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Executive Summary 
 
The culvert located where Highway 16 (Yellowhead Highway) crosses Station Creek (watershed code 460-
007300) was assessed on September 2nd, 2005.  The culvert is considered impassable to fish, as previously 
noted during assessments conducted in 1986, 1998 and 2004.  A fish passage culvert inspection was 
conducted at the site following methods outlined in the Fish Passage – Culvert Inspection Procedures 
(Watershed Restoration Technical Circular No. 11) and a general overview of fish habitat in the Station 
Creek watershed was conducted.  The main objective of this project was to summarize historic information 
relevant to impacts on fish and fish habitat in the Station Creek watershed, and to estimate the value of fish 
habitat upstream of the obstruction. 
 
Pink salmon, chum salmon, coho salmon, rainbow trout/steelhead, Dolly Varden and cutthroat trout are 
known to utilize habitat in Station Creek.  Escapements for chum salmon have been reported sporadically, 
but the species has not been captured during fish sampling activities in Station Creek, and we suspect that 
chum salmon are only present in the system from time to time, and likely utilize only the lower portion of 
the mainstem.  Pink salmon distribution is restricted by a rock chute located 250 meters upstream of the 
Bulkley River.  Dolly Varden, rainbow trout/steelhead, cutthroat trout and coho have been observed 
upstream of the rock chute.  Dolly Varden and cutthroat trout have been documented upstream of the 
Highway 16 culvert in both upper Station and Waterfall creeks, and steelhead/rainbow trout fry have also 
been captured upstream of the Highway 16 culvert.  Some adult coho have been trapped downstream of the 
culvert during their spawning migration, and transported upstream to spawn naturally to compensate for the 
lack of fish passage at the Highway 16 culvert.  In addition, juvenile coho (fry, yearlings and/or smolts) 
have been released into Waterfall Creek since 1993.  A 20 meter falls located 500 meters upstream of New 
Hazelton in Waterfall Creek, and increased gradients in Station Creek, approximately 7.1 km upstream of 
the Bulkley River are the natural limits to fish distribution for the main watercourses in this system. 
 
Station Creek, and its main tributary, Waterfall Creek, have been impacted by land-use practices, including 
urban development, industrial activities, logging, linear development, effluent discharge, flow alterations, 
and water withdrawl.  CNR parallels a significant portion of the Waterfall Creek, as well as a section of 
Station Creek at the Highway 16 crossing.  Highway 16 crosses Waterfall Creek and Station Creek, and fish 
passage issues at the Highway 16 culvert have been of concern for the past 15 years or more.  Logging has 
resulted in some impacts in the lower section of Station Creek.  Much of Waterfall Creek is located within 
the village of New Hazelton, and has been affected by the placement of numerous culverts, channelization, 
non-point pollution from run-off from streets and parking lots, potential discharges from gas stations and a 
wood chip plant, and sewage effluent that is discharged into Waterfall Creek.  Despite these impacts, 
Station and Waterfall creeks presently provide excellent rearing habitat and some good potential spawning 
habitat upstream of Highway 16. 
 
The Highway 16 culvert at Station Creek was installed in 1963, and Fisheries and Oceans Canada has 
identified fish passage concerns at the site since the mid 1970’s.    This culvert consists of a round, 1500 
mm diameter, multiplate culvert with no baffles.  The culvert is undersized, and the length of the culvert 
(94.5 m), coupled with the gradient (3.05%), water velocity (4 m/s), and an outfall drop of 0.7 m make the 
culvert impassable to all juvenile salmonids, and adult salmonids.  Because the culvert is undersized, other 
concerns have also been raised regarding the potential consequences of a culvert failure, which could not 
only result in a washout of Highway 16, but also have risk for potential damage to the CNR crossing and 
significant impacts on fish and fish habitat in lower Station Creek.   
 
The Highway 16 crossing at Station Creek has been the subject of numerous assessments and designs of 
mitigation scenarios regarding this obstruction to fish passage.   Mitigation scenarios investigated for this 
crossing have included installation of baffles, drilling a second culvert or other drainage structure to 
compensate for the small size of the culvert, installing weirs or lock blocks to backwater the culvert, 
installing a channel at the toe of the CNR crossing to function as a fish ladder, and replacement of the 
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structure with a new culvert.  None of these designs have been implemented because of several inherent 
difficulties at the current Highway 16 crossing location on Station Creek.  The difficulties include 1) 
economic constraints due to the lack of inexpensive solutions for this site, 2) decreased flow capacity at the 
crossing with some of the engineered solutions suggested for this site (e.g. baffles), 3) required 
geotechnical assessments, 4) the alignment of the creek, Highway 16 and the CNR crossing, which limits 
potential scenarios that could be designed and implemented, 5) the confined nature of the channel at the 
crossing, 6) the large amount of fill at the crossing which increases difficulties in replacing the structure, 
and 7) continued down cutting of the creek at the crossing.  There have been at least 15 different designs (or 
variations thereof) developed for mitigation at this crossing since 1990.  Currently, the Ministry of 
Transportation has resorted to annually funding a trap-and-transport of adult coho salmon upstream of the 
highway until issues related to this anthropogenic barrier to fish passage are resolved.  
 
Based on the historical information and the findings from this study, fish species values, upstream habitat 
values, and priorities for restoration of fish passage were determined for the Highway 16 culvert at Station 
Creek.  Establishing fish passage at this site would restore access for steelhead and coho salmon to up to 5.7 
km of mainstem habitat and 4.3 km of Waterfall Creek that would include some of the best juvenile rearing 
and potential spawning habitat in the system.  Based on the high quality and quantity of fish habitat and 
presence of multiple species upstream of Highway 16, the fish passage culvert inspection score for this 
crossing was 50 and is given a “High Ranking” for further planning. The fisheries priority score calculated 
for this culvert was also high, with a value of 478.8.  This high score is attributable to the severity of the 
obstruction, the presence of multiple salmonids and blue listed species, and the quality and quantity of fish 
habitat upstream of the Highway 16 crossing.  Notably, of the thirteen culvert crossings identified to 
potentially impede fish habitat along the section of Highway 16 between Terrace and New Hazelton, the 
Station Creek crossing received the highest priority score. 
   
Implementation of a long-term solution will soon be required for this location since this culvert is already 
over 40 years old. The two long-term options are suggested in this report to restore fish passage at this site 
involve the replacement of the existing structure with an appropriate crossing at a new location.  Moving 
the crossing of Station Creek about 150 m to the east of the existing location may reduce engineering 
constraints associated with the existing structures, include logistically feasible traffic routing during 
construction, and provide for an opportunity to conduct habitat enhancement.  Replacing the existing 
structure with a long-span bridge upstream of the existing site may also be a suitable alternative.  The 
bridge would need to span both, the creek and the CN Railway, but would reduce engineering and design 
constraints inherent at the existing crossing location.  This option would also provide logistically feasible 
traffic routing during construction, since the existing crossing would be functional, and would not require 
removal until after the new crossing is installed.  Because both of these long-term options will be costly to 
implement, a short-term option of installing a temporary fish ladder at the culvert, coupled with baffeling 
the culvert (with installation of an overflow to accommodate decreased flow capacity) may still be worth 
considering.  This short-term option would facilitate coho and steelhead access to upstream spawning and 
rearing habitat, and may negate the need to trap-and-transport adult coho upstream.  However, the cost of 
this short-term retrofit solution exceeds the cost of continued trap-and-transport in the short term.  
Continued trap-and-transport may continue to be the best short term mitigative measure until funds to 
replace the structure can be secured, though consideration should be given to including steelhead in the 
trap-and-transport measure.  In conjunction with this short-term option, monitoring to establish the level of 
use of habitat upstream could be conducted to further document the value of fish habitat upstream, and the 
rate of fish passage past the chute downstream of the culvert.  There appear to be few practical short-term 
options available for this site, thus future emphasis should likely be placed on developing plans for the 
eventual replacement of the existing, undersized and aging structure with an open bottom structure at a 
location that would facilitate fish passage, and prevent further down cutting of the stream channel. 
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1.0 INTRODUCTION 
 
Ministry of Transportation (Northern Region) and Fisheries and Oceans Canada (Smithers) contracted 
SKR Consultants Ltd. to conduct a fish passage culvert inspection where the Yellowhead Highway 16 
crosses Station (alias Mission) Creek.  This stream crossing was chosen for assessment, in conjunction 
with the crossings at Singlehurst Creek and Flint Creek (SKR 2006a, b) since the Gitksan Watershed 
Authority identified these crossings as high priority sites for additional assessments during a preliminary 
study conducted in 2004 (Rabnett and Williams 2004).  In addition, stream crossings located where the 
Canadian National Railway (CNR) crosses Station Creek and where four roads in New Hazelton cross 
Waterfall Creek  (the main tributary to Station Creek) were visited to evaluate fish habitat and identify 
any potential anthropogenic barriers upstream of the Yellowhead Highway 16 crossing. 
 
The study area is located in north central British Columbia.  Station Creek (watershed code: 460-007300) 
is a third order (1:20,000 scale) stream that drains into the Bulkley River on river left between New 
Hazelton and South Hazelton (Figure 1). This system falls within the Skeena Region of the Ministry of 
Environment (MoE), the Prince Rupert Region (Region 6) of Fisheries and Oceans Canada (FOC), and 
The Bulkley –Stikine District No. 10 of Ministry of Transportation (MoT).   Station Creek drains the 
north and east facing slopes of Hagwilget Peak (2040 m elevation; part of the Rocher Deboule Range), 
and the valley flat area associated with the Bulkley River just upstream of the Bulkley and Skeena River 
confluence.  The system drains an area of approximately 26.5 km2 over a distance of about 12.5 km 
(Rabnett and Williams 2004).  The Highway 16 crossing is located about 1.4 km upstream of the Bulkley 
River (Harder 1994) at UTM 9.586565.6122435.  The culvert’s location in MoT’s Landmark Kilometer 
Inventory (LKI) system is in Segment 1515 (Kitwanga to New Hazelton), km 39.92, on the Yellowhead 
Highway (Cypher Consulting 2006).  Waterfall Creek (watershed code: 460-007300-86300) is a second 
order tributary to Station Creek, which is located largely within New Hazelton.  Waterfall Creek drains 
into Station Creek approximately 2 km upstream of the Bulkley River (Bustard 1986).  The portion of 
Station Creek downstream of the confluence with Waterfall Creek has historically been referred to as 
Mission Creek by some agencies, including Ministry of Transportation (Chicago Creek Community 
Environmental Enhancement Society 2001). 
 
The main objective of this project was to give Ministry of Transportation and Fisheries and Oceans 
Canada a more detailed description of the types and relative values, from a fisheries perspective, of future 
efforts toward restoring fish passage at Station Creek.  The focus of this study was to assess the Station 
Creek crossing for fish passage, review existing information on fish distribution to determine fish species 
for which fish passage is required, and determine the amount and quality of habitat upstream of the 
Highway 16 crossing.  The Station Creek crossing at Highway 16 was assigned Fish Passage – Culvert 
Inspection (FPCI) priority rankings (Parker 2000) and more detailed fisheries priority scores (Johnston 
and Saimoto 2003) for a relative comparison of the benefits of restoring fish passage at different culvert 
crossings in the section of the Yellowhead Highway 16 between Terrace and Hazelton. 
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2.0 METHODS 
 
The following sections include a summary of the pre-field planning, the field component and methods 
used to rank (i.e. FPCI Score and Ranking) and provide a relative priority from a fisheries perspective 
(i.e. Fisheries Priority Score) for future work on Station Creek.  
 
2.1 PRE FIELD PLANNING 
 
Available fisheries information for Station Creek was compiled and reviewed prior to the initial field 
visit.  The Fisheries Information Summary System (FISS 2005), as well as the Smithers MoE, MoT, and 
Fisheries and Oceans Canada offices were consulted for related information.  Ministry of Transportation 
kindly provided an excerpt of a report summarizing a previous preliminary assessment of the Station 
Creek crossing (Rabnett and Williams 2004).  The watershed code for Station Creek was determined from 
the watershed atlas (BC Ministry of Sustainable Resource Management 2005 at 
http://msrm.gov.bc.ca/gis).  
 
2.2 FIELD COMPONENT 
 
The culvert and fish habitat assessment at Station Creek crossing was conducted on September 2nd, 2005.  
Data were collected as per Watershed Restoration Technical Circular #11:  Fish Passage – Culvert 
Inspection Procedure (FPCI)(Parker, 2000), and the data forms in the FPCI were used during the field 
assessment of the culvert (Appendix 1).  Field investigation included field confirmation of natural limits 
to fish distribution to provide more accurate estimates of the suitability of sites for improvements of fish 
passage. The following procedures were used for collecting the required data: 

 
• FPCI field forms (Parker 2000) 

 
• A hip chain was used to measure culvert length, and to measure stream lengths sampled. 

 
• A meter stick and tape measure were used to measure: culvert diameter (rise/span, 

width/height); culvert wetted width; culvert water depth; culvert out-fall drop; pool depth at 
outfall; channel width and wetted width; stream bankfull depth and stream water depth;  

 
• Water velocities (stream and culvert) were measured using a Global Water FP201 velocity 

meter.  This meter is a propeller type that can be fitted with a low-flow adapter kit if required. 
 

• Stream gradient was measured using an Abney Level or a Suunto clinometer. 
 

• Culvert slope was measured at the upstream and downstream end using an Abney level; 
measurements were averaged to obtain the culvert slope.   

 
• The UTM locations at road crossings and natural barriers to fish migration were determined 

using a Garmin E-trex Legend GPS.  Locational reference information recorded also included 
the Landmark Kilometer Inventory (Cypher Consulting 2005). 

 
• Site photographs were taken using a high-resolution digital camera (Sony Cyber-shot, 4.1 

megapixel camera). 
 

• Conductivity and temperature were recorded using an Oaktron TDStestr3 handheld 
conductivity meter and an alcohol thermometer, respectively. 
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2.3 OBSTRUCTIONS TO FISH PASSAGE 
 
Defining the severity of obstructions to fish migration considers how culvert gradient, water velocity, 
outfall drop and culvert length may exceed the abilities of different species at specific life stages to 
migrate upstream. The interpretation of the severity of obstructions to fish passage related to culvert 
crossings includes consideration of fish species distribution, the jumping and swimming abilities for 
relevant life stages of the fish species present at the location surveyed (Tables 1 and 2), and barrier classes 
defined by Johnston and Saimoto (2003).  Specific criteria used for full and partial barrier classes for 
culvert gradient, water velocity, and drop are described in Appendix 2b and 2c.  
 
The most significant obstruction to fish passage at culvert stream crossings is due to perched outlets. In 
conjunction with fish sampling, the drop from culvert outlets minus the plunge pool depth at the outlet is 
used to evaluate the severity of obstructions to fish passage at culvert outlets (Appendix 2b and 2c).  The 
maximum jumping heights for various species present in Station Creek are provided in table 1, but it has 
been reported that different configurations of obstacle and plunge pool can significantly influence the 
jumping ability of fish (Eiserman et al. 1975 as in Bjorn and Reiser 1991) and that fish also need plunge 
pools to be 1.25 times as deep as the height of the fall to achieve the maximum jumping height (Whyte et 
al 1997).  With these complications, the severity of obstructions to fish passage based on the maximum 
jumping abilities of relevant species (Table 1) is not very accurate for many perched culverts due to the 
large variability in physical configurations of the barriers at different locations. For Fisheries Priority 
Scores (Johnston and Saimoto 2003) 0.6 metres drop regardless of the pool depth is considered to be a 
severe enough obstruction to be called a full barrier (Appendix 2b), and a 0.15 – 0.6 metre drop is 
considered to be a partial barrier to fish migration (Appendix 2c).   
 
