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Executive Summary 
 

The following report addresses the need for a replacement crossing for the existing, 

wash-out of Derickson Rd. at Tributary 3 of Two John Creek. The client requested that four 

design alternatives be developed with a final alternative recommended that would provide 

permanent logging access to Cutting Permit 300-1. 

 

The report provides an overview of the existing site conditions, including the hydrology 

of the watershed area affecting the creek, presence of fish, and soil conditions. Using this data, 

four designs were developed that include steel and precast bridges along with open bottom and 

elliptical culverts. These designs include the reconstruction of the streambed, required road 

upgrades, and BMP’s for soil erosion and sediment control. Costs of materials, along with an 

estimated time of construction are also included.  

 

The advantages and disadvantages of each design are compared and a ratings table was 

created based on each alternative’s cost, suitability, durability, ease of construction, and 

prospective maintenance. From this table, it is recommended that the open bottom culvert be 

used due to its site suitability, low cost, high durability, ease of construction, and low future 

maintenance. Moreover, it was found that the stream has the presence of Rainbow Trout and that 

in-stream work will be mandatory in order to complete the installation of the open bottom 

culvert. Finally, the culvert should be installed at the right angle and of an appropriate size to 

accommodate high peak flows and prevent any future washout. 

 

On top of the recommendation to use an open bottom culvert, the report also recommends 

that sediment and erosion BMP’s be used during and after construction, the stream be diverted 

temporarily during construction, the streambed be reconstructed in a similar manner to the 

existing sttreambed, and all work be completed during the appropriate work window of August 

7th – October 15th. 
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1.0 Introduction 
 

This report, as requested by K. Langedyk, provides the design of a replacement crossing 

for the existing wash-out of Derickson Rd. at Tributary 3 of Two John Creek. The report 

includes a brief background of the site and description of the scope of work, followed by an 

explanation of the steps taken to evaluate the existing stream crossing. The design of four 

crossing replacements that allow for permanent logging access into Cutting Permit (CP) 300-1 

are then described, and an evaluation of each based on a ratings table is included. A final design 

is proposed based on the criteria in the ratings table, and recommendations based on the 

construction of the crossing are made. 

 

2.0 Scope of Work 
 

The scope of work for this project included the design of two bridge and two culvert 

crossing alternatives for the replacement of the current washed-out crossing. The main objective 

was to explore several crossing design options for the site that would provide permanent logging 

access over the washout and into CP 300-1. For all the design alternatives, it was also critical to 

ensure minimal impact to the surrounding environment both during and after construction.  
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The services that were provided in the analysis of the existing crossing and 

completion of the design alternatives are as follows: 

 

- Completed a topographic survey of the existing conditions of both Derickson Rd. 

and Tributary 3 of Two John Creek at the crossing location to be used as a base 

plan for each design alternative. 

 

- Determined the geotechnical conditions of the site including gradation and soil 

classification for the purpose of the design of the crossing structure foundations 

and to be spec’d as a road sub-base. 

 

- Reviewed the hydrological data for the watershed influencing Tributary 3 of Two 

John Creek in order to ensure the crossing alternatives were adequate for Q100 

peak flows. 

 

- Assessed the environmental impact of each crossing design in regards to drainage, 

sediment, erosion, fish, and in-stream work, and recommended mitigating 

measures to be used both during and after construction. 

 

- Determined appropriate construction periods based on government fish in-stream 

work-window regulations. 

 

- Designed four crossing alternatives to replace the current washed-out crossing. 

The four designs included a steel girder bridge, precast concrete bridge, elliptical 

culvert, and open bottom culvert. 
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- Designed the road approaches up to 30m to either side of the crossing, based on 

the crossing structure recommended. 

 

- Completed cost estimates of materials required for each crossing design. 

 

- Compared all four alternatives based on total cost, site suitability, ease of 

construction, durability, and maintenance and recommended the design that 

would be the most appropriate for the site. 

 

3.0 Location and Site Background 
 
3.1 Location 

The crossing of Tributary 3 of Two John Creek is located adjacent to the 98km 

mark of Derickson Rd (approximately 14km North-East of the Big White Road / Hwy 33 

junction). The crossing falls in UTM Zone 11 at N 5517943m E 360523m. The watershed 

influencing Tributary 3 of Two John Creek lies within both the Kootenay Boundary 

Forestry Region and Okanagan Highland Hydrologic Zone. See the attached Appendix A 

–  Fig. 1 “Crossing Site Map” for more information regarding the crossing’s location. 

