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1.0 INTRODUCTION 

2.0 OVERVIEW AND BACKGROUND 

2.1 Physiography  
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2.2 Surficial and Bedrock Geology and Hydrogeology 
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2.3 Hydrology 
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2.4 Climate 
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Location 
Elevation 

(m) 
MAT*  

(°C) 
MWMT 

(°C) 
MCMT 

(°C) 
MAP  
(mm) 

PAS 
(cm) 

Winter  
PPT (%) 

ERef 
(mm) 

Runoff  
(mm) 

CMD  
(mm) 

Headwaters 564 8.1 16.1 1.5 1912 161 80 596 1316 118 

Crowston 
Lake 

315 9.2 16.9 2.7 1496 75 80 606 890 158 

Highway 101 
Crossing 

11 10.5 17.9 4.5 1073 27 80 610 463 216 

2.5 Climate Change 

Climate Variable Season 

Projected Change from 1961-1990 Baseline 

Ensemble Median Range (10th to 90th percentile) 

Temperature (°C) Annual +3.0 °C +2.0 °C to +4.1 °C  

Precipitation (%) 

Annual -1.0% -5.0% to +3.4%  

Summer -13% -40% to +1.4%  

Winter +0.97% -4.0% to +5.4%  

Precipitation as Snow* (%) 
This variable may have a low 
baseline**. 

Annual -54% -61% to -45%  

Winter -56% -59% to -45%  
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Location 
Elevation 

(m) 
MAT* 

(°C) 
MWMT 

(°C) 
MCMT 

(°C) 
MAP 
(%) 

PAS 
(%) 

Winter 
PPT  
(%) 

ERef 
(%) 

Runoff 
(%) 

CMD 
(%) 

Headwaters 564 8.9 17.6 1.5 1969 141 82 627 1342 145 

Crowston Lake 315 10.0 18.4 2.7 1539 66 81 637 902 180 

Highway 101 Crossing 11 11.3 19.4 4.6 1101 23 81 639 462 243 
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2.6 Watershed Resources 

POD 
Number Status 

Licence 
Number 

Licence 
Status PURPOSE SOURCE QUANTITY 

PD45022 Active C052734 Current Domestic Wakefield Creek 4.5461 m3/day 

PD45033 Active C050304 Current 
Stream Storage: Non-

Power 
Cenci Creek 6167.4 m3/year 

PD45033 Active C050303 Current Irrigation: Private Cenci Creek 24669.6 m3/year 

PD45021 Active C065450 Current 
Grnhouse & Nursery: 

Nursery  
Addernac Creek 1659.031 m3/year 

PD69376 Inactive C108189 Cancelled Domestic Wakefield Creek 2.2731 m3/day 

PD69376 Inactive C108189 Cancelled Irrigation: Private Wakefield Creek 3700.44 m3/year 

PD45037 Active C070119 Current Domestic Pearl Creek 2.2731 m3/day 

PD45051 Active C025944 Current Pond & Aquaculture Derelys Creek 0.0283 m3/sec 

PD45052 Active C025944 Current Pond & Aquaculture Derelys Creek 0.0283 m3/sec 

PD45049 Active C025944 Current Pond & Aquaculture Derelys Creek 0.0283 m3/sec 

PD45035 Active C025944 Current Pond & Aquaculture Derelys Creek 0.0283 m3/sec 

PD45031 Active C121466 Current Domestic Lewarne Spring 2.2731 m3/day 

PD45031 Active C121466 Current Domestic Lewarne Spring 2.2731 m3/day 

PD45047 Active C025511 Current Irrigation: Private Derelys Spring 9867.84 m3/year 

PD45047 Active C025511 Current Domestic Derelys Spring 9.0922 m3/day 

PD45029 Inactive C026761 Abandoned Domestic Rigler Spring 2.2731 m3/day 
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POD 
Number Status 