 
 
Table 1. Maximum jumping height for adult salmonids known or suspected present in Station Creek.   
 

Maximum Jumping Height *1 Species 
Adults Juveniles 

Coho  2.4 m 0.5 m (120 mm length) 

Chinook 2.4 m 0.5 m (120 mm length) 

Chum 1.5 m Not found in literature 
Pink 1.5 m Not found in literature 
Cutthroat 1.5 m 0.6 m (125 mm length) 
Rainbow 1.5 m 0.6 m (125 mm length) 
Steelhead 3.4 m 0.6 m (125 mm length) 
Dolly Varden Not found in literature 

 

*1  Jumping heights are obtained from Whyte et al. (1997).   
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Table 2. Burst and prolonged swimming abilities*1 for salmonids present in Station Creek.  
 

Juvenile*2 Adult Species Burst Speed Prolonged Speed Burst Speed Prolonged Speed 
Coho Not found in literature 0.4-0.6 m/s 3.2 - 6.6 m/s 2.7 - 3.2 m/s 
Chinook Not found in literature 0.4-0.6 m/s 3.2 - 6.6 m/s 2.7 - 3.2 m/s 
Chum Not found in literature 2.3 - 4.6 m/s 1.0 - 2.3 m/s 
Pink Not found in literature 2.3 - 4.6 m/s 1.0 - 2.3 m/s 
Cutthroat 0.4-1.1 m/s 0.3-0.7 m/s 1.8 - 4.3 m/s 0.9 - 1.8 m/s 
Rainbow 0.4-1.1 m/s 0.3-0.7 m/s 1.8 - 4.3 m/s 0.9 - 1.8 m/s 
Steelhead Not found in literature 4.2 - 8.1 m/s 1.4 - 4.2 m/s 
Dolly Varden Not found in literature 0.6-1.0 m/s Not found in literature 
 

*1  Data were obtained from Whyte et al. (1997) except for Dolly Varden.  Swimming ability for Dolly Varden was 
obtained from Hunter and Mayor (1986) as in Anonymous (2001).  Note:  For adult salmon migration, average 
water velocity should not exceed 0.9 m/sec for culverts greater than 24.4 m in length (Whyte et al 1997, Parker 
2000). 
 
*2 Swimming abilities depend on the size of the fish.  Lower range refers to juveniles 50 mm in length, upper range 
refers to juveniles 120-130 mm in length 
  
 
The severity of obstructions to fish migration due to culvert slope is based on the expected water 
velocities through a culvert and the length of the culvert versus burst and prolonged swimming abilities of 
the fish species present (Table 2).  Since measurements taken at the inlet and outlet of the culvert do not 
account for sags or settling of the culvert that may increase velocities at the outlets and inlets or create 
pools or holding areas in the middle sections of a culvert, more detailed inspection of water velocity 
barriers are done where culvert slope and average water velocity data were not complimentary. Water 
depths and lengths in the culvert were also considered when evaluating the severity of obstructions to fish 
passage due to culvert slope. With these considerations, field data were examined to ensure that average 
water velocity and swimming abilities of fish species present (Table 2) are in agreement with the severity 
of the obstruction to fish passage based on the culvert slope criteria (Appendix 2b and 2c).   
 
For an evaluation of the suitability of the existing structures at stream crossings for improvement of fish 
passage (e.g. baffles) versus replacement of the structure, a 100 year flood event (FPCI Q100) was 
estimated and compared to FPCI recommended crossing structures (Appendix 3). The FPCI Q100 was 
calculated using the following equations described in the FPCI Procedures (Parker 2000): 
 

Equation 1: A     =   ((Ww+Wbf)*Dbf)/2 
 

Where:   A     = bankful area at average annual peak 
Ww   = mean wetted width (m) 
Wbf  = mean bankful width (m) 
Dbf   = mean bankful depth (m) 

 

Equation 2: Q100 = 3(A) 
 
The FPCI procedures also recommend that the FPCI Q100 be corrected by a factor of 1.16 for round 
culverts and 1.25 for elliptical culverts to allow for the culvert to be embedded 20% with a less than 0.5% 
gradient stream bed to facilitate fish passage.  The Q100 estimate completed for the culvert assessment in 
this study may not be acceptable for design standards used by hydrologists or engineers. Prior to final 
stream crossing designs, more detailed calculations of 100-year flood events (e.g. Manning’s formula, 
BCSI and Beaumont methods) should be compared to the FPCI Q100 and adjusted to ensure the integrity 
of any replaced or modified structures.  
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2.4 FISH PASSAGE CULVERT INSPECTION RANKING 
  
The Fish Passage - Culvert Inspection (FPCI) methodology (Parker 2000) was used to calculate a score 
for ranking the severity of the obstruction to fish passage at the sites assessed.  FPCI points are given for 
fish species present, habitat value, severity of the barrier, the amount of mainstem habitat to be gained, 
the percent of the stream barred, and whether or not the habitat to be gained is limited by other 
anthropogenic barriers upstream. The FPCI scoring matrix is presented in table 3, and methodologies for 
designating different scores are as follows:    
 
Table 3. FPCI Scoring Matrix used for designating FPCI rankings for prioritization  
 

Fish Species 
Value 

Habitat 
Value 

Severity of 
Barrier 

Amount of new 
Habitat 

% stream 
barred 

Limiting to 
Upstream 

barrier 
Multiple or 
Significant 10 H 10 Full 10 ≥1 km 10 >70% 10 Yes 5 

Single 6 M 6 Partial 6 <1km 
≥500m 6 ≤70% 

≥50% 6 No 0 

Other 3 L 3 Undeter- 
mined 3 <500m 3 <50% 3   

 
Species Value:   Based on the number of target or other species present.  The scoring matrix 

distinguishes between sites with multiple target or significant species, 
single target species, and other species.  Target species generally include 
sport fish, while other species include non-listed coarse fish. 

 
Habitat Value: Site assessor’s subjective rating (high, moderate, low) of the value of 

habitat to be gained based in part on habitat complexity, stream 
characteristics, and limiting habitats in the system. 

 
Severity of Barrier:    Site assessor’s subjective evaluation of the severity of the obstruction (full, 

partial, undetermined), substantiated by culvert characteristics, ecology of 
fish species present, and fish distribution information.     

 
Amount of Habitat gained:  The length of mainstem habitat (≥1 km, ≥500m to 1km, <500m) upstream 

of the culvert to the natural limit of fish distribution.  The natural extent of 
fish distribution may be determined from map and airphoto interpretation, 
historical information, and/or field investigations.    

 
Percent stream barred:   The proportion (>70%, 51-70%, <50%) of the mainstem stream length 

upstream of the culvert that is obstructing fish passage.  
 
Limiting to upstream barrier: Provides additional scores for systems where one or more additional 

culverts upstream are obstructing fish passage, or where fish passage 
remains undetermined.  Where no upstream culverts are present, or where 
the upstream culverts are not obstructing fish passage, this category is 
scored as “No”.  For sites where upstream culverts are known or 
undetermined to obstruct fish passage, this category is scored as “Yes”. 
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Based on the FPCI matrix scores, a total score is calculated using the following equation: 
 
FPCI 
Score = Species 

Value + Habitat 
Value + Severity of 

Barrier + Amount of 
new Habitat + % stream 

barred + Barrier 
Upstream 

 
A ranking for different ranges of FPCI scores is given to help categorize sites with similar needs and 
priorities for future attention and potentially more detailed assessments and planning.  FPCI Priority 
Rankings for future attention to fish passage issues are as follows: 

 
High    FPCI scores  55-39 
Moderate   FPCI scores  38-26 
Low    FPCI scores  25-15 
 
 

2.5 FISHERIES PRIORITY SCORE FOR RESTORATION OF FISH PASSAGE 
 
In addition to methods outlined in the Fish-Passage Culvert Inspection guidebook (Parker 2000), priority 
scoring from a fisheries perspective (Fisheries Priority Score) is included in this culvert assessment. The 
Fisheries Priority Score (Johnston and Saimoto 2003) is used to help prioritize sites based on benefits that 
restoring fish passage may provide.  This methodology incorporates the certainty of fisheries information 
(Fish Presence Factor), the importance of species with special concern (Species Status Factor), the 
severity of the barrier to fish passage (Barrier Factor), and the habitat value based on the types of habitat 
present (Habitat Type), the quantity of each habitat type (Amount of Habitat), and the value to the species 
expected to use the habitat type (Habitat Factor).  
 
The equation used to calculate the Fisheries Priority Score for future work on restoring fish passage is: 
 

Fisheries 
Priority Score = [Fish Presence 

Factor] x [Species Status 
Factor] x [Barrier 

Factor] x [Habitat 
Value] 

 
where: 

      Habitat Value = [Habitat Type]Σ[Amount of Habitat (km)] x [Habitat Factor] 
 
The default values used for the Fisheries Priority Scoring for future attention to fish passage issues are 
presented in Appendix 2.  General descriptions of the different factors in the equations are as follows:    
 
 
Fish Presence Factor:   Factor used to give higher priority for sites where fish are known present and 

lower priority where fish are not likely present (for details see Appendix 2f). 
 

Species Status Factor:  Factor used to give higher priority for sites with species of special concern (i.e. 
Provincial or Regional) (for details see Appendix 2g). 

 
Barrier Factor:   Factor used to give higher priority for sites with more severe obstructions to 

fish based on outfall drop, water velocity through a culvert, culvert gradient, or 
culvert length (for details see Appendix 2a). 

 
Habitat Value: Factor used to estimate the habitat value specific to species present or 

suspected to use the habitat upstream of the barrier based on habitat type, 
amount of habitat, and habitat factor 
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Habitat Type:   Categories used to differentiate the value of fish habitat based on 
stream size (1st, 2nd and 3rd order or greater) and stream gradient (High 
(0-5%), Moderate (5-10%), and Low (>10%)) using 1:20,000 TRIM 
map interpretation and historical information. 

 
Amount of Habitat:  The amount of habitat (km) upstream of each culvert from site analysis 

that used gradient classes and stream order to differentiate habitat types 
(for details see Appendix 2e). 

 
Habitat Factor:   Factor used to give different habitat value for different habitat types 

based on species preference and species distribution (for details see 
Appendix 2f). 
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3.0 RESULTS AND DISCUSSION 
 

A Fish Passage – Culvert Inspection (FPCI) was conducted on September 2nd, 2005 where Yellowhead 
Highway 16 crosses Station (alias Mission) Creek.  In addition, fish habitat and distribution were 
assessed in the lower 5 km of Station Creek and its main tributary, Waterfall Creek.  The following 
sections combine historical records and field investigations to summarize culvert and stream 
characteristics at Highway 16, and the condition, relevant landuse and fish management related activities, 
fish distribution, and fish habitat values in the Station Creek watershed.  Based on the historical 
information and this field assessment, FPCI Rankings (Parker 2000) and Fisheries Priority Scores 
(Johnston and Saimoto 2003) are also provided to allow cost-benefit comparisons to other sites in the 
Skeena Watershed that may require detailed assessments, improvements or restoration of fish passage.   
 

3.1 WATERSHED INFORMATION 
 

Station Creek is a third order system, which drains an area of approximately 26.5 km2.  Station Creek is a 
glacial system that originates at the Sawmill Glacier to the west of the Hagwilget Peak in the Rocher 
Deboule Range.  Station Creek drains the north-facing slope of Rocher Deboule from an elevation of 
about 2000 m over a distance of approximately 12.5 km to the Bulkley River (elevation ~ 800 m).  The 
lower 5 km of the mainstem exhibit low to moderate gradient, but gradient increases sharply as the stream 
veers from a generally east-west direction to a north-south direction, and fish presence in this section of 
the mainstem is unlikely.  There is a distinct lack of lakes in the Station Creek watershed, but extensive 
wetlands are located within the lower 5 km of Station Creek, as well as within the lower 1 km of a main 
tributary to Station Creek: Waterfall Creek.  Waterfall Creek, a second order stream, joins Station Creek 
about 2 km upstream of the Bulkley River.  The lower kilometer of Waterfall Creek is characterized by 
low gradient, and some of the water in Station Creek is diverted into Waterfall Creek to maintain stream 
flows in this tributary (Mitchell 1998).  The following sections provide an overview of the existing 
information for the Station Creek watershed that is related to stream crossing design, including stream 
discharge and water allocation.  
 

3.1.1 Stream Discharge 
 

Estimates for stream discharge are key components toward developing stream enhancement, restoration, 
and stream crossing designs.  Although, stream flow gauges have not been operated in Station Creek 
downstream of Waterfall Creek, some stream flow data are available for the upper portion of Station 
Creek and for Waterfall Creek.  Data collected from these two locations provide examples of maximum 
peak discharge rates in Station Creek and Waterfall Creek, for a comparison to FPCI Q100 estimates that 
are used to assess the feasibility of different options for fish passage improvements at Highway 16.  
Discharge at high water at the Highway 16 crossing of Station Creek was estimated by multiplying the 
FPCI area calculation of the channel (bankful depth, channel width and wetted width; Equation 1) by the 
mean water velocity in Station Creek at the crossing.  The estimated discharge to the scoured high water 
mark at the Highway 16 crossing on Station Creek is 2.72 m3/sec, but this estimate does not account for 
less frequent flood events.   
 

Water Survey of Canada stream gauge (08EE028) data were collected for Station Creek from 1985 to 
1996. This stream gauge was located just upstream of the Station Creek flow diversion into Waterfall 
Creek, which diverts water for domestic water supply for New Hazelton and Hagwilget (Mitchell 1998).  
The drainage area of Station Creek upstream of 08EE028 is approximately 10.8 km2, which accounts for 
40.8% of the Station Creek watershed (~26.5 km2).  Monthly mean, maximum, and minimum flows for 
08EE028 are illustrated in figure 2, and annual peak flows are illustrated in figure 3.  Peak flows have 
occurred during late spring and fall freshets (Figure 2).  Based on average monthly flows for June and 
July, which represent high water conditions at Waterfall Creek, average daily discharge has been recorded 
as low as 0.24 m3/sec and peak average daily discharges ranged from 0.506 to 1.18 m3/sec (Mitchell 
1998).  The maximum instantaneous flow at 08EE028 from 1985 to 1996 was estimated to be 6.2 m3/sec 
(Figure 3), which coincides with a period of heavy rains and unusually warm conditions in October 1991. 



Fish Passage Culvert Inspection – Station Creek 

 
SKR Consultants Ltd.                         10  

 

 
 

Figure 2. Average Monthly flows recorded for the WSC stream gauge 08EE028 between 1985 and 
1996 (Water Survey of Canada 2006). 

