.65 0.2 NG 
Phosphate mg/L 0.003 3.9 0.3 NG 

NG = No guidelines. 
Bolded values: above BCDWS. 

6.6.2.2 Site-wide Groundwater Quality  
The Davidson mine site’s and surrounding residential areas’ groundwater quality is that of 
natural groundwater with some naturally mineralized water in the bedrock units as a result of 
groundwater/rock interactions.  Most of the groundwater samples collected have relatively low 
dissolved metal concentrations.  A piper plot (Figure 6.6-6) of the general chemistry major ions 
and cations shows trends and types of groundwater, given the environment and the extent of 
mineralization (water interaction with the host rocks or sediments).  Two types of groundwater 
were identified based on calcium and magnesium content:  

1. Ca-Mg rich water included two residential wells (RES Arnold and RES-Pratt), two 
monitoring wells (RES-DAV-04 and RES-DAV-01B), and a shallow well near a local creek 
(RES-Rosger).

2. Ca-Mg deprived groundwater included two residential wells (RES-Martin and RES-
Kwantes) and three monitoring wells (RES-DAV-02, RES-DAV-03 and RES-DAV-01A).  

An overall summary of groundwater quality as measured per well and location is presented in 
Table 6.6-3. 

Table 6.6-3 
Groundwater Chemistry Summary 

Borehole Location 
Groundwater Chemistry 

Summary Classification 
RES-DAV-01A At 700 m elevation (near proposed adit) Low sulphate, near-neutral pH Natural water 
RES-DAV-01B At 700 m elevation (near proposed adit) Low sulphate, near-neutral pH, 

generally low metals content 
Natural water 

RES-DAV-02 By Silvern Lake Road (north of site) toe of 
Hudson Bay Mountain 

Low sulphate, near-neutral pH Natural water 

  (continued) 
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Table 6.6-3 
Groundwater Chemistry Summary (completed) 

Borehole Location 
Groundwater Chemistry 

Summary Classification 
RES-DAV-03 At the toe of the south end of Hudson Bay 

Mountain and upper Slack Rd 
Low sulphate, near-neutral pH Natural water 

RES-DAV-04 At the toe of HBM directly and below the 
proposed adit and plant sites 

Elevated sulphate, near-neutral 
pH,

Slightly naturally-
mineralized water 

RES-DAV-Arnold Glacier Gulch Road with Lake Kathlyn Rd Near-neutral pH, low sulphate Natural water 
RES-DAV-
Kwantes 

Lower Slack Road Near-neutral pH Natural water 

RES-DAV-Martin Lake Kathlyn Rd Low sulphate, near-neutral pH Natural water 
RES-DAV-Pratt North Horlings Rd area Near-neutral pH Natural water 
RES-DAV-
Rosger 

At the toe of the south end of Hudson Bay 
Mountain and upper Slack Rd 

Low sulphate, near-neutral pH Natural water 

 

6.6.3 Selection of Valued Ecosystems Components  
Groundwater was identified as a VEC with groundwater quality as a sub-VEC because 
groundwater is an inseparable component of the water cycle and the terrestrial and aquatic 
environments.  Furthermore, groundwater is protected under the B.C. Water Act.

6.6.4 Spatial Boundaries 
Spatial boundaries for the Davidson environmental assessment of groundwater quality include 
the Glacier Gulch watershed boundaries, Lake Kathlyn, and the reach of the Bulkley River that 
receives groundwater discharge from Glacier Gulch watershed (Figure 6.6-7).   

6.6.5 Identification and Description of Potential Project Effects 
Potential effects to groundwater quality are directly related to construction, operation, and 
closure of the underground mine.  No potential effects were identified in relation to surface 
infrastructure (mine site and loadout, utilities corridor, and haul road).

The criteria for assessing the nature and extent of the potential groundwater quality effects are 
defined in Table 6.6-4.  Mining activities that could potentially have significant environmental 
effects on groundwater quality include blasting, the use of explosives, and exposure of fresh rock 
surfaces, which could result in accelerated ML/ARD.  Effects related to ML/ARD may be long 
lasting, and continue through post-closure.
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Table 6.6-4 
Description of the Nature and Extent of Potential Effects on 

Groundwater Quality 
Major Major shift away from the baseline conditions, fundamental change to groundwater 

quality, either by a relatively high amount for a long-term period or by a very high 
amount for an episode such that groundwater quality is greatly changed from the 
baseline situation. 

Medium A significant shift in groundwater quality away from the baseline conditions that may 
be long term or a high amount for a temporary period.  Results in a change in 
groundwater quality. 

Low Minor shift in groundwater quality away from the baseline conditions.  Changes in 
water quality are likely to be relatively small, or be of a minor temporary nature such 
that groundwater quality is slightly affected.  Results in minor but measurable change 
in groundwater quality. 

Negligible Very slight change from the baseline conditions such that no discernible effect upon 
the groundwater quality results.  No measurable change in groundwater quality. 

6.6.5.1 Construction and Operation 
Development of the underground workings will create a new hydraulic gradient in the 
mountainside, with lower hydraulic head in the workings compared to the head in the 
surrounding rocks.  This differential in hydraulic head will cause the adits and the stopes to act as 
sinks.  Groundwater flow direction during construction and operation of the underground mine is 
expected to be from the rock walls to the ground surface; thus, little or no groundwater is 
expected to flow from the workings to the subsurface during construction and operation.  The 
potential for water to re-enter the groundwater system during construction and operation will be 
further reduced by the use of pipes to convey mine water down the 700 Adit; however, the 
groundwater model developed for the Project predicted that a minor amount of groundwater will 
flow from the 700 Adit to the subsurface (approximately 0.4 L/s).  Since a minor amount of 
water from the 700 Adit and the workings could become part of the subsurface the impact of 
development of the underground workings on groundwater quality during the construction and 
operation stages is assessed as low.

6.6.5.2 Closure and Post-closure 
As described in Chapter 4, during closure, the underground workings will be sealed with cement 
bulkheads.  This will stop water from freely discharging to the surface and allow the 
underground workings to flood with groundwater.  As outlined in Section 6.5, based on results 
from the groundwater model developed for the Project, it is expected that it will take 
approximately 40 years for the water table to reach maximum levels, near baseline conditions.  
Allowing the workings to flood behind the bulkheads will re-connect this area with the 
groundwater system.  Water within the flooded underground workings will follow regional 
hydraulic gradients and flow down Hudson Bay Mountain to the Bulkley River.

Residence time of water within the underground workings was estimated from the groundwater 
model to be in the range of four to nine years (Appendix C6).  Initially, water entering the 
workings is expected to reflect the background water quality of the granodiorite aquifer.  
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Background water quality as observed from artesian drill holes within the existing underground 
workings, as well as from baseline monitoring wells is summarized in Table 6.6-5. 

While residing in the underground workings, the quality of groundwater may be affected as a 
result of contact with residual blasting residues and hydrocarbons, as well as the walls of the 
workings, which were exposed to the atmosphere during the life of the mine, and may exhibit 
ML/ARD.  The potential for ML/ARD is greatest for the Bower sedimentary rocks and some of 
the Hazelton volcanics in the 1066 and 700 adits, which were observed, at least on a small scale, 
to have the potential for ML/ARD (Appendix C4).  Flooding the underground workings will 
limit the amount of available oxygen, minimizing the potential for ML/ARD to occur.

The extent of geochemical interactions will be dependent on the redox potential of the water within 
the workings.  Predictions of water quality in the underground workings during closure and post-
closure were developed based on analysis of geochemical and ML/ARD testwork, and an 
application of the U.S. EPA program Visual MINTEQ (Appendix C4).  Results are summarized in 
Table 6.6-5.  Immediately following closure, as the workings fill with groundwater, conditions will 
be oxic and water quality predictions are the same as what is expected to flow to the water 
treatment facility during operations.  Over time, oxygen content will decrease and in the long term 
may become anoxic.  If conditions underground become anoxic and exhibit chemically reducing 
conditions, wall precipitants and sediments within the workings would dissolve, releasing metals 
such as iron, manganese, uranium, antimony, selenium, and arsenic into the water; however, based 
on the results of the geochemical analysis presented in Appendix C4, the concentrations of most of 
these metals would remain relatively constant even as the water evolved from oxic to anoxic water 
with strongly reducing conditions (Eh = -400 mV). 

Predictions of groundwater quality in the underground workings were compared to baseline 
concentrations, and to BCDWS (Table 6.6-5).  Predicted concentrations for nitrate and nitrite, 
aluminum, chromium, selenium, and zinc all fall within BCDWS and do not differ greatly from 
baseline conditions.  Predicted concentrations of antimony, arsenic, and molybdenum exceed 
BCDWS; however, they reflect the naturally mineralized baseline conditions within the 
granodiorite and Bowser (Skeena) aquifers.  The predicted concentration of TOC exceeds 
BCDWS and baseline concentrations. 

The source for the high TOC concentration in underground water is related to blasting residues 
and any residual hydrocarbons in the underground workings following closure.  This TOC 
concentration is expected to be a one time concentration that will be washed off and diluted as 
seeping water enters the underground and as the underground water flows down-gradient. 

The Davidson groundwater model was applied to predict TOC concentrations down-gradient of 
the underground workings.  The maximum predicted concentration of 16 mg/L was used as the 
initial condition.  Resulting downstream concentrations were modelled for three observation 
wells that were placed in the model at the toe of the mountain, approximately 800 m upstream of 
the nearest residential wells.   

Two simulations were run in the model under different assumptions:  
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1. a conservative case where TOC (as a non-reactive and mobile substance) does not adsorb, 
react, or degrade with time as it moves downstream (straight dilution); and 

2. TOC undergoes aerobic decay as a BTEX (benzene, toluene, ethylbenzene, and xylene are 
volatile organic compounds commonly found in petroleum hydrocarbons) compound with 
time as it moves downstream.   

Figure 6.6-8 and Table 6.6-6 summarize the predicted TOC concentrations at the observation 
wells after the volume of TOC-rich underground water has moved downstream with the general 
groundwater flow.  In both simulations, all TOC concentrations are well below BCDWS.

Based on the predicted underground water quality results, a slight change in groundwater quality 
may be expected following closure; however, as modelled for TOC, there is a large dilution 
capacity within the aquifer system such that as the water migrates downslope, concentrations 
decrease substantially and a minor increase in TOC concentrations might be observed in 
residential wells for a short period of time.  Therefore, no significant effects are expected for 
water users with residential wells in the area.  Based on this analysis, the nature and extent of 
effects on groundwater quality is assessed as low.

6.6.6 Mitigation Measures and Identification of the Potential Residual 
Adverse Environmental Effects 
Sealing the underground workings with cement bulkheads was a design measure incorporated 
into the closure plan early in Project development.  Sealing the workings provides the best long-
term solution for protecting water quality.  If the workings were left unsealed, groundwater 
levels in the Hudson Bay Mountain will be permanently affected, and a constant source of water 
would discharge out the portal that would need to be treated and discharged to the Bulkley River.
Sealing the workings will remove this water source, and by allowing the workings to flood, 
groundwater levels will recover.  Flooding the workings will also minimize oxidation and limit 
the long-term potential for ML/ARD from the workings. 

Once the bulkheads are constructed, there will no longer be access to the underground workings.  
Therefore, during closure, prior to constructing the bulkheads, all equipment and materials that 
may be sources of contaminants will be removed from underground and disposed of off site. 

