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INTRODUCTION 
The primary source of sediment in the forest environment is resource roads, either from events 
that originate from a road surface, or from erosion of exposed soils within the road prism (Gillies, 
2007). Sediment management is an ongoing responsibility during all phases of a road’s life 
(planning, construction, maintenance, and deactivation). This report focuses on erosion and 
sedimentation from resource roads and summarizes techniques to help address both. A water 
quality evaluation tool developed to assess the effectiveness of water management of forest  
(and range) land use provides a quantitative output for an assessed crossing; extension notes by 
Carson and Maloney (2013a, 2013b) provide insight toward assessment results and opportunities 
for continued improvement. Gillies (2007) also provides practical applications that address 
erosion and sediment from forest roads at stream crossings. 

Most existing research on this topic has focused on sediment generation from resource roads in 
general, and more recently for resource roads and forestry developments in fisheries-sensitive 
watersheds. BC Timber Sales requested that FPInnovations provide a road-focused best 
management practices (BMPs) discussion to help address erosion and sediment from resource 
roads in general. There is a link between reducing erosion and the long-term performance of  
a road; many of the BMPs discussed will also help promote the long-term viability of a road. This 
report is timely with respect to providing a list of best management practices (BMPs) to help field 
practitioners meet or exceed the expected sustainable management goals linked directly to 
resource roads. A recent Forest Practices Board (2020) report identifies a need to reduce 
sediment from roads into streams. 

ROAD SURFACE EROSION 
Surface erosion is predominantly caused by the wearing away of a soil or natural surface by water 
in the form of rainfall impact or saturated surface flows such as sheet flow. Concentrated flows 
can result in rill and gully erosion. When managing for the protection of water quality and aquatic 
habitat, it is the fine particle classes (e.g., silt, clay, fine sand) that stay suspended and contribute 
to turbidity while large particles tend not to be suspended and instead move as bedload. 

High-priority locations for controlling erosion and containing sediment include road stream 
crossings. Appropriate water management techniques are determined by an assessment of the 
road, including road use and surfacing material, and by the amount of water that must be 
managed. Connectivity between the source sediment site and the stream channel must also be 
understood and taken into consideration when choosing the water management technique for  
a site. Any sediment source, including resource roads, that produces sediment that enters and 
deposits into a stream can have a negative effect on fish and the aquatic environment. 

Proper water management at road stream crossings reduces erosion and sediment transport into 
streams; it also increases road performance, safety, and transportation efficiency, and reduces 
maintenance costs. Further, water management should be considered during construction, use, 
maintenance, and deactivation of a road. Managing to control erosion and sediment originating 
from road surfaces is cost-effective when done properly and can be implemented by  
non-specialized staff with support aids and training. 
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Monitoring for various resource stewardship goals is a key component of the B.C.’s Forest and 
Range Evaluation Program (FREP). Maintaining or improving water quality is an important 
objective outlined in FREP. During forest operations, erosion and sedimentation have the 
potential to affect water quality, especially at stream crossings. Under FREP, a field protocol was 
developed called the water quality effectiveness evaluation, which is used to evaluate the 
potential impact of forestry (and range use) on water quality. The evaluation can be used to 
estimate the amount of sediment generated from a resource road (road prism) and is an excellent 
resource to help understand where the highest amounts of sediment are generated and hence, 
where to focus efforts to control erosion and manage sediment. 

Connectivity 
Connectivity refers to the amount of sediment laden water (percentage) which may still reach  
a stream after it has been diverted onto a forest floor. Understanding connectivity provides  
a management tool to plan for the appropriate distance needed for diverting water onto the 
forest floor in order to prevent it from eventually reaching a stream. Diverting flows onto the 
forest floor is a technique used when managing flows with cross-drain culverts, rolling road 
grades, crowned or outsloped road surfaces, open-top surface drains, waterbars, or cross-ditches. 
Forest soils are very capable of absorbing and filtering water. Maloney et al. (2018) developed a 
table to determine the degree of connectivity that is predominantly dependent on the area of the 
disturbed site (such as a road surface) and the distance over the forest floor between the point of 
forest floor entry (discharge) and the stream (Table 1). Site-specific attributes can affect the 
estimates; for example, extremely steep slopes may require additional distance, or hummocky 
and terraced slopes may need less. A reading of 1 is considered 100% connected. 