 
 

 
 
 

Figure 3. Annual peak flow recorded for the WSC stream gauge 08EE028 between 1985 and 1996 
(Water Survey of Canada 2006). 
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Stream flows for Waterfall Creek upstream of the Station Creek diversion have not been recorded, but the 
District of New Hazelton has collected some flow data for Waterfall Creek further downstream near the 
New Hazelton Sewage Treatment Plant from 1994 to 2000 (Nortec 2001).  The average daily discharge 
from 1994 to 1995 ranged from 0.027 to 0.349 m3/sec (Mitchell 1998). Maximum monthly discharge at 
the Waterfall Creek was 0.322 m3/sec, and minimum monthly discharge was 0.041 m3/sec (Nortec 2001).    
Maximum daily discharge estimates for Waterfall Creek were not available for 1996 to 2000 in previous 
summaries of flow information for Waterfall Creek (Mitchell 1998, Nortec 2001).  Interestingly, Kingston 
(2001) suggests that the flow data for Waterfall Creek requires a correction by as much as 60% due to the 
methods used and he recommends that 1.8 m3/sec be the estimated maximum instantaneous discharge for 
Waterfall Creek, including road crossing designs on this system. Unfortunately, the total combined 
discharge from Waterfall Creek and Station Creek cannot be calculated since an unmeasured proportion 
of the discharge in Waterfall Creek is a diversion of flow from just downstream of the Station Creek 
stream gauge, and discharge in Waterfall Creek upstream of the diversion has not been monitored.    
  
Based on the existing stream flow data, it is not certain what the maximum instantaneous flows may be 
for Station Creek at Highway 16.  The FPCI Q100 (5.43 m2) estimate can be translated into volume by 
factoring in average water velocity at the time of sampling (1.50 m/sec), which results in an estimated 
discharge of 8.15 m3/sec as the maximum peak flow for a 100 year flood event.   This may be an 
underestimate, since the recorded occurrence of 6.2 m3/sec maximum peak flow at the 08EE028 stream 
gauge in 1991 only measured drainage from the upper 41 % of the watershed in comparison to the 
approximately 96% of the watershed drainage that is received at Highway 16. The very large wetland area 
and associated beaver dam complex located immediately upstream of Highway 16 may moderate most 
peak flows, but also increases the risks of more drastic flood events should the beaver dams be breached.    
 
3.1.2 Water Allocation 
 
Station Creek is the primary water supply for New Hazelton and Hagwilget, thus water withdrawl may 
impact fish habitat and will effect estimations of stream discharge.  Flow from Station Creek is diverted 
just downstream of the Water Survey of Canada Station 08EE028 to a series of two impoundments, which 
serve New Hazelton and Hagwilget.  Seven water licences have been granted to the District of New 
Hazelton for Station Creek (Land and Water BC 2006) and license information is summarized in table 4.  
The combined use of these water allocations has been recognized to potentially have significant impacts 
on fish habitat during low flows, and lack of control of the diversion has resulted in complications with 
managing discharge. Representatives from the town of New Hazelton, Fisheries and Oceans Canada, and 
the Ministry of Environment have discussed issues related to the diversion and water allocation to ensure 
suitable flows in Waterfall Creek, since this system has received significant stream enhancement activities 
and is thus very reliant on appropriate management of stream discharge (McGonigal 2001). The District 
of New Hazelton has recently upgraded their water supply intake in the spring/summer 2000, including 
the construction of a flow control weir and water intake with a pipeline to a new water treatment plant 
(Nortec 2001).  It is worth noting that the present water licences allow a withdrawal of up to 1,456 m3/day 
(average 0.0169 m3/sec) from January 1st to April 14th and 2052 m3/day (average 0.0238 m3/sec) from 
April 15th to December 31st (Table 4). During the low flow period (February and March), the permitted 
withdrawal rate is higher than some of the minimum daily flows recorded for February (Appendix 4), but 
lower than any of the monthly mean flows recorded from 1986 to 1996.   The lowest monthly mean flow 
on record was 1641.6 m3/day in March 1991 (Table 5).  With respect to this study, the hydrometric data 
show that high flow events upstream of the diversion regularly exceed 100,000 m3/day, and therefore 
water allocations should not significantly influence estimates of instantaneous peak flows used for stream 
crossing designs.    
 
 
 



Fish Passage Culvert Inspection – Station Creek 

 
SKR Consultants Ltd.                         12  

Table 4. Summary of water licences for Station Creek (Land and Water BC 2006). 
 

Licence 
No. 

Purpose Quantity1 Average 
Daily Use2 

Licence 
holder 

Licence 
Status 

Priority 
Date 

Issue Date 

C056425 Waterworks 9,125,000 
GY 

25,000 gpd 
114 m3/day 

District of 
New Hazelton 

Current 1995/08/01  

C056426 Storage 14 AF 14 AF District of 
New Hazelton 

Current 1976/06/01  

C056427 Waterworks 27,375,000 
GY 

75,000 gpd 
341 m3/day 

District of 
New Hazelton 

Current 1964/04/07  

C056428 Waterworks 18,250,000 
GY 

50,000 gpd 
228 m3/day 

District of 
New Hazelton 

Current 1964/04/07  

C070975 Waterworks 34,000,000 
GY 

170,000 gpd 
774 m3/day 

District of 
New Hazelton 

Current 1984/01/27  

C1142963 Waterworks 105,000 GY 
 

105,000 gpd 
477 m3/day 

District of 
New Hazelton 

Current 1999/03/19 1999/10/05 

C116496 Conservation 
Use of Water 

10.6 CS 26,000 gpd 
118 m3/day 

District of 
New Hazelton 

Current 2001/07/27 2002/08/27 

TOTAL 
 

January 1st to April 14th 
 

April 15th to December 31st 

320,000 gpd 
1456 m3/day 
451,000 gpd 
2052 m3/day 

    

 

1 Annual Quantities obtained from Land and Water BC, 2006; GY = gallons/year, AF = acre feet, CS = cubic feet/second 
2 Volumes obtained from Ministry of Sustainable Resource Management (2001); gpd = gallons per day 
3 Conditional licence permitting withdrawl of water from April 15th to December 31st  
 
Table 5. Monthly Mean Discharge for Station Creek above diversions at stream Flow Gauge 08EE028 

(Water Survey of Canada 2006). 
 

Monthly Mean Discharge (m3/sec) for January 1985-December 1996 Month Mean Median Max Min 
January 0.045 0.048 0.055 0.032 
February 0.035 0.034 0.056 0.023 
March 0.037 0.034 0.081 0.019 
April 0.075 0.073 0.141 0.033 
May 0.452 0.421 0.838 0.217 
June 0.831 0.809 1.18 0.612 
July 0.706 0.719 0.904 0.506 
August 0.417 0.408 0.566 0.318 
September 0.320 0.276 0.581 0.148 
October 0.249 0.178 0.866 0.094 
November 0.112 0.106 0.170 0.059 
December 0.063 0.059 0.100 0.039 
Period 0.279 0.274 1.18 0.019 
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3.2 FISHERIES INFORMATION 
 
Fisheries information for the Station Creek watershed has been relatively well documented, but there is a 
lack of information prior to the installation of the culvert at Highway 16, which is considered to be a 
barrier to fish migration.  Escapement estimates have been conducted periodically for Station Creek and 
date back to 1927 (Anon. No date), but the extent of spawner distribution was not recorded.  More recent 
surveys have documented the presence of pink salmon (Oncorhynchus gorbusha), coho salmon (O. 
kisutch), chum salmon (O. keta), rainbow trout and steelhead (O. mykiss), cutthroat trout (O. clarki), and 
Dolly Varden (Salvelinus malma) in lower Station Creek (Bustard 1986, SKR 2001, FISS). Bull trout (S. 
confluentus) are also suspected to potentially use the lower reach of Station Creek. A fish habitat 
assessment of fish populations in Waterfall and Station creeks was conducted in 1986 and included 
minnow trapping and electrofishing at several locations in both, Station and Waterfall creeks (Bustard 
1986).  Bustard (1986) documented Dolly Varden, cutthroat trout, and steelhead fry upstream of Highway 
16.  However, due to the severity of the culvert at Highway 16 we speculate that steelhead may have been 
transported upstream, or that steelhead were able to move through the culvert during rare conditions in 
1985.  Rainbow trout have not been documented upstream of the Highway 16 crossing (FISS).  Rainbow 
trout/steelhead juveniles were not captured during a coho smolt emigration study conducted upstream of 
the Highway in the spring of 2001 (SKR Consultants Ltd. 2001). BC Conservation status, Global and 
Provincial ranking for species captured, observed or suspected at Highway 16 are presented in table 6. It 
is worth noting that the Gitxsan have traditionally fished for steelhead in the spring and coho in the fall at 
the mouth of Station Creek (Xis Gwin Sagiiblax) at a fishing site known as Xsan Xsabiibil (Rabnett and 
Williams 2004). Information on the natural limits to fish distribution for various species, anthropogenic 
impacts on fish migration and habitat, and fisheries enhancement projects in the Station Creek watershed 
is summarized in the following sections. 
 
Table 6. BC Conservation status, Global and Provincial ranking for species captured, observed or 

suspected at Highway 16 (B.C. Species and Ecosystem Explorer 2005).   
Species Species Status1 Comment 
Dolly Varden 

(Salvelinus malma) 
Global: G5 
Provincial: S3/S4 
BC Status: Blue 

Captured upstream and downstream of Highway 

Cutthroat trout 

(Oncorhynchus clarki clarki) 
Global: G4T4 
Provincial: S3/S4 
BC Status: Blue 

Captured upstream and downstream of culvert 

Bull trout 

(Salvelinus confluentus) 
Global: G3 
Provincial: S3 
BC Status: Blue 

Not reported, but may be present 

Rainbow trout/steelhead 

(O. mykiss) 
Global: G5 
Provincial: S5 
BC Status: Yellow 

Captured upstream and downstream of culvert; steelhead 
fry captured in 1986 (Bustard 1986), but no juvenile 
rainbow trout/steelhead captured during coho smolt 
emigration study in 2001 upstream of the culvert (SKR 
2001) 

Coho salmon 

(O. kisutch) 
Global: G4 
Provincial: S4 
BC Status: Yellow 

Downstream of culvert, and released as juveniles and 
adults upstream of culvert 

 
1 G5 = Secure, G4T4 = apparently secure, G3 = vulnerable, S3 = vulnerable, S4 = Apparently Secure 
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3.2.1 Fish Distribution 
 
The natural limits to fish distribution in the Station Creek watershed primarily consist of gradient barriers 
(>20%) where Station Creek and its southern tributaries drain off the Rocher Deboule Range.  Moderate 
gradient bedrock chutes have been identified at two locations along the mainstem of Station Creek, and 
appear to be significant but not full barriers to fish passage for all species.  The lower bedrock chute 
located approximately 0.25 km upstream of the Bulkley River (Figure 4) has been reported to be a barrier 
to pink salmon (Bustard 1986), but adult steelhead and coho have migrated through this chute and have 
been observed 1.4 km upstream of the Bulkley River at the outlet from the culvert under Highway 16.   It 
has been noted that although this lower bedrock chute is passable by adult coho under high flows, it may 
be impassable during low flows (Pendray 1990b).  Station Creek drains through a narrow bedrock gully 
approximately 5.2 km upstream of the Bulkley River (Figure 4), but Dolly Varden and cutthroat trout are 
suspected to utilize up to 1.9 km of moderate gradient habitat upstream of this obstruction before stream 
gradient quickly increases to greater than 20%.   An approximately 20 metre waterfall (Figure 4) limits 
fish distribution to the lower 4.3 kilometres of the largest tributary to Station Creek: Waterfall Creek.  The 
Highway 16 culvert at Station Creek is an anthropogenic barrier to fish passage, and is presently the 
upstream limit to anadromous fish distribution in Station Creek, including coho as well as steelhead.  A 
more detailed breakdown of qualities and quantities of different habitat types and their suitability for 
various species are presented in Section 3.5 and 3.7, respectively. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4. Upstream views of two bedrock chutes located along Station Creek approximately 0.25 
km upstream (left) and an approximately 5.2 km upstream (right) of the Bulkley River. 

 
3.2.2 Anthropogenic Impacts on Fish and Fish Habitat   
 
Land use activities that have been reported to have impacted streams and fish habitat in the Station Creek 
watershed include numerous stream crossings by roads and the railway, logging activities, and a few 
urban developments near the streams in the town of New Hazelton. In conjunction with the FPCI field 
assessment of the culvert where Highway 16 crosses Station Creek, several sites reported to have 
potential impacts on fish distribution or fish habitat were visited. Excluding the perched culvert where 
Highway 16 crosses Station Creek, no anthropogenic barriers to fish migration, but some notable 
disturbances to fish habitat, have been reported along the mainstem channels of Waterfall and Station 
Creek. The following sections summarize impacts on fish distribution and fish habitat in the Station 
Creek watershed. 
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Figure 5. An approximately 20 meter high waterfall on Waterfall Creek, located approximately 4.3 
km upstream of Station Creek. 

 
 
3.2.2.1 Anthropogenic Barriers to Fish Distribution 
 
Cursory field assessments of fish passage issues were conducted where the CN Railway, Highway 16, and 
roads within the District of New Hazelton cross Station and Waterfall creeks to determine if additional 
anthropogenic barriers may limit fish access to habitat in Station and Waterfall creeks upstream of the 
Highway 16 crossing.  These sites were only briefly visited and photographed and FPCI field forms were 
not completed.  Previous reports have suspected some culvert crossings on Waterfall Creek to be potential 
obstructions to fish passage at low flows (Mitchell 1998).  The following sections provide a short 
summary of the stream crossings over the fish bearing portions of Station and Waterfall Creeks upstream 
of Highway 16. 
 
Station Creek Crossings 
 

Stream crossing over the lower 5.2 km of Station Creek were assessed to identify any other anthropogenic 
obstructions to fish passage that need consideration prior to restoration or enhancement efforts at 
Highway 16. A CN Railway bridge exists approximately 900 metres upstream of Highway 16 in a large 
wetland section of Station Creek, but this crossing does not impede fish passage (Figure 6).  One culvert 
overflow was also identified along the railroad approximately 150 metres west of the bridge where a large 
back channel in the Station Creek wetland overflows under the railway and back into the mainstem during 
high water. Some signs of erosion were identified at this overflow where gravel under the railway has 
started to slump (Figure 6). Aside from the culvert crossing where Highway 16 crosses Station Creek, 
only one other road crossing was identified approximately 3.0 km upstream of Highway 16, and it had 
been deactivated and restored to its natural stream channel. No anthropogenic barriers to fish migration 
were identified along Station Creek upstream of Highway 16. 
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Figure 6. Bridge (left) and slumping gravel at an overflow culvert (right) located where CN railway 
crosses the large wetland reach of Station Creek upstream of Highway 16.   

 
Waterfall Creek 
 
Waterfall Creek is a moderate sized tributary to Station Creek located upstream of Highway 16. Stream 
crossings over the lower 4.3 km of Waterfall Creek were assessed to identify any other anthropogenic 
obstructions to fish passage that may need consideration in conjunction with restoration of fish passage 
where Highway 16 crosses Station Creek.  Cursory assessments of Waterfall Creek crossings included 
field visits to two sites along the CN Railway, two sites along Highway 16, and two other road crossings 
within the town of New Hazelton.  
 