 

3.2 Site Description 

From a site visit, it was determined that the washout of Derickson Rd. occurred 

due to the original culvert being undersized and installed at the wrong angle to 

accommodate high peak flows. The poor design of the existing culvert allowed the 
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 extreme flow of water to bypass the existing culvert and erode the road to the South of 

the culvert as shown in Fig. 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 – Derickson Rd. Washout at Tributary 3. (Taken by Eric) 

Old Culvert (Exposed) 

Road Washout 
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4.0 Discussion of Work Activities 
 

The following sections detail the design considerations completed in order to design four 

crossing alternatives for Tributary 3 of Two John Creek. These tasks include a Field Assessment, 

Geotechnical Analysis, Hydrological Assessment, and an Environmental Analysis with 

Recommendations. 

 

4.1 Field Assessment 

A full site assessment of Tributary 3 was conducted, including the completion of a 

topographic survey, preliminary onsite geotechnical assessment, and general observations 

(see Appendix C: C – 14 for field notes). Prior to the site visit a safety meeting was 

conducted. The record of the safety meeting can be found in Appendix C: C – 13. 

 

The topographic survey included the road prism on either side of the crossing up 

to 30m, as well as above and below the road right-of-way (see photos from the site visit 

in Appendix A – Fig. 3 and Fig. 4). The survey was completed according to the 

guidelines and details in the BC FLNRO Engineering Manual (2013). For a detailed plan 

view of the existing site conditions and layout see Drawings 101 and 102 in Appendix B. 
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Other general observations made onsite included the current debris load on either 

side of the tributary, as shown in Appendix A – Fig. 5 and Fig. 6. From these 

observations, it was determined that the in-stream debris load will not be an issue as it is 

not expected to move. Large trees were the only debris noted on site and have been 

overgrown to become part of the natural environment. Potential waste dump locations 

were also noted (see Drawings 201,203,205, and 207 in Appendix B) and the condition of 

the road leading to the crossing in regards to construction equipment accessibility were 

noted to be more than adequate. 

 

4.2 Geotechnical Analysis 
 

A soil investigation was carried out as instructed by the BC forestry guidelines 

(BC FLNRO 2013). This examination consisted of the digging of two holes using a spade 

shovel. Disturbed soil samples collected from the site were subjected to visual 

inspections and classification. This classification is important in determining the ability 

of the soil to withstand static and dynamic loading. 

 

After the completion of a mechanical split sieve analysis (Appendix A – Table 1) 

it was determined that the soil encountered onsite is a granular till material that would be 

considered an excellent-to-good subgrade material (according to the AASHTO M-145 

Classification). It is recommended that material sourced near the site should be used for 

the road construction and for the crossing structure backfill.  
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4.3 Hydrological Assessment 
 
The watershed area directly influencing the crossing is approximately 2.19km2. 

This area was determined using contours maps on iMapBC, and can be found in 

Appendix A – Fig. 7. From there, three approaches were taken in order to estimate the 

Q100 design flow. 

 

The first approach involved the use of isolines provided by iMapBC online 

software. This estimate is very rough, and is based on an average flow per 100km2. When 

adjusted for the actual watershed area (2.19km2), the flow determined was 0.657 m³/s.  

 

A second approach consisted of selecting comparison watersheds of similar 

location, elevation, and size, and collecting their archived annual peak flow data from 

nearby hydrometric stations. The Weibull Plotting Position Equation was used to 

determine the return period and exceedance probability data necessary to plot flow vs. 

return period on gumbel probability paper and get a Q100 estimate. See Appendix A – 

Table 2 and Table 3 for a summary of the hydrometric data collected and Appendix A – 

Fig. 8 and Fig. 9 for both gumbel distributions. 

 

Trapping Creek (Station 08NN019) was the first comparison watershed selected 

based on its location (25km from crossing), and the fact that Two John Creek drains into 

Trapping Creek. An analysis of the watershed’s data and comparison with Tributary 3’s 

watershed produced a Q100 estimate of 0.566m³/s. 
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The second comparison watershed chosen was Two Forty-One Creek (Station 

08NM241) based on its similar elevation (Tributary = 1518m, Two Forty-One = 1600m) 

and size (Tributary = 2.19km2, Two Forty-One = 4.5km2). Comparison of the data from 

the creek to the area of the watershed above Tributary 3 gave a Q100 estimate of 

1.849m3/s. 