Licence 
Number 

Licence 
Status PURPOSE SOURCE QUANTITY 

PD45028 Active C065433 Current Domestic Wakefield Creek 2.2731 m3/day 

PD45027 Active C039325 Current Domestic Wakefield Creek 2.2731 m3/day 

PD45025 Inactive C050120 Abandoned Domestic Wakefield Creek 2.2731 m3/day 

PD45023 Active C051841 Current Domestic Wakefield Creek 4.5461 m3/day 

PD44990 Inactive C028812 Abandoned Domestic West Wakefield Creek 2.2731 m3/day 

PD44987 Inactive F040878 Abandoned Domestic West Wakefield Creek 4.5461 m3/day 

PD44997 Active C039407 Current Domestic Wakefield Creek 2.2731 m3/day 

PD44995 Inactive C034759 Abandoned Domestic West Wakefield Creek 4.5461 m3/day 

2.7 Land Use History 
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Air Photo Numbers  Date Observations 

BC401:30-31 
BC349:18-14 

1947 

Historic burning or land clearing for development is evidenced by areas with younger 
deciduous trees. A two-lane road parallels the coastline. Mason Road and Norwest Bay 
Road are present but appear unpaved. Some farms and smaller properties along Mason 
Road are cleared and have structures. Sechelt is minimally developed. There is visible 
sediment at sea level in Snake Bay and at the mouth of Wakefield Creek. Logging is 
observed between Crowston Lake and Milne Creek, as well as on summits in the Caren 
Range and near where Oracle Road and Page Road will intersect when they are built.   

BC1230:97-94 1950 
Development and road building appears similar to the previous images. Logging north of 
Norwest Bay Road near Mason Road is visible. 

BC2097:14-18 
BC2099:73-66 

1957 

The power transmission line corridor is now visible. Logging is observed to the east and 
the south of Crowston Lake, as well as near the bay north of Snake Bay. Logging roads are 
visible at the south end of Snake Bay and selective logging is seen. Logs are boomed in the 
bay, where an increased amount of sediment is visible. Sechelt is becoming more 
developed and more roads are connecting Sechelt Inlet. Properties are being developed 
near the mouth of Wakefield Creek. 

BC5055:3-6 
BC5055:29-26 

1962 
The watershed appears similar to the earlier images. The logged area south of Snake Bay 
is regrowing. 

BC4427:33-35 
BC4426:236-239 
BC4426:194-191 

1967 
 

More logging is visible in the watershed, including one area south of the transmission lines 
off the Sunshine Coast Highway. The school on Mason and Norwest Bay Road is 
constructed, and some properties in the nearby area are being developed. The small 
gravel pit near the south end of Addernac mountain bike trail is now visible. A larger 
gravel pit is also visible off Wigard Road and Mason Road. 

BC5758:249-251 
BC5758:278-275 
BC5760:146-148 

1976 
 

Wakefield Road has been built up to Norwest Bay Road. Jasper Road is built, and more 
development close to the lower end of the creek is visible. The large property north of 
Reeves Road has extended its cleared area up to the transmission lines. There is some 
development east of Kinnikinnick Park as well as a cut block west of the park, north of the 
current day golf club. More logging is visible in the upper watershed. 
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Air Photo Numbers  Date Observations 

BC80060:142-143 
BC80060:182-179 
BC80060:196-199 

1980 
 

Logging is visible off of the power lines right-of-way south of Crowston Lake, and selective 
logging occurred in between Norwest Bay Road and Sechelt. There are cutblocks observed 
north of Lub Lake (which is outside of the watershed) and at the farm property northwest 
of Kinnikinnick Park. Some properties have been cleared on Nickerson Road, Mason Road, 
and along Sechelt Inlet up towards Snake Bay. 

BC85015:177-174 
BC85015:195-199 
BC85015:219-216 

1985 
 

The clearing north of Lub Lake that was observed in the 1980 imagery has been extended. 
There are cleared areas between Snake Bay and Pinniped Rock, as well as at Pinniped 
Rock, and some partial clearing south of Snake Bay where the selective logging was 
observed in the 1957 imagery. A large cutblock is logged north of Sargeant Bay, and 
pooled water is observed north of the cutblock along the transmission line right-of-way. 
Few logging roads were built north of the powerline right-of-way. More property clearing 
occurred on upper Mason Road and between Mason Road and Sechelt. A relatively large 
square building was constructed on the east side of the mouth of Wakefield Creek. 

