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ABSTRACT 

Winter resource roads are used only during 

frozen conditions. Constructing water 

management features at the end of winter when 

the ground is hard can be difficult and may lead 

to poor performance of the water management 

feature. Pre-planning water management 

techniques that are to take place during winter 

road decommissioning will provide a greater 

chance of successful performance and 

improved efficiencies. Construction of frozen 

road or ditchline is difficult but can be facilitated 

through the use of correctly sized equipment, 

and attachments designed for the task 
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INTRODUCTION 

Water management for winter roads needs to be carefully considered and planned in order to achieve 

the desired outcome. The need for water management practices which are well suited to the frozen 

conditions at the end of the winter have been explored in this discussion paper and presented for 

feedback and refinement. Where road surface and ditch water need to be managed, planning ahead 

can help to maintain a high level of environmental performance with respect to protecting streams from 

sedimentation. This paper presents planning opportunities and construction options to help achieve a 

high level of environmental performance with respect to water management during unfrozen periods 

along winter roads. 

BACKGROUND AND RATIONALE 

The use of winter resource roads for the extraction of natural resources is common in many parts of 

Canada. A winter road built from snow and ice or from a combination of soil, snow, and ice has many 

advantages compared to an all-weather road. Winter roads are often built over ground that is not 

suitable for an all-weather road, such as wetland, muskeg, and areas with saturated soils or high water 

tables.  

Two fairly distinct types of winter resource roads are built in Canada; both types are discussed here. 

Water management on winter roads is critical for preventing erosion and sedimentation of nearby 

watercourses. Water management is especially a concern for newly constructed roads with recent 

unvegetated ground disturbance. 

This discussion paper covers aspects of planning and constructing winter resource roads, with a focus 

on water management. The need for this discussion paper is prompted by member requests to develop 

training tools that include “Best Practices” that will help minimize siltation into creeks as well as mass 

wasting of soils on steeper sites. With more logging being directed towards “steep slope”, the 

associated risks with respect to siltation into creeks and mass wasting are very much higher. This effort 

will also contribute towards the members’ Social license and strict environmental standards which 

require that the resource companies do not degrade water courses and associated values. The 

penalties of poor practice can be high. Climate change is leading to more freeze/ thaw cycles, mid-

winter thaws, and warmer winters so the need to more closely manage winter road building operations 

is heightened. The authors have provided “prompting” discussion questions to solicit comments and 

suggestions from readers.  

Two types of winter resource roads 

One method of building a winter resource road involves carefully removing the organics prior to the 

onset of freezing weather, and then delivering granular material to build up the road grade; a ditch is 

often constructed on the uphill side. Culverts, or log bundles, can be used as cross-drains to alleviate 

ditch flows and deliver the water to the downhill side of the road. The final running surface is prepared 

under winter conditions and is made up of snow and ice (Figure 1). 

At the time of road opening and during frozen conditions, log bundles can be placed within stream 

crossings where the stream flow has ceased, provided there is clear planning to have the bundles 
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removed before the stream is flowing again; this practice has been described by Gillies (2014); Legere 

et. al. provides information for temporary structures for crossing streams on winter roads. Filling part of 

the crossing with logs reduces the amount of snow required to fill the void. This practice has been 

observed on steeper ground and where soils are wet and more conducive to winter operations. During 

winter road use, flowing ditch water is anticipated only at the beginning and end of the seasonal use of 

the road. Culverts or log bundles can be used as cross-drains to alleviate ditch flow and deliver ditch 

water to the downhill side of the road (Figure 2). 

 

Figure 1. A winter resource road constructed in B.C. with delivered granular material and an uphill ditch. 
Note that the granular material recently was track-compacted and the snow removed to eliminate its 

insulating effects and promote deeper freezing. Snow and ice will eventually be used to create a running 
surface. 

 

  

Figure 2. A culvert cross-drain (left) and a log bundle cross-drain (right). 
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A second common type of winter resource road is a road built directly on top of frozen, cleared ground 

without a granular/soil base course and running surface, or ditches. Constructing winter roads on top of 

an intact forest floor, where only trees and shrubs have been removed, minimises disturbance within 

the right-of-way. It is critical not to break through any wetland peat or the saturated forest floor during 

clearing operations because this creates wet, weak spots and ground disturbance. To reduce the 

likelihood of break-throughs and excessive ground disturbance, light equipment should be used to 

shear the shrubs and small trees. This type of winter road cannot be completed or utilized until the 

ground is well frozen and strong enough to bear heavy vehicles. The last step of construction is to build 

a smooth running surface from snow and ice on top of the frozen forest floor (Figure 3). 