The CN Railway crosses Waterfall Creek at two locations, approximately 2.3 km and 2.8 km upstream of 
its confluence with Station Creek.  These two culvert crossings are located ~200 m downstream of 
Highway 16 (Figure 7) and ~300 m upstream of Highway 16 (Figure 8). Both crossings were passable by 
juvenile fish due to their low gradient and no outfall drop.  However, the crossing upstream of Highway 
16 had wire meshing on the upstream end to help prevent beaver activities and appears to partly impede 
adult fish migration (Figure 7) due to the size of the mesh. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Pair of 1100 mm culverts at outlet (left) and inlet (right) where CN Railway crosses 
Waterfall Creek downstream of Highway 16. 
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Figure 8. Pair of 900 mm culverts at outlet (left) and inlet (right) where CN Railway crosses 

Waterfall Creek upstream of Highway 16. 
 
Culverts at four road crossings were assessed on Waterfall Creek at Highway 16 (near the Hazelton High 
Road and near Templeman Street), at 9th Avenue, and at the intersection of Sargent Crescent and 13th 
Avenue.  The furthest downstream road culvert, located at Highway 16 near the Hazelton High Road 
consists of two relatively long culverts, but very low gradient, and water velocity with good water depth 
facilitate fish passage at this site.  Beaver activity at this crossing appears to be an issue, as indicated by 
the mesh at the culvert inlet (Figure 9).  The crossing at 9th Avenue consists of a pair of 900 mm culverts 
(Figure 10).  The second Highway 16 crossing on Waterfall Creek, located within New Hazelton, consists 
of one 1500 mm diameter round culvert (Figure 11).  The crossing at the intersection of 13th Avenue and 
Sargent Crescent consists of a 1500 mm multiplate culvert (Figure 11).  All four culvert crossings 
exhibited low gradient, low water velocity and were not perched.  No maintenance concerns or sediment 
sources were identified at the four road crossings. 
  
 

 
 
Figure 9. Downstream view (left) and upstream view (right) of the Highway 16 culvert on 

Waterfall Creek near the Hazelton High Road.    
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Figure 10. Oblique view of the culvert inlet (left) and upstream view at the culvert outlet (right) of 

the 9th Avenue crossing of Waterfall Creek in New Hazelton.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. Downstream view of the culvert inlet at the Highway 16 crossing in New Hazelton (left) 

and upstream view at the culvert outlet at the intersection of Sargent Crescent and 13th 
Avenue (right) on Waterfall Creek.   

 
In summary, the presence of numerous culverts under the CN Railway, Highway 16 and roads through 
New Hazelton are likely a minor deterrent to fish migration, and the only significant obstruction to fish 
migration identified along the lower 4.3 km of Waterfall Creek was wire mesh obstructions installed to 
control beaver activity at the inlet to two 900 mm culverts under the CN Railway upstream of Highway 
16.   
 
3.2.2.2 Anthropogenic Impacts on Fish Habitat 
 
Numerous anthropogenic activities have been reported to impact fish habitat along Station and Waterfall 
creeks and are summarized in detail by Mitchell (1998).  Waterfall Creek has been impacted by more 
anthropogenic disturbances than Station Creek since the majority of its fish bearing reaches are within 
developed areas of New Hazelton.  The present conditions and severity of these impacts were not 
assessed in detail during this study, but the following sections summarize the anthropogenic impacts on 
fish and fish habitat that have been reported for Station and Waterfall creeks. 
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Station Creek 
 
Fish habitat in Station Creek has been significantly impacted by logging activities, the CN Railway, and 
the New Hazelton domestic water supply.  Selective logging in the Station Creek watershed in 1992 has 
been reported to have resulted in some dramatic impacts on stream channels, including aggradations, bar 
formation, braiding, lateral instability, and loss of cover (Mitchell 1998).  The CNR crossing, adjacent to 
the Highway 16 culvert at Station Creek is a sediment source that has contributed significant sediment to 
Station Creek (Figure 12).  This sediment input is likely, at least in part, responsible for the formation of a 
large sediment wedge in Station Creek.  Runoff from the section of railway within a large wetland reach 
of Station Creek may also reduce the quality of fish habitat.  Further upstream, the water diversion of flow 
from Station Creek into the District of New Hazelton water supply and then into Waterfall Creek has 
caused reduced and inconsistent flow for approximately 3.3 km of Station Creek (Mitchell 1998), which 
may impact spawning habitat upstream of Highway 16. Station Creek appears to require further attention 
toward protecting fish habitat and discharge.   
 

 
 
Figure 12. Unstable slope adjacent to Station Creek along the CN Railway (left) and downstream 

view of sediment wedge in Station Creek (right), about 50 meters downstream of the 
Highway 16 crossing. 

 
Waterfall Creek 
 
Various industrial developments, logging activities, urbanization, and the CN Railway have been reported 
to have impacted fish habitat in Waterfall Creek (Mitchell 1998).  Several industrial properties are located 
within the drainage area of Station/Waterfall Creeks, including an old bulk plant, gas stations, a tire store, 
parking lots, and a currently inactive chipper mill (Mitchell 1998, Nortec 2001), which may potentially 
contaminate Waterfall Creek.  The New Hazelton sewage outfall discharges into Waterfall Creek about 
1500 meters upstream of Station Creek (Bustard 1986). Urban development has resulted in the removal of 
riparian vegetation, increased non-point source pollution including run-offs from roads and parking lots 
contaminated with hydrocarbons and salts, and municipal garbage (including tires) that are carelessly 
discarded into waterways (Nortec 2001). Three cutblocks in upper Waterfall Creek are reported to have 
caused overland flows that have impacted this system (Mitchell 1998).  The CNR tracks parallel the lower 
4.4 km of Waterfall Creek. Channelization, including extensive ditching in this section of Waterfall Creek 
has resulted in a reduction in fish habitat quality, largely due to lower habitat complexity.  In addition, 
sections of Waterfall Creek have poor riparian function due to regular defoliation in the CNR right-of-
way (Nortec 2001), and fluctuating water levels due to regular beaver dam removals (Chicago Creek 
Community Enhancement Society 2001).  Several efforts have already been directed toward stabilizing 
and enhancing fish habitat in Waterfall Creek (see Section 3.2.3). 
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3.2.3 Fish and Fish Habitat Enhancement 
 
The Station Creek watershed has been the subject of several restoration and enhancement initiatives, 
particularly since 1990.  Enhancement efforts in the watershed have included attempts to increase fish 
passage at natural obstructions, as well as releases of juvenile coho upstream of the Highway 16 culvert.  
Adult catch-and-transport programs, where adult coho are captured downstream of the highway during 
their fall spawning migrations, and transported upstream of the highway to spawn, have been conducted 
since 1998 (Donas and Saimoto 2001, Donas personal communications).  In addition, juvenile coho, as 
fry, yearlings or smolts, have been released into the Station Creek watershed upstream of the highway 
crossing (Figure 6) in an effort to enhance the Station Creek coho stock.  Habitat restoration activities 
have focused primarily on Waterfall Creek, which is the most impacted system in the Station Creek 
watershed.  The following sections summarize fish passage improvement, fish habitat enhancement, and 
coho enhancement activities that have been documented in Station and Waterfall creeks. 
 
3.2.3.1 Fish Passage Improvement 
 
In an effort to increase accessibility to fish habitat in Station Creek, the Department of Fisheries and 
Oceans conducted a site visit to the chute in lower Station Creek in order to determine if fish passage 
could be improved.  The site visit was conducted between July 9th and 11th, 1990 (Pendray 1990b).  A 
potential to increase fish passage at the chute was identified during this preliminary assessment, by 
moving some of the larger, loose boulders in the largest part of the drops by laying charges under them.  
During the site visit conducted in 1990, fish sampling between the chute and the culvert resulted in the 
capture of Dolly Varden and cutthroat trout, but no coho were captured.  This indicates that coho did not 
migrate past the chute downstream of the culvert in the previous year (Pendray 1990b).  A log weir was 
installed at the chute in September 1990 to create a jump pool in order to increase the potential for fish 
passage at the chute (Figure 13) (Miller 1990).    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13. Log weir (indicated with red arrow) in the rock chute located about 250 meters upstream 

of the Bulkley River. 
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3.2.3.2 Stream Enhancement in Waterfall Creek  
 
The Mission Creek Steering Committee was formed in 2000 (Chicago Creek Community Environmental 
Enhancement Society 2001) to develop stream restoration plans for Waterfall Creek.  The committee 
consists of representatives from the District of New Hazelton, the Village of Hazelton, the Department of 
Fisheries and Oceans, the Ministry of Environment, the Ministry of Highways, CNR, the Gitxsan 
Watershed Authority (GWA), and the Chicago Creek Community Environmental Enhancement Society 
(Chicago Creek Community Environmental Enhancement Society 2001, Nortec 2001).  The committee 
was successful at obtaining Fisheries Renewal BC (FsRBC) funding to conduct engineering and 
biological studies, as well as complete legal surveys of the section of Waterfall Creek along the CNR 
tracks to the district sewage outfall (Chicago Creek Community Environmental Society 2001), and the 
studies were completed in 2001 (Kingston 2001, Nortec 2001). Engineered design drawings for proposed 
restoration activities for Waterfall Creek were prepared by Kingston (2001). 
 
Habitat restoration activities proposed for Waterfall Creek include placement of structural elements (e.g. 
LWD, boulders), pool development, riparian planting to provide thermal cover, shade, and allochthonous 
inputs, instream placement of spawning gravels, placement of instream log weirs and boulders, and work 
at culvert crossings upstream of Highway 16 to facilitate fish passage (Nortec 2001).  A watershed 
restoration project was conducted on Waterfall Creek following assessments of Waterfall and Station 
creeks (Nortec 2001, Chicago Creek Community Environmental Enhancement Society 2001).  A trail 
network was constructed adjacent to Waterfall Creek in the fall of 2000.  Seedlings were planted in the 
riparian area, within 5 meters of Waterfall Creek along some sections of the creek where riparian function 
was determined to be impaired.   
 

3.2.3.3 Coho Enhancement 
 
The Station Creek coho population is believed to be significantly impacted by the impassable culvert at 
the Highway 16 crossing of Station Creek.  Total escapements at the Station Creek fish fence have been 
recorded as low as 14 fish, which has increased the concern for protecting and restoring this coho 
population. Coho enhancement efforts in the Station Creek watershed have included juvenile coho 
releases since 1993 (Table 7), and the transport of adult coho upstream of Highway 16 since 1998 (Table 
8).    
 
Juvenile coho have been stocked in Station Creek since 1993, initially by releasing Toboggan Creek 
smolts, and later by releasing smolts obtained from Station Creek brood stock (since the 1995 brood 
year), which were reared at the Chicago Creek Hatchery (Donas and Saimoto 2001; Table 7).  Juvenile 
coho smolts were enumerated in the spring of 2001 using a fence constructed about 500 meters upstream 
of the Highway 16 crossing.  The 2001 smolt study indicated that most of the 24,077 smolts released 
upstream of the Highway survived and emigrated, in addition to an estimated 2,240 to 3,015 “wild” coho 
smolts produced from the adult coho released upstream of the Highway in previous years (primarily 
assumed to be progeny from the 41 female and 45 male coho released upstream in 1999) (SKR 2001). 
 
In addition to the release of juvenile coho into the Station Creek system, an adult counting fence has been 
operated on Station Creek downstream of the Highway 16 crossing since 1994 (Lewis 1997, Saimoto and 
Donas 2000, Joe and Donas 2000, Donas and Saimoto 2001, SKR 2001).  A portion of adult coho 
captured at the fence are released upstream of the Highway 16 crossing in Waterfall Creek to spawn 
naturally (Table 8), while some coho (usually 10 males and 10 females) are transported to the Chicago 
Creek Hatchery.  Since 1998, the operation of the adult counting fence has, in part, been funded by the 
Ministry of Transportation to comply with the Department of Fisheries and Oceans inspector’s order to 
provide fish passage at the Highway 16 crossing.   
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Table 7. Summary of Station Creek Coho Program (Donas and Saimoto 2001, SKR 2001, Donas 
personal communications). 

 
Brood Stock Juvenile Coho Releases 

Brood 
Year 

Number Counted 
at Fence 

Number of 
Eggs Taken 

Number 
Released 

Mark Type Size and 
Time 

Comments 

1993 3 20,000 4387 yearling 
smolts 

Left or 
Right 
Ventral 

17.8 g 
10/03/95 

Toboggan transplant; 
freeze-up caused some 
mortality 

1994 6 20,000 

5,789 fry 
16,500 
yearling 
smolts 

Right 
Ventral 

4 g 
12/10/95 
19.9 g 
06/05/96 

Toboggan transplant; 
freeze-up problems 

1995 20 18,000 9,800 yearling 
smolts 

Left 
maxillary 07/05/97 Mission Creek stock, 

fish disease problems 

1996 20 12,000 9,000 yearling 
smolts 

Right 
maxillary 04/05/98 Mission Creek stock, 

pipeline broke 

19971 30 5,000 75 fry Unmarked 2.0 g 
02/07/98 

Mission Creek stock, 
disease problem 

1998 65 30,000 
11,742 
yearling 
smolts 

Right 
maxillary 

20.44 g 
14/05/00 

Mission Creek stock, 
new incubation 
building 

1999 161 33,000 
24,077 
yearling 
smolts 

Right 
maxillary unknown 

Mission Creek stock 
released ~ 3 km 
upstream of smolt fence 

2000 14 14,000 --- --- --- --- 
2001 297 --- --- --- --- --- 
2002 165 0 Fry Unmarked --- --- 
2003 253 10,000 Fry --- --- Water line froze 

2004 452 1,539 Fry Right 
maxillary --- --- 

2005 502 11,000 --- --- --- --- 
 

1 1997 brood had poor oceans survival and Bulkley watershed had the lowest historical returns 
--- indicates cells for which data were not available. 
 
 
Table 8. Summary of adult coho trapped downstream of the Highway 16 culvert, transported and 

released upstream of Highway 16 into Waterfall and Station Creek 1998 and 2005 (Donas 
personal communications).  

Adult releases to Station Cr. Adult releases to Waterfall Cr. Total EscapementReturn 
Year Females Males Females Males (Prop. Wild) 
1998 8 11 9 26 65 
1999 29 34 41 45 161 (0.89) 
2000 1 2 1 4 14 (0.86) 
2001 60 60 58 85 297 (0.57) 
2002 47 46 44 28 165 (0.48) 
2003 57 38 80 78 253 (0.56) 
2004 96 104 140 104 452 (0.6) 
2005 92 87 188 135 502 (unknown) 
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Juvenile coho releases and adult trap-and-transport continue on an annual basis to enhance the coho 
population upstream of the impassable culvert at the Highway 16 crossing of Station Creek.  Since the 
initial year of the coho adult enumeration project, there has been a substantial increase in adult coho 
returns to Station Creek (Table 8), which speaks to the success of both, the juvenile and adult coho 
programs in the system and the productivity of the habitat upstream of Highway 16.  However, the 
Department of Fisheries and Oceans has indicated that transporting adult coho upstream of the impassable 
culvert to spawn is an interim measure, and does not negate the need to find a solution to ensure fish 
passage for all relevant species and all life stages at the culvert (Powell 1996a, 1996b). 
 