BCB90014:203-205 
BCB90014:185-182 
BCB90014:135-138 

1990 
 

Extensive logging has taken place throughout the watershed and to the north, east, and 
west. The logging road that connects to the top of Mason Road is built. Heritage Road is 
also built, with development noted north of this road. The golf course land has been 
cleared. The pipeline that runs next to the transmission line right-of-way is constructed. 

BCB94079:8-3 
BCB94079:63 
BCB94079:57-60 

1994 
 

Logging that was observed around Wormy Lake in the 1990 imagery has been extended 
towards Snake Bay. South of Snake Bay, land has been cleared and farms have been 
developed. The golf course has been established. More land clearing is seen near Mason 
Road and near to the large property off of Reeves Road. Increased urbanization is noted 
between Mason Road and Nickerson Road, below the powerlines.  

BCC03039:10-12 
BCC03039:82-79 
BCC03039:100-103 

2003 

More logging and land clearing is observed in several areas including Pinniped Point, near 
Trout Lake, north and west of the large property on Reeves Road (which was logged in the 
1994 imagery), and near Wakefield Road. 

Google™ Earth 
imagery 

2004-
2024 

New cutblocks south of the powerlines and west of Crowston Lake, partly in and partly 
out of the watershed, were harvested between 2003 and 2006. One more cutblock 
southeast of Crowston Lake was harvested between 2006 and 2009, and several 
additional smaller blocks between 2009 and 2012. Several blocks near the watershed 
divide, but apparently mostly outside the watershed, south of the powerlines near Tapp 
Road and Cairns Creek were harvested in 2019, as well as a block north of the watershed 
divide near Wormy Lake. Revegetation in blocks harvested in the 1990s and early 2000s is 
well-advanced by the time the 2019 imagery was taken. No additional forest development 
is visible on imagery between 2019 and 2022. 
 
Flooding from beaver ponds is visible along Wakefield Creek under the power 
transmission line clearing and adjacent gas pipeline right-of-way on imagery with dates 
between 2009 and 2017, inclusive. 
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2.8 Previous Assessments 

3.0 ASSESSMENT METHODS 

3.1 Rationale 

3.1.1 Peak Flow Generating Hydrologic Processes 
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3.1.2 Age of Full Recovery 

3.1.3 Snow Depth and Recovery Thresholds 
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Elevation Band (m) Flood Generating Process Peak Snowpack Depth (m) 

0-300 Rain 0 

300-580 Warm rain-on-snow 1.8 

3.1.4 Land Use Assumptions 

3.2 GIS Analysis 
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3.3 Hydrologic Recovery of Unvegetated Polygons 

4.0 HYDROLOGIC RISK ASSESSMENT 
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4.1 Risk Identification 

• 

• 

• 

• 
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5.0 FIELD OBSERVATIONS 
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6.0 RESULTS 

6.1 Sediment Source Survey 
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6.2 Riparian Assessment and Channel Conditions 
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6.3 Effective Clearcut Area 

Watershed or Sub-Basin Name 
Area 
(ha) 

ECA (ha) ECA (% watershed area) 

2024 2027 2030 2024 2027 2030 

Upper Wakefield Creek 753 171 155 139 22.7% 20.6% 18.5% 

Lower Wakefield Creek 589 120 115 111 20.3% 19.6% 18.8% 

Entire Wakefield Creek Watershed 1342 291 270 250 21.6% 20.1% 18.6% 

6.4 Road Density 
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Watershed or Sub Basin 
Name Area (km²) 

Active Road 
Length (km) 

Active Road 
Density (km/km²) 

Total Road 
Length (km) 

Total Road 
Density (km/km²) 

Upper Wakefield sub-basin 7.5 11.8 1.57 11.8 1.57 

Lower Wakefield sub-basin 5.9 4.0 0.68 20.7 3.51 

Wakefield Creek Watershed 13.4 15.8 1.18 32.5 2.43 
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7.0 PLANNED FOREST DEVELOPMENT 