Table 1. Estimated connectivity (from Maloney et al., 2018) 

Distance over 
forest floor 
between 
discharge and 
stream (m) 

Approximate area of disturbed drainage upslope of 
storm drainage discharge (m2)  

<10 10–
50 

50–
100 

100–
250 

250–
500 

500–
1000 

1000–
2000 >2000 

0.5–1 0.5 0.8 1 1 1 1 1 1 
1–2 0.2 0.5 0.8 1 1 1 1 1 
2–5 0 0.2 0.5 0.8 1 1 1 1 
5–10 0 0 0.2 0.5 0.8 1 1 1 
10–20 0 0 0 0.2 0.5 0.8 1 1 
20–30 0 0 0 0 0.2 0.5 0.8 0.8 
>30 0 0 0 0 0 0 0 0.5 

 
Using Table 1, the following examples of estimated connectivity are provided. 

• 0%: A cross-drain culvert with a functioning ditch block draining a 200 m2 road surface 
discharging onto a long (>20 m), hummocky forested slope. 

• 20%: A 200 m2 road surface discharging onto a forest floor within 15 m of a stream. 
• 50%: A 70 m2 road surface discharging onto a forest floor within 4 m of a stream. 
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• 80%: A cross-drain culvert with a functioning ditch block draining 350 m2 road surface 
discharging onto a forest floor within 8 m of a stream. 

• 100%: A 350 m2 road surface discharging onto a forest floor in close proximity (<5 m) of 
a stream. 

Road use 
When managing for the prevention of erosion from resource roads, knowing the amount of 
sediment generated gives a perspective on where to focus management efforts. Those 
responsible for the maintenance and use of a road will want to limit any erosion and any 
degradation to the road; roads are managed as a long-term valuable commodity. The amount of 
sediment generated from a road depends on the road use activity, road grade (slope), road 
condition, and frequency of use. Maloney et al. (2018) present an annual predicted depth of 
surface erosion from resource roads capturing the above-listed components and provide three 
tables with differing road grades; Table 2 presents road grades from 2–10%. Understanding the 
amount of sediment produced from a section of road puts into perspective the importance of 
preventing sediment from having direct connectivity to a watercourse. The volume of sediment 
is also an important consideration with respect to the construction and target capacity of 
sediment detention features, such as sediment ponds, as well as their maintenance (cleaning 
when full) and frequency of maintenance (scheduling). 

Table 2. Predicted depth of surface erosion from a road surface with a 2–10% slope 
gradient under differing road use conditionsa (from Maloney et al., 2018) 

Road use 

Road surface quality 
Paved or 

coarse 
ballast 

Good Average 
 

Poor 

Heavy use, all-season road 0 2 5 10 
Moderate use, all-season 
road 0 1 2 5 

Light seasonal use (4X4 and 
occasional logging truck) 0 0.5 1 2 

Deactivated (and unused) 0 0.2 0.5 1 
a All values in mm. 
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ASSESSING SEDIMENT DELIVERY 
The Forest and Range Practices Act includes a requirement for the protection of fish and fish 
habitat. Erosion originating from roads will likely be highest during construction when the road 
material is exposed, and little or no self-armouring has been established. Other high-erosion 
phases can be related to high rainfall events (inclement weather) and the effectiveness of water 
management features in place. Poor maintenance can amplify the effects of rainy weather 
negatively if water management features (e.g., crowned road surfaces, cross-drain culverts)  
are damaged or underperforming. 