3.3 FISH PASSAGE ISSUES FOR THE HIGHWAY 16 CULVERT 
 
The culvert where Highway 16 crosses Station Creek is arguably the greatest single impact on fisheries 
resources in the Station Creek watershed.  The culvert is a significant obstruction to fish passage. Bank 
erosion below the culvert (Nortec 2001), and the CNR crossing at the highway just upstream (Maximchuk 
1997, current study) may impact fish habitat in the lower reaches of Station Creek (Mitchell 1998), which 
are of the highest fisheries value in the system (Bustard 1986).  The Highway 16 culvert at Station Creek 
has been identified as a high priority structure for more than 10 years, and has been subject to a number of 
assessments, and conceptual mitigative plans, but for various reasons, the culvert remains a barrier to fish 
passage. 
 
The culvert was installed in 1963, with an expected life span of 50 years (Powell 1996a).  As of 1997, the 
culvert was anticipated to have a remaining life span between 5 to 15 years (MoT 1997).  The culvert 
installation met the requirement of the day, which required the structure to accommodate a 1 in 50 flood 
event (Q50) (Kelly 1990).  However, the structure is significantly undersized by present day design 
standards (Gooding 1994), which requires it to accommodate a one in 200 flood (Harder 1994).  Since the 
current structure is undersized by current standards, concerns have been raised regarding the potential 
impacts as a result of the culvert failing (Pendray 1990a, Rabnett and Williams 2004).   Fish passage 
concerns at the culvert were identified in an assessment conducted by Bustard (1986), and Department of 
Fisheries and Oceans (DFO) indicates that the culvert was recognized “…as a serious hindrance to fish 
passage since at least the mid 1970’s” (Pendray 1990a).  The culvert is a velocity barrier (61 m long with 
3% gradient; Harder 1994), and the outlet drop (1.6 meters from the culvert to the water surface) (Harder 
1994) further impedes fish passage.  The Ministry of Transportation has been aware of fish passage 
concerns at this crossing since at least the 1990’s (Kelly 1990), and has been ordered by Fisheries and 
Oceans to provide free passage of fish through the culvert in 1996.  Since the 1990’s, and particularly 
since 1996, FOC and MoT have developed a number of mitigative scenarios for the existing road crossing 
(Table 9), none of which have been implemented. As an interim measure, MoT has funded the annual 
adult coho trap-and-transport project, which captures coho downstream of the culvert, and transports 
some coho upstream to spawn naturally, to ensure compliance with FOC’s order.   
 
Potential mitigative scenarios for the Highway 16 culvert at Station Creek (Table 9) have not progressed 
past conceptual design stages, primarily due to engineering difficulties at the site.  These difficulties 
include: 

• The culvert is undersized - Installing baffles or backwatering the culvert would further reduce the 
flow capacity of the structure, which may result in culvert failure (Gooding 1994, Harder 1994). 

• Engineering difficulties with fill above the culvert - A second culvert or other drainage structure 
could be driven through the road fill above or adjacent to the existing culvert to carry some flow 
during periods of high discharge.  There are anticipated high costs associated with this scenario 
due to the need for geotechnical investigations, and anticipated high maintenance (Maximchuk 
1997). 

• Proximity of the creek channel, Highway 16, and the CNR crossing - The close proximity of the 
CNR crossing at the Highway 16 crossing of Station Creek reduces options around installation of 
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diversion ditches or a fish ladder, which may otherwise be feasible.  In addition, sediment erosion 
at the CNR crossing, and potential failure of the side slopes at the CNR crossing if the Station 
Creek culvert fails exacerbate problems with sedimentation, and potential impacts on fish and fish 
habitat. 

• Continued down cutting of the Station Creek channel - Station Creek at the Highway 16 crossing 
has been described as an “immature channel”, exhibiting continued down cutting (Maximchuk 
1997).  Installation of a new culvert, or alterations to the existing structure may alleviate fish 
passage problems for a while, but continued down cutting would result in increased difficulties 
with fish passage as the stream channel erodes. 

 
The culvert at the Highway 16 crossing of Station Creek has been identified as a significant obstruction to 
fish passage for at least 30 years.  Despite significant efforts from both, FOC and MoT, fish passage and 
hydrological concerns at the culvert remain to this date.  Interim adaptations to the culvert are largely 
impractical since the culvert is undersized, and most of these retrofits further reduce the capacity of the 
structure. The culvert is expected to remain functional to about 2012 (MoT 1997), and will eventually 
require repair and/or replacement.  However, the location of the crossing in relation to the CNR crossing, 
and engineering difficulties with the fill present significant logistical difficulties for the replacement of 
the crossing structure.  
 



Fish Passage Culvert Inspection – Station Creek 

 
SKR Consultants Ltd.                         25  

Table 9. Proposed mitigation scenarios for the Station Creek culvert to increase passability by fish. 
Retrofit Design Type Years Proposed 

(Reference) 
Comments1 

“Ken Woo” Baffles 1985 (Hjorth 2007 com.) • Ken Woo proposed installation of inclined baffles (Appendix 4) 
Timber baffles 1990 (Doucet 1990, 

Harder 1994) 
• DFO applied to MoT to install timber baffles in the culvert (Doucet 1990).  MoT rejected the 

application  (Kelly 1990) because the timber baffles would reduce the flow capacity of the culvert 
(Harder 1994) 

• The current culvert is undersized (Gooding 1994) 
Baffles and backwater 
control without overflow 
control structure 

1990 (Harder 1994) 
1997 (Maximchuk 1997) 

• Logistical difficulties in designing and implementing a structure that could accommodate high 
variations in flow, particularly those experiences in the coho migration period, and potential high 
cost.  This scenario does not address the continued down cutting of the creek, including the 
culvert plunge pool. 

“Ken Woo” Baffles with 
resting pools, step pass 
fishway 

1996 (Hjorth 2007) • Nechako Northcoast Construction (Bill Hooker) proposed installation of “Ken Woo” baffles in 
combination with resting pool/steep-pass fishway.  The baffles were to be installed in the existing 
culvert, with a pre-cast concrete resting pool/divider tank installed at the culvert outlet.  A gated 
outlet 1500 culvert was to be installed in one compartment of the tank as a discharge.  A parallel 
aluminum steep-pass 
(type “D”) was to be installed from the second tank compartment to be operational during fish 
migration periods.   

• A conceptual drawing and draft specification for this scenario were prepared in 1997, but the 
proposal was not implemented.   

Adjustable dam to create 
periodic backwatering 

1990 (Harder 1994) 
1997 (Maximchuk 1997) 

• In this scenario, an adjustable dam would be constructed at the downstream side of the culvert to 
create backwatering during the migration period.  Bureaucratic difficulties between Ministries 
encountered during other projects involving water elevation control structures, and the need for 
frequent maintenance and permitting (at least twice annually), as well as logistical difficulties in 
designing and implementing a structure that could accommodate high variations in flow 
experienced during the fall coho migration period (October and November) reduce the feasibility 
of this scenario (Maximchuk 1997). 

• Concerns that the dam would restrict flow capacity during fall peak run-off, and would result in 
ongoing maintenance (Harder 1994) 

Weir baffles inside culvert 
and weirs downstream of 
the culvert in conjunction 
with installation of steel 
headwall 

1995 (Gooding 1995, 
Rode 1995) 

• Proposed installation of five weir baffles inside the existing culvert and weirs downstream of the 
culvert to create drops of 600 mm each (Rode 1995) 

• Steel headwall to be constructed to improve entrance conditions.  The headwall would create a 
pool at the entrance to enable fish to rest after negotiating the culvert (Gooding 1995) 
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Table 9 continued.  Proposed mitigation scenarios for the Station Creek culvert to increase passability by fish. 
 

Retrofit Design Type Years Proposed 
(Reference) 

Comments1 

Overflow ditch parallel to 
CNR with baffles (i.e. fish 
ladder) 

1990 (Harder 1994) 
1997 (Maximchuk 1997) 

• Limited space, and possible need to install a culvert crossing below the area of the overpass 
would increase cost of this scenario.  Also, plunge pool would require stabilization due to natural 
tendency for continued decline in plunge pool elevation, and tail water would need to be elevated.  
Cost would likely be double or more of cost for other mitigation scenarios (Maximchuk 1997). 

• Concerns for potential flood water effects on the base of the CNR tracks, however a variation 
using a close pipe in conjunction with adequate headwall protection adjacent to the CNR track 
may be feasible (Harder 1994). 

Lock – Block 1996 (Powell 1996a) 
1997  (MoT 1997) 

• Proposed installation of lock-blocks to create a downstream pool to facilitate fish access into the 
existing culvert (Powell 1996). 

• Very durable, flexible and assists in stabilizing banks, but considerable disruption to creek and 
valley (MoT 1997) 

• Concerns around flow capacity in culvert with backwatering, particularly during peak fall flows, 
which would likely result in ongoing maintenance requirements (Harder 1994) 

Baffles with overflow pipe 1996 (Powell 1996a) 
1997 (Maximchuk 1997) 

• The current pipe is running full during peak discharge, and a new, overflow pipe is proposed to 
be drilled through the fill above the existing culvert to accommodate overflow should baffles in 
the existing culvert impede the flow of water during peak flow events (Powell 1996). 

• A new pipe would likely have to be drilled through the fill to increase flow capacity at the 
crossing.  Continued maintenance, and concern regarding the natural tendency for continued 
declines in plunge pool elevation would likely reduce effectiveness of this scenario.  High cost 
due to need for extensive initial geotechnical investigations (Maximchuk 1997). 

600∅ Big “O” 1997 (MoT 1997) • Flexible and easy to remove, but not as durable, and potential for catastrophic failure. 
600∅ Galvanized Dam 1997 (MoT 1997) • Flexible relatively durable, but expensive to install. 
Stub & Riser  
3000 ∅ Mini pool 

1997 (MoT 1997) • Anticipated high maintenance requirements due to infilling, and potential for aesthetic impacts. 

Connected Tubs 
3000 ∅ pools 

1997 (MoT 1997) • Unknown durability, potential for damage, anticipated high maintenance requirements due to 
infilling, and potential for aesthetic impacts. 

Sand-Bag 
(Concrete filled walls) 

1997 (MoT 1997) • Easily customized scenario, with nicest “spill way” and low potential for aesthetic impacts, but 
difficulty with requirements for concrete setting in creek. 

Installation of a new 
culvert 

1997 (Maximchuk 1997) • Station Creek at the crossing appears to be a degrading reach of the stream with extensive down 
cutting (estimated as high as 1 m per decade); installation of a new culvert will likely result in the 
same situation as exists today because of continual bed erosion in the plunge pool.  Would be 
expensive and difficult, and may not be feasible as support of the footings of the overhead would 
have to be taken into account. 
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Table 9 continued.  Proposed mitigation scenarios for the Station Creek culvert to increase passability by fish. 
 

Retrofit Design Type Years Proposed 
(Reference) 

Comments1 

Thomas over/under 
fishway 

2006 (Hjorth personal 
communications) 

• Thomas fish way with pre-set slabs onto of the fishway to support an overflow pipe (1500 mm or 
2000 mm spiral seam).  The fishway arrangement would be passable by adult and juvenile fish, 
and would be extendable for at least twice the current pipe length if the stream banks or side 
slopes fail. 

• A model of the Thomas over/under fishway proposal has been constructed (Appendix 4), and is 
currently located the Smithers MoT office. 

• Sketches for the proposal may be prepared in June (Hjorth personal communications). 
 

1 Mitigation design efforts likely rely on minimum water depth in culvert and/or downstream, which may be jeopardized with potential future increases in water 
withdrawl and flow diversions (Mitchell 1998) (see section 3.2) 
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3.4 HIGHWAY 16 CULVERT ASSESSMENT 
 
The Highway 16 crossing on Station Creek was assessed for fish passage issues during the fish passage – 
culvert inspection project in 2005.  The culvert located where Highway 16 crosses Station Creek, was 
assessed to describe the severity of its obstructions to fish passage and to designate the barrier types for 
their FPCI Ranking and Fisheries Priority Scores.  A detailed culvert assessment, including the 
completion of the Fish Passage-Culvert Inspection form (Appendix 1), as outlined in Parker (2000) was 
conducted on September 2nd, 2005 where Highway 16 crosses Station Creek (Figure 14).  The Highway 
16 crossing of Station Creek consists of an approximately 60 m long, round, 1500 mm diameter, mullet-
plate culvert without baffles (Table 10).  The culvert has an average gradient of 2.75%, and an outfall 
drop of 70 cm into a 120 cm pool. The culvert was noted to be 94.5 m long with a gradient of 3.05% 
during a MoT site survey conducted in 1997 using more accurate methodologies than those employed 
during our culvert assessment. Similar to previous assessments at this site (Pendray 1990, Mitchell 1998, 
Rabnett and Williams 2004), the culvert was noted to be a full barrier to fish passage.  According to 
Parker’s (2000) recommendations for culvert sizing, the current culvert does not accommodate Q100 flow 
events, and the culvert width should be no less than the mean bankful width (i.e. 680 cm).  Based on 
culvert area/diameter relationships in the FPCI procedures, the existing culvert is significantly undersized 
and is not suitable for considering installation of baffles or backwatering.  The recommended size of the 
culvert based on estimated volumes for 100 year flood events for the culvert at Highway 16 would be 
either approximately 3000 mm round or 3730 x 2290 elliptical if embedded 20%.  
 
At the time of survey, the length and gradient, and water velocity in this culvert, coupled with the drop at 
the culvert outfall appeared to be significantly obstructing fish migration.  The outfall drop at the 
Highway 16 culvert (70 cm) is not passable by juvenile salmon.  The configuration and the shallow nature 
of the plunge pool (1.2 m) do not provide ideal jumping conditions for adult salmonids, making the 
culvert impassable for adults of all species at most, if not all, flow conditions. Bustard (1986) reported 
fry, but not par, upstream of the Highway 16 crossing on Station Creek.  Due to the severity of the culvert 
at Highway 16 we speculate that steelhead may have been transported upstream, or that steelhead were 
able to move through the culvert during rare conditions in 1985.  Rainbow trout/steelhead juveniles were 
not captured during a coho smolt emigration study conducted upstream of the Highway in the spring of 
2001 (SKR Consultants Ltd. 2001).  Culvert slope (3.05%) exceeds the maximum recommended culvert 
slope of un-baffled culverts greater than 24 m in length (0.5%) (Parker 2000) and water velocity at the 
Highway 16 culvert (4 m/s) exceeds the burst and prolonged swimming abilities reported for all juvenile 
salmonids that utilize Station Creek for rearing habitat.  In addition, water velocity and culvert length 
(94.5 m) in this culvert exceeds the burst swimming abilities for adult cutthroat trout and rainbow trout, 
and is in the upper range of the prolonged swimming abilities reported for adult coho and steelhead in the 
literature (Table 2). Culvert length, gradient and water velocity, at the Highway 16 crossing of Station 
Creek, as well as the outfall drop are outside the recommended criteria for fish passage. 
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Figure 14. Downstream view of the culvert inlet (left) and upstream view of the culvert outlet (right) 

where Highway crosses Station Creek.   
 
Table 10. Culvert dimensions at the Highway 16 crossing of Station Creek.   
 