This type of road, and its associated construction methods, protect the surface soils as well as the 

underlying soil and rooted vegetation, thus allowing the annual ingress of lesser vegetation during non-

frozen periods. The result is a light environmental footprint; nevertheless, to ensure the continued 

biologic activity of the site during non-frozen conditions, road construction and use need to be managed 

carefully. By preserving the forest floor and not building a granular base course, this type of winter 

resource road does not create a permanent inert feature on the landscape (Figure 3). 

   

Figure 3. Winter roads at three different stages of use: a winter road located across a conifer swamp that 
was carefully cleared in order to maintain a healthy forest floor during unfrozen periods (left); a winter 

road early in the winter, where minimal snow and ice have covered the forest floor (centre); a well frozen 
winter road that has been used by heavy vehicles (right). The minimal disturbance in all views is 

attributed to careful construction methods aimed at protecting the forest floor and the strength of the 
frozen soil, and to ending road use before thawing occurs. 

Decommissioning 

The closure of a winter road needs to be timed so that no vehicular travel occurs during non-frozen 

periods, in part to prevent the formation of deep ruts. If vehicles are permitted to travel on a thawed 

road, there is a higher likelihood of environmental damage, rutting, and vehicles becoming stuck and 

stranded. For the second common winter road shown in Figure 3, the closure of the road helps to 

protect the underlying forest floor and its associated biological functionality. Inherent to the 

decommissioning of winter roads is the fact that, after a season of use by heavy vehicles, the frozen, 

dense road surface is difficult to excavate, and this in turn makes it difficult to build water-management 

features (Figure 4). 
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Figure 4. Hauling heavy loads on a winter road can result in a very dense surface. 

PLANNING 

The planning of winter road construction should begin with an evaluation of the risks that sedimentation 

could enter water courses. For sites that have a moderate-to-high risk of sedimentation, the planner 

should prepare a road-construction plan and a water-control plan that detail the necessary prevention 

measures; these should be included in the harvesting and road-construction plans, and discussed at 

the pre-work meeting. 

Pre-planning water-management techniques before winter road decommissioning will provide a greater 

chance of successful performance and improved efficiencies. Both the road and available fill will be 

frozen at the time of road decommissioning, making it difficult to construct water-management features 

and limiting erosion control options. For example, a frozen and compacted road is difficult to excavate, 

therefore it is not easy to build a water bar to control road-surface runoff in frozen conditions. In frozen 

conditions, the available material from which to construct a ditch block would be a mix of snow, ice, and 

dirt, whereas it is soil alone that is needed. Planning ahead would make construction easier and 

facilitate the creation of well-functioning water-management features (cross-ditch, ditch block, etc.) 

Often winter road stream crossings are built with the requirement that they be removed before spring 

freshet. For example, log bundles and snow fills must be removed before there is any flow in the stream 

channel (Figure 5). A plan needs to be in place to remove stream-crossing structures in a logical order 

and in a timely manner. 



FPInnovations Page 9 

Water management is a key performance indicator for sound forest management. The environmental 

effects from poor planning and failed water management can result in numerous negative impacts to 

the landscape, such as erosion and sedimentation, site degradation, failed access, and associated 

spills/contamination (Figure 6). 

 

 

Figure 5. A snow-fill stream crossing. Dashed lines show the approximate channel width. 

 

 

Figure 6. The collection of water on a winter road can negatively impact the environment and road 
functionality. Winter water management BMPs can help prevent water from accumulating on winter roads. 
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Suggested approaches to planning 

Below are suggested approaches to planning the identification of resources and the enhanced 

management practices that will be part of the harvesting and road-building plan and the pre-work 

meeting. 

Identify critical resources for protection 

All streams should be protected against negative impacts. Stream banks and channel bottoms should 

remain intact and without disturbance. Bare ground immediately adjacent to water bodies and within the 

receiving ground-flow areas should remain vegetated and without erosion. No sediment is to be 

delivered directly to a stream from a road or worksite. 