 

The final approach utilized recommended Q100 design curves provided in the 

report “Peak Flow – Culvert Design Study: Penticton Forest District” by Summit 

Environmental Consultants Ltd (2000). Tributary 3 falls in “Zone 4: Upper Kettle River”  

and the respective design curve can be found in Appendix A – Fig. 10. From this curve, a 

Q100 flow of 2.6m3/s was estimated.  

 

Of the four estimated flows above, the 1.849m³/s determined using Two Forty-

One Creek was selected as the Q100 design flow for this crossing. This was in large part 

due to the data coming from a watershed of both similar size and elevation, as well as the 

currency of the data and how relevant it was to Tributary 3.  

 

A Q5 level was also estimated to display a level expected at the crossing on a 

more regular basis. This value was determined with the same gumbel distribution used to 

estimate the Q100 flow. For consistency, the Q5 associated with Two Forty-One Creek 

was chosen (0.949m3/s). 
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As the crossing requires the streambed to be restored due to the washout of the 

existing culvert, a representative and relatively undisturbed cross section also had to be 

selected 25m upstream. This section was taken and modelled in Flowmaster to determine 

both a Q100 and Q5 water level.  

 

4.4 Environmental Analysis and Recommendations 

 

4.4.1 Fish Stream Work Windows 
 

Tributary 3 of Two John Creek is classified as an S3 Stream due to its 

width and presence of fish. According to iMapBC, rainbow trout is present at the 

location of the crossing. The work window that corresponds with the presence of 

rainbow trout is August 7th – Oct 15th. The purpose of the in-stream work window 

is to avoid affecting the quality and quantity of water and to limit harm to the fish 

and wildlife species present. 

 

4.4.2 Diversion of the Stream  

  In order to complete the installation of a new crossing over the washout, 

in-stream work must be conducted. This means the stream will need to be diverted 

to prevent washout, erosion of banks and foundations/abutments, and sediment 

transfer downstream during construction. Some guidelines recommended by  
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Culvert BC (2001) have been listed below as general instructions to follow during 

the installation of the new crossing structure. 

• Remove Fish – this is required before in-stream work begins. 

• Construct a Downstream Dam – this is primarily used to catch minor sediment or 

suspended particles in the water. It also provides an added level of comfort for 

unforeseen circumstances such as hazardous spills from equipment. 

• Construct Upstream Dam – it is essential in any flow diversion as it must capture 

all the water flow. If a "pump-around method" is used, a sufficient number of 

pumps (including spares) is required. Avoid using pumps if the job cannot be 

completed in one shift. 

• Always have a fully stocked sediment control kit on site to deal with unexpected 

events. The kit should include silt fences, geotextile tarps, grass seed and hay 

bales, sand and plastic bags, polyethylene pipe, and volume pumps with the 

required tools and hoses. 

Once the work has been completed: 

• Disassemble the Upstream Dam but try to keep the diversion partially functional 

as long as possible. This allows for the slow release of water from the dam and 

prevents a surge flow. Maintain the downstream dam while the flows increase 

into the isolated stream section. 

• Disassemble the Downstream Dam when water quantity and quality return to 

normal levels. Restore the site to its original state. 

http://www.culvertbc.ca/fieldguide/11.html
http://www.culvertbc.ca/fieldguide/11.html
http://www.culvertbc.ca/fieldguide/08.html
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4.4.3 Erosion and Sediment Control During Construction 

  During the construction of the new crossing, care must be taken to ensure 

erosion is kept at a minimum and sediment is not allowed to enter the stream. The 

following section provides general guidelines that must be followed during 

construction. For more detailed information on the control of soil erosion and 

sediment transport, refer to the BC FLNRO Engineering Manual (2013) and the 

BC Fish Stream Crossing Guidebook (2012). 

• Protect any exposed soil surfaces from erosion due to rain with tarps 

• Temporarily divert stream flow using diversion ditches, a temporary 

culvert, or a pump to reduce the exposure of disturbed soil to flowing 

water. 

• Apply permanent cover (vegetation) to slopes as soon they’re completed, 

rather than after the entire project is complete.  

• Install silt fencing at the base of the road toe slope on either side of the 

crossing prior to the installation of the diversion ditches 

 

4.4.4 Erosion and Sediment Control After Construction 

 The use of erosion and sediment control measures after construction ensures 

minimal future maintenance and limits the overall environmental impact of the  
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crossing site. For more detailed information on the control of soil erosion and 

sediment transport, refer to the BC FLNRO Engineering Manual (2013) and the BC 

Fish Stream Crossing Guidebook (2012). 

 First off, to prevent future erosion of slopes, it is recommended that vegetation 

be planted on all exposed areas. This vegetation helps in maintaining surface stability 

and surface water infiltration. 