Criteria Description 
Culvert Shape: Round 
Culvert Material: Multi-plate 
Culvert Size: 1500 mm diameter 
Culvert Length1: 60 m (94.5 m, Skyhook 1997) 
Culvert embedded: No 
Culvert slope1: 2.75% (3.05%, Skyhook 1997) 
Culvert wetted width: 115 cm 
Culvert water depth: 35 cm 
High water mark: 100 cm  
Outfall drop: 70 cm  
Culvert water velocity: Average: 4 m/s  
Fill Slope Depth: ~ 10 m 
Culvert Maintenance Required: Moderate priority; there appears to be a potential for debris jams 
Pool depth at outfall: 120 cm 
Sediment source: High; sediment source primarily from bank at railroad crossing 
Q100 5.43 m2 

 
1 culvert length and gradient provided by MoT (Skyhook 1997) were determined using more accurate methodologies 
than those used in this project. 
 
3.5 FISH HABITAT ASSESSMENT 
 
A general overview of fish habitat in Station Creek was conducted outside the area influenced by the 
Highway 16 crossing.  Some additional information on fish habitat in Station Creek and its tributaries was 
obtained during a previous culvert assessment (Rabnett and Williams 2004), watershed restoration 
assessment (Nortec 2001), an environmental impact assessment (Mitchell 1998), and fish population 
assessments (Bustard 1986, Donas and Saimoto 2001).  The stream data for Station Creek at Highway 16 
from a previous, culvert assessment (Rabnett and Williams 2004) may not be directly comparable, due to 
difference in methodologies between the two assessments.  Rabnett and Williams (2004) recorded 
channel widths at exactly 25 m and 50 m distance from the culvert crossing, while we recorded channel 
widths at representative sites within 200 meters distance from the culvert. Fish habitat quality was 
assessed in the mainstem of Station and Waterfall creeks, upstream to natural barriers to fish migration. 
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For the FPCI scoring and ranking, the habitat value for Station Creek was based on the findings at the 
sites assessed upstream of and downstream of Highway 16, and the general overview of stream crossings 
along Station and Waterfall creeks.  Fish habitat downstream of the culvert appeared to be good, with the 
presence of good spawning and rearing habitat.  Fish habitat upstream of the culvert was excellent, with 
abundant rearing habitat (particularly for coho), and suitable spawning habitat.  In agreement with 
previous culvert assessment in 2004 (Rabnett and Williams 2004), the above findings identified the 
habitat value of Station Creek at Highway 16 to score high (10 points) for the FPCI scoring matrix.  More 
detailed breakdowns of habitat value for the Fisheries Priority Score are provided in Section 3.7.  The 
following sections summarize habitat values for the main stems of Station Creek and Waterfall Creek, 
based on historical information, and site investigations conducted in September 2005. 
 
3.5.1 Station Creek 
 
Overall, 4.3 km of suitable fish habitat in Station Creek mainstem, and 3.9 km of suitable fish habitat in 
Waterfall Creek have been identified upstream of Highway 16.  This habitat is, or has been, utilized by 
resident cutthroat trout and Dolly Varden, rainbow trout/steelhead, and coho.  Adult coho are transported 
and released upstream of the culvert to reproduce naturally, and juvenile coho are released into Waterfall 
Creek (Donas and Saimoto 2001, SKR 2001, Donas personal communications).  Station Creek stream 
characteristics were determined upstream and downstream of the Highway 16 crossing on September 2nd, 
2005 (Figure 15).  Channel measurements were not taken in sections of stream significantly influenced by 
the culvert crossing in an attempt to best represent the undisturbed stream habitat.  At Highway 16, 
Station Creek is a moderate sized stream with an average channel width of 6.55 m.  The channel was 90% 
wetted at the time of the survey.  Gradients ranged between 3 and 3.5% and the stream exhibited 
riffle/pool morphology.  Stream characteristics upstream and downstream of the Highway 16 crossing of 
Station Creek are summarized in table 11. Some excellent fish habitat was identified in the mainstem of 
Station Creek, upstream of the Highway 16 crossing.  The majority of coho rearing habitat in the Station 
Creek watershed is located upstream of Highway 16 (Bustard 1986), including an extensive pounded 
wetland complex at the CNR crossing of Station Creek (Figure 16).  Excellent spawning habitat is also 
present in the mainstem of Station Creek, upstream of Highway 16, particularly at the adult coho release 
location (Figure 17).  The combination of excellent spawning and rearing habitat, and the good quantities 
of these habitats in the mainstem of Station Creek upstream of Highway 16, resulted in an overall high 
rating of habitat upstream of the Highway 16 crossing. 
 
Table 11. Stream characteristics of Station Creek approximately 50 m upstream and 50 m downstream 

of the culvert at the Highway 16 crossing. 1 
 
Criteria Below culvert Above culvert 
Wetted Width: 580 cm 610 cm 
Water Depth: 21.7 cm 19.7 cm 
Water Velocity: 1.3 m/s  1.7 m/s  
Bankfull Width: 680 cm  630 cm  
Bankfull Depth: 28 cm  30 cm 
Stream Gradient: 3.5 %  3 %  
Substrate: Sand, gravel, cobble (0.1-30 mm) Gravel, cobble, boulder (1-40 mm) 
Fish Habitat Quality: High High 
Beaver Activity: None noted Beaver activity in Waterfall Creek 
Species caught2: ST/RB, CO, DV, CT (Bustard 1986, 

SKR 2001) 
ST/RB (Bustard 1986), DV, CT (Bustard 1986, 
SKR 2001); CO releases upstream (Donas and 
Saimoto 2001, SKR 2001) 

 

1For details see attached culvert assessment form (Appendix 1). 
2 Species codes are ST/RB = steelhead/rainbow trout, CO = coho, DV = Dolly Varden, CT = cutthroat trout 
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Figure 15. Upstream view from culvert inlet (left) and downstream view from culvert outlet (right) 

at the Highway 16 crossing of Station Creek.   
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 16. Upstream view from CN Railway Bridge in wetland reach of Station Creek 
approximately 800 metres upstream of Highway 16. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17. Upstream view (left) and downstream view (right) at adult coho salmon release location 
in Station Creek, approximately 2.8 km upstream of Highway 16.   
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3.5.2 Waterfall Creek 
 

Waterfall Creek, a main tributary to Station Creek located upstream of the Highway 16 crossing, has been 
identified as an important contributor to fish production.  The 800 metre long section of Waterfall Creek 
downstream of the 20 meter waterfall to the Highway 16 crossing on the east approach to New Hazelton  
(Figure 18) is the least impacted fish-bearing section of Waterfall Creek, and has been reported to have 
some of the highest value fish habitat in the watershed because of its “…relatively low gradient, good 
spawning substrate, riffle-pool complexes, undercut banks, large woody debris, and small woody debris.” 
(Mitchell 1998).  Fish densities (Dolly Varden and cutthroat trout) have historically been reported to be 
considerably higher in this section of Waterfall Creek than in the ditched section adjacent to the CNR 
tracks (Bustard 1986). However, the high fisheries values in Waterfall Creek identified in previous 
assessments (e.g. Mitchell 1998, Nortec 2001) may have been at the expense of long-term flow diversions 
from Station Creek to Waterfall Creek, and likely do not represent natural conditions (McGonigal 1999).  
The remainder of Waterfall Creek also has relatively high fisheries values, even though it has been 
significantly impacted by linear and urban development, is largely canalized, and represents relatively 
low habitat complexity (Bustard 1986, Mitchell 1998, Donas and Saimoto 2001).  Recent efforts to 
enhance habitat in this section of the system has increased the suitability of this habitat for fish (Figure 
18) (Chicago Creek Community Environmental Enhancement Society 2001), and good potential fish 
habitat was noted throughout Waterfall Creek during our assessment in September 2005.  Overall, 
Waterfall Creek has considerable fisheries values due to the abundant and high quality fish habitat in this 
tributary to Station Creek.  
 

 
 

Figure 18. Downstream view from the lower Highway 16 crossing near the Hazelton High Road 
(left) and upstream view upstream of New Hazelton (right) of Waterfall Creek.   

 
 
 
3.6 FISH PASSAGE CULVERT INSPECTION SCORE  
 
In order to rank culverts with respect to their priority for further restoration efforts, the data collected for 
Station Creek were used to calculate the FPCI matrix score for FPCI Rankings for the stream crossing at 
Highway 16.  Data were assessed using the FPCI scoring matrix (Parker 2000, Appendix 1).  The matrix 
sums the sub-score values for fish species present, habitat value, barrier type (full, partial, undetermined), 
length of habitat upstream, proportion of stream habitat barred, and the presence of further upstream 
barriers to determine if the culvert is within the range of low, moderate or high priority for further efforts 
toward restoring fish passage.     
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The Station Creek culvert at Highway 16 received a prioritization score of 50 (of a maximum possible 
score of 55; Appendix 1), and falls within the high ranking score category. Scoring information for the 
Highway 16 crossing at Station Creek is summarized in the FPCI summary table (Table 12). The culvert 
was scored as a full barrier.  Other culverts present in the system upstream of Highway 16 may obstruct 
fish passage, but were not identified as barriers to fish.  Therefore, no additional score was assigned for 
anthropogenic barriers located upstream in the watershed.  The FPCI score obtained during our 
assessment of the Station Creek culvert structure at Highway 16 does not differ from that obtained during 
the preliminary assessment conducted by Rabnett and Williams (2004).  Based on the FPCI scoring 
matrix results (Table 12), the culvert at Highway 16 is given a high priority ranking for further efforts 
toward improving or restoring fish passage.  The culvert structure is not FRBC eligible and is presently 
considered to be under the responsibilities of the Ministry of Transportation. 
 
 
Table 12. Fish passage - culvert inspection (FPCI) summary table for the Highway 16 crossing of 

Station Creek.  The scores of individual parameters are identified in parenthesis. 
 

Location Species Habitat 
Value 

Barrier Length to 
be Gained 

% Stream 
barred 

Barrier 
Upstream 

FPCI 
Ranking 

 
Yellowhead 
Highway 16 

 
DV, CT, CO,  

RB/ST 
 

(10) 

 
High 

 
 

(10) 

 
Full 

 
 

(10) 

 
> 1 km 

 
 

(10) 

 
73% 

 
 

(10) 

 
No 

 
 

(0) 

 
High 

Priority 
 

(50) 
 

 
 
 
3.7 FISHERIES PRIORITY SCORES FOR RESTORATION OF FISH PASSAGE 
 
In addition to the FPCI scoring matrix and priority ranking, a Fisheries Priority Score for the culvert 
crossing of Station Creek at Highway 16 was also calculated.  The Fisheries Priority Score describes the 
fisheries values in more detail than the FPCI Rankings by incorporating species preferences for different 
habitat types (stream order and gradient) and the quantity of different habitat types in the portion of the 
mainstem and its tributaries that are upstream of culverts that are obstructing fish passage.  The fish 
habitat value for Station Creek and its tributaries upstream of the culvert at Highway 16 are summarized 
in table 13. 
 
The Fisheries Priority Score was determined for the Highway 16 crossing by multiplying the habitat value 
score (Table 13), by factors for species characteristics (Fish Presence and Species Status) and the severity 
of the obstruction (barrier) as summarized in table 14.  The fisheries priority score for the Highway 16 of 
Station Creek is 478.8 reflecting the ranking of this crossing as a full barrier, and the amount and quality 
of fish habitat upstream of the crossing.  The quantity and quality of habitat upstream of the significant 
barrier to fish passage at Highway 16, and the presence of blue listed species, resulted in a relatively high 
fisheries priority score, suggesting that future efforts toward improving fish passage at this location would 
be beneficial from a fisheries perspective. 
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Table 13. Habitat Value upstream of Highway 16 used for calculating prioritization scores for future 
work, from a fisheries perspective. 

Stream 
Order 

Habitat Quality Class 
(% Gradient) 

Species  Species 
Factor* 

Amount of 
habitat (km) 

Habitat 
Value 

≥ 3rd Good (0-5) CO, RB, ST, CT, DV 3 4.31 12.93 
≥ 3rd Moderate (5-10) CO, ST, CT, DV 2 1.9 3.8 
≥ 3rd  Limited (10-20) ST, DV, CT 1 0 0 
2nd Good (0-5) CO, RB, ST, CT, DV 3 5.12 15.36 
2nd Moderate (5-10) CT, DV, RB, ST 2 2.28 4.56 
2nd  Limited (10-20) CT, DV 1 0 0 
1st Good (0-5) CO, ST, CT, DV 1 2.34 2.34 
1st Moderate (5-10) CT, DV, RB, ST 0.5 1.07 0.54 
1st  Limited (10-20) CT, DV 0.25 1.92 0.48 

Total Habitat Value upstream of Highway 16 40.00 
 

* Highest Species Factor for species present or suspected present  
 
 
Table 14. Fisheries Priority Scores for future work at culvert crossings at Highway 16 from a fisheries 

perspective. 
 

Location Fish Presence 
(Factor) 

Species Status 
(Factor) 

Barrier 
(Factor) 

Upstream Habitat 
Value 

Fisheries 
Priority Score 

Yellowhead 
Highway 16 

Known 
(3) 

Blue listed 
(1.33) 

Full 
(3) 

 
 

40.00 
 

 
 

478.8 

 
 
3.8  PRIORITIZATION FOR IMPROVING FISH PASSAGE 
 
The Highway 16 culvert at Station Creek was identified as a high priority site according the Fish-Passage 
Culvert Inspection scoring matrix.  However, this scoring matrix does not provide prioritization of this 
crossing in relation to other culverts on Highway 16 where fish passage issues have been identified.  The 
Fisheries Priority Score for the Highway 16 crossing at Station Creek was compared to other culvert 
crossing on Highway 16 between Terrace and Hazelton that were assessed in previous and concurrent 
studies.  In total, fish passage issues related to culvert stream crossings have been identified at 13 
locations along Highway 16 between Terrace and New Hazelton (Table 15).  Of the 13 crossings where 
fish passage issues have been identified, the Station Creek crossing scored the highest, indicating its 
relatively high priority compared to other structures on this section of Highway 16 from a fisheries 
perspective.    
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Table 15. List of culvert crossings along Yellowhead Highway 16 from Hazelton to Terrace that are impeding fish passage. 
 
Stream 
(Hwy Section) 

LKI 
(km)+ 

Barrier FPCI 
Ranking 

Fisheries 
Score* 

Comments 

Station Creek 1 
(Kitwanga-Hazelton) 40.18 Full High 478.8  
Animal Creek 2 
(Kitwanga-Hazelton) 10.84 Full High 103.2 The priority rating for this site requires consideration of the anthropogenic disturbance 

causing significant instabilities of the mainstem upstream of Highway 16.   
Singlehurst Creek 3 

(Terrace-Kitwanga) 15.64 Partial High 44.3 Priority for work at this site may be higher because the weirs, previously constructed to 
provide fish passage at this location, are presently breaking down. 

Unnamed Creek 4 

(Terrace-Kitwanga) 39.42 Full High 24.6 This culvert appears to impede fish passage to excellent juvenile fish rearing habitat. 