Sediment from roads can be quantified using FREP’s water quality effectiveness evaluation; it 
consists of five ratings, or classes, ranging from very low to very high (<0.2 m3 to >20 m3), that  
are considered accurate to within an order of magnitude. The ratings can be used to prioritize 
high-ranking sites for improved water management and could help indicate the effectiveness of 
water management practices where a ranking becomes lower after BMPs are implemented. Table 
3 provides general guidance toward ranking the sediment generation potential from all 
contributing sources at a crossing (more than just the road itself). 

Table 3. Rating of total fine sediment generation from a site (adapted from Maloney et 
al., 2018) 

Total volume of fine 
sediment generated 
(Water Quality 
Index) (m3) 

Site sediment 
generation 
potential 
(ranking) 

General level of 
management Descriptiona 

<0.2  Very low Good 
Site does not generate significant 
amounts of sediment. Site reflects 
BMPs. 

0.2–1 Low  

Site generates some sediment but 
would still be within a range considered 
normal for background levels of stream 
turbidity. Site reflects good 
management practices. 

1–5 Moderate 

 Site generates levels of sedimentation 
that would be measurable and, under 
special circumstances, of interest to 
watershed managers. Improvements 
could be considered. 

5–20 High  

Site generates unacceptable levels of 
fine sediment and has a significant 
impact on water quality in its 
watershed. Attention is mandatory. 

>20b Very high Poor 

Site has very high levels of sediment, 
with major consequences for water 
quality within its watershed. Attention 
is mandatory. 

a B. Carson, personal communication (May 14, 2019). 
b This amount of material is at least 2 truckloads; when managing roads as a long-term valuable 
commodity this amount of sediment loss from a road is also a maintenance and performance issue. 
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SEDIMENT MANAGEMENT TECHNIQUES 
BMPs should be in place to help field practitioners apply techniques to reduce or eliminate the 
movement of sediment from roads and its delivery to aquatic environments. The following list of 
BMPs can help reduce the sediment source originating from resource roads.  

Many of the BMPs will also double as a method to preserve the integrity of the road and help 
reduce future repair or upgrade costs. The general ranking of initial efforts and costs is provided 
as either low ($), medium ($$), or high ($$$); the rankings are not life cycle costs but rather initial 
capital costs, installation efforts, and maintenance that would be required. 

Planning and road construction 
1. $   Plan construction so as to minimize the amount of soil disturbance and the length of 

time the soil may be exposed. Preserving existing vegetation where possible will help 
armour the soils and prevent rainfall impact (start of erosion). Phase operations to keep 
the amount of exposed soil to a minimum. 

2. $   Provide cover to exposed soil surfaces (such as cutbanks). Cover can include an 
approved reclamation seed mix, logging slash, aggregate, rolled erosion control mats, etc. 

3. $   Plan for the road location to be away from a stream and allow for riparian vegetation 
to remain intact. Having the road positioned away from a stream helps to reduce any 
connectivity of sediment-laden flows that reaching the stream. Riparian vegetation acts as 
a filter for sediment-laden water flowing through it and protects water quality by 
maintaining stream bank and stream channel stability. 

4. $   Plan for strategically placed and well-functioning conduits or cross-drain culverts. 
Stream culverts need to be properly sized, installed, and maintained to prevent any failure 
resulting in stream flow along the road surface. Cross-drain culverts should be placed often 
along road slopes approaching stream crossings. A well-constructed ditch block will force 
flows into the culvert and prevent flows from travelling further along the ditch line. Offtake 
ditches should direct ditch flow onto the forest floor, away from the road, with careful 
attention to connectivity. 

5. $$   Plan for rolling grades or broad-based dips where road layout and terrain allow. 
Rolling grades can be constructed to direct road surface water to the lowest point, where 
the water can be directed onto the forest floor (or into a ditch). 

6. $$$   Construct the road base course with road surface crowning as the finished surface. 
Crowning allows for surface water to be shed onto the forest floor and into a ditch. 
Planning for a crowned surface is best done when constructing the base course, where the 
crown formation can begin. 