Grading the road away from the crossing aids in preventing drainage containing 

sediment from entering the stream; however, drainage will still work its way back to 

the stream due to the grade of the existing ground at the toe of the road slope. To 

prevent sediment from entering the stream, it is recommended that ditch flow be 

diverted into forested area outside of the road prism on both upstream and 

downstream sides of the crossing. See drawings 201, 203, 205, and 207 in Appendix 

B for more information. 

 

5.0 Proposed Crossing Designs 
 
 

Four permanent stream crossing alternatives were designed for the site, including a steel 

girder bridge, precast concrete bridge, elliptical culvert, and open bottom culvert. Survey data 

was modelled in CAD software to create existing condition plans. These were then used to create 

general arrangement, profile, and section view plans for each design. The geometric design of 

the road approach for each design was also completed.  
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All alternatives were designed for an L-75 load rating and adhere to all regulations 

detailed in the BC FLNRO Engineering Manual (2013), the BC Forest Service Bridge Design 

and Construction Manual (2013), and the BC Fish-Stream Crossing Guidebook (2012). Other 

resources used in the design process include AASHTO M-145, the Handbook of Steel Drainage 

and Highway Construction Products (CSPI 2010), and Culvert BC (2001).  

The subsections below detail the channel restoration required for all design alternatives 

(5.1), followed by a detailed description of each alternative (5.2, 5.3) and timeline and cost 

estimates (5.4, 5.5). 

 

5.1 Channel Restoration 

A more natural alignment of the stream was designed, with the crossing of the 

road occurring further North than the existing culvert. The representative section chosen 

upstream of the crossing (see Hydrological Assessment Section 4.4) is to be maintained 

along the restored stream alignment at a 6% grade and must be blended into the existing 

stream.  

 

The streambed itself should consist of sufficient layers of unconsolidated gravel, 

sand, cobble, and other sediment lying over the top of the bedrock to allow for proper 

streambed design. These layers should replicate the upstream and downstream conditions 

of the stream, and no organic material should be present. 



EBC Consulting – Tributary 3 Washout Report 

   14 

 

By dividing the Q100 flow of 1.849m3/s by the stream cross-sectional area of 

1m2, it was determined that the velocity of water passing through the channel will be 

1.849m/s. From this velocity, and using the BC Fish-Stream Crossing, a well-graded 

coarse gravel (75mm) is suggested as it will not wash away until a stream-flow velocity 

of 2.40m/s is reached. However, due to the adjacent streambed having more cobble 

present than gravel, and the large streambed width, a mixture of cobble, gravel, and sand 

is recommended. The streambed material is extremely important as it not only affects the 

fish passage but also has a major influence on the hydraulic radius of the stream. 

 

For both culvert options, the section inside is to consist of sandy gravel substrate 

bordered by class 50 riprap for scour protection and must maintain the 3.4m Q100 top 

water design width. Both culvert options were selected based on their span so that the 

Q100 level does not come in contact with the culvert itself. 

 

Another way to reduce the washout of fines is to line the streambed with larger 

material known as “Boulder Lines”. Boulder Lines are to consist of large cobbles 

(300mm or greater) that are to be placed within the streambed every 6m (3m inside the 

elliptical culvert alternative) to limit the washout of fines. These boulder lines should be 

placed in a way that does not restrict fish passage while still simulating the natural 

conditions of the stream (Fig. 11). 
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Fig. 11 – Typical Elevation View of Substrate in a Culvert  

(BC Fish-Stream Crossing Guidebook (2012) – Figure 5) 

 

Due to the elevation difference at the end of the reconstructed channel and the 

existing streambed, the installation of a rock baffle is recommended to absorb the flow 

and provide a resting pool for fish. The height of the baffle must provide fish resting 

areas during high flows and maintain adequate water depth during lower flow periods. It 

must not reduce culvert capacity below hydraulic design standards, cause flooding, or 

capture excessive debris. See the baffle detail on drawings 201, 203, 205, and 207 in 

Appendix B for more information.  As well, typical rock baffle construction is shown in 

Fig. 12 below. 

 

 

Stream Baffle 
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Fig. 12 – Typical Plan View of a Rock Baffle 

(BC Fish-Stream Crossing Guidebook (2012) – Figure 8) 

 

 
5.2 Bridge Design Alternatives 

The section below details both bridge alternatives (5.2.1, 5.2.2), and is followed 

by descriptions of the abutment (5.2.3), road approach (5.2.4) and rip rap design (5.2.5) 

necessary for both. 