 
Coma Creek 4 
(Kitwanga-Hazelton) 

30.40 Partial High 30.3 

Channel width is only 2.6 metres upstream of culvert.  Recommend more detailed field 
assessment of habitat upstream of this partial barrier.  An apparent obstruction to 
anadromous fish downstream of this culvert may reduce the impact of this partial 
obstruction.  Rabnett and Williams (2004) indicated that there are not fish passage issues at 
this site. 

Waterfall Creek 4 
(Kitwanga-Hazelton) 43.18 Partial  14.7 The Fisheries Priority Score was based on it being a full barrier due to length of culvert, but 

the culvert appears passable by fish at most flows. 
Chicago Creek 4 
(Kitwanga-Hazelton) 35.88 Partial NA 12.6 Rabnett and Williams (2004) did not identify any fish passage issues at this site.  There is a 

resident population of cutthroat trout in Seeley Lake, upstream of Highway 16. 
Gershwin Creek 4 
(Kitwanga-Hazelton) 30.65 Partial NA 11.2 Rabnett and Williams (2004) identified no fish passage issues but recommend that old 

beaver guard be replaced, and fish sampling be conducted.   
Candela Creek 5 
(Kitwanga-Hazelton) 3.71 Full High 11.0 

FPCI Priority Ranking was high due to the close proximity of this culvert to its confluence 
with the Skeena. Only 460 metres of moderate gradient habitat is available upstream of this 
culvert. 

Goshen Creek 4 
(Terrace-Kitwanga) 13.09 Full High 9.0 

Estimate of available habitat is likely an underestimate as Valhalla Creek appears to have 
been redirected into this drainage.  A more detailed field assessment of this location is 
recommended to confirm fisheries value. 

Noble Five Creek 4 
(Terrace-Kitwanga) 13.52 Full Low 6.8  

Flint Creek 6 
(Terrace-Kitwanga) 63.22 Partial Moderate 4.6 Only 580 metres of moderate gradient habitat is available upstream of this culvert. 

Slovenes Creek 4 
(Terrace-Kitwanga) 19.81 Partial Low 2.7  
 
+ LKI refers to MoT’s Landmark Kilometer Inventory (Cypher Consulting 2006)  
* Fisheries Scores are from MoT Stream Crossing Database representing priority based on the relative benefit to fish production in the Skeena River watershed.  
Site specific data for Fisheries Priority Scoring and FPCI scores obtained from 1 SKR 2006b, 2 SKR 2003a, 3 SKR 2006a, 4 Rabnett and Williams 2004, 5 SKR 
2003b, 6 current study 
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4.0 RECOMMENDATIONS FOR RESTORING FISH PASSAGE 
 
Significant effort towards developing a mitigation scenario at the existing crossing location, and the 
difficulties identified at the location indicate that the current fish passage and hydrological issues 
identified at the Highway 16 crossing location of Station Creek cannot be addressed easily or 
economically.  Various proposed options for improving fish passage through the existing culvert are 
summarized in table 9 with comments on the anticipated difficulties for each of these scenarios.   Annual 
trapping and transport of adult coho is a temporary compensation to allow for planning and budgeting, 
and is not desirable or considered to be a long-term solution from the perspective of the Department of 
Fisheries and Oceans.  However, until fish passage is restored, it would be valuable to continue 
transporting adult coho in the fall, and possibly adult steelhead in the spring to help preserve the two fish 
populations that appear to be most significantly impacted by the existing obstruction to fish passage.  The 
long-term plan for restoring fish passage at this stream crossing should be to eventually replace the 
existing perched culvert with an open bottom or well embedded structure.  Unfortunately, it would be 
difficult to replace this structure at the present location due to its close proximity to the CNR overpass. 
From a logical and practical perspective, but dependent on available resources, further efforts could be 
made to acquire preliminary designs for the feasibility of moving the stream crossing away from the 
existing CNR overpass, or for the eventual replacement of the existing stream crossing and railway 
overpass with a longer spanning bridge.  
 
Moving the location of the stream crossing approximately 150 metres to the east of the present location 
would involve creating approximately 100 metres of new stream channel upstream and 150 metres of new 
stream channel downstream of the highway. Preliminary designs would be helpful toward identifying the 
feasibility of this option with respect to complications that may arise with items such as:   
 

• Obtaining rights for land use, 
• Relocation of one or two power poles presently located downstream of the highway where new 

stream channel would be constructed, 
• Costs and disposal of significant excavation required on downstream side of the highway, and 
• Potential for bedrock in the area downstream of the highway that requires excavation.  

 
However, the advantages of a practical and feasible design for this option would include:  
 

• Benefits to the fisheries resources that would be easily observed and measurable based on annual 
returns of coho and steelhead,  

• Construction of the new crossing would avoid influencing the stability of the CNR overpass 
• Diversion of traffic appears to be logistically possible since the majority of work would be done 

in a dry area, which may allow easier construction of a traffic by-pass route during installation of 
the new stream crossing, 

• Work would provide machine access to restore bank stability and removal of the sediment wedge 
where the CNR has contributed to a bank failure just downstream of the culvert, 

• A large proportion of the new stream channel could be spawning habitat to compensate for other 
anthropogenic impacts in the watershed, 

• The new sections of stream channel would provide an excellent opportunity for habitat 
enhancement in conjunction with local community groups, and 

• Following diversion of the water to the new stream crossing, removal of the existing stream 
crossing may not be required. 

 
Moving the stream crossing further away from the CNR overpass appears to be an expensive task, but 
may be a suitable option when the existing culvert becomes structurally unstable. 
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From a fisheries perspective, another option to replace the existing perched culvert where Highway 16 
crosses Station Creek is to construct a new bridge just upstream of the existing location that would span 
both the Railway and Station Creek.  Preliminary designs for this option would be helpful toward 
identifying the feasibility of this option with respect to potential complications such as:   
 

• Obtaining rights for land use,  
• Some difficulties with restoring fish habitat at the existing crossing, and 
• Removal of the existing overpass. 

 
Advantages of a practical and feasible design for this option would include: 
 

• Benefits to the fisheries resources that would be easily observed and measurable based on annual 
returns of coho and steelhead,  

• Diversion of traffic appears to be logistically possible since complete relocation of the bridge 
would allow use of existing crossing structure during construction,  

• Work would provide machine access to restore bank stability and remove the sediment wedge, 
which appear to be related to a bank failure just downstream of the CNR overpass, 

• Removal of the existing culvert would restore fish passage and approximately 60 metres of 
stream channel, and 

• The new sections of stream channel may provide some opportunity for habitat enhancement. 
 
Although construction of a bridge of this size would be a significant task, it seems that ongoing adult 
salmon transports and the increasing age of the existing culvert may make this option worth investigating. 
 
A short-term option that may be suitable for this site is the installation of a fish ladder coupled with 
installing baffles in the culvert, and increasing flow capacity by installing an overflow pipe.  The fish 
ladder would reduce the effective culvert outfall drop, and the baffles would facilitate fish passage 
through this long (94.5m) culvert by reducing water velocity.  In combination, this may negate the need 
for adult trap-and-transport until a longer-term solution is implemented.  A temporary fish ladder 
constructed at the outlet of the culvert, and baffles in the culvert, would facilitate passage of adult coho 
and steelhead to spawning habitat upstream.  An overflow pipe would have to be installed to compensate 
for resulting decrease in the culvert capacity due to the installation of baffles.  Facilitating fish passage at 
this site with a fish ladder could provide for an opportunity to monitor fish use of upstream habitat by 
steelhead and coho to assess the importance of this habitat for these species.  However, this potential 
short-term retrofit will be costly, making the continuation of trap-and-transport a more economically 
feasible mitigative measure until funds for the implementation of a permanent solution at this location can 
be secured. 
 
In summary, from a fisheries perspective, the benefits from replacing the existing stream crossing with an 
open bottom structure is needed to restore fish passage to abundant and high quality juvenile rearing and 
spawning habitat upstream of Highway 16. In the interim, continuation of trap-and-transport of coho in 
the fall, and the possible trap-and-transport of steelhead in the spring appears the most economical sort 
term mitigative measure for this site.  Some detailed budgeting, and further evaluations of the 
practicalities for various options for replacing the existing culvert with an open bottom structure may be a 
constructive step toward resolving this dilemma. 
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Appendix 1. Fish Passage Culvert Inspection Form 
 



Highway 16 - Station Creek                                                         Fish Passage – Culvert Inspection  
 

 

 
Date (mm/dd/yy) 2005/09/02 Stream Name Station (alias Mission) Creek 

Road Name/ID# Highway 16 Road Location   

UTM/GPS Location 9.586565.6122435 Watershed Code 460-007300 

1:20 000 Map Sheet 093M.022 Recorders Name Ron Saimoto 

Site Number 1 MoT District Bulkley-Stikine (No. 10) 

Culvert Characteristics:  

Culvert Diameter (mm) 1500 mm Culvert Slope (%) Us   3 Ds    2.5  2.75 % 

Culvert Length (m) ~60 m High Water Mark (cm)  100 cm 

Culvert Material Multi-plate Culvert Water Depth (cm) 35 cm 

Culvert Water Velocity (m•sec-1) ~4   ~4 Culvert Outfall Drop (cm) 70 cm 

Culvert Shape Round Culvert Maintenance Moderate  

Culvert Wetted Width (cm) 115 cm Fill Slope Depth (m) ~10 m 

Stream Characteristics: 

Stream Reach   Stream Classification S2 

Pool Depth at Outfall (cm) 120 cm Blue Listed/Significant  

Sediment Source/Degree Yes, High but re-vegetation present Slide from CN railway  

 
Measure 

 
Measurement(s) Below Culvert 

 
Measurement(s) Above Culvert 

Average 
Measurement 

Wetted Width (m) 6.0 4.8 6.7 6.6 7.2 4.5 5.97 m 

Bankfull Width (m) 6.8 6.0 7.5 6.8 7.2 4.8 6.52 m 

Water Depth (cm) 18 22 25 15 14 30  20.7 cm 

Bankfull Depth  (cm) 22 30 32 25 20 45 29.0 cm 

Stream Water Velocity (m•sec-1) 1.1 2.0 0.8 1.2 2.0 1.8 1.48 m•s-1 

Stream Gradient (%) 4, 3 3, 3 3.25 % 

Fish Presence Yes Yes NA 

Fish Sampling Method Historical information Historical information NA 

Sampling Effort (time) (Bustard 1986, SKR 2001) (Bustard 1986, Mitchell 1998) NA 

Species Present RB/ST/CO/DV/CT ST/DV NA 

Beaver Activity/Type  Not at culvert, but upstream of culvert NA 

Barrier Evaluation: 

Barrier Full 

Barrier Type  The culvert is undersized.  Culvert velocity, culvert length and gradient as well as outfall drop make the culvert 
impassable to trout, char, and coho.  Some steelhead may be able to pass through the culvert at some flows, as 
indicated by the record of rainbow trout/steelhead fry upstream of the culvert in 1986 (Bustard 1986), but the 
culvert is likely impassable at most flows to most species and life stages.  

 

Comments: The culvert may be passable to some adult steelhead at some flows, but is impassable to other 
species and life stages.  Steelhead do not appear to be able to migrate past the culvert in all years, as indicated 
by the capture of steelhead fry, but no parr, in 1986 (Bustard 1986).  This culvert was called a full barrier 
even though steelhead was noted in 1986 to have been able to migrate through the culvert in some years, due 
to it appearing to be a major deterrent to fish migration at all flows. 



   Highway 16 - Station Creek                                           Fish Passage – Culvert Inspection 
(cont.) 
 

 

Photos: 

Photo Number Description –  
SC: Station Creek     WC: Waterfall Creek 

Photo Number Description –  
SC: Station Creek     WC: Waterfall Creek 

DSC00008.jpg SC: Hwy 16 inlet upstream view DSC00010.jpg SC: Hwy 16 Outlet upstream view  
DSC00007.jpg SC: Hwy 16 Inlet downstream view DSC00011.jpg SC: Hwy 16 Outlet downstream  
  DSC00009.jpg SC: Hwy 16 Outlet upstream 
  
DSC00001.jpg SC: Coho Project Sign at fish fence DSC00031.jpg WC:  Sargent and 13th crossing 
DSC00002.jpg SC: Fish fence location DSC00032.jpg WC:  Sargent and 13th crossing 
DSC00003.jpg SC: Fish fence location DSC00033.jpg WC:  Highway 16 upper WC crossing 
DSC00004.jpg SC: Chute ~ 250 m u/s of Bulkley DSC00034.jpg WC:  Highway 16 upper WC crossing 
DSC00005.jpg SC: Chute ~ 250 m u/s of Bulkley DSC00035.jpg WC:  Highway 16 upper WC crossing 
DSC00006.jpg SC:  Chute ~ 250 m u/s of Bulkley DSC00036.jpg WC:  Highway 16 upper WC crossing 
DSC00012.jpg SC:  slide along CN Railway DSC00037.jpg WC:  9th Avenue crossing 
DSC00013.jpg SC:  Gravel wedge d/s of Hwy 16 DSC00038.jpg WC:  9th Avenue crossing 
DSC00014.jpg SC: CNR bridge crossing DSC00039.jpg WC:  9th Avenue crossing 
DSC00015.jpg SC:  CNR bridge crossing DSC00040.jpg WC:  9th Avenue crossing 
DSC00016.jpg SC:  CNR bridge crossing DSC00041.jpg WC:  bridge u/s of highway 16 
DSC00017.jpg SC:  CNR bridge crossing DSC00042.jpg WC:  bridge u/s of highway 16 
DSC00018.jpg SC:  CNR overflow culvert near bridge DSC00043.jpg WC:  Highway 16 lower WC crossing 
DSC00019.jpg SC:  Adult Coho Release location DSC00044.jpg WC:  Highway 16 lower WC crossing 
DSC00020.jpg SC:  Adult Coho Release location DSC00045.jpg WC:  Highway 16 lower WC crossing 
DSC00021.jpg SC:  Salmon Nursery Sign DSC00046.jpg WC:  Highway 16 lower WC crossing 
DSC00022.jpg SC:  just downstream of upper chute DSC00101.jpg WC: CNR – downstream of HWY 16 
DSC00023.jpg SC:  chute ~ 5.2 km upstream of Bulkley DSC00102.jpg WC: CNR – downstream of HWY 16 
DSC00024.jpg WC:  upstream of New Hazelton DSC00103.jpg WC: CNR – downstream of HWY 16 
DSC00025.jpg WC:  upstream of New Hazelton DSC00104.jpg WC: CNR – downstream of HWY 16 
DSC00026.jpg WC:  20 m waterfall DSC00105.jpg WC: CNR – upstream of HWY 16 
DSC00027.jpg WC:  controlled outfall below falls DSC00106.jpg WC: CNR – upstream of HWY 16 
DSC00028.jpg WC:  controlled outfall below falls DSC00107.jpg WC: CNR – upstream of HWY 16 
DSC00029.jpg WC:  Sargent and 13th crossing DSC00108.jpg WC: CNR – upstream of HWY 16 
DSC00030.jpg WC:  Sargent and 13th crossing   

   

Office Calculations: (*to be completed for full and partial barriers only) 

Q100 Diameter Estimate (mm) 2900 mm Stream Length Above Barrier 5700 m

Road Responsibility MoT % Stream Barred  75 %

 

Prioritization Calculations – FPCI Scoring Matrix: 

 
Fish species 

 
Habitat value 

 
Barrier 

Length of new 
habitat 

Stream barred 
(%) 

Limiting to 
upstream barrier 

Multiple or 
significant 

10 H 10 Full 10 ≥1 km 10 >70% 10 Yes  

Single  M  Partial  <1 km ≥500 m  51–70%  No 0

Other  L  Undeter  <500 m  <50%    

 
 
Total Score:_50___                 FPCI Ranking;  High Priority 
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Appendix 2. Summary of default settings for criteria and priority scoring factors used to ranking sites 

for their potentially impact on fish and fish habitat.   
    