Following construction of the bulkheads, a regular inspection program will be established to 
ensure their integrity.  A groundwater monitoring program will also be established as part of the 
post-closure monitoring plan. 

6.6.7 Assessment of the Significance of Residual Adverse Effects 
The level of significance of residual adverse effects expected on groundwater quality post-
closure was assessed as low (Table 6.6-7).  This implies the potential effects could result in a 
minor shift in groundwater quality away from the baseline conditions.  Changes in water quality 
are likely to be relatively small, or be of a minor, temporary nature such that groundwater quality 
is slightly affected.  Stable levels in the study area to near baseline conditions after closure and 
into the foreseeable future are expected.  As shown in the analysis of TOC, the groundwater 
system has a high dilution capacity, and therefore the resilience of the groundwater system is 
considered high.
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Table 6.6-6 
Predicted TOC concentration in groundwater  

downstream of the mine Site 
Case 1 

No sorption, no reactions 
Case 2 

No sorption, Aerobic Decay 

Predicted TOC concentration  mg/L mg/L 
OBS-1: 40 m below surface 0.77 0.65
              80 m below surface 1.04 0.9
              120 m below surface 0.99 0.66
OBS-2: 40 m below surface 0.54 0.51
             80 m below surface 0.76 0.7
             120 m below surface 0.68 0.61
OBS-3: 40 m below surface 0.0002 0.0
             80 m below surface 0.0002 0.0
             120 m below surface 0.0001 0.0

 

Due to the importance of the area to residents living downstream of the mine, groundwater will 
be monitored as part of the Aquatic Effects Monitoring Program (see Chapter 13).  

6.6.8 Probability of Occurrence 
The probability of occurrence for the adverse residual effects on groundwater quality as a result 
of mining is high.  Metals and nutrients together with oils and fuels will be relatively elevated in 
underground mine water..  The source of the fuels and oils is mostly from ANFO use.  
Geochemical predictions showed elevated nutrient and dissolved metals are anticipated in the 
underground and adit waters. 

6.6.9 Scientific Uncertainty of Significant Adverse Effects 
The assessment of effects for the Project was based on predictions of underground chemistry, a 
developed groundwater and transport numerical model, and professional judgment.  There is 
always inherent uncertainty in the development of computer based models due to the simplifying 
assumptions that must be made to the model for what in reality is a large, complex groundwater 
system.  Where possible, conservative estimates were used to develop the model.  A sensitivity 
analysis was completed to test TOC transport concentrations given different conditions.  While 
the model produces reasonable results, the confidence limits associated with the estimated TOC 
concentrations are intermediate (i.e., about 40 to 80%).  The assessment describes a hypothetical 
worst case scenario, where TOC is transported with groundwater with no sorption and reactions.  
While this scenario is highly unlikely, even in this conservative case, based on the model 
simulation, TOC in groundwater supply to downstream users would still be below BCDWS; 
therefore, confidence limits of the assessment of residual effects are high.
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6.7 Aquatic Environment 

6.7.1 Environmental Setting and Baseline Conditions 
Detailed information on aquatic life, fish communities, and fish habitat specific to the Project 
area was collected in 2005 and 2006 (Appendix G1 and G2).  Historical information regarding 
fish communities in close proximity to the Project area is abundant and was used to complement 
Rescan baseline studies carried out in 2005 and 2006.  In 1996 and 1997, Triton Environmental 
(1998) conducted reconnaissance level fish and fish habitat inventories in Unit 14 of the Bulkley 
River Forest District.  The study area of these past surveys overlaps with the present Davidson 
Project area.  Studies pertaining to other aspects of the aquatic environment (i.e., physical 
limnology, sediment, phytoplankton, zooplankton, benthic invertebrate community) are not well 
documented.  Although detailed information is available for fish communities, previous 
environmental studies did not include a comprehensive inventory of all aquatic resources; 
therefore, baseline aquatic studies were conducted in the summers of 2005 and 2006 to 
determine present conditions prior to mine development. 

The present baseline studies were designed to meet the federal MMER, which require that metal 
mines monitor the chemical characteristics and toxicity of mine effluent.  MMER regulations also 
require mines to conduct an Environmental Effects Monitoring Program to determine effects to the 
receiving environment (Environment Canada, 2001, 2005b).  The first step of this monitoring 
program is to conduct baseline studies of the aquatic environment to determine current conditions 
prior to development.  At a minimum, this program must include biological monitoring of the 
benthic invertebrate community, fish populations, and an analysis of fish metal concentrations.  
These studies also include information on fish habitat to satisfy conditions of the No Net Loss
policy of Fisheries and Oceans Canada (1991). 

The objective of the baseline studies conducted in 2005 and 2006 was to characterize the aquatic 
environment and meet the regulatory conditions of MMER and DFO.  The present section 
describes the following components of the aquatic ecosystem:

! physical limnology; 

! sediment quality; 

! primary producers – periphyton and phytoplankton; 

! secondary producers – zooplankton and benthic invertebrates (or benthos); 

! fish community; and 

! fish habitat. 

Additional elements of the aquatic environment (e.g., water quality) are described in Section 6.4.

The aquatic ecosystem was sampled at Lake Kathlyn for physical limnology, sediment, primary 
secondary producers in 2005.  Lake Kathlyn was not assessed in the 2006 baseline program.  
Stream sampling consisted of sediment, primary producers, secondary producers, fish 
community, fish diet, and fish metal concentrations at various locations in the study area in both 
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2005 and 2006.  Sampling stations for 2005 and 2006, their coordinates and data collection 
purpose, are summarized in Table 6.7-1.  An additional 24 stations were assessed for fish habitat 
throughout the study area.  Detailed descriptions for each component of the aquatic ecosystem 
are located in Appendix G1 and G2. 

6.7.1.1 Physical Limnology 
Lake Kathlyn was surveyed for water clarity, dissolved oxygen, and temperature in September 
and November, 2005.  Average Secchi depth and euphotic zone depth (water clarity) measured 
2.0 m and 7.9 m respectively.  In late summer dissolved oxygen concentrations were highest at 
the surface (mean concentration 9.2 mg/L), and slowly decreased to become anoxic after 8 m 
(mean concentration 0.2 mg/L at 10 m depth).  Temperature remained relatively uniform from 
the surface to approximately 10 m during all field sampling.  Thus, thermoclines were not 
observed during either sampling period. 

6.7.1.2 Sediment Quality 
Sediment quality includes the physical and chemical properties of sediment in streams and lakes 
sampled in the Project area.  Sediment quality is an indicator of long term patterns in water 
quality because water constituents settle or bind to sediment particles.  Exchange rates of 
constituents between the sediment and water are continuous and dependent on environmental 
conditions.  Sediment quality strongly affects aquatic organisms such as algae and benthic 
invertebrates.  Therefore, sediment quality can influence contaminant transfer and affect upper 
trophic levels in the aquatic ecosystem. 

Lake sediment was collected in 2005 and stream sediment was collected in both 2005 and 2006.  
These baseline data are intended to provide background metal concentrations in the Project area.  
Sediment samples were collected concurrently with aquatic sampling from 12 stations within the 
Project area.  Sampling followed British Columbia Provincial standards (RISC, 1997) and 
samples were analyzed for percent moisture, particle size distribution, nutrient concentrations, 
TOC, total cyanide and total metals using the lowest possible detection limit.  Results were then 
compared to approved Federal and Provincial sediment quality guidelines (BC MWLAP, 1999; 
CCME, 2004). 

Lake Kathlyn 
In 2005, sediment quality data from two stations (S1 at 1 m depth and S2 at 11 m depth) in Lake 
Kathlyn.  Silt was the dominant particle size at both sample stations (S1 - 46% and S2 – 59%).  
To evaluate the potential ecological effects of guideline exceedances, hazard quotients (HQs) 
were used to assess baseline data from Lake Kathlyn (Appendix G1).  Three HQs (or 20%) 
exceeded 10, meaning they presented moderate to high risk to organisms.  These exceedances 
were for arsenic in all three replicates collected. 
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Table 6.7-1 
Aquatics Resources Sampling Stations, Davidson Study Area,  

2005 and 2006 
Station Location Watershed Years Sampled Easting  Northing  
2005 Sampling Stations     
Bulkley River Watershed     
BR1 Bulkley River Bulkley River 2005, 2006 618822 6074496 
BR2 Bulkley River Bulkley River 2005, 2006 617553 6075008 
BR3 Bulkley River Bulkley River 2005, 2006 617362 6075048 
BR4 Bulkley River Bulkley River 2006 617764 6074982 
BR5 Bulkley River Bulkley River 2006 617401 6075618 
Kathlyn Creek Watershed     
S1 Lake Kathlyn - Shallow Kathlyn Creek 2005 614944 6076473 
S2 Lake Kathlyn - Deep Kathlyn Creek 2005 614943 6076644 
A1 Adit Kathlyn Creek 2005, 2006 610938 6076221 
CC1 Club Creek Kathlyn Creek 2005, 2006 612234 6077637 
KC1 Armstrong Creek Kathlyn Creek 2006 614276 6076023 
KC2 Kathlyn Creek Kathlyn Creek 2005, 2006 615557 6075897 
KC3 Armstrong Creek Kathlyn Creek 2005, 2006 612990 6076914 
KC4 Kathlyn Creek Trib A Kathlyn Creek 2005, 2006 612930 6076480 
KC13 Kathlyn Creek Trib A Kathlyn Creek 2005 611126 6076312 
KC16 Kathlyn Creek Kathlyn Creek 2006 611126 6076312 
SC1 Simpson Creek Kathlyn Creek 2005, 2006 615315 6075087 
SC2 Simpson Creek Kathlyn Creek 2005, 2006 613503 6075203 
FHAP3 Club Creek  Kathlyn Creek 2006 611938 6077603 
Toboggan Creek Watershed     
GG1 Glacier Gulch Creek Toboggan Creek 2005, 2006 610577 6076711 
GG2 Glacier Gulch Creek Toboggan Creek 2005, 2006 611879 6078310 
GG3 Lower Glacier Gulch Creek Toboggan Creek 2005, 2006 612872 6080985 
GG4 Glacier Gulch Creek Toboggan Creek 2005, 2006 611129 6077089 
TC1 Toboggan Creek Toboggan Creek 2005, 2006 610936 6079393 
TC2 Toboggan Creek Toboggan Creek 2006 611116 6081896 
TC3 Toboggan Creek Toboggan Creek 2006 610905 6079358 
TC4 Toboggan Creek Toboggan Creek 2006 610952 6082516 
FHAP1 Lower Toboggan Creek  Toboggan Creek 2006 611486 6082709 
FHAP2 Upper Toboggan Creek  Toboggan Creek 2006 611108 6081910 
FHAP4 Glacier Gulch Creek Trib UK1 Toboggan Creek 2006 611566 6078493 
FHAP5 Glacier Gulch Creek Toboggan Creek 2006 611858 6078225 
FHAP6 Lower Toboggan Creek Trib A Toboggan Creek 2006 – –

 

Streams

Particle Size, TOC, and Nutrients 
Gravel was the dominant substrate type at all sites in both 2005 and 2006, except KC4, KC16 
and BR2, where sand was dominant.  Only five sites (KC3, KC4, CC1, BR2 and SC2) had silt 
and clay particles present.  Overall, silt and clay particles formed a small component of sediment 
samples within streams of the Davidson study area under baseline conditions. 