Identify critical road sections for enhanced management 

A road that has a long continuous gradient sloping towards a stream can be considered a risk for 

delivering sediment and pollutants to the stream. Road gradients should be identified and mapped to 

highlight the associated prescription and hazard rating. Gradient classes should be identified to allow 

for increased environmental management and monitoring opportunities. Any length of road over 4% in 

grade should have at least one BMP applied to help manage water at the site. 

Table 1 presents a risk rating matrix based on road gradient and road length. This risk rating matrix is 

similar to those used for erosion control where gradient and length are two known indices for predicting 

erosion. FPInnovations has proposed in Table 1 three slope classes and four length classes (distance 

between grade breaks) as viable measures to a risk rating, but these may be refined over time. 

As the risk rating increases, the importance of the BMPs functioning as intended also increases; more 

attention to construction and quality control is needed. Because of the site-specific nature of where 

water can be forced to flow, here we only provide suggested guidance, rather than any absolute 

requirements with respect to the number and type of BMPs to use at a site. A higher hazard rating 

should be used where native soils are highly erodible and (or) where the protected water resource has 

direct connectivity to fish-bearing habitat. Sites that have a moderate-to-high risk of potential 

sedimentation should have a road-construction and water-control plan designed, with those measures 

included in the harvesting and road-construction plan and pre-work meeting. 
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Table 1. Risk rating related to water management and sedimentation from thawing winter roads 

Gradient and 
slope class 

Risk rating 
a
 

Distance between grade breaks 

0 to 20 m  21 to 40 m  40 to 60 m  60 to 80 m 

5 to 9% 
Gentle 

Low Low Low Moderate 
b
 

10 to 14% 
Moderate 

Low Moderate 
b
 Moderate 

b
 High 

b
 

≥15% 
High 

Low Moderate 
b
 High 

b
 High 

b
 

a
 A higher risk rating should be used where native soils are highly erodible and (or) where the protected water resource 

has direct connectivity to fish-bearing habitat. 
b
 Sites that have a moderate-to-high risk rating for potential sedimentation should have a road-construction and water-

control plan designed, with those measures included in the harvesting and road-construction plan and pre-work 
meeting. 
 

Discussion points 

 Is the guidance provided in Table 1 useful? 

 Are the gradient and distance categories in Table 1 practical? 

 Would it be useful to have a map of the harvesting plan, showing an example of identified risk 

and planned water-control devices that could be part of the road-construction plan and pre-work 

meeting? 

CONSTRUCTION 

There may be opportunities to improve standard operating procedures to address frozen conditions 

during the construction or decommissioning of a winter road. Utilizing the correct size of machine to 

perform the task will greatly enhance the final product. Both horsepower and ground pressure of the 

machine are important when considering machine size. Various BMPs can be used to facilitate 

construction and decommissioning, as well as to reduce the probability or severity of unintended 

environmental consequences.  

Equipment 

Having the right equipment for the task will enhance both productivity and the final product. Consider 

the weight and horsepower needed, especially if a smaller machine, such as a 20 to 22 tonne 

excavator, will hinder your output when working in frozen conditions.  

Choose the right equipment for the task 

There may be a need to have the weight and horsepower such as a 27 to 30 tonne excavator  for the 

decommissioning of a winter road compared to what may be suitable for the opening of a winter road. 

Where a road is frozen and compacted, a machine with more horsepower and weight may help with the 

construction of the prescribed water-management BMPs (Figure 7). 
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Figure 7. An excavator constructing a waterbar during the decommissioning of a winter road. 

Choose the right attachments  

Choosing the right bucket, teeth, or attachment for the specific task will provide efficiencies and a 

better-quality finished product (e.g., waterbar, cross-ditch, ditch block, etc.). Bucket teeth may vary by 

size, shape, length, and hardness. There may be advantages to having more pointed teeth for 

excavating in frozen ground (Figure 8).  

 

Figure 8. Ripper attached to an excavator bucket (left); and some typical styles of excavator teeth that are 
sometimes used for work in frozen ground (right). 

Discussion points 

 Is there common knowledge regarding ripping in frozen, compacted ground, and the use of 

preferred buckets and teeth? 

 Are there attachments which should be highlighted to the practitioner? 

Water management 

Undertaking effective water-management measures will ensure the identified resources, such as 

streams, are protected. 