Watershed or Sub-Basin Name 
Area 
(ha) 

Planned 
Harvest 2024 – 

2027 (ha) 

ECA (ha) after planned harvest  ECA (% watershed area) 

2027 2030 2027 2030 

Upper Wakefield Creek 753 29 184 168 24.4% 22.3% 

Lower Wakefield Creek 589 0 115 111 19.6% 18.8% 

Entire Wakefield Creek 
Watershed 

1342 0 299 279 22.3% 20.8% 
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Watershed or Sub Basin 
Name 

Area 
(km²) 

Active Road 
Length (km) 

Active Road 
Density (km/km²) 

Total Road 
Length (km) 

Total Road 
Density (km/km²) 

Upper Wakefield sub-basin 7.5 11.7 1.56 11.7 1.56 

Lower Wakefield sub-basin 5.9 4.0 0.68 20.7 3.51 

Wakefield Creek Watershed 13.4 15.7 1.17 32.4 2.42 

 

8.0 DISCUSSION 
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8.1 Hydrologic Partial Risk Assessment 

Parameters of 
Value 

Relevant Hydrologic 
Risks Likelihood Consequence 

Partial 
Risk Comments 

Water supply 
and water 
quality 

Damage due to 
increased peak flows 

Low Low Very Low 

ECA and road density are below the 
range where they should produce 
any statistically detectable alteration 
to existing peak flow regime. 

Damage due to 
longer and lower low 
flows 

Low Moderate Low 

Climate change might exacerbate 
length of low flows or reduce future 
low flows to even lower levels. 

Damage due to 
decreased water 
quality and 
increased fine 
sediment transport 

Low Moderate Low 

Fine sediment pulses associated with 
past beaver dam construction and 
removal have caused localized fine 
sediment accumulations near 
Norwest Bay Road. 
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Parameters of 
Value 

Relevant Hydrologic 
Risks Likelihood Consequence 

Partial 
Risk Comments 

Damage due to 
increased water 
temperature 

Low Low Very Low 

The channel is narrow and shaded by 
riparian vegetation throughout most 
of its length and should be resistant 
to short-duration temperature 
swings. Long periods of warm air 
temperature may raise temperatures 
in Crowston Lake. Temperatures 
likely decrease downstream from 
Crowston Lake. 

Damage due to 
degraded riparian 
habitat 

Low Low Very Low 

Invasive blackberry and ivy in lower 
watershed may cause long-term 
degradation of riparian habitat by 
suppressing growth of new conifers 
which supply wood to channel. 
Presently wood is abundant. 

Damage due to 
increased coarse 
sedimentation from 
landslides  

Very Low Low Very Low 

No historic landslides noted except 
bank slump caused by Norwest Bay 
Road culvert. Ravine on lower 
Wakefield Creek below waterfall 
most likely site of any future 
landslides. 

Groundwater 
supply and 
groundwater 
quality 

Damage due to 
decreased recharge 
of groundwater 

Very Low Very Low Very Low 

Recharge to bedrock aquifer likely 
from Crowston Lake and unnamed 
lake. Direct recharge to surficial 
sediment aquifer unlikely due to 
capping layer of glaciomarine 
sediments. Possibly some discharge 
from bedrock aquifer into lower 
Wakefield Creek occurs below 
waterfall. 

Damage due to 
decreased water 
quality of 
groundwater 

Very Low Very Low Very Low 

Fine-textured glaciomarine layer 
provides seal for underlying aquifer 
and minimizes interchange with 
Wakefield Creek surface water. 

Fish and fish 
habitat 

Damage due to 
increased peak flows 

Low Low Very Low 

ECA and road density are below the 
range where they should produce 
any statistically detectable alteration 
to existing peak flow regime. 

Damage due to 
longer and lower low 
flows 

Low Moderate Low 

Climate change might exacerbate 
length of low flows or reduce future 
low flows to even lower levels. 