Environmental Assessment 

August 2008 Davidson Project: Application for Environmental Assessment Certificate Blue Pearl Mining Inc. 
Volume I 6–181 Rescan™ Environmental Services Ltd. (Proj. #750-4) 

Stations A1, KC4, and KC16, downstream of the proposed loadout, displayed the highest TOC 
and total nitrogen concentrations in sediment samples.  Total nitrogen and TOC were generally 
low at remaining sites in both 2005 and 2006. 

Available phosphorus values were highest at station KC4 and GG1 during 2005 and 2006 
sampling.  Total phosphorus concentrations were generally low and variable throughout the 
Davidson study area.  Station A1 displayed considerably lower available and total phosphorus 
levels during both years of sediment sampling. 

Total Metals 

Comparison between Stations 
Concentrations of molybdenum, arsenic, and copper were considerably higher at A1 than at all 
other sites.  Concentrations at KC4, which had the next highest concentration in both cases, were 
between 12 and 13 times lower for molybdenum and between two and three times lower for 
arsenic.  Arsenic concentrations were also considerably higher at KC4 than at the other sites in 
2005 and 2006.  Most metals showed variable levels across sampling stations.  Concentrations of 
heavy metals, such as mercury and lead, were generally low across all stations within the study 
area and well below their respective Probable Effects Level (PEL; CCME, 2004). 

Comparison with Sediment Quality Guidelines 
To evaluate the potential ecological effects of guideline exceedances, the number of exceedances 
and HQs were examined in a similar manner for 2005 and 2006 sampling (Rescan, 2006).  
Sixteen HQs (11%) exceeded 10, meaning respective metal concentrations pose a moderate to 
high risk for organisms.  These HQs were for arsenic samples collected from stations A1 and 
KC4 in 2005 and 2006, and for copper sampled at stations A1 and GG1 in 2006. 

All exceedances are background environmental conditions, with the exception of the Adit 
stream.  These exceedances will be monitored throughout the life of the Project. 

6.7.1.3 Primary Producers 
Primary producers were sampled as periphyton from twelve stream sites and as phytoplankton 
from Lake Kathlyn in 2005 following British Columbia Provincial standards (RISC, 1997).  
Periphyton are a diverse group of algae (mainly diatoms) that commonly attach to and accumulate 
on hard substrates.  Within stream ecosystems they are one of the only groups of photosynthesizing 
organisms (aquatic macrophytes are the other group).  Periphyton are used as bioindicators because 
they are fixed to stream substrate and are unable to escape exposure to contaminants. 

Phytoplankton were sampled from Lake Kathlyn because they form the primary trophic level.  
Phytoplankton biomass was measured as the concentration of chlorophyll a, density was 
measured as the number of cells/mL and species diversity was assessed as a percentage of total 
density in each taxonomic unit.  Phytoplankton communities were relatively high in diversity and 
species richness.  Phytoplankton biomass, abundance and diversity levels were very similar 
between stations S1 and S2.  Chlorophyll a concentrations were within the range seen in other 
northwestern British Columbia lakes (Shortreed et al., 2001).  Cyanophytes dominated 
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phytoplankton communities, with a relatively large proportion of chlorophytes.  Phytoplankton 
was not collected from Lake Kathlyn in 2006. 

Most periphyton communities were similar with respect to their taxonomic composition, with 
cyanophytes and diatoms dominating most sites.  Generally, stations in Glacier Gulch Creek and 
the Bulkley River had the greatest density, biomass, richness, and diversity of the periphyton 
communities sampled. 

6.7.1.4 Secondary Producers 
Zooplankton are small organisms found within the water column of most lakes.  These animals 
typically form the secondary trophic level in lakes and are important food for fish.  Benthic 
invertebrates are also important forage for fish in both stream and lake environments; they are 
also used as bioindicators (similar to periphyton) because they are generally fixed to substrate 
and can not escape aquatic contamination (Environment Canada, 2001).  Zooplankton and 
benthos data were not collected from Lake Kathlyn in 2006. 

In 2005, the diversity of the zooplankton community in Lake Kathlyn was low, with 90% of the 
community consisting of one group (cyclopoid copepods of the genus Cyclops).  Benthic 
communities were dominated by oligochaetes in Lake Kathlyn.   

Stations in the Bulkley River displayed high benthic invertebrate density, richness, diversity, and 
evenness.  Benthic communities in the Project area were largely composed of dipterans, 
nematodes and oligochaetes. 

6.7.1.5 Fish Community 
Baseline fish community assessments were conducted in the study area during the summers of 
2005 and 2006.  Fish communities were assessed using electrofishing and minnow trapping gear 
following standardized sampling techniques (RISC, 2001).  Data was collected on fish presence 
or absence, catch-per-unit effort, and biological features such as fish length, weight, age, diet, 
and whole fish metal concentrations.  Fish community assessments in 2006 focused on streams 
crossing the northern haul road, as well as supplementing fish community information collected 
in 2005. 

A total of 901 fish, representing nine species within the study area were sampled: chinook 
salmon (Oncorhynchus tshawytscha), coho salmon (Oncorhynchus kisutch), rainbow trout 
(Oncorhynchus mykiss, Plate 6.7-1), cutthroat trout (Oncorhynchus clarki, Plate 6.7-2), Dolly 
Varden (Salvelinus malma), prickly sculpin (Cottus asper), northern pikeminnow (Ptychocheilus
oregonensis), redside shiner (Richardsonius balteatus) and lamprey (Lampetra spp.).  The fish 
communities of the Kathyln Creek and Toboggan Creek watersheds were the most diverse with a 
total of six species each.  A cumulative total of 36,524 seconds of electrofishing effort was 
exerted within the study area during baseline fish community surveys. 
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Plate 6.7-1.  Rainbow trout captured by electrofishing gear from the Bulkley River. 

 
Plate 6.7-2.  Cutthroat trout captured from Kathlyn Creek Watershed. 

6.7.1.6 Fish Habitat 
Fish habitat is defined as those environmental variables that are directly or indirectly required by 
fish to carry out their life-history processes.  Fish habitat assessments were based on the 
standardized Reconnaissance (1:20,000) Fish and Fish Habitat Inventory Program (RISC, 2001) 
using 200 m long stream stations.  A total of 36 stations were surveyed for fish habitat in 
conjunction with road or pipeline crossings in 2005 and 2006 (Appendix G2).  Fish habitat use in 
the Davidson study area is illustrated in Appendices G1 and G2. 
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During the summer of 2005, a total of 21 stations proposed to be crossed by the southern haul 
road option and pipeline were assessed and classified.  Fish habitat assessments were focused in 
the Kathlyn Creek Watershed due to the location of the Project, and on the proposed southern 
haul road option.  In total, 17 stream stations were identified as fish-bearing within the receiving 
environment or along the pipeline or southern haul road option.  Streams within the 2005 study 
area ranged from S2 fish-bearing streams (e.g., Simpson Creek) to Non-Classified Drainages 
(NCDs) that are non-fish-bearing.

In 2006, a total of 15 proposed crossings along the northern haul road option or pipeline were 
assessed and classified in Toboggan Creek, Glacier Gulch Creek, Club Creek, Simpson Creek, 
Kathlyn Creek and their tributaries.  All 15 stream stations were identified as fish-bearing.  
Streams within the study area ranged from S1 large river, fish-bearing streams (e.g., Bulkley 
River) to NCDs that are non-fish-bearing.

6.7.2 Selection of Valued Ecosystem Components 

6.7.2.1 Aquatic Resources 
For the purposes of this section, the term ‘aquatic resources’ refers to all primary and secondary 
producers in the aquatic environment.  This term does not include fish or fish habitat and they are 
identified separately.  Primary and secondary producers include periphyton and benthic 
invertebrates in streams, as well as phytoplankton, zooplankton, and benthic invertebrates in 
lakes.  These organisms are fundamental to aquatic ecosystem function, contributing to nutrient 
cycling, photosynthesis, and the processing of organic materials.  Primary and secondary 
producers are also important food sources for fish, birds, and other organisms.  The populations 
and communities of these organisms are directly linked to their habitat, thus aquatic resources 
are often useful for assessing the quality of sediment, water and other environmental variables.  
Therefore, changes to aquatic resources will directly affect fish, the productive capacity of fish 
habitat (outlined below), and other components of the ecosystem.  For these reasons, the federal 
MMER require, at a minimum, benthic invertebrate surveys to monitor for potential impacts to 
the aquatic environment from metal mines.  This rationale forms the justification for including 
aquatic resources as a VEC. 

6.7.2.2 Fish Community and Fish Habitat 
Many fish species serve an important role in the ecological, economic, and cultural aspects of 
British Columbia.  In particular, salmonid species are captured in subsistence, commercial, and 
recreational fisheries, supporting local cultures and economies, while other species act as 
indicators of aquatic environmental health.  Fish communities and fish habitat are protected 
under several forms of federal and provincial legislation, including the Fisheries Act (1985) 
enforced by the DFO.  Section 35(1) of the Act defines fish habitat as “spawning grounds and 
nursery, rearing, food supply and migration areas on which fish depend directly or indirectly to 
carry out their life processes.”  The Act also prohibits the “harmful alteration, disruption or 
destruction” (HADD) of fish habitat through physical, chemical or biological means (DFO, 
1985), while the ‘Policy for the Management of Fish Habitat’ (DFO, 1991) outlines the DFO’s 
policy statement of “no net loss of productive capacity” of fish habitat. 
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6.7.2.3 Effects Assessment Scope 
The EA Application will describe effects on aquatic organisms (benthic invertebrates and fish) 
and their habitat, taking into account the direct effects from all Project components, as well as 
the predicted water quality and quantity effects, and local drainage patterns for all stages of the 
Project life cycle, and timing windows.  The analysis will include: 

! effects on all water bodies (including streams, rivers, lakes, and wetlands) that may 
experience changes to fisheries resources, including migratory fish and critical habitat.  
This includes, but is not limited to, Kathlyn and Glacier Gulch creeks, and the Bulkley 
River;

! effects on all streams, rivers, associated food webs, and water use potential that may be 
affected by changes in water chemistry (suspended solids, nutrients, major ions, metals) 
due to runoff, discharges, diversions, or extractions from the proposed development; 

! physical and chemical changes to sediment quality; 

! habitat loss or alteration; 

! fish mortality; 

! mitigation and/or compensation requirements; 

! productive capacity of aquatic systems during construction, operation and maintenance, 
closure, and post-closure; 

! rare and/or sensitive fish species and habitat, including Committee on the Status of 
Endangered Wildlife in Canada (COSEWIC)/Species at Risk Act (SARA) listed species 
and BC CDC (B.C. Conservation Data Centre) red- and blue-listed species; and 

! Wet’suwet’en traditional use of the aquatic environment. 

This section will include a discussion of practical measures considered to minimize Project 
effects on the aquatic environment, and an overview of how the Principle of “No Net Loss” 
(DFO, 1991) will be achieved during the construction, operation, care, maintenance, and closure 
stages of the proposed development and the support infrastructure including haul road and 
pipeline routes. 