 

  

 Note gaps between 
baffle boulders to 
allow water and fish 
passage 
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5.2.1 Steel Girder Bridge (Drawings 201-202) 

The first alternative for the crossing replacement is a steel girder bridge. 

With a wider width required for clearance on a corner, a 5.846m bridge deck 

width by 9.144m span bridge is recommended to clear the reconstructed stream 

and necessary riprap. Steel girders spaced at 4.2m rest on precast cap beams that 

sit on the lock block abutments. Refer to MOF drawing STD-E-050-30 for more 

detail on the precast cap beam. Precast ballast walls are specified for either side 

(MOF STD-E-050-01), and timber guardrails (as detailed in MOF STD-EC-010-

01) are recommended. A deck elevation of 100.947m was determined with no 

grade. This bridge is designed for L-75 loading and is provided as a package 

delivered to the site.  

 

The benefits to this alternative are: 

- Its ease of construction (bridge delivered and placed on pre-constructed abutments 

by supplier). 

- Its wide deck provides the necessary vehicle clearance. 

- Its allowance for natural streambed reconstruction below. 
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The disadvantages to this alternative are: 

- The lock block abutments must be designed to take the eccentric loading of a 

cornering truck, something they are not able to do in their current configuration. 

Further detailed design is required if this alternative is desired.  

- It requires a substantial amount of fill to build the road up to deck level. 

- It requires a large amount of erosion protection (riprap) at the abutments. 

- It will require future maintenance. 

 

5.2.2  Precast Concrete Bridge (Drawings 203-204) 

The second alternative for the crossing is a precast concrete bridge. With a 

wider width required for clearance on a corner, a 5.846m bridge deck width by a 

9.144m span bridge is recommended to clear the reconstructed stream and 

necessary riprap. The precast concrete deck rests on precast cap beams that sit on 

the lock block abutments. Refer to MOF drawing STD-E-050-30 for more detail 

on the precast cap beam. Precast ballast walls are specified for either side (MOF 

STD-E-050-01), and timber guardrails as detailed in MOF STD-EC-010-01 are 

recommended. A deck elevation of 100.947m was determined with no grade. This 

bridge alternative is designed for L75 loading and is provided as a package 

delivered to the site. 
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The benefits to this alternative are: 

- Its ease of construction (bridge delivered and placed on pre-constructed abutments 

by supplier). 

- Its wide deck provides the necessary vehicle clearance. 

- Its allowance for natural streambed reconstruction below. 

 

The disadvantages to this alternative are: 

- The lock block abutments must be designed to take the eccentric loading of a 

cornering truck, something they are not able to do in their current configuration. 

Further detailed design is required if this alternative is desired.  

- It requires a substantial amount of fill to build the road up to deck level. 

- It requires a large amount of riprap at the abutments. 

- It will require future maintenance. 

 

5.2.3 Abutments: 

The abutments specified for both bridge alternatives are comprised of lock 

blocks due to their relative simplicity, availability, ease of construction, and low 

maintenance. The base of both abutments must be excavated into existing ground 

to an elevation of 96.824m. If possible, the excavated material shall be saved for 

use in the stream reconstruction. 4 layers of lock block is specified to provide  
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necessary clearance for construction purposes. Geogrid must be placed at each 

layer of lock block and tied back into the abutment backfill 1m. Details of 

abutment design can be found in MOF drawing STD-E-050-30. Both abutments 

will be constructed in a similar fashion, with the North side abutment being 

design slightly shorter on the upstream side to avoid any interference with the 

reconstructed channel. The main issue with these abutments, is that a detailed 

anchoring design is required due to the bridge being placed at a corner. 

 

5.2.4 Road Approaches 

A typical forestry road cross section was used in the design, with a slightly 

wider top width of 6m required as the crossing falls on a corner. 1.5:1 side fill 

slopes were also specified. 

 

Due to the crossing occurring at a corner in the existing road, two 35m 

radius curves were used to obtain as much tangency to either side of the bridge as 

possible. In this case, the recommended 10m tangency was only met on the South 

side of the crossing. To get around this issue, vehicle tracking software was used 

to determine a width of bridge that would work with the design vehicle (LG3 

LLT). The results of the software indicated that a 5.846m bridge deck width 

would be required. The proposed road alignment is also slightly rotated  
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counterclockwise in comparison to the existing road in order to ensure a 

perpendicular crossing. 

 

In terms of the road profile, the North approach is graded away from the 

crossing at a 2% grade until it ties into the existing road, while the south approach 

is graded away at 8%. Both grades adhere to the maximums laid out for a 5-6m 

road and 30km/h speed limit in the BC FLNRO Engineering Manual (2013). 

