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Fish Passage Culvert Inspection — Flint Creek

Executive Summary

The culvert crossing located where the Yellowhead Highway 16 crosses Flint Creek (watershed code 400-
316300) was assessed in August 2005. This assessment was conducted following methods outlined in the
Fish Passage — Culvert Inspection (FPCI) Procedures (Watershed Restoration Technical Circular No. 11).
In addition, the habitat upstream of the culvert was assessed in detail and Fisheries Priority Scores were
calculated to allow a comparison of the findings, from a fisheries perspective, to other culvert obstructions
that have been identified along Highway 16 between Terrace and New Hazelton.

Overall, fish habitat was identified in the lower 760 meters of the mainstem in the Flint Creek watershed.
An approximately 14 meter high waterfall, located 580 meters upstream of the highway crossing, was
identified as a natural, permanent barrier to fish passage. Below the falls, Flint Creek has a moderate
gradient and a limited amount of suitable spawning habitat, but provides good potential rearing habitat and
refuge during turbid conditions in the Skeena River (e.g. during spring snowmelt and freshets). Good
juvenile rearing habitat, particularly for cutthroat trout and Dolly Varden, was noted upstream and
downstream of the highway crossing, but the moderate gradient (2-7%) limits habitat suitability for juvenile
salmon, and large substrate size (particularly upstream of the crossing) and channel instability limits habitat
suitability for spawning.

Historical fisheries information identifies the presence of rainbow trout/steelhead and pink salmon in the
lower section of Flint Creek upstream to the highway crossing located 180 meters upstream of the Skeena
River. Juvenile steelhead, cutthroat trout, Chinook, coho, Dolly Varden, and possibly bull trout are
suspected to utilize the habitat, at least downstream of the culvert. It is suspected that most species found in
the Skeena River would be able to access and utilize the available habitat as indicated by the reported
presence of pink salmon carcasses immediately downstream of the culvert. However, spawning habitat is
limited between the culvert and the waterfall due to large cobble substrate, moderate gradient, naturally
unstable conditions, and the presence of large gravel/cobble wedges that significantly impeded fish passage.

The culvert on Flint Creek consists of a five metre diameter, multi-plate culvert with baffles. Although the
culvert diameter is less than the mean channel width of Flint Creek, the FPCI Qg for this stream is within
the recommended range for this culvert. The existing structure is a barrier to juvenile fish passage and at
least a partial barrier to adult fish passage, at some and possibly all flows, due to the 0.5 metre drop at the
culvert outfall into a 0.45 meter deep plunge pool and the high velocity flow at the outlet (3.2 m/s).
Although the gradient of the culvert (5%) is not suitable for fish passage, the baffles installed in this culvert
at 4 metre intervals may have made this culvert passable by adult salmonids dependent on the outlet
conditions. This crossing was previously scored within the range of high priority ranking from the FPCI
Matrix (Rabnett and Williams 2004), but the updated fish passage - culvert inspection score for the
Highway 16-Flint Creek crossing added up to 38, which reduce the ranking of this location to moderate.
The Fisheries Priority Score was the second lowest score of 13 known culvert obstructions to fish passage
along the Yellowhead Highway 16 from Terrace to New Hazelton.

Improvement of fish passage at this site could restore juvenile fish access and improve adult fish passage to
580 meters of moderate habitat, which accounts for over 70% of the section of stream that would be
naturally available to fish. The concept of using lock block weirs to backwater the culvert and improve fish
passage has been proposed by the Department of Fisheries and Oceans Canada as one possible option to
restore access to all available fish habitat in Flint Creek. Based on the moderate ranking score for this
crossing, if available funds are limited, other sites obstructing fish passage to more, higher diversity and
better quality of fish habitat may be more suitable for restoration than for improving access to the only
moderate quantity and quality of fish habitat upstream of the Flint Creek crossing. Nevertheless, the
recommended long-term objective for this crossing should be the restoration of fish passage to juveniles of
all fish species suspected to use Flint Creek, or the eventual replacement of this culvert with an open
bottom structure.

SKR Consultants Ltd. ii
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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 inspection where the Yellowhead Highway 16 crosses
Flint Creek. This stream crossing was chosen for assessment, in conjunction with the crossings at Station
Creek and Singlehurst 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).