7. $$$   Install bridges higher than the road approaches. By having the bridge deck higher 
than the road approached, road surface flow will be directed away from the deck and away 
from directly over the stream. 
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Maintenance and upgrades 
8. $   Manage grader berms and breach (open) often when encountered. Grader berms are 

typically a by-product of grader practices and are usually unintentional. When present 
along the road shoulder, they keep water on the road; berms need to be breached to allow 
the water to flow off the road away from streams and onto the forest floor. 

9.  $ Ensure conduits and cross-drain culverts are not damaged and will function as 
 anticipated. Culverts that are crushed, damaged or plugged with debris will not have the 
 flow capacity needed during high-flow events. Replace damaged or poorly performing 
 culverts. Offtake ditches should function well by directing ditch water onto the forest floor 
 and not be hindered by grader berms or other maintenance activities. 

10. $ Ensure existing cross-drain culverts are positioned in strategic locations (or plan to 
install them) to relieve ditch flow often where the site will allow for positive flow onto 
the forest floor. A missed opportunity for a cross-drain culvert should be revisited and  
a culvert installed. Cross-drains allow for the size of a source sediment site to be reduced, 
which lowers the amount of sediment moving further downgrade. Culvert outlets should 
deliver sediment-laden water onto the forest floor, and connectivity should be assessed to 
make sure the flow does not reach a stream. 

11. $ Ensure ditch blocks are functioning as intended by diverting ditch flow into the  
cross-drain culvert. Ditch blocks need to be constructed of competent material to 
continuously divert ditch flow and prevent water from continuing along the ditch. 

12. $$ Consider open-top surface drains or deflectors where cross-drain culverts are not 
practical. Site-specific options to promote flows off the road and away from stream 
crossings should be considered where cross-drain culverts are not a good option.  
Open-top structures can be made of metal (mini cattle guards) or other material that can 
withstand the anticipated traffic. Deflectors made of rubber can be driven over and still 
maintain their shape and position. 

13. $$ Install check structures or armour where ditch flow is downcutting a ditch. Check 
structures can be constructed to slow ditch flow and help prevent aggressive erosion. 
Check structures function by promoting sediment deposition, and they require 
maintenance. A ditch can also be armoured with aggregate to help prevent downcutting, 
which helps with preventing erosion as well as reducing road maintenance costs. 

14. $$ Construct a settlement pond to collect sediment-laden water. Settlement ponds can 
be constructed to allow all sizes of particles to fall out of suspension and accumulate in  
the pond (finer particles take much longer to settle and require a longer detention time). 
These ponds fill with material and require maintenance. 

15. $$ Note any sediment accumulation on a bridge deck during maintenance and 
inspection, and plan for its periodic removal. Because of the proximity of the sediment on 
a bridge deck to the stream below, cleaning and removal of any material should be planned 
on an ongoing basis. 

16. $$$ Crown the road surface. Promoting road surface flow off the road with a  
well-crowned surface prevents water from travelling along the road for any great distance, 
which can cause surface erosion. 

17. $$$   Perform routine maintenance of road surfaces with a grader. Keeping the surface 
of a road in good condition for the anticipated level of traffic prevents surface stresses, 
such as rutting and washboarding, which can lead to erosion and sedimentation. 
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Closure and deactivation 
18. $   Control traffic during periods of weak and deteriorating road conditions. During wet 

weather and known periods of weak roads (during breakup), traffic could be controlled to 
prevent excessive erosion from deteriorating roads. Roads could also be closed until they 
are repaired or upgraded. 

19. $   Install strategically placed waterbars and cross-ditches. Water management during 
deactivation is critical for maintaining surface drainage patterns so that they are consistent 
with natural drainage patterns. Ditch blocks must be constructed well and of competent 
material that will not erode over time. A focus on water management will help prevent 
excessive erosion and allow the road prism to maintain a stable state. 