Many of the issues listed overlap in terms of definition and scope.  For the purposes of this 
section the issues were grouped into four categories for discussion: productive capacity of fish 
habitat, habitat loss and alteration, direct and indirect mortality, and sublethal effects.  The 
productive capacity of fish habitat is defined as “the maximum natural capability of habitats to 
produce healthy fish, safe for human consumption, or to support or produce aquatic organisms 
upon which fish feed” (DFO, 1991).  Productive capacity may be altered by physical or chemical 
changes to fish habitat, or by direct loss of fish habitat. 

Habitat loss and alteration refers to the removal or physical alteration of aspects of the aquatic 
environment that are used either directly or indirectly by fish.  Under the Fisheries Act, chemical 
alteration of water or habitat quality by the introduction of deleterious substances to surface 
waters is also a HADD to fish habitat (DFO, 1985).  Chemical effects tend to alter the productive 
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capacity of habitat by affecting aquatic invertebrates or fish health directly; therefore, these 
effects are detailed under productive capacity of fish habitat and/or sublethal effects. 

Direct mortality of fish can occur due to fishing or by other actions that result in the immediate 
or near immediate death of fish.  Indirect mortality refers to mortality caused by deteriorated 
health, habitat loss or degradation.  Sublethal effects are those that may affect the relative health 
or behaviour of individual fish in the Project area.  Examples include: increased stress, decreased 
health or condition, and habitat avoidance.  Sublethal effects do not result in mortality, but may 
ultimately decrease the fitness and fecundity of individual fish and possibly translate to 
population level effects in the long term. 

6.7.2.4 VEC Selection 
The Project has the potential to negatively affect aquatic life, fish and fish habitat both directly 
and indirectly throughout the lifetime of the mine.  As a result, individual components of the 
aquatic environment, fish species, and groups of fish species were identified as VECs based on 
their conservation status, commercial value, cultural importance, and ecological significance. 

The following sources were consulted to identify species at risk and of conservation concern: 

! SARA;
! COSEWIC; 
! DFO;
! BC MOE; 
! BC CDC; and 
! British Columbia blue and red lists. 

Reviewed information from these sources formed the basis for the aquatics, fish community, and 
fish habitat VEC selections as listed: 

! Dolly Varden and “Other Fish Species”: Dolly Varden (Salvelinus malma) are a blue-
listed species (BC CDC species of concern) in British Columbia.  This fish is sought and 
consumed by sport anglers.  Mine development may affect Dolly Varden habitat and 
possibly increase tissue metal contamination.  “Other Fish Species” captured in 2005 
and 2006 baseline studies include: rainbow trout (non-anadromous), cutthroat trout, 
prickly sculpin, northern pikeminnow, redside shiner, and lamprey.  Historically 
documented species, including mountain whitefish, longnose dace, peamouth chub, 
burbot, longnose sucker, largescale sucker, and white sucker, may also inhabit 
waterbodies in the Project area. 

! Anadromous (migratory) Pacific salmon species (Oncorhynchus spp.), including: 
steelhead (O. mykiss), sockeye (O. nerka), pink (O. gorbuscha), chinook, and coho.  
These species use Toboggan Creek and the Bulkey River as spawning, rearing and 
overwintering habitat.  Pacific salmon are valuable to First Nations culture and 
subsistence fisheries, commercial and recreational fisheries.  Mine development may 
result in habitat loss and metal contamination for these species. 
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! Aquatic Resources includes all primary and secondary producers in the aquatic 
environment.  Affects to aquatic resources include: loss of aquatic habitat due to 
construction (i.e., sedimentation); sublethal effects and mortality associated with 
increased ions, metals, and total suspended solids in waters; and habitat alteration from 
nutrient loading or degradation related to the above stressors. 

! Toboggan Creek was selected because it supplies critical fish habitat for spawning and 
rearing, particularly for Dolly Varden, steelhead, coho and pink salmon.  Dolly Varden 
are resident in Toboggan Creek and are a blue-listed species in British Columbia.  
Toboggan Creek is also the main water source for a DFO salmonid enhancement 
program.  Stream habitat may be impacted in Toboggan Creek and its tributaries due to 
haul road crossings. 

! The Bulkley River was chosen due to its status as a culturally and economically 
important river supporting Pacific salmon (steelhead, coho, chinook, sockeye and pink).  
The Bulkley River supplies critical habitat for the greatest diversity of fish and aquatic 
organisms in the Project area.  The Bulkley River is also habitat for two blue-listed fish 
species: bull trout (Salvelinus confluentus) and a sub-species of cutthroat trout 
(Oncorhynchus clarki clarki).  This section of the Bulkley River also provides world-
class steelhead fishing for the angling industry.  The Bulkley River will be the discharge 
site for the mine effluent pipeline and a diffuser will be constructed at the pipeline outfall. 

Table 6.7-2 lists the VEC fish species and outlines the life-history and habitat requirements of 
each.  This table also highlights operation timing windows for each VEC fish species. 

6.7.3 Spatial Boundaries 
The spatial boundaries of the aquatic environment assessment are the reach of the Bulkley River 
downstream of the discharge location and the Kathlyn Creek and Toboggan Creek watersheds 
(Figure 6.7-1). 

The Kathlyn Creek watershed incorporates the mine site and loadout, the switchback road, the 
1066 Adit, 1066 DRSP, the utilities corridor, and a short section of the new haul road.  Lake 
Kathlyn and the Club Creek sub-watersheds are incorporated within this boundary.  The northern 
haul road is located within the Toboggan Creek Watershed and Glacier Gulch Creek sub-
watershed. 

6.7.4 Identification and Description of Potential Project Effects  

6.7.4.1 Methodology and Process 
Potential effects of any interactions between the Project components, sub-components and/or 
Project activities were identified for the selected VECs.  This was done for each temporal stage 
of the Project (i.e., construction, operation and maintenance, closure, and post-closure).

To ensure all potential effects were identified, a matrix table was used to identify interactions 
between the identified effects and all aspects of the Project.  The potential effects were identified 
for each aquatic and fish resources VEC by reviewing the Project components and baseline 
setting, then determining the potential effects that may occur.  The matrix was then used to  
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identify all interactions and influence that a Project component may have on any one effect.  If a 
project component was considered not to have any interaction with a particular VEC (and thus no 
potential effect), then further consideration was not given to the project component in the 
assessment.

6.7.4.2 Identification of Potential Effects 
This section will identify and assess the predicted potential effects of each mine component on 
each VEC for the four temporal stages of the Project and results of this screening process are 
presented in Table 6.7-3.

Following the initial screening, it was found that the underground mine is not expected to affect 
any VEC through any phase.  Nor will the post-closure phase, as it will only consist of site 
inspections and monitoring.  Thus, the underground mine component and the post-closure phase 
were excluded from the remaining portion of the effects assessment.   

Project components that may affect an identified VEC are discussed in relation to productive 
capacity of habitat, habitat loss/alteration, mortality, and sublethal effects for the three remaining 
temporal stages. 

6.7.4.3 Description of Nature and Extent of Potential Effects 
The purpose of this stage of the assessment is to describe the nature and extent of potential 
effects before mitigation and to identify the need for and/or propose suitable mitigation 
measures.  ‘Before mitigation’ is defined in terms of the effect on the environment prior to the 
application of design changes, management practices, monitoring, compensation, or 
enhancement measures.  Mitigation measures are described in Section 6.7.5.1 for each identified 
potential effect.  Definitions for describing the nature and extent of potential effects on aquatic 
and fish resources are outlined in Table 6.7-4. 

In defining the nature and extent of each effect, consideration was given to legislative and policy 
standards or guidelines for the management of aquatic and fish resources (e.g., DFO’s Policy for 
the Management of Fish Habitat).  The following factors were also considered during the 
environmental assessment process: 

! degree to which the environment or social factors are affected (e.g., whether the quality 
of aquatic and fish resources are enhanced or impaired);  

! scale of the change (e.g., the size of land area or number of people affected and degree of 
change from the existing situation);  

! scale of change resulting from effects (i.e., magnitude of effect);  

! whether the effect is temporary or permanent; and 

! temporal duration of the effect. 

Table 6.7-5 outlines the nature and extent of potential effects for each aquatic resources VEC 
identified for the Project. 
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Table 6.7-4 
Description of the Nature and 

Extent of Potential Effects on Aquatic and Fish Resources 
Major Major shift away from the baseline conditions, fundamental change to aquatic/fish resources either by a 

relatively high amount for a long-term period or by a very high amount for an episode such that watercourse 
ecology is greatly changed from the baseline condition. 

Medium A significant shift from the baseline conditions that may be long-term or a high amount for a temporary 
period.  Results in a change in the ecological status of the watercourse. 

Low Minor shift away from the baseline conditions.  Changes in aquatic/fish resources are likely to be relatively 
small, or be of a minor temporary nature such that watercourse ecology is slightly affected. Equivalent to 
minor but measurable change within a class. 

Negligible Very slight change from the baseline conditions such that no discernible effect upon the watercourse’s 
ecology results.  No change in classification. 

 

Mine Site and Loadout Facility Potential Effects 

General
The mine site and loadout facility will include the main surface infrastructure for the Davidson 
mine.  During the construction phase, activities such as upgrading the mine site access road, 
clearing and site preparation, the construction of water management structures and site facilities, 
and the preparation of the pads for the 1066 and 700 DRSPs will take place.  Operations at the 
mine site will include: loading of trucks and equipment, employee access, site and equipment 
maintenance, and waste rock management.  Closure and post-closure activities will include the 
removal of all site infrastructure, the decommissioning of settling ponds, site restoration 
including restoring natural drainage, and re-vegetation of the site.  Post-closure activities will 
include site inspections and monitoring, which are not expected to affect selected VECs. 

Effects from activities related to the mine site and loadout facility are not predicted to affect Pacific 
salmon, Toboggan Creek, or the Bulkley River.  These selected VECs are not in direct contact with 
the mine site and loadout facilities, and thus will not be discussed further in this section. 

Habitats in the upper reaches of streams in the vicinity of the mine site area were found to be 
non-fish-bearing; however, these streams support fish in downstream reaches.  Streams within 
the immediate vicinity of the mine area may influence fish habitat because they produce aquatic 
invertebrates that are used as a food source for downstream fish populations.  Overall, the only 
potential effects identified are related to increased sedimentation and turbidity. 

Dolly Varden and Other Fish Species 
Dolly Varden and other fish species may experience decreased productive capacity and habitat 
loss and alteration because of activity at the mine site and loadout facility.  Although barriers 
prevent Dolly Varden from using streams immediately adjacent to the mine site and loadout 
facility, they are present downstream in Armstrong Creek.  Effects on Dolly Varden and other  
fish species in this stream may occur during construction and operations phases of the Project.  
During construction, fish may be affected by sedimentation resulting from access road upgrades, 
site clearing, alteration to drainage patterns, and earth-works associated with the construction of 
the pads for the DRSPs. 
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The use of moisture-attracting salts (i.e., calcium chloride and magnesium chloride) for dust 
suppression and access road maintenance could result in degraded water quality in streams 
downstream of the mine site.  Increased chloride concentrations from surface runoff from the 
mine site access road to nearby streams could result in direct mortality or sublethal effects 
related to osmoregulatory and physiological processes in more sensitive life stages and species of 
aquatic life (Judd, 1970; Kapoor, 1978; Hoffman et al., 1981).  Effects on the productive 
capacity of nearby aquatic habitat and VECs downstream of the mine site and loadout facility are 
not expected. 