The study area is located in north central British Columbia. Flint Creek (watershed code: 400-316300) is
a third order (1:20,000 scale) tributary to the Skeena River, and is located approximately 50 km north of
Terrace (Figure 1). This system enters into the Skeena River on river left between the Kleanza Creek and
the Kitwanga River. 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 the Ministry of Transportation (MoT). Flint Creek drains the west facing slope of
Weeskinisht Peak, one of the Seven Sisters Peaks. An abandoned mine is located in the headwaters of
this system. The system drains an area of approximately 21.2 km?, with a range in elevation from 140
metres to 2220 metres (Rabnett and Williams 2004). The Highway 16 crossing of Flint Creek is located
approximately 180 m upstream of the Skeena River (Rabnett and Williams 2004), at UTM
9.538937.6089961. The culvert’s location in the Ministry of Transportation Landmark Kilometer
Inventory (LKI) system is Segment 1510 (Terrace-Kitwanga), kilometer 63.22, on Yellowhead Highway
(Cypher Consulting 2005).

The main objective of this project was to give Ministry of Transportation (MoT) and Fisheries and
Oceans Canada (FOC) a more detailed description of the types and relative values, from a fisheries
perspective, of future efforts toward restoring fish passage at Flint Creek. The focus of this study was to
assess the Flint 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 crossing. The culvert crossing where Highway 16 crosses Flint Creek was assigned a
Fish Passage — Culvert Inspection (FPCI) priority ranking (Parker 2000), and a more detailed Fisheries
Priority Score (Johnston and Saimoto 2003) for a relative comparison of the benefits to restoring fish
passage at different culvert crossings along the portion of the Yellowhead Highway 16 between Terrace
and Hazelton.

SKR Consultants Ltd. 1



L] k. .
X : ;
I “
» g. G {
"\v - = .
" '
Location of Flint Creek in BC
. Flint Creek Culvert
Skeena River Crossing on Hwy 16

(~26 km south of Hwy 37 turnoff to Kitwanga)
RB, PK (DV, BT, ST)

| oy
| {
14 metre Water Fall

A/

& Flint Creek
|| BC88040 182 .
) c BCBBOAO 181
" | o " \ A W
i ' '?y-wi | A
{ \ i ! k. “'
. A | ’ L5
" . H .
o
¢ & ,
* “ s ]
l. )
' i
2
N
| ‘ RB Rainbow Trout
PK Pink Salmon
i ' DV Dolly Varden
: BT Bull Trout
ST Stealhead
Hwy 16 to Terrace Scale: ~ 1:60000
£ ¢ : Excerpt from TRIM Map 1031.099
| : |

Figure 1. Location of the Highway 16 (Yellowhead Highway) crossing of Flint Creek, Skeena River
Watershed.



Fish Passage Culvert Inspection — Flint Creek

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 Flint Creek.

2.1 PRE FIELD PLANNING

Auvailable fisheries information for Flint 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 Flint Creek
crossing (Rabnett and Williams 2004). The watershed code for Flint 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

A preliminary visit to the Flint Creek crossing was conducted on August 12" with Don Hjorth (FOC,
Terrace) and a follow-up visit was conducted on August 23“, 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:

e FPCI field forms (Parker 2000)
e A hip chain was used to measure culvert length, and to measure stream lengths sampled.

e 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;

e  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.

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

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

e 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).

e Site photographs were taken using a high-resolution digital camera (Sony Cyber-shot, 4.1
megapixel camera).

e Conductivity and temperature were recorded using an Oaktron TDStestr3 handheld conductivity
meter and an alcohol thermometer, respectively.

SKR Consultants Ltd. 3
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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 each location surveyed (Table 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.

Table 1. Maximum jumping height for adult salmonids known or suspected present in Flint Creek.
Species Maximum Jumping Height *'
Adults Juveniles
Coho 24m 0.5 m (120 mm length)
Chinook 24 m 0.5 m (120 mm length)
Pink 1.5m
Cutthroat 1.5m 0.6 m (125 mm length)
Rainbow 1.5m 0.6 m (125 mm length)
Steelhead 34m 0.6 m (125 mm length)
Dolly Varden
*! Jumping heights are obtained from Whyte et al. (1997).
Table 2. Burst and prolonged swimming abilities*' for salmonids present in Flint Creek.
Species Juvenile > Adult
Burst Speed Prolonged Speed Burst Speed Prolonged Speed
Coho 0.4-0.6 m/s 3.2-6.6 mfs 2.7-32m/s
Chinook 0.4-0.6 m/s 3.2-6.6 mfs 2.7-32m/s
Pink 23-4.6 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 0.9-1.8m/s
Rainbow 0.4-1.1 m/s 0.3-0.7 m/s 1.8 -4.3 m/s 0.9-1.8m/s
Steelhead 4.2-8.1m/s 1.4-42 m/s
Dolly Varden 0.6-1.0 m/s

*! 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).

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

SKR Consultants Ltd.




Fish Passage Culvert Inspection — Flint Creek

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 or potentially present in Flint 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
needed 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 for drop minus pool depth at high
water is considered to be a severe enough obstruction to be called a full barrier (Appendix 2b), and 0.15 —
0.6 metres to be a partial barrier to fish migration (Appendix 2c).