 

5.2.5 Riprap (Erosion Protection) 

Due to the realignment of the stream, riprap placement is recommended on 

the existing banks approaching the bridge on the upstream side. Class 50 riprap 

was selected based on stream velocity, and typical installation details can be 

found in Fig. 13 of Appendix A. All riprap installation requires a 0.5m width key 

in and geotextile underlay. The riprap itself must be “clean, solid, angular, blocky 

stones; well graded to fill gaps between larger stones, and placed carefully to 

obtain a well graded blanket of interlocking stones,” as per specifications in the 

BC Fish-Stream Crossing Guidebook (2012). As the makeup of this material is 

fairly specific, it cannot be taken from the site and must be brought in. A typical 

detail of installation, design top elevations, and placement locations are all 

detailed on both bridge alternative’s General Arrangements (Drawings 201 and 

203) found in Appendix B. 
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Installation of rip rap at the bridge abutments is also recommended. Riprap 

must be keyed in and maintain the 3.4m design Q100 top water width while 

sloping 1.5:1 up to a standard height of 1.5m above the streambed at either 

abutment. See drawings 202 & 204 in Appendix B for profile views detailing this 

placement for both bridge alternatives.  

 

5.3 Culvert Design Alternatives 
 

The section below details both culvert alternatives (5.3.1, 5.3.2), and is followed 

by descriptions of the road approach upgrades (5.3.3) and rip rap design (5.3.4) necessary 

for both. 

5.3.1 Open Bottom Culvert (Drawings 205-206) 

A 17.5m structural plate corrugated steel arch with a 5.79m span and 

2.79m rise was selected for this design based on the width of the representative 

stream section selected and the clearance required for stream reconstruction 

(minimum 2m). The culvert specified has a 152x51mm corrugation profile and 

rests on 0.6m wide steel footings, embedded 0.3m below the streambed base 

elevation. 100mm of crush gravel is required below the footings and it is 

recommended that 1m clearance be provided to either side of the footings when 

they are excavated. This will provide adequate clearance for backfill compaction  
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during installation. If possible, excavated material shall be saved for use in the 

stream reconstruction. 

  

The benefits of this alternative are: 

- Vehicle clearance and cornering are not an issue. 

- It provides adequate width to mimic representative stream section (Q100 will not 

touch culvert). 

- It requires less erosion protection (riprap). 

- Little to no future maintenance can be expected. 

 

The disadvantages of this alternative are: 

- It requires a substantial amount of fill to build the road up to the necessary cover 

over the culvert. 

- It requires a more labour intensive installation process. 

 

5.3.2 Elliptical Culvert (Drawings 207-208) 

A 17.5m structural plate corrugated horizontal ellipse with a 4.42m span 

and 2.79m rise was selected for this design based on the width of the 

representative stream section selected and the clearance required for stream 

reconstruction (minimum 2m). The culvert specified has a 152x51mm corrugation  
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profile and rests on a 300mm nominal thickness layer of bedding sand. The 

bottom of the culvert must be embedded 0.8m deep. It is recommended that 1m 

clearance be provided to either side of the footings when they are excavated in 

order to provide adequate clearance for backfill compaction during installation. If 

possible, excavated material shall be saved for use in the stream reconstruction. 

 

The benefits of this alternative are: 

- Vehicle clearance and cornering are not an issue 

- It provides adequate width to mimic representative stream section (Q100 will not 

touch culvert). 

- It requires less erosion protection (riprap)  

- Little to no future maintenance can be expected 

 

The disadvantages of this alternative are: 

- It requires a substantial amount of fill to build the road up to the necessary cover 

over the culvert 

- It requires a more labour intensive installation process 
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5.3.3 Road Upgrades 

A typical forestry road cross section was used in the design, with a slightly 

wider top width (6m) to accommodate the turns, and typical 1.5:1 side slopes. 

 

The alignment mirrors the existing road South of the crossing, before 

curving at a 35m radius. This curve is designed to ensure that the road is 

perpendicular to the culvert.  

 

In terms of road profile, 1.5m of cover is maintained over the entire 

culvert length for support (1.68m at centerline). The north approach is graded 

away from the crossing at a 2% grade until it ties into the existing road, while the 

south approach is graded away at 7.5%. Both grades adhere to the maximums laid 

out for a 5-6m road and 30km/h speed limit in the BC FLNRO Engineering 

Manual (2013). 