Aquatic Resources 
The effects of the mine site on productive capacity, habitat loss and alteration, mortality, health and 
behaviour may be more direct for aquatic resources than for fish.  Although the streams in the 
immediate vicinity of the mine site are non-fish-bearing, aquatic resources such as periphyton and 
benthic invertebrates are food sources for downstream fish populations.  Mine site activities during 
the construction and operation phases will affect aquatic resources through erosion, sedimentation, 
road dust, and potential for small scale chemical spills resulting from equipment maintenance 
activities.  Although physical alterations to streams at the mine site are expected to be minimal, 
erosion from the mine access road may cause increased temporary and localized turbidity.   

Increased turbidity, siltation, and sedimentation may result in the smothering of primary and 
secondary producers at various life stages and reduce visibility leading to decreased feeding 
efficiencies for these organisms. 

Utilities (Pipeline and Power) Potential Effects 

General
A pipeline corridor will be constructed from the mine site to the Bulkley River.  All waste water 
from the mine site area (e.g., water from the 700 m and 1066 m Adits, seepage from the DRSPs, 
and site runoff) will be treated on-site before being transported.  Treated water will move 
through a pipeline extending from the loadout to a diffuser installed into the Bulkley River near 
Station BR3 (Appendix C9).  The pipeline will cross a total of nine streams, six of which have 
been determined as fish-bearing.  Fish-bearing streams crossed by the pipeline include: the main 
stems of Simpson, McKinnon, and Kathlyn creeks as well as tributary streams of Armstrong and 
Simpson creeks.  Many of the streams along the pipeline corridor are small (less than 3 m), class 
S4 or above and contain cutthroat trout and Dolly Varden. 

In general, construction of the pipeline will involve site clearing and trench excavation. Trenchless 
methods (e.g., pipe ramming or directional drilling) will be used to install the pipe under larger 
fish-bearing streams.  Trenchless methods are used to minimize disturbance to stream beds or 
banks (DFO, 2007a).  Several measures must be taken when using trenchless methods to protect 
fish and fish habitat, including the prevention of disturbance to stream banks, loss of riparian 
vegetation, pipeline exposure due to stream bed scouring, and sedimentation of streams. 

Where trenchless methods will not be used for pipeline installation, activities will involve the 
clearing of vegetation and the excavation of a 2 m deep by 1 m wide trench to accommodate the 
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pipeline.  Although this work will be done in the dry using temporary dams and stream 
diversions, these activities may still result in the release of sediment to the stream and may 
possibly alter fish habitat.  Once the pipeline has been constructed, no additional effects are 
expected to affect aquatic life and their habitats.  Additional habitat effects are not anticipated 
upon the decommissioning of the pipeline because it will remain in the stream substrate upon 
decommissioning.  Effects caused by the pipeline are not discussed for Toboggan Creek because 
the proposed pipeline does not cross this watercourse. 

As stated, treated mine effluent will be discharged into the Bulkley River via a diffuser installed 
into the riverbed.  This component of the mine design may have two main effects on aquatic life 
in the Bulkley River: 1) increased levels of metals and nutrients; and 2) increased sedimentation 
and turbidity.  Potential effects will be discussed in greater detail for each VEC. 

Dolly Varden and Other Fish Species 
Of the selected VECs, Dolly Varden may be the most affected by construction and operation of the 
pipeline corridor because they are the dominant species within the potentially affected watersheds.  
Each of the six fish-bearing streams to be crossed by the pipeline corridor support populations of 
Dolly Varden.  In addition, small tributary streams of Armstrong and McKinnon creeks crossing 
the pipeline corridor flow into streams where populations of Dolly Varden may be present. 

Proposed construction activities (i.e., clearing of riparian vegetation, trench excavation, 
directional drilling) may affect fish through increased sedimentation and turbidity.  General 
operations of the pipeline, such as pumping of mine water, are not expected to affect Dolly 
Varden unless a rupture of the pipeline occurs.  Effects related to the rupture of the pipeline are 
discussed in Chapter 7 - Accidents and Malfunctions.

Direct loss of Dolly Varden habitat is predicted to be limited to stream crossings along the 
pipeline corridor.  Small amounts of habitat will be altered at each stream crossing due to the 
clearing of riparian vegetation, resulting in short sections of temporarily decreased cover. 

Other fish species captured in baseline studies along the pipeline corridor include cutthroat trout, 
mountain whitefish, prickly sculpin, lamprey, and longnose sucker.  These fish are documented in 
Kathlyn Creek, McKinnon Creek, and Simpson Creek.  Habitat loss in these creeks will be limited 
to areas in the immediate vicinity of the pipeline crossings, and will result from sedimentation and 
the clearing of riparian vegetation.  Sedimentation in these streams may also cause sublethal effects 
such as habitat avoidance, direct mortality, and/or indirect mortality of various life stages of these 
fish species. 

Pacific Salmon 
Potential effects to Pacific salmon may occur at the diffuser site on the Bulkley River and at 
salmon-bearing streams crossing the pipeline corridor.  Sedimentation and turbidity may be 
caused during construction of the diffuser and stream crossing sites and may potentially affect 
Pacific salmon in their early life stages; however, this effect, will be short-term and the impact is 
predicted to be negligible.  In addition to potentially affecting loss of fish habitat and productive 
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capacity (discussed below for the Bulkley River), sublethal effects caused by metals toxicity may 
occur at the site of the diffuser and immediately downstream.

Aquatic Resources 
During construction, the clearing of riparian vegetation and development of the pipeline corridor 
may cause localized turbidity and temporary sedimentation at stream crossings and the diffuser 
site.  This could lead to the smothering of aquatic invertebrates and their eggs, decreased 
visibility (which would reduce feeding efficiencies), and altered siltation patterns in streams.  
Recovery from sedimentation would occur more rapidly in fast-flowing streams relative to 
slowly flowing streams.  Potential sedimentation events are predicted to be short term, and have 
a negligible effect on aquatic resources. 

Bulkley River 
The Bulkley River may be affected by several Project activities, including the installation of the 
diffuser and discharge of treated mine effluent.  These activities may result in the loss of fish 
habitat through increased sedimentation and turbidity or physical alteration of habitat, as well as 
metals toxicity and/or increased nutrients through the discharge of treated effluents. 

Increased Sedimentation and Turbidity 
Construction of the diffuser may affect physical fish habitat features at the Bulkey River site due to 
the clearing of riparian vegetation, increased turbidity and sedimentation, and temporary alteration 
of the river bed.  Effects on the aquatic environment may include: the smothering of benthic 
invertebrates, fish eggs and/or alevins, and the alteration of fish habitat.  The preparation of the 
diffuser site and the installation of the diffuser may cause a HADD of fish habitat at this site.  The 
proposed diffuser will be approximately 23 m in length and span half of the wetted channel of the 
Bulkley River at low-flow (see Appendix C9).  The excavation is predicted to be less than 3 m 
wide and 0.66 m deep.  Excavated bed material will be temporarily stored beside the trench during 
construction, and will be used to backfill around the diffuser upon its completion, restoring fish 
habitat at the site.  Once buried, only the ports of the diffuser will extend out of the substrate.  In 
total, approximately 140 m2 of streambed will be affected at the diffuser location on the Bulkley 
River.  The construction of the diffuser may be considered a HADD of fish habitat in the Bulkley 
River; thus, lost habitat will be compensated for and is described in detail within the Fish Habitat 
Compensation Plan (Section 11.13.7). 

Metals Toxicity 
Runoff water from the mine site and drainage water from the Adit will be collected and treated 
on site.  Treated water will then move through the pipeline and discharged into the Bulkley 
River.  Potential effects to aquatic organisms and their habitat may result from discharge of 
treated or untreated mine effluent.  Aside from direct and/or sublethal effects to aquatic 
organisms (discussed above), mine effluent may affect the productive capacity of the Bulkley 
River or result in the loss or degradation of aquatic habitat. 

Baseline water quality for dissolved anion concentrations in the Bulkley River are generally below 
the B.C. and CCME guideline thresholds; however, concentrations of total aluminum, cadmium, 
copper, iron, mercury, zinc, and dissolved aluminum presently exceed these guidelines.  
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Predictions of the worst case scenario for water quality (metals toxicity) variables during normal 
operation of the Davidson treatment facility showed that concentrations of total and dissolved 
metals will be very similar to baseline levels (Appendix C9).  Water quality predictions were made 
for physical variables (e.g., pH, TSS, hardness), dissolved anions, total metals, and one dissolved 
metal at the diffuser site, as well as 13 m, 100 m, and 600 m downstream of the proposed diffuser 
site.  These predictions were made for normal operation of the mine water treatment facility and 
for upset conditions when the treatment facility is not in operation (i.e., facility malfunction).  This 
assessment showed that when treated mine water is discharged into the Bulkley River immediately 
downstream of the proposed diffuser location, water quality variable concentrations would rise 
only slightly from baseline conditions and remain below B.C. and CCME guideline thresholds, 
with the exception of the variables that presently exceed guideline thresholds (total aluminum, 
cadmium, copper, iron, mercury, zinc, and dissolved aluminum).  Discharged mine water would be 
fully mixed in half the width of the river 13 m downstream of the proposed diffuser location during 
1-in-100-year seven-day low flow conditions. 

Increased Nutrients 
Effects may also stem from the discharge of nutrients such as ammonia, nitrate, and nitrite 
concentrations.  Sources of these nutrients from the mine site will include blasting residues in the 
water from the underground mine and treated sewage effluent from the sewage treatment plant.  
The outfall from the Smithers municipal sewage treatment facility (another source of nutrients) is 
located approximately 20 m downstream of the proposed Davidson diffuser.  Based on hydraulic 
modelling (Appendix C9), under 100-year low flow conditions, discharge from the Davidson 
diffuser would be fully mixed across half the channel 13 m downstream.  The combination of 
discharge from Davidson and the Smithers sewage facility would be fully mixed in half the 
channel 100 m downstream, and fully mixed across the entire channel 600 m downstream.  As 
described in the surface water quality assessment (Section 6.4), although nutrient variables are 
predicted to increase above baseline conditions, they are not expected to exceed B.C. or CCME 
guidelines for the protection of aquatic life. 

Increased nutrients such as ammonia, nitrate, and nitrite may affect the productive capacity 
and/or result in the damage or loss of aquatic habitat.  The addition of these nutrients can fertilize 
the aquatic system, and if present in high quantities, result in artificial eutrophication.  
Eutrophication can lead to the proliferation of aquatic vegetation, decreased water clarity, 
reduced oxygen concentrations, and may effectively alter the aquatic environment (Schindler, 
1974).  These alterations in aquatic habitat may not favour endemic species or species that are 
intolerant to habitat change (e.g., rainbow trout).  Thus, changes to water quality may result in 
changes in the composition of benthic invertebrate and fish communities.  While the toxic 
components of nitrogenous wastes can have deleterious effects on fish, their effects on the 
productive capacity of fish habitat can be variable.  The increased nutrients from sewage effluent 
can actually increase primary and secondary production (McVicar et al., 1988).  Thus, the 
addition of nitrogenous wastes to a system sometimes results in no significant changes in the 
distribution or abundance of fish species near the outfall sites (Gray et al., 1992). 
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Haul Road Potential Effects 

General
The proposed haul road will be constructed from the proposed mine site north to Highway 16.  
This haul road will cross a total of nine streams, seven of which are assessed as fish-bearing.  
Fish-bearing streams include Toboggan Creek, Glacier Gulch Creek, Gulch Creek Tributary 1 
and Club Creek.  These streams are predominantly class S3 to S4 and contain a total of eight fish 
species (Appendix G2).  During the construction and operation phases, haul road activities will 
include site clearing, culvert installation, road maintenance (i.e., grading, snow removal), and 
general road traffic that may affect aquatic and fisheries resources.  Relatively minor alterations 
or losses of fish habitat, indirect mortality, and sublethal effects may occur at crossings along the 
proposed haul road (Furniss et al., 1991).  This includes loss of habitat at the foot of bridge 
abutments and culvert installation, loss of riparian vegetation along stream banks, and erosion 
and sedimentation during construction at each stream crossing.  Road traffic may also cause 
minor habitat alteration from aerial deposition of dust to waterways.  These alterations will 
represent minor losses of habitat at each crossing based on the small fraction of affected area 
compared to total stream lengths.   