The severity of obstructions to fish migration due to culvert slope is based on the expected water
velocities through a culvert versus burst and prolonged swimming abilities of the fish species present
(Table 2). 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. Therefore, more detailed inspection of water velocity barriers are done
where culvert slope and average water velocity data were not complimentary. Water depths 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 Qi) was
estimated and compared to FPCI recommended crossing structures (Appendix 3). For final stream
crossing designs, plans should also consider detailed Qg estimates, such as the BCSI and the Beaumont
methods (Johnson and Saimoto 2003). The FPCI Qo was estimated using the following equations
described by Parker (2000):

Equation 1: A= ((W\V+be)*Dbf)/ 2

Where: A = bankfull area at average annual peak
Wy = mean wetted width (m)
W = mean bankful width (m)
Dys = mean bankful depth (m)

Equation 2: FPCI Q00 = 3(A)

The FPCI guidelines also recommends that the FPCI Qoo be corrected by a factor of 1.16 for round
culverts and 1.25 for elliptical culverts for a culvert to be embedded 20% with a less than 0.5% gradient
stream bed (Appendix 3) (Parker 2000).

24 FISH PASSAGE - CULVERT INSPECTION RANKING

The Fish-Passage Culvert Inspection 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
value, habitat value, severity of the barrier, the category of 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 scores are as follows:

SKR Consultants Ltd. 5
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Table 3. FPCI Scoring Matrix used for designating FPCI rankings for prioritization

Fish Species Habitat Value Severity of Amount of new % stream Limiting to
Value Barrier Habitat barred Upstream barrier
Mulipleor | o | g | 10| Pl | 10| >lkm | 10| >70% |10|  Yes 5
Significant
. . <lkm <70%
Single 6 M 6 Partial 6 >500m 6 >50% 6 No 0
omer | 3 | L |3 |Undeler sl soom | 3| <som |3
mined

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”.

Based on the FPCI matrix scores, a total score is calculated using the following equation:

FPCI _  Species Habitat Severity of + Amount of %o stream + Barrier
Score Value Value Barrier new Habitat barred 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 FPClI scores 38-26
Low FPCI scores 25-15

SKR Consultants Ltd. 6
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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 Habitar), 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 _ [Fish Presence X [Species Status X [Barrier [Habitat
Priority Score Factor) Factor] Factor) Value)

where:

Habitat Value = [Habitat Type] Z [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

Habitat Type: Categories used to differentiate the value of fish habitat based on
stream size (1%, 2™ and 3™ 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).

SKR Consultants Ltd. 7
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3.0 RESULTS AND DISCUSSION

The Highway 16 crossing of Flint Creek was visited on August 12", and August 23“, 2005. Flint Creek
was walked from the Skeena River to 580 meters upstream of the Highway 16 crossing. The following
sections summarize culvert characteristics and stream characteristics at the crossing location, as well as
fish distribution, and fish habitat values in the Flint Creek drainage. Summaries of Fish Passage — Culvert
Inspection Rankings (Parker 2000) and Fisheries Priority Scores (Johnston and Saimoto 2003) are
included in this section for future cost benefit comparisons to other sites in the Skeena Watershed that
require more detailed assessments, improvements or restoration of fish passage.

3.1 FISHERIES INFORMATION

Based on historical information, coho (Oncorhynchus kisutch), Chinook (O. tsawytscha), sockeye (O.
nerka), and pink salmon (O. gorbusha) have been reported in Flint Creek, or at the large Skeena River
back eddy adjacent to the mouth of Flint Creek (Rabnett and Williams 2004, FISS 2005). The culvert
where Highway 16 crosses Flint Creek is located about 180 metres upstream of the Skeena River, and has
previously been reported to be a significant obstruction to even adult fish migration (Rabnett and
Williams 2004, FISS 2005). Fish distribution in Flint Creek is naturally limited by a 14 m high water fall
(Figure 2), approximately 580 meters upstream of the Highway 16 crossing (UTM 9.539431.6089997,
Figure 1). This is likely the same waterfall identified as a 50’ fall about 1 mile upstream of the Skeena
River during previous surveys (Allen 1975, Anonymous no date), and the 16 m high falls noted 1.3 km
upstream of the highway by Rabnett and Williams (2004). A gravel/cobble wedge (Figure 2) located
about 300 metres upstream of Highway 16 (Figure 2) indicates some channel instabilities, and this
sediment wedge was also a significant barrier to fish migration at the time of survey.

Figure 2. Upstream view of 1.4 metre high sediment wedge located approximately 300 metres
upstream (left) and 14 meter waterfall located about 580 meters upstream (right) of where
Highway 16 crosses Flint Creek.
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