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjRo-CHtJDSAhUrsVQKHZNjBugQjRwIBw&url=http://attachmentsintl.com/tractor-loader-backhoe/&psig=AFQjCNGfOXYWctQzf4cS35n8ouHAAzUJvw&ust=1487189813371089
http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiywtTMtJDSAhULxFQKHQwWBToQjRwIBw&url=http://zenmen.org/ebay/ebay-mini-excavator-buckets&psig=AFQjCNGfOXYWctQzf4cS35n8ouHAAzUJvw&ust=1487189813371089
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Waterbar 

Waterbars need to be constructed to direct road surface flow off the road so that it does not run down 

the road for long distances. If long stretches of road are left undrained, runoff flows can become deep 

and fast moving, and their erosive capacity increased. By shedding the water off the road, the energy of 

the flowing water is disrupted and the effects of water induced erosion are diminished.  

Constructing an effective waterbar during winter road decommissioning can be difficult. The fact that 

the road is frozen solid makes the surface difficult to penetrate with the teeth of an excavator bucket. If 

a waterbar cannot be constructed properly (i.e., in terms of depth, skew, berm, etc.), then it will not 

function well and this could lead to negative environmental outcomes. One option for overcoming the 

difficulties of construction during frozen conditions is to plan for water-management features at the time 

a road is opened, when the road is not frozen or compacted.  

Prior to road opening, the placement of logs through a road for later removal (Figure 9) could be used 

as a BMP to promote the construction of waterbars or cross-ditches at the time of decommissioning. 

The logs should be positioned at the appropriate depth and skew so that the void created by the logs, 

once they are removed by heavy equipment during decommissioning, will aid in the start of a 

functioning waterbar (Figure 10). It is best to place logs alternately butt-to-top, to help in the extraction 

process. At the time of decommissioning, one end of the logs is lifted by an excavator and pivoted out 

of the road. Techniques to keep the logs from breaking may need to be tested.  

Where the water exits the waterbar, there should be an open path, or constructed offtake, to allow the 

water to pass through the right-of-way and into the forest (Figure 12). 

 

 

Figure 9. Logs left in place to be removed during decommissioning, in order to help create a void for the 
construction of a waterbar. 
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Figure 10. A waterbar needs to be deep enough to accommodate flows and skewed to promote positive 
flow throughout its length. This waterbar is shallow and wide and likely only suitable on gentle gradients 

between grade breaks for low risk sites. 

Discussion points 

 Is it possible/ feasible to use something other than a log to create the void? 

 Are there concerns about how to remove the log so it does not break? 

 Can a tether be attached to the log to aid with removal? Where/how should the tether be 

attached? 

 Is a series of waterbars more effective than a single one, due to frequent and early infilling? 

 Should waterbars always be prescribed in pairs (minimum of two)? 

 What should be the minimum distance between two waterbars? 

 Would it be useful to have a schematic of a suggested log bundle installation (butts reversed, 

ditchblocks on the upstream side, and a breached berm on the downstream side)? 

Cross-ditch and ditchblock 

A cross-ditch is similar to a waterbar in that it receives road surface flow and directs it off the road, but it 

relieves the ditch flow and directs it onto the forest floor also. In order to deflect the ditch flow into the 

cross-ditch, a ditch block is constructed at the inlet of the cross-ditch within the ditch. A ditchblock 

needs to be constructed from competent material in order to deflect flows and withstand any erosive 

forces from ditch flow. When constructing a ditchblock during road decommissioning the available 

material is often a mix of soil, and snow and ice. This is not a suitable practice because the mixed 

matrix will not compact well, and the snow and ice will eventually melt. If the dichblock fails, the result of 

having ditch flow carry on past the cross-ditch can increase erosion and deposit sediment within the 

resource which is being managed/protected (which is often a stream). 

It is proposed that if a ditch block is constructed at the time the road is opened, more competent soil 

could be sourced than at the time of decommissioning (Figure 11). A ditch block needs to be well 
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compacted (free of snow and ice), built to an appropriate height, and positioned to be functional with 

respect to deflecting flow into a cross-ditch. 

Note that a cross-ditch can be prepared with logs in a similar manner to a waterbar with respect to 

placement and orientation of the logs. Where the water exits the cross-ditch, there should be an open 

path, or constructed offtake, to allow the water to pass through the right-of-way and into the forest 

(Figure 12). 