Clear-span bridges will be constructed over large streams as determined by road engineers.  
Bridge design will allow a minimum 1.5 m clearance (or free-board) between the lowest 
elevation of the bridge deck and the projected level of a 100-year flood.  General design 
drawings for all bridges will be provided for project permitting.  Bridges will conform to DFO’s 
Operational Standards for Clear-Span Bridges (DFO, 2007b) and therefore will not result in a 
HADD of fish habitat. 

Negligible effects are predicted to be caused by short term sedimentation events, increased 
turbidity, and loss of habitat at road/stream crossings.  All habitat loss and alteration will be 
compensated for in the Fish Habitat Compensation Plan. 

Dolly Varden and Other Fish Species 
Of the aquatic resources VECs, Dolly Varden and other fish species may be most affected by 
construction and operation of the haul road, as they are the most widespread species within the 
affected watersheds.  Many of the fish-bearing streams to be crossed by the haul road support 
populations of Dolly Varden.  In addition, small tributary streams that will be crossed by the haul 
road may flow into streams where populations of Dolly Varden are present. 

Proposed construction (i.e., site clearing and culvert or bridge installation) and operations (i.e.,
road maintenance and traffic) activities may have the highest effect on Dolly Varden through 
increased turbidity and sedimentation.  Thus, for these phases of the Project, the control of 
sediment is of particular concern.  Direct loss of fish habitat is predicted to be minimal along the 
proposed haul road.  Small amounts of habitat may be lost at each stream crossing due to the 
clearing of riparian vegetation, resulting in short areas of temporarily decreased cover for fish; 
however, if the crossings conform to DFO’s Operational Standards, this will not be considered a 
HADD.
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Other fish species captured in baseline studies along the northern haul road include: cutthroat 
trout, mountain whitefish, prickly sculpin, lamprey, and longnose sucker.  These fish are 
documented mainly from Toboggan Creek, Glacier Gulch Creek and Club Creek.  Habitat loss 
will be limited to areas in the immediate vicinity of the crossings from the clearing of riparian 
vegetation and downstream sedimentation.  Increased turbidity and sedimentation in these 
streams may also cause direct and indirect mortality, and sublethal effects such as habitat 
avoidance for various life-stages of these fish species. 

Pacific Salmon 
Pacific salmon species are present in Toboggan Creek and Glacier Gulch Creek along the 
proposed northern haul road. Baseline fish community surveys documented the presence of 
juvenile coho salmon upstream of the proposed Toboggan Creek crossing.  The proposed haul 
road may have direct effects on Pacific salmon through direct and indirect mortality, fish health 
effects, or habitat avoidance caused by sedimentation.  Sublethal effects such as tremor effects 
may also be generated by the haul road due to the operation of heavy equipment.  Salmon habitat 
loss is expected to be limited to the footprint of the crossing (i.e., bridge).  The haul road is not 
expected to directly affect important salmonid communities or habitat in the Bulkley River 
because the haul road will not come into direct contact with it. 

Aquatic Resources 
During construction and operation phases, erosion along the haul road may result in temporary, 
localized sedimentation and increased turbidity at stream crossings.  This could lead to the 
smothering of invertebrates and their eggs, decreased visibility (which would reduce feeding 
efficiencies) and the siltation of stream beds causing the loss of productive habitat for aquatic 
organisms.  The use of moisture-attracting salts (i.e., calcium chloride and magnesium chloride) for 
dust suppression could result in degraded water quality in streams downstream of the haul road 
crossings.  Increased chloride concentrations from road surface runoff into nearby streams could 
result in direct mortality or sublethal effects related to osmoregulatory and physiological processes 
in more sensitive life-stages and species (Judd, 1970; Kapoor, 1978; Hoffman et al., 1981).

Toboggan Creek 
Toboggan Creek was identified as a VEC because it supplies critical fish habitat to a variety of 
important fish species.  Because Toboggan Creek will be crossed by the haul road, a clear-span 
bridge will be constructed to reduce the impact on fish habitat.  The clearing of riparian 
vegetation and sedimentation due to runoff from the road may affect the productive capacity of 
fish habitat and result in the loss or alteration of habitat.   

The impact of riparian habitat loss is expected to be localized near the crossing; however, 
sedimentation may affect habitats downstream of the crossing.  Loss of fish habitat will be 
compensated for and is discussed in the Fish Habitat Compensation Plan (Section 12 – Follow-
up Programs). 
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6.7.5 Mitigation Measures and Identification and Potential Residual 
Adverse Effects 

6.7.5.1 Mitigation Measures 
To minimize the effects on aquatic life and their habitats, several mitigation measures will be 
required.  Because most of the potential effects involve the clearing of riparian vegetation, 
associated sedimentation, and the discharge of metals to the aquatic environment, mitigation 
strategies will be tailored to address these issues.  Mitigation objectives outlined in the Land 
Development Guidelines for the Protection of Aquatic Habitat (Chilibeck, 1992) provide a basis 
to mitigate effects of development on the aquatic environment.  Thus the following objectives 
were used to guide mitigation strategies for the proposed Project: 

! provision and protection of riparian buffers adjacent to watercourses; 

! control of soil erosion and sediment runoff water; 

! control of rates of water runoff to minimize effects on watercourses; 

! control of instream work, construction and diversion of watercourses; 

! maintenance of fish passage in watercourses for all salmonid life stages; 

! prevention of the discharge of deleterious substances to watercourses; and 

! fish habitat compensation. 

There are numerous manuals and guidelines on methods recommended to prevent HADDs of fish 
habitat.  These guidelines detail the purpose and methods of setting buffer zones, using erosion and 
sediment control measures, managing drainage water, working in streams, and designing stream 
crossings, in addition to recommending operating windows for construction in fisheries sensitive 
zones (FSZs).  By following the federal and provincial guidelines and others noted below, residual 
impacts on aquatic resources within the Project area will be effectively mitigated. 

Comprehensive guidelines to protect fisheries resources include the following, which offer a 
range of effective measures that would, with proper supervision, ensure no net adverse effect to 
streams along the proposed road: 

! DFO Pacific Region Operational Statements for: 

! Bridge Maintenance; 

! Underwater Cables in Freshwater Systems; 

! Overhead Line Construction; 

! Maintenance of Riparian Vegetation in Existing Rights-of-Way; 

! Small Clear-span Bridges; 

! Culvert Maintenance; and 

! Directional Drilling. 

! Standards and Best Practices for Instream Works (BC MWLAP, 2004c); 
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! Fish-Stream Crossing Guidebook (BC MOF, 2002a) 

! Land Development Guidelines for the Protection of Aquatic Habitat (Chilibeck, 1992); 

! Guidelines for the Use of Explosives In or Near Canadian Fisheries Waters (Wright and 
Hopky, 1998); and 

! Fish Passage and Culvert Inspection Procedures (Parker, 2000). 

Project specific plans such as the Spill and Emergency Response Plan (Section 11.10) and the 
Erosion and Sediment Control Plan (Section 11.11) will also be used to protect the aquatic 
environment.  The proper application of these types of measures at each of the stream crossings 
along the road and pipeline corridors will prevent significant impacts to the aquatic and riparian 
habitat and fish populations.  Environmental monitors will be employed to direct and supervise 
the impact avoidance and environmental protection procedures during installation of stream 
crossings.  The environmental monitors will provide quality assurance that Project environmental 
management commitments are being achieved. 

Prior to construction of the road, pipeline, and related mine facilities, the following planning and 
implementation measures will be initiated: 

! Preparation of detailed engineering site plans for each stream crossing, including 
equipment staging/lay-down areas, footing locations, and distances to streams. 

! Employment of environmental monitors to oversee the site-specific mitigation measures 
at each stream crossing or habitat encroachment site and monitor construction activities 
on-site.  Environmental monitors will supervise all near-stream and in-stream 
construction activities with respect to environmental protection.  The monitor will 
recommend options for impact avoidance and mitigation measures on-site at each water 
crossing.

! Preparations of detailed environmental protection protocols for any in-stream work at 
each crossing site, including runoff and drainage control measures to prevent any Project-
generated sediment from entering surface drainages.  The plans may include ditching, 
sedimentation ponds, pumping systems, silt fencing, and geotextile lining over disturbed 
ground.

! Approvals and authorizations will be obtained from regulatory agencies such as the BC 
MOE, DFO, and Transport Canada.  The regulatory agencies should be able to approve 
the stream crossings, provided all of the generally applicable and site-specific 
requirements for environmental protection are implemented. 

! Fish salvages at any crossing site on a fish-bearing stream where it is necessary to divert 
or temporarily dewater a section of stream (e.g., Bulkley River).  All fish in the affected 
area will be captured and live-transported to another, unaffected part of the stream. 

! Scheduling of in-stream works.  This generally follows the recommended periods of least 
risk to the key regional fish species.  Operational windows for streams in the Davidson 
Project area are summarized in Table 6.7-6.  Due to the magnitude of the Project and 
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construction schedule, the Project proponent will be required to negotiate construction 
windows with the appropriate regulatory agencies. 

! Preparation of a conceptual fish habitat compensation plan.  A total of approximately 
494 m2 of in-stream fish habitat and approximately 7,125 m2 of riparian habitat may be 
lost due to construction at nine stream crossing sites for the haul road and at the diffuser 
site on the Bulkley River (see Conceptual Fish Habitat Compensation Plan - Section 
11.13.7).

Mine Infrastructure 

Construction
Mine infrastructure in the Project area will include the existing switch-back road, 1066 DRSP, 
on-site facilities and structures.  At the mine site and loadout, construction activities such as 
upgrading the access road, site clearing and building mine infrastructure (e.g., water management 
structures, settling ponds, clarifier, offices, warehouse) may affect the aquatic environment.  The 
primary concerns for aquatic resources and fish habitat related to mine development include 
sediment generation and transport to streams, and potential contamination from spilled fuel, 
sewage, or other potentially toxic substances.  Therefore, mitigation measures to prevent effects 
associated with mine site develop will include: 

! Methods to control erosion and sedimentation.  These include: sediment and erosion 
control plans, slope engineering, and maintenance of riparian buffers. 

! If blasting is necessary near watercourses, activity will be stringently supervised and 
monitored.  The federal guidelines for the use of explosives in or near fisheries waters 
(Wright and Hopky, 1998) will be followed for all blasting operations near fish-bearing 
streams. 