Note: The following list of codes for fish species are used in tables throughout this report 
 

Species Code Common Name Scientific Name 
BT Bull trout (Salvelinus confluentus) 
CH Chinook salmon (Oncorhynchus tsawytscha) 
CO Coho salmon (O. kisutch) 
CT Cutthroat trout (O. clarki clarki) 
DV Dolly Varden (S. malma) 
PK Pink salmon (O. gorbusha) 

RB/ST Rainbow trout/steelhead (O. mykiss) 
 
 

Appendix 2a. Scoring Factors based on the Severity of Barriers 
Appendix 2b. Barrier Criteria used for identifying significant obstructions to fish passage (i.e. 

“B1” Severity) 
Appendix 2c. Barrier criteria used for identifying partial obstructions to fish passage (i.e. “B2” 

Severity) 
Appendix 2d. Scoring Factors for the potentially for fish use upstream of culverts impeding fish 

passage 
Appendix 2e. Habitat Units used to evaluate the quality of fish habitat upstream of culverts 

based on map interpretation 
Appendix 2f. Scoring Factors used to calculate the value of habitat upstream of the culvert 

dependent on specific species that are either present or suspected present. 
Appendix 2g. Scoring Correction Factors based on Species status 
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Appendix 2a. Scoring Factors based on the Severity of Barriers 

[Severity of 
Barrier] 

[Code Description] [Barrier 
Factor] 

[Barrier Factor Description] 

B1 A significant 
obstruction/barrier to 
upstream fish migration of 
all age classes and species 
present or suspected 
upstream of the culvert (for 
details see Barrier Criteria) 

3 The default barrier factor for “B1” is 3 to raise 
immediate attention toward sites that are known to be 
limiting fish production.  This factor is used to 
differentiate the priority scores for sites where culvert 
replacements or repairs may be appropriate without 
further assessment and sites where immediate work will 
be the most beneficial for fish without additional 
assessments of fish distribution. 

B2 Partial obstruction to fish 
migration at any time and for 
any age class of fish present 
or suspected present 
upstream of the culvert [for 
details see Barrier Criteria]  

1 The default barrier factor for “B2” is 1 to help 
differentiate the high priorities for immediate repair or 
replacement of culverts at sites from the priorities for 
more detailed assessments of fish presence, the severity 
of the obstruction, and the quantity and quality of habitat 
upstream of the obstruction.  Because the severity of 
partial obstructions is so variable and dependent on a 
multitude of factors, culverts of this status are grouped 
together and the habitat value upstream of the culvert 
becomes the predominant value used to determine 
priorities for future work (i.e. Fish Presence Factor, 
Habitat Units, and Species Factors).   

B3 No Obstruction to fish 
migration could be identified 
if none of the above criteria 
are met 

0 This value is 0 and should not be modified.  To reduce 
the number of sites that receive this value, adjustments 
should be made to [Barrier Criteria] 
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Appendix 2b. Barrier Criteria used for identifying significant obstructions to fish passage (i.e. “B1” 

Severity) 
 

[Barrier 
Type]  

[Code Description] [Barrier 
Criteria] 

[Barrier Criteria Description] 

B1_GR Culvert Gradient is a 
significant 
Obstruction/Barrier to fish 
migration 
[Severity of Barrier] = “B1” 

3% The default value is 3% and tries to account for 
inconsistent gradients through the culvert that may 
provide some holding areas for fish or if where the water 
velocity was measured was not representative of the total 
length of the culvert.  Although it is possible that some 
large adult fish may be able to pass through this gradient 
if the culvert is not too long, this default value for culvert 
gradient is considered to obstruct fish passage enough to 
qualify a site to be “B1” for severity.  

B1_VEL Velocity in culvert is a 
significant 
Obstruction/Barrier to fish 
migration 
[Severity of Barrier] = “B1” 

2.5 m/sec The default value is 2.5 m/s based on average prolonged 
swimming abilities for adults of the species that were 
identified during this study (range: 1.8 to 4.2 m/sec, 
Whyte et al. 1997).  Water velocity through most of the 
culverts were measured during only moderate discharge, 
thus this criteria value intends to recognize that flows 
may be higher during higher flow conditions.   Although 
the prolonged swimming ability of some species is less 
than 2.5 m/sec, this value considers the variability of 
velocity within the entire length of each culvert that 
often allows burst-swimming capabilities to play a 
significant role.  Although some species may be able to 
migrate through this velocity (prolonged swimming 
abilities up to 4.2 m/sec), this default value for velocity 
is considered to obstruct even stronger swimming fish 
enough to qualify a site to be “B1” for severity.  

B1_DR Vertical drop from outlet is a 
barrier if width or diameter 
of the culvert is < 2 metres 
[Severity of Barrier] = “B1” 

0.6 m  The default value is a 0.6  metre drop at the outfall from 
any culvert less than 2 metres in diameter is a significant 
obstruction/barrier to juvenile and adult fish migration.  
Although the maximum jump height for various species 
is greater than 0.6 metres, this default value is considered 
to obstruct fish passage enough to qualify a site to be 
“B1” for severity regardless of the pool depth.  Detailed 
reviews of the severity of these drops should be 
conducted on all sites with culvert size greater than or 
equal to 2 metres. 

B1_D-P Drop – pool depth at the 
outlet of a culvert is a 
significant Obstruction/ 
Barrier to fish migration if 
width or diameter of culvert 
is <1.5 metres 
[Severity of Barrier] = “B1” 

0.3 m The default value is >0.3 since a drop of less height than 
the criteria for “B_DR” from a relatively small culvert 
will obstruct fish passage enough to qualify a site to be 
“B1” (i.e a significant obstruction).  Detailed reviews of 
the severity of drops should be conducted on all sites 
with culvert size greater than or equal to 1.5 metres. 

B1_Lgth Length of culvert 45 The default value is 45 metres to ensure that attention is 
given to all long culverts regardless of drop from the 
outlet or gradient.  
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Appendix 2c. Barrier criteria used for identifying partial obstructions to fish passage (i.e. “B2” 

Severity) 
 

[Barrier 
Type]  

[Code Description] [Barrier 
Criteria] 

[Barrier Criteria Description] 

B2_GR Culvert Gradient is 
suspected to be a partial 
obstruction to juvenile 
and/or adult fish migration 
if width or diameter of 
culvert is < 2 metres 
[Severity of Barrier] = 
“B2” 

2% The default value is 2% to identify where migration by 
juvenile and some adult species is being significantly 
obstructed.  This criteria value is set to ensure that even 
minor obstructions are considered for future attention. 
The priority for attention at these sites will be based 
mostly on the quality and quantity of habitat upstream of 
the culvert. 

B2_VEL Culvert Velocity Gradient 
is suspected to be a partial 
obstruction to juvenile 
and/or adult fish migration 
if width or diameter of 
culvert is < 2 metres 
[Severity of Barrier] = 
“B2” 

1 m/sec The default value is 1 m/sec based on estimated 
prolonged swimming abilities for juvenile adults of the 
species that were identified during this study.  Water 
velocity through most of the culverts were measured 
during only moderate discharge, thus this value intends to 
recognize that flows may be higher during higher flow 
conditions.   Although the prolonged swimming ability by 
juveniles of some species is less than 1 m/sec, the criteria 
value considers the variability of velocity within the 
entire length of each culvert that often allows burst-
swimming capabilities to play a significant role in fish 
passage. This criteria value is set to ensure that even 
minor obstructions are considered for future attention 
based on the quality and quantity of habitat upstream of 
the culvert.   

B2_D-P Drop – pool depth at the 
outlet of a culvert is 
considered to be a Partial 
Obstruction/ Barrier to fish 
migration if width or 
diameter of culvert is <1.5 
metres 
[Severity of Barrier] = 
“B2” 

>0.15 The default value is 0.15  metres to allow this scoring 
matrix to identify minor obstructions to fish passage. This 
criteria value is set to ensure that even minor obstructions 
are considered for future attention based on the quality 
and quantity of habitat upstream of the culvert.   

B2_LGTH Length of culvert if width 
or diameter is <2  metres 
[Severity of Barrier] = 
“B2” 

35 The default value is for culverts >35 metres long to 
ensure that sites with very long lengths of culvert are 
considered when priorities for culvert replacement or 
maintenance are being reviewed.  This criteria value is set 
to ensure that no potentially obstructions to fish passage 
are ignored.  
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Appendix 2d. Scoring Factors for the potentially for fish use upstream of culverts impeding fish 
passage 

 
[Fish Presence Type]

  
[Code Description] [Fish Presence Factor] 

FP Fish Present based on Historical Records 3 
SFP1 Fish Suspected based on reach gradient < 

10%) 
2 

SFP2 Fish Suspected based on Gradient 10-
20%,  
or potentially barrier downstream 

0.5 

FA Fish Absent based on Historical Records, 
or reach gradient > 20%) 

0 

 
 
 
Appendix 2e. Habitat Units used to evaluate quality of habitat upstream of culverts based on map 

interpretation 

 
 
 
 
 
 
 

[Habitat 
Unit]  

[Code Description] [Map 
Gradient 
Criteria] 

[Description of Map Gradient Criteria] 

≥ 3rd order streams 
3_G Good Quality, Suitable 

Habitat 
<5 Good:  5% units are used due to their easy 

identification based on 20m contours on TRIM  
3_M Moderate Quality, 

Suitable Habitat  
5-10 Moderate:  Considered moderate due to the 

significantly lower quantity and quality of rearing 
habitat present as stream gradient increases. 

3_L Limited Quality due to 
Gradient 

10-20 Low: designated to sections of stream with 10-20% 
gradient sections or sections upstream of a likely 
obstruction to fish passage based on airphoto and 
TRIM map interpretation 

2nd order streams 
2_G Good Quality, Suitable 

Habitat 
<5 Good:  5% units are used due to their easy 

identification based on 20m contours on TRIM  
2_M Moderate Quality, 

Suitable Habitat  
5-10 Moderate:  Considered moderate due to the 

significantly lower quantity and quality of rearing 
habitat present as stream gradient increases. 

2_L Limited Quality due to 
Gradient 

10-20 Low: designated to sections of stream with 10-20% 
gradient sections or sections upstream of a likely 
obstruction to fish passage based on airphoto and 
TRIM map interpretation 

1st order streams 
1_G Good Quality, Suitable 

Habitat 
<5 Good:  5% units are used due to their easy 

identification based on 20m contours on TRIM  
1_M Moderate Quality, 

Suitable Habitat  
5-10 Moderate:  Considered moderate due to the 

significantly lower quantity and quality of rearing 
habitat present as stream gradient increases. 

1_L Limited Quality due to 
Gradient 

10-20 Low: designated to sections of stream with 10-20% 
gradient sections or sections upstream of a likely 
obstruction to fish passage based on airphoto and 
TRIM map interpretation 
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Appendix 2f. Scoring Factors used to calculate the value of habitat upstream of the culvert dependent 

on specific species that are either present or suspected present. 
 
[Species 
Code] 

[Habitat_Species Factor] (default settings) 
 

 ≥ 3rd order streams 2nd order streams 1st order streams 
 3_G 3_M 3_L 2_G 2_M 2_L 1_G 1_M 1_L 

BT 3 2 1 1 0.5 0.25 0 0 0 
CH 3 1 0 .05 0 0 0 0 0 
CM 3 1 0 0 0 0 0 0 0 
CO 3 2 0 3 1 0.5 1 0.5 0.25 

CT_C 3 2 1 3 2 1 1 0.5 0.25 
CT 3 2 1 3 2 1 1 0.5 0.25 
DV 3 2 1 3 2 1 1 0.5 0.25 
GR 3 1 0 0 0 0 0 0 0 
MW 3 1 0 0 0 0 0 0 0 
PK 3 1 0 0 0 0 0 0 0 
RB 3 2 1 3 2 0.5 1 0.5 0.1 
SK 3 1 0 0 0 0 0 0 0 
ST 3 2 1 3 2 0.5 1 0.5 0.1 

ST_NS 3 2 1 3 2 0.5 1 0.5 0.1 
RB/CT 3 2 1 3 2 1 1 0.5 0.25 
RB/ST 3 2 1 3 2 0.5 1 0.5 0.1 

          
 

Note: The Scoring Query is designed to select only the highest scoring species for each category 
 
 

Appendix 2g. Scoring Correction Factors based on Species status 
 

[Species 
Status]  

[Code Description] [Species 
Correction 

Factor] 

[Factor Description] 

PS_R Provincially Significant 
Red listed 

1.5  

PS_B Provincially Significant 
Blue listed 

1.33  

RS Region Significant 1.33  
FPC Forest Practice Code 

Listed Species 
1  

Other Not Forest Practice Code 
Listed 

0  
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Appendix 3.   Effective culvert area/diameter relationship for round and elliptical culverts 
(adapted from Parker 2000). a 

 
Round Culverts Elliptical arch culverts 

Diameter of culvert 
(mm) 

Total culvert area 
required (m2) 

Diameter of culvert 
(mm) 

Total culvert area 
required (m2) 

500 0.19 560 x 420 0.19 
600 0.27 680 x 500 0.27 
700 0.37 800 x 580 0.37 
800 0.48 910 x 660 0.48 
900 0.61 1030 x 740 0.61 

1000 0.74 1150 x 820 0.74 
1200 1.06 1350 x 870 1.06 
1400 1.44 1630 x 1120 1.44 
1600 1.87 1880 x 1260 1.87 
1800 2.36 2130 x 1400 2.36 
1810 2.58 2060 x 1520 2.49 
1970 3.04 2249 x 1630 2.90 
2120 3.54 2440 x 1750 3.36 
2280 4.07 2590 x 1880 3.87 
2430 4.65 2690 x 2080 4.49 
2590 5.26 3100 x 1980 4.83 
2740 5.91 3400 x 2010 5.28 
3050 7.32 3730 x 2290 6.61 
3360 8.89 3890 x 2690 8.29 
2000 3.14   
2200 3.80   
2400 4.52   
2700 5.73   

a Shading indicates multi-plate culvert. 
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Appendix 4.   Diagram illustrating “Ken Woo” baffle design. 
 

 
 
Figure 19. Sketch of Ken Woo baffle design.  Photo courtesy of Lana Miller (Fisheries and Oceans 

Canada, Smithers, BC). 
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Appendix 5.   Photos of the Thomas fishway model. 
 

 
 
 
Figure 20. Front view (top left), top view 

(front right), and side view 
(right) of the Thomas Fishway 
proposed for Station Creek 
culvert.  Photos courtesy of 
Wilf Taekema (MoT, 
Smithers BC). 

 
 