 

5.3.4 Riprap (Erosion Protection) 

Due to the realignment of the stream, riprap placement is recommended on 

the existing banks approaching the bridge on the upstream side. Class 50 riprap 

was selected based on stream velocity, and typical installation details can be 

found in Fig. 13 of Appendix A. All riprap installation requires a 0.5m width key 

in and geotextile underlay. The riprap itself must be “clean, solid, angular, blocky 

stones; well graded to fill gaps between larger stones, and placed carefully to  
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obtain a well graded blanket of interlocking stones,” as per specifications in the 

BC Fish-Stream Crossing Guidebook (2012). As the makeup of this material is 

fairly specific, it cannot be taken from the site and must be brought in. A typical 

detail of installation, design top elevations, and location of placement are detailed 

on both General Arrangements (Drawings 205 and 207) found in Appendix B. It 

is also recommended that it be placed around the culvert inlet and outlet for 

protection purposes (0.5m above, 1m either side, 0.55m thick). 

 

5.4 Timeline 

The timeline for project completion depends on the contractor chosen to complete 

the project. However, any and all work must be completed within the fish work window 

stated in section 4.4.1 of this report. Based on previous projects of this size, a rough 

estimate of project completion would be approximately one week for bridges, two weeks 

for the open bottom culvert, and about 2.5 weeks for the elliptical culvert. 

 

5.5 Cost 

The costs for the different design alternatives are outlined in Table 4. The table 

outlines the various materials and quantities needed for construction and the costs for 

those materials. As seen in the table the most cost efficient option is the elliptical culvert 

option.  
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Quantity Cost Quantity Cost Quantity Cost Quantity Cost
Culvert 1 47,800.00$       1 53,670.00$       0 0

Bridge 0 0 1 54,150.00$       1 55,700.00$       

Lock Blocks 0 0 58 9,320.00$         58 9,320.00$         

Rip Rap (with 
delivery) 75m3 3,825.00$         45m3 2,295.00$         90m3 4,590.00$         90m3 4,590.00$         

3/4" Crush 5 185.00$            33.00$              1,221.00$         2.5 92.50$              2.5 92.50$              

Bedding Sand 0 25m3 1,330.00$         0 0

Geogrid 1 300.00$            0 1 300.00$            1 300.00$            

Geotextile 55m2 600.00$            45m2 600.00$            125m2 1,200.00$         125m2 1,200.00$         

Footings 1 10,000.00$       0 0 0

Road Subgrade 1050m3 On site 1050m3 On site 600m3 On site 600m3 On site

Total Cost

Element of 
Construction

62,710.00$                                  59,116.00$                                  69,652.50$                                  71,202.50$                                  

Open Bottom Culvert Elliptical Culvert Steel Girder Bridge Precast Concrete Bridge

Design 
Consideration

Possible 
Points

Open Bottom 
Culvert

Elliptical 
Culvert

Steel Girder 
Bridge

Precast 
Concrete 

Bridge
Total Cost 50 46 50 42 41
Site Suitability 40 40 33 29 29
Durability 30 25 25 30 30
Ease of 
Construction

20 16 9 20 20

Maintenance 10 10 8 4 5
137 125 125 125Total Score

 

Table 4 – Material Cost Table for all Design Alternatives 

 

 

 

 

 

 

 

 

6.0 Design Alternative Comparison 

The table below compares each design alternative based on its total cost, site suitability, 

durability, ease of construction, and future maintenance. 

Table 5 – Design Alternatives Effectiveness Rating Table 
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As seen in the above table, the Open Bottom Culvert was determined to be the best 

crossing alternative for the Derickson Rd. washout. This culvert suits the site the best, and 

requires the least amount of maintenance. Even though it does not score the best for material 

costs, it will make up for it in its low labour costs and little maintenance required in the future. 

 

7.0 Conclusion 

As requested by the client, four crossing alternatives were designed to replace the 

washed-out crossing of Derickson Rd. at Tributary 3 of Two John Creek. From the analysis of 

the existing site conditions, it was determined that the washout occurred due to the culvert being 

undersized and installed at the wrong to accommodate peak flows. It was also determined that 

the stream was indeed fish bearing with the presence of Rainbow Trout, and that in-stream work 

would be mandatory to complete this project. From Table 5 above, the Open Bottom Culvert was 

determined to be the best crossing alternative to be utilized for the Derickson Rd. crossing.  