Damage due to 
decreased water 
quality and 
increased fine 
sediment transport 

Low Moderate Low 

Fine sedimentation near Norwest Bay 
Road associated with past beaver 
dam removal has not substantially 
degraded fish habitat. Culvert under 
Norwest Bay Road may be barrier to 
fish passage.  
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Parameters of 
Value 

Relevant Hydrologic 
Risks Likelihood Consequence 

Partial 
Risk Comments 

Damage due to 
increased water 
temperature 

Low Low Very Low 

The channel is narrow and shaded by 
riparian vegetation throughout most 
of its length and should be resistant 
to short-duration temperature 
swings. Long periods of warm air 
temperature may raise temperatures 
in Crowston Lake. Temperatures 
likely decrease downstream from 
Crowston Lake. 

Damage due to 
degraded riparian 
habitat 

Low Low Very Low 

Invasive blackberry and ivy in lower 
watershed may cause long-term 
degradation of riparian habitat by 
suppressing growth of new conifers 
which supply wood to channel. 
Presently wood is abundant. 

Damage due to 
increased coarse 
sedimentation from 
landslides  

Very Low Low Very Low 

Bank slump caused by misaligned 
Norwest Bay Road culvert may have 
cause localized temporary 
degradation of fish habitat 
immediately downstream of Norwest 
Bay Road.  

Infrastructure 
including 
roads, bridges, 
and culverts 

Damage due to 
increased peak flows 
or coarse 
sedimentation 

Low Moderate Low 

The culvert under Norwest Bay Road 
is substantially smaller than the 
culvert under Highway 101 and may 
be undersized for present as well as 
future climatic conditions. If this 
culvert is replaced to address its 
misalignment, fish passage barrier 
effects and terrain stability effects 
downstream, there is opportunity to 
increase its size as well.  

Private 
property 
including 
houses and 
buildings 

Damage due to 
increased peak flows 

Low Low Very Low 

For almost all of its course near 
private property, the channel and 
channel-adjacent flood plain of 
Wakefield Creek is incised below the 
level of adjacent residential and rural 
developed properties, either in a 
ravine or below a terrace. Although 
property lines may extend to the 
creek in some places, the developed 
portions of properties are not at risk 
of flooding. 
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9.0 RECOMMENDATIONS 
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10.0 CONCLUSIONS 
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11.0 LIMITATIONS 

12.0 CLOSURE 
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13.0 ASSURANCE STATEMENT – REGISTERED PROFESSIONAL 
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 PHOTOS 
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 HYDROLOGIC RISK AND RISK ASSESSMENT METHODOLOGY  
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ECA Range (percent of 
total watershed area) 

Hydrologic Risk Qualitative Interpretation 

0% to 15% Very low Detectable changes to peak, mean and low flow will not occur 

15% to 20% Very low to low 

20% to 25% Low Detectable changes to peak, mean or low flow are unlikely to 
occur. Small variations might be detectable using statistical 
analysis.  

25% to 30% Low to moderate 

30% to 35% Moderate Detectable changes to peak flow might occur for some flow 
magnitudes and return periods. Flow durations might be 
altered. 

35% to 40% Moderate to high 

40% to 45% High Detectable changes to peak flow frequency and magnitude will 
occur. Floods will become larger and more frequent. Low flows 
might increase or decrease. Mean annual flow might change. 

45% to 50% High to very high 

50% or higher Very high Watershed hydrology will be significantly changed. Peak flow 
frequency and magnitude will undergo large changes. Floods 
will be much larger and much more frequent. Low flow and 
mean annual flow frequency and duration will change. 
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Qualitative Probability of 
Consequence 

Range of Quantitative Probabilities 
of Occurrence 

Approximate Qualitative 
Consequence Class 

Certain; Will Occur >50% Very High 

Likely to Occur 25-50% High 

Probable; Could Occur 10-25% Moderate 

Unlikely to Occur 1-10% Low 

Remote or Will not Occur <1% Very Low 
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 RATIONALE FOR HYDROLOGIC ASSESSMENT 

Rationale for Assessment  

• 

• 

• 

• 

• 

Changes to Peak Stream Flow 

Accelerated Surface Soil Erosion 
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Landslide Activity 

Changes to Riparian Zone 

Changes to Stream Channel Pattern 
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