Operations
Mine operations will include all of the activities associated with mining, as well as other 
infrastructure detailed previously.  The specific measures that will be used to avoid adverse 
effects to fish and fish habitat from camp and mining operations include: 

! Methods to control erosion and sedimentation.  These include: sedimentation and erosion 
control plans, slope engineering, and maintenance of riparian buffers. 

! Storage of bulk fuel well away from streams.  Bulk fuel storage will be stored in high 
capacity steel tanks with lined and bermed containments sized to store 110% of the 
capacity of the largest tank. 

! Explosives will be stored underground and well away from waterbodies. 

! Blasting near watercourses will be stringently supervised and monitored.  The federal 
guidelines for the use of explosives in or near fisheries waters (Wright and Hopky, 1998) 
will be followed for all blasting operations near fish-bearing streams. 
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Decommissioning and Closure 
Upon decommissioning of the mine, all mine infrastructure will be closed and dismantled.  The 
grounds will be re-graded, stabilized, and allowed to regenerate and return to productive 
terrestrial habitat.  No effects to fish or fish habitat are expected during this phase. 

Road and Pipeline 

Construction
The extensive field studies conducted in 2005 and 2006 included all stream crossings along the 
road and pipeline corridors.  Of the total number of streams to be crossed by the road, seven are 
potentially fish-bearing.  For the road, all fish-bearing streams will be crossed by bridges (major 
crossings) or open-bottom culverts (minor crossings).  Important fish-bearing streams intersecting 
the pipeline corridor will be crossed using directional drilling.  All crossings using bridges, 
culverts, or directional drilling will be constructed to DFO’s best management practices for stream 
crossings, as outlined in the applicable guideline.  During placement of both the diffuser and the 
pipeline, environmental monitors will be present to ensure that this activity does not cause 
significant disturbance of habitat. 

The best practical technology and most appropriate measures to protect fish populations and fish 
habitat will be used in the construction of the road, pipeline and mine infrastructure.  These 
measures include: 

! On-site education for and environmental supervision of construction crews regarding the 
need to protect fisheries and aquatic resources and the means to accomplish that, 
including the measures outlined in the present report. 

! In-stream construction timing windows to comply with the periods of least risk to 
fisheries resources in the affected areas or approved windows by DFO. 

! Minimizing the areas of disturbance at all crossing sites to only those necessary for the road 
and crossing structures.  Terrestrial vegetation will be retained as much as possible along 
the roadsides and especially at stream crossings to minimize ground disturbance, erosion, 
and sediment transport in general. 

! Special attention will be paid to filled slopes at stream crossings and anywhere potential 
erosion and sediment transport to surface drainages may occur. 

! Implementation of effective and well-managed sediment control measures, including the 
isolation of work areas from surface waters, the use of temporary diversion methods 
(lined ditches, flumes, dam-and-pump) for work in the dry, and proper use of sediment 
traps, geotextile cloth, silt fences and gravel berms. 

! Isolation of construction activities from stream flows.  For relatively small streams up to 
approximately 5 m wide (depending on flow), methods to dewater the construction area 
will be used.  For larger crossings, such as Toboggan Creek, where a bridge will be 
installed, work site isolation will be accomplished if required around the in-stream work 
area.
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! If blasting is necessary near watercourses, activity will be stringently supervised and 
monitored.  The federal guidelines for the use of explosives in or near fisheries waters 
(Wright and Hopky, 1998) will be followed for all blasting operations near fish-bearing 
streams. 

! Use of properly sized stream crossing structures to enclose the entire width of the stream 
channels, contain the 25-year maximum flood event, provide natural substrates for fish, 
allow for fish migration where present, prevent sediments from entering streams, and 
function properly in all seasons.  Bridges will be used at all major crossings, while all 
other fish-bearing crossings will have open-bottomed, oval-shaped steel culverts installed 
to preserve substrate types, minimize bank disturbance, and allow fish passage. 

! Isolation, containment, and careful management of fuels and other chemicals used during 
construction.

! Establishment of a line of communication from construction sites to environmental 
managers for any incident or concern during the construction process.  Any and all actual 
or potential environmental concerns, including erosion and sediment production, debris 
jams at stream crossings, or contaminant releases will be reported. 

Operations
During operation of the road and pipeline, regular inspection and maintenance measures will be 
implemented for all stream crossings, as well as all sediment control works and the status of 
reclamation sites.  Any structural failures, erosion, sediment transport or other potential concerns 
for fish and fish habitat will be managed on an ongoing basis by environmental technicians and 
monitors.  A reporting system will be established wherein other personnel, such as haul truck 
drivers, can report any potential concerns. 

The specific measures to protect fish and fish habitat during the operational years for the road 
and pipeline will include: 

! environmental monitors will conduct frequent and ongoing visual inspections of all 
stream crossing sites along the road and pipeline corridors with special attention for 
blockages in culverts, including those caused by debris, ice, and snow, to prevent road 
washouts;

! incidents of ground erosion or sediment transport towards any watercourses or 
waterbodies, especially fish-bearing lakes and streams, will be addressed immediately by 
environmental technicians or monitors; 

! continuous inspection, maintenance, and repair of all runoff and sediment control works, 
including silt fencing, revegetated ground, sandbags, gravel berms or any other physical 
features that could compromise the protection of aquatic resources and fish habitat; and 

! contingency plans for any structural or process failure, erosion/sedimentation incident or 
chemical spill will be in place and the equipment and materials will be made available to 
remedy any accidents or incidents. 
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Decommissioning and Closure 
The decommissioning and closure process for the road and pipeline will include a number of 
specific measures to protect and enhance fish habitat and fish populations in the area.  In general, 
all areas of fish habitat affected by the Project area will be rehabilitated as much as possible, 
mainly by bank stabilization to prevent erosion and sediment transport.  Any residual adverse 
effects to fish and fish habitat will be addressed in the Conceptual Fish Habitat Compensation 
Plan (Section 12 – Follow-up Programs), which will offset any long term effects of the Project 
on fisheries resources. 

The impact avoidance and mitigation measures to protect fish populations and habitat during 
decommissioning and closure of the road and pipeline will be very similar to those used during 
the construction phase: any in-stream work requirements will be completed during the periods of 
least risk to fish using work site isolation and dewatering techniques, during periods agreed upon 
with regulatory agencies. 

Specific measures to protect aquatic resources and fish habitat during the Project 
decommissioning phase will include: 

! careful removal of all bridges and culverts where the road will be permanently closed.  
Similar techniques for working in the dry, isolating the work area, containing sediment, 
and avoiding HADDs will be used during removal of the crossing structures; 

! bank restoration and rehabilitation at all crossing sites.  All crossing sites (including those 
associated with the road) will be re-graded, stabilized with clean riprap and other 
methods used to ensure no erosion or sediment enters the watercourse at the crossing site; 
and

! post-closure monitoring of each crossing site at each crossing site to ensure the 
reclamation measures are functioning properly. 

6.7.5.2 Potential Residual Effects 
Although the mitigation measures suggested above will effectively mitigate most identified 
effects, some residual effects of the Project may occur.  Few residual adverse effects on aquatics 
and fisheries VECs are predicted for the Project.  Potential residual effects stem predominately 
from construction and operation of the pipeline and haul road, specifically: 

1. Metals Toxicity and Eutrophication: 

a. Potential for increased aquatic metal toxicity due to mine water discharge causing 
loss of productive capacity of the Bulkley River, mortality, and sublethal effects 
to fish and aquatic resources downstream of the diffuser; and  

b. Increased aquatic eutrophication due to increased nutrients from the discharge of 
treated sewage.  Eutrophication may cause the loss of habitat productive capacity 
in the Bulkley River, mortality, and sublethal effects on aquatic life. 

2. Increased Turbidity and Sedimentation:  
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a. Potential residual effects due to road construction and use and maintenance 
causing loss of productive capacity, and smothering of benthic organisms and fish 
eggs/alevins.

Table 6.7-7 outlines the assessment of the significance of residual adverse effects after mitigation 
for each Aquatic Resources VEC identified in the Project. 

6.7.6 Assessment of the Significance of Residual Adverse Effects 
Assuming proper mitigation procedures are followed, few residual adverse effects to selected 
aquatic environment VECs are predicted for the Project.  Components with the potential to have 
a residual post-mitigation environmental effect were assessed to determine the significance of the 
lasting effect (Table 6.7-7).  All residual adverse effects were classified as low to negligible
because of the low magnitude and limited spatial extent of the potential effects. 

6.7.7 Deciding Whether the Residual Adverse Effects are Likely  
The analysis and assessment of effects was quantitative where data was available.  The results 
from past studies and modeling were used to make decisions on each criterion.  Where data or 
models were lacking, best professional judgment or traditional expertise was used to assess the 
significance of residual adverse effects.  Some uncertainty is inherent in the use of professional 
judgement.  Uncertainty and error is discussed in the following section. 

6.7.7.1 Probability of Occurrence 
As outlined in Table 6.7-7, there are several mitigation measures and best management practices 
suggested to minimize potential environmental impacts to the receiving environment of the 
Project.  These mitigation measures are anticipated to reduce the environmental effects 
throughout the construction, use and maintenance, and closure phases of each Project 
component.  These practices are used by industry and have been shown to be effective, and if 
followed, will reduce or prevent effects to the aquatic environment.  Subsequently, for the three 
adverse residual effects described above there is a low probability that residual effects are likely. 

6.7.7.2 Scientific Uncertainty of Significant Adverse Effects 
The levels of scientific uncertainty are outlined for each residual effect and Project component in 
Table 6.7-7.  Because the above mitigation measures require the Project proponent to follow 
suggested best management practices and guidelines or monitor water quality variables, 
confidence limits associated with each residual effect are low (high level of scientific 
uncertainty).  If these guidelines and monitoring protocols are not followed properly than 
confidence limits for these residual effects will remain low. 
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Metals Toxicity and Eutrophication 
As described in Section 6.4 – Surface Water Quality, there is some scientific uncertainty in the 
quality of the settled non-operational water that is proposed for discharge into the Kathlyn Creek 
Watershed.  Water quality monitoring will be conducted prior to discharge to ensure that water 
meets the recommended guideline for each water quality variable.  Therefore, confidence limits 
for residual effects resulting from the discharge of untreated effluent is high (low level of 
scientific uncertainty).  If all discharged water meets the required water quality guideline for the 
protection of aquatic life, than the confidence limit  for residual effects on the aquatic 
environment in the Project area is high (low level of scientific uncertainty). 

Some scientific uncertainty exists in the predicted water quality concentrations from the mine 
water treatment and sewage plant (Appendix C9).  To reduce this uncertainty, treated water will 
be analyzed prior to initial discharge, which will aid in identifying the need (if any) to modify the 
water treatment process.  This will ensure that discharge water quality variables meet the 
requirements for the protection of aquatic life as outlined by regulatory agencies.  Regardless of 
this uncertainty, confidence limits are high that effluent discharge to the Bulkley River will result 
in concentrations that meet regulatory agency requirements.  Based on water quality predictions 
and the reviewed literature, concentrations immediately downstream of the diffuser should not 
affect aquatic organisms.  In addition, all treated discharged water from the Davidson mine will 
be completely mixed within 600 m downstream of the diffuser; thus, changes to baseline water 
quality variables are not anticipated and will not exceed guidelines for the protection of aquatic 
life. 