 

The Open Bottom Culvert was chosen because it meets the client’s needs the best. The 

Open Bottom Culvert is the most suitable for the site, and requires the least amount of 

maintenance. Although it does not score the best for material costs, it will make up for it in 

labour costs and little maintenance required through the years.  
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8.0 Recommendations 

In order to provide a suitable replacement crossing for the existing wash-out of Derickson 

Rd., the following recommendations must be adhered to: 

 

• Install an Open Bottom Culvert at the appropriate angle, size, and location 

as specified in Appendix B – Drawing 205 and 206 to prevent any future 

washout of Derickson Road. 

• Construct the road as per the design in Section 5.3.3. 

• Follow erosion and sediment BMP’s during and after construction as 

suggested in Section 4.4. 

• Divert the stream temporarily during construction using the instructions in 

Section 4.4.2. 

• Ensure the streambed is reconstructed according to the specifications in 

Section 5.1 and does not differ from the original creek streambed. 

• Riprap must be placed according to the specifications in Section 5.3.4. 

• All work must be performed within the work window of August 7th – 

October 15th (Section 4.4.1). 
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Appendix A 
 
 

- Tables and Figures Used in The Derickson Rd. Washed-  

Out Crossing Design Over Tributary 3 

 

- Photos Taken from The Crossing Site  
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Fig. 3 – Road Prism South of  

Crossing (Taken by Eric) 

 

Fig. 4 – Downstream of Crossing/Culvert 

Washout (Taken by Eric)  
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Fig. 5 – Upstream Debris Loading and 

 High Water Mark (Taken by Eric) 

 

Fig. 6 – Downstream Debris Loading and 

Stream Slopes (Taken by Eric)  
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Fig. 7 – Watershed Area Contour Map (Courtesy of iMapBC) 
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Table 1 – Mechanical Split Sieve Analysis 
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Table 2 – Trapping Creek Annual Peak Discharge Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data Sourced from Government of Canada Wateroffice Site 
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Fig. 8 – Trapping Creek Gumbel Distribution for Q5 and Q100 Flows 
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Table 3 – Two-Forty-One Creek Annual Peak Discharge Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data Sourced from Government of Canada Wateroffice Site 
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Fig. 9 – Two-Forty-One Creek Gumbel Distribution for Q5 and Q100 Flows 
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Fig. 10 – Zone 4: Upper Kettle River Design Curve for Q100 Flows 

Sourced from Peak Flow-Culvert Design Study: Penticton Forest District (2000) by 
Summit Environment Consultants Ltd. 
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Fig. 13 – Riprap Installation Guide 

Sourced from Ministry of Transportation and Infrastructure (2013) 
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Appendix B 
 

 

 
-  Existing Site Conditions: Plan & Profile Views 

 

- Steel Girder: General Arrangement, Profile & Section Views  

 

- Precast Concrete: General Arrangement, Profile & Section Views 

 

- Open Bottom Culvert: General Arrangement, Profile and Section Views 

 

- Elliptical Culvert: General Arrangement, Profile & Section Views 
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-  Project Progress (Team Minutes)  

• Arranged by Date 

 

- Project Safety Sheet 

 

- Site Visit Field Notes 

 

- Project Task Management Schedule 

 

 



APPENDIX C 

  C – 2 

 

 

 



APPENDIX C 

  C – 3 

 

 

 



APPENDIX C 

  C – 4 

 

 

 



APPENDIX C 

  C – 5 

 

 



APPENDIX C 

  C – 6 

 

 

 

 

 



APPENDIX C 

  C – 7 

 

 

 



APPENDIX C 

  C – 8 

 

 

 



APPENDIX C 

  C – 9 

 

 

 



APPENDIX C 

  C – 10 

 

 

 



APPENDIX C 

  C – 11 

 

 

 



APPENDIX C 

  C – 12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX C 

  C – 13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX C 

  C – 14 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX C 

  C – 15 

 


	Final Report
	Cover Page

	Executive Summary - TOC
	REPORT
	Appendix A
	Final Report
	Appendix B
	2015-12-10 IFR
	TRIB 3 CROSSING-COVER
	TRIB 3 CROSSING-EC PLAN
	TRIB 3 CROSSING-EC PROFILE
	TRIB 3 CROSSING-OP1 PLAN
	TRIB 3 CROSSING-OP1 PROFILE
	TRIB 3 CROSSING-OP2 PLAN
	TRIB 3 CROSSING-OP2 PROFILE
	TRIB 3 CROSSING-OP3 PLAN
	TRIB 3 CROSSING-OP3 PROFILE
	TRIB 3 CROSSING-OP4 PLAN
	TRIB 3 CROSSING-OP4 PROFILE

	Appendix C