20. $$   Remove culverts and bridges. Where culverts are removed, a cross-ditch is typically 
installed (with a ditch block). Bridges that are removed need their approaches and banks 
armoured (typically using reclamation seed mix, logging debris, straw, rolled erosion 
control matting, etc.). 

DISCUSSION AND SUMMARY 
Resource roads have the potential to produce large amounts of sediment over time. Sediment 
generation is typically highest during initial construction, during rainy periods, and when a road is 
in poor condition (e.g., rutted). Focused water management for road prisms helps to address the 
location where most of the sediment is being generated and is especially warranted at stream 
crossings. Those responsible for the various phases of a road’s development (e.g., construction, 
maintenance, deactivation) can use the water quality effectiveness evaluation to assess a site for 
potential sources and amounts of fine sediment that could reach a stream and degrade the 
aquatic environment. Knowing these potential impacts can help guide efforts and prioritize 
maintenance and upgrades; choosing the right BMPs to address site-specific issues is important 
and can be as simple as breaking a grader berm (very low cost) to relocating a road (high cost). 
Understanding source sediment issues and matching them to a BMP will allow effective erosion 
and sediment management. This report provides a list of BMPs with a brief explanation of their 
use and a magnitude ranking of relative effort or cost to implement. 

With respect to choosing the right fix for a given site, Carson and Maloney (2013) summarized the 
results of a water quality effectiveness evaluation between 2008 and 2012 and reported that 75% 
of impacted sites could have been significantly improved by using one (or more) of the following 
water management BMPs: 

• Paying attention to bridge location and design; 
• Using better road surfacing material; 
• Installing strategically placed culverts; 
• Armouring or seeding disturbed areas and exposed soils; 
• Opening or breaching grader berms (often if they are long); and 
• Installing waterbars and cross-ditches along deactivated roads. 

The above listed BMPs are recognized as appropriate practices for use with resource roads and 
are included in the larger list presented in this report. 
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During the planning phase of a resource road, it is important to consider how to best manage 
water and eventual sediment coming from the road prism. Planning for the installation of  
cross-drain culverts at frequent intervals, especially along the approaches to a stream crossing, is 
more efficient than upgrading later, after the road has been built. Construction of new roads has 
the inherent challenge of disturbing soil and removing ground cover, which exposes the 
construction site to erosion.  

These exposed sites must be armoured (e.g., with aggregate, vegetation, logging slash, etc.) soon 
after exposure. Older roads tend to self-armour in the manner that surface fines become eroded, 
leaving the coarser material at the surface. It is important to understand the water management 
plan along the road length during construction and execute it appropriately (position of stream 
culverts; cross-drain culverts; offtake ditches; rolling grades; and insloped, outsloped, or crowned 
surfaces). To prevent erosion from the road surface after grader operations, berms should not be 
left in place along the edge of the road. Grader berms hold water on the road and do not allow it 
to shed; although breaching the berms is an easy fix, while the berm is in place, rainwater and 
storm flows can produce negative road surface erosion. All forest practitioners should be 
educated to breach berms when they are seen. Grader operations that fix road ruts and build  
a crowned running surface will promote positive flow off the road preventing road surface flows 
from running down slope along any road ruts. The key to effective grading practices is balancing 
the frequency with road use and haul, weather and soil moisture, and the ability to reclaim good 
surfacing material. When deactivating a road, surface water management is critical and can be 
accomplished with cross-ditches and waterbars. Cross-ditches are well suited to being located 
where culverts have been removed, and waterbars should be strategically positioned to break up 
the length of a road surface between offtakes to lessen the erosive forces of the flowing water 
(Gillies, 2020). 

To further address the request of BC Timber Sales, future research trials could be developed to 
assess the effectiveness of erosion and sediment control BMPs and include structure lifespan  
and maintenance requirements and frequency. Field trials were limited during 2020 due to the 
COVID-19 pandemic. 

The References section of this report can be considered suggested reading and a useful resource. 
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