Increased Turbidity and Sedimentation 
Confidence limits associated with the construction and operation of the road and pipeline are 
high (low level of scientific uncertainty).  If proper mitigation measures are followed, the 
construction and installation of stream crossing structures and the diffuser should not result in 
adverse effects due to turbidity and sedimentation.  Some uncertainty is acknowledged due to the 
unpredictable nature of flood events, which may cause erosion, increased turbidity, and 
sedimentation of watercourses. 

6.8 Vegetation and Plant Communities 

6.8.1 Environmental Setting and Baseline Conditions 
Information used to describe the terrestrial plant communities (ecosystems) and vegetation 
within the Project area was obtained using a combination of TEM and field surveys.  
Descriptions of general landscape patterns, ecosystems, and plant species are provided.   

Ecosystems are discussed in general terms and also in terms of the level of conservation interest 
associated with them, both provincially and regionally.  Ecosystems that are sensitive to 
disturbance are also considered.  The plant species discussed include those that are listed 
provincially and nationally as rare, those that are regionally unique, and those that are considered 
invasive.  The terminology used throughout this report follows that established in the TEM 
Standards (RISC, 1998). 
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6.8.1.1  Methodology Overview 
The following section provides a brief overview of the methods and data used for the 
characterization of ecosystems and vegetation in the Project area. 

Terrestrial Ecosystem Mapping
TEM is an effective, multi-disciplinary approach that integrates climate, terrain features, surficial 
materials, soils, and vegetation information into meaningful ecological units.  It is polygon-based 
and identifies map units through air photo interpretation.  The mapping of polygons is generally 
a two stage process: first, the delineation of terrain polygons (representing ‘permanent’ landform 
features), and second, the possible subdivision of the terrain polygons into different ecological 
units (containing up to three ecosystem components).  Guidelines and methodologies exist for 
the development of ecosystem maps (Howes and Kenk, 1997; RISC, 1998, 2000).  Full details of 
the mapping process used for the Project are provided in Appendices E1 and H1. 

Ecosystems of Interest 
Ecosystems of interest include those that are listed (either red or blue) by the BC CDC, those that 
are of regional interest, those that are sensitive to disturbance, and those that form <1% of the 
area of the Wet’suwet’en traditional territory. 

Rare ecosystems tracked by the BC CDC are termed rare ecological communities and can 
sometimes be associated with the ecosystems identified during the development of ecosystem 
maps.  Ecosystems suspected of being associated with rare ecological communities can be 
highlighted during the mapping process for subsequent verification in the field. 

Several ecosystems not tracked by the BC CDC were identified during baseline studies as being 
of regional interest.  These ecosystems possess characteristics that are unique to the Bulkley 
Valley area and were documented during the mapping process and in the field (Trowbridge, 
2006).

Sensitive ecosystems are generally characterized as ecosystems that are fragile and/or rare (SEI, 
2006).  For the Project, sensitive ecosystems refer to fragile ecosystems only, as rare ecosystems 
have been addressed separately.  Ecosystem fragility refers to how sensitive an ecosystem is with 
respect to disturbance (McPhee et al., 2000).  Sensitive ecosystems vary throughout the province 
but generally include wetlands, riparian areas, natural meadows, and certain forest types.  These 
types of ecosystems can also be identified using TEM. 

The Wet’suwet’en First Nation has identified a number of ecosystems that form <1% of their 
traditional territory.  These ecosystems have been characterized in the Project area through the 
use of the ecosystem map and field data. 

Plant Species of Interest 
Plant species of interest include those tracked provincially by the BC CDC and federally by the 
COSEWIC and SARA.  Additionally, plants of interest to the Wet’suwet’en First Nation were 
also considered, as were species thought to be invasive or weedy. 
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Rare plants themselves cannot be identified using ecosystem maps; however, rare plant habitat is 
often associated with fine-scale and uncommon landscape features (ANPC, 2000) that can be 
linked to the types of features identified during the ecosystem mapping process.  The 
identification of unusual substrates and vegetation patterns during the air photo interpretation 
stage of TEM is one way to locate potential field inspection sites for rare plants.  Features such 
as wetlands, rock outcrops, and seepage areas are examples of uncommon landscape attributes 
that have a higher potential of supporting rare plant habitat.

A master list of rare plant species potentially occurring within the study area was compiled along 
with descriptions of potentially suitable habitat (Appendix H2).  Species included vascular and 
non-vascular plants, as well as lichen.  The identification of field survey locations was assisted by 
assessing the available air photos for anomalous landscape features and areas with high plant 
diversity.

The Wet’suwet’en First Nation compiled a list of plant species that are of interest to them.  The 
list was compared to species identified within the Project area using the species lists developed 
during field surveys. 

Invasive plants are defined in various ways, but generally refer to species (native or non-native) 
that, when introduced into a new setting, have the ability to compete with and replace native 
species, thus changing the composition of the plant community (Haber, 1997).  Construction 
activities and infrastructure development increases the potential to introduce invasive plant species 
into the local environment by creating favorable habitat through ground disturbance.  Efforts were 
made to include invasive plant species in the species lists generated during field surveys. 

Field Surveys 
Field surveys provide a site-level evaluation of the ecosystems and plant species present 
throughout the Project area.  The ecosystem map can be used in the field to stratify or focus 
sampling efforts, particularly with respect to the identification of survey locations for rare 
ecosystems and plants.  Field data are then used to refine the ecosystem map, both in terms of 
polygon boundaries and identified map units.  All field surveys conducted within the Project area 
followed provincial RISC standards, where applicable.   

Plant tissue samples were also collected from various locations to establish baseline metal 
concentrations for future monitoring during operations and after mine closure and reclamation.  
The plant species sampled were those commonly used as forage by wildlife species.  Details of 
this information are provided in Appendix I2.   

6.8.1.2  Broad Ecological Overview 
The Project is located approximately 9 km northwest of Smithers, in Bulkley Valley.  The area 
studied is approximately 2,018 ha (Appendix E4) in size and ranges in elevation from 480 m 
adjacent the Bulkley River to approximately 1,200 m on mountain slopes.   

Three biogeoclimatic subzones/variants (collectively called BEC units) are present within the 
study area: the Engelmann Spruce Subalpine Fir wet very cold subzone (ESSFwv) subzone (35 
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ha), Interior Cedar Hemlock Moist Cold Nass (ICHmc1) variant (585 ha), and Sub-Boreal 
Spruce Dry Cool (SBSdk) subzone (1,399 ha).  Detailed descriptions of these BEC units can be 
found in Trowbridge (2006). 

Fifty-six ecosystems were identified during development of the TEM, while 47 were identified in 
the field.  Mapped entities not visited in the field were primarily anthropogenic units (e.g., roads, 
developed areas).  A total of 227 plots were completed.  The majority of plots (139) were 
surveyed in the SBSdk subzone, with an additional 78 plots surveyed in the ICHmc1, and 10 in 
the ESSFwv.  Mesic forests were surveyed most often in the SBSdk, while wetter forests were 
surveyed most in both the ICHmc1 and ESSFwv (Appendix H1). 

The study area has been described in terms of ‘ecological landscapes’ (Appendix H1), which 
identify areas that share similar landscape, vegetation, soil, and disturbance features 
(Figure 6.8-1).  This approach facilitates the description of the main ecological units in terms of 
their spatial extent, distribution, and relationships to one another.  A total of five ecological 
landscapes were identified and are described in more detail below. 

Mountain Slopes 
The northeast slopes of Hudson Bay Mountain are characteristic of this ecological landscape, 
which is composed of the ESSFwv subzone and typical mid-slope ICHmc1 ecosystems.  It is one 
of the smaller ecological landscapes, covering approximately 266 ha (or 13% of the study area). 

The area is indicative of a cold wet climate and mountainous terrain, with active avalanche paths, 
abundant seepage, and colluvial and glacial parent materials all present.  Conifer forests 
dominate the upper portion of the landscape, except in areas with regular avalanche activity.  
Drier and submesic ecosystem units are found along crests and upper slopes with shallow, 
coarse-textured soils, while mesic and moister units are found on deeper colluvial or 
unconsolidated till deposits.

Mid-slope positions of compact basal till deposits keep seepage near the surface and encourage the 
development of wetter, mature, productive forests.  Lower slopes display a complex history of 
high-grade logging and regeneration.  Areas where mature trees were removed display a mix of 
deciduous and coniferous species, some of which have since developed into stands of large 
cottonwood and maturing paper birch.  Seepage also accumulates at the toe of these slopes, which 
provides suitable conditions for wetter, more nutrient rich, and structurally complex forests. 
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Glacier Gulch/Toboggan Fan 
The area surrounding Glacier Gulch and Toboggan Creek falls largely within the SBSdk subzone 
and part of the ICHmc1.  It covers approximately 404 ha (21% of the study area).  Slopes below 
both Glacier Gulch and Toboggan Creek received significant sediment deposition from post-
glacial stream flows.  Active regions are confined largely to the northwest portion of both fans.

Areas with high seasonal seepage but unrestricted drainage support structurally diverse stands of 
deciduous and mixed deciduous-conifer forest.  Representative examples of these forests occur 
on the Toboggan fan.  Extensive spruce-horsetail units occupy lower slope positions on the fans 
where there is continuous near-surface water.  Wetlands (both marshes and swamps) form in 
areas where the fan meets elevated glacial till deposits and results in water ponding. 

Much of the lower portion of the Toboggan fan has been converted to agriculture and a major 
hydro-electric transmission line runs north-south through this area.

Mountain-Valley Transition 
This ecological landscape characterizes the lower and toe slopes of the Project area that 
transition from mountain slopes to the valley floor.  It is also a transitional area with respect to 
the BEC units present.  The area is largely within the SBSdk, with minor portions occurring 
within the ICHmc1.  The characteristics of both BEC zones are readily apparent, particularly in 
areas along the boundary between the two.  This is the largest ecological landscape in the study 
area, covering approximately 758 ha (38% of the total area). 

Gentle and moderate slopes support deep basal till deposits, moist soil conditions, and 
consequently, productive, mesic to moist conifer forest.  Mesic and slightly wetter forests can be 
found on localized fluvial veneers associated with small and medium sized creeks.  Wetter swales 
composed of mountain-alder, skunk cabbage and lady fern are located on till or fluvial materials. 

Steep, bedrock controlled slopes of shallow till and colluvium are present that support submesic 
and drier forest.  More moderate slopes provide suitable conditions for the establishment of mesic 
forest.  Younger vegetation stages are also present due to a history of residential development, 
logging, and mineral exploration.  In areas where the influence from the SBSdk is strong, mixed or 
deciduous forest predominate, while mature conifer stands are more characteristic of the ICHmc1.  
A major hydro-electric transmission line runs through the area as well. 

Valley Fluvial Plains 
This ecological landscape lies completely within the SBSdk subzone and is characterized by fine 
sediments that were deposited by post-glacial fluvial processes into gentle valley bottom plains 
in between rolling basal till exposures.  The area has been heavily modified by human activity; 
however, some natural features are still apparent.  It is the smallest ecological landscape, 
covering 204 ha (10% of the study area). 

Areas with abundant seepage generally support imperfectly drained sites with mountain alder, red-
osier dogwood, and lady fern, while better drained sites support extensive mesic conifer forests.  
Small patches of mature cottonwood stands can be found adjacent to the Bulkley River and Dahlie 
Creek.  Residential areas occur throughout the area.  Agriculture is also a common land use. 