  

Figure 11. Ditch blocks (within the circles) direct ditch water through cross-drains, and prevent it from 
travelling further down the ditch. These ditch blocks were constructed with soil and rock when the road 

was constructed, when the unfrozen materials were easily sourced, excavated and placed. 

 

Figure 12. Bundles of logs may be placed within a winter road in anticipation of constructing a cross-
ditch at the time of decommissioning. Including one longer log (pictured) will help the excavator operator 

to locate, grasp, and break open the roadbed to remove the logs. Notice that the log bundle is aligned 
with an excavated offtake, which will promote water to flow through the right-of-way into the forest. 
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Discussion points 

 Does a ditchblock need to be made of soil? Could some other material be used? 

 Is the height (low spot, fail-safe) of a ditchblock critical? I.e., in that it needs to be able to direct 

water towards the cross-ditch but also may need to be overtopped during severe events? 

 Should a bell-hole/depression be dug within the ditch at the inlet? 

Offtake ditch 

The construction of an offtake ditch to relieve ditch flow is a common technique. It is typically 

constructed where the road is approaching a stream crossing (Figure 13). The offtake is designed to 

direct the ditch water away from the road and onto the adjacent forest floor. An offtake also may be 

constructed in order to reduce the distance that any one section of ditch carries water, hence lessening 

erosive forces and sediment production.  

An offtake commonly is an excavated trench that ends a short distance from the road. Ditch water 

exiting the offtake migrates downhill or settles in any depressions. Offtakes can be constructed in 

combination with waterbars and cross-drains to ensure the water flows across the right-of-way and into 

the forest (Figure 14). 

During frozen conditions it may be difficult to excavate on offtake ditch. When the ground is covered 

with snow it can be difficult to discern the gradient and slope of the natural surface can be uncertain for 

gentle grades. Not being able to see the actual ground surface makes positioning the offtake difficult 

with respect to ensuring positive downhill flow away from the road. Creating offtake ditches at the time 

of opening the road would allow for effective construction, using competent material, and the location 

could be chosen so as to make sure of the slopes and deposition area.  

Offtakes are also built to be in line with breached berms to further train the water away from the road. 

  

Figure 13. Example of an offtake ditch on an all-season road (right). Schematic (left) shows general 
arrangement of flow path and use of additional roughness to slow flow (left); field example shows the 

position of the offtake in relation to a stream crossing located at red-dashed line (right). Placing offtakes 
in multiple locations reduces the flow to be handled by any one offtake, and lessens to potential impact 

from a failure of an offtake or ditch. 

 



FPInnovations Page 17 

 

Figure 14. An offtake constructed in combination with a cross-drain allows water to flow across the right-
of-way and into the forest. 

Berm breach 

Thick and high snow berms may be built up by winter snow clearing operations (Figure 15). During 

spring thaw, the snow berms along the side of the road can have a negative effect by trapping water on 

the road surface. These berms need to be physically breached (as part of the water control plan) in 

order to allow the meltwater to leave the road. Set locations for breaching a berm can be identified 

during non-frozen periods. These set locations can be positioned where positive flow away from the 

road will result because of the gradients that exist on the other side of the berm. 

If there are roadside stripping berms, these must be breached, and ditch blocks and escape routes for 

the ditch water from these breaches established, at the time of road construction. Snow berms must be 

breached at the same places that the stripping berms were breached so that road surface runoff can 

quickly and efficiently exit the right-of-way.  
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Figure 15. Roadside berms along winter roads can become thick and high, and need to be strategically 
breached to prevent meltwater from collecting and flowing on the road surface.  

SUMMARY 

Winter resource roads can be constructed on a base of granular fill or built up from snow and ice 

directly on the forest floor, and are used only during frozen conditions. Constructing water management 

features at the end of winter when the ground is hard can be difficult and may lead to poor performance 

of the water management feature. Pre-planning water management techniques that are to take place 

during winter road decommissioning will provide a greater chance of successful performance and 

improved efficiencies. Construction of frozen road or ditchline is difficult but can be facilitated through 

the use of larger 27 to 30 tonne excavators, and attachments designed for the task. 

A risk rating for potential sedimentation and mass wasting on steeper slopes, based on road gradient 

and road length, is proposed to help guide the choice of management response. Options include water 

management features such as cross-drains, ditch blocks, water bars, offtake ditches, and berm 

breaches. As the risk increases the importance of the BMPs functioning as intended also increases; 

more attention to construction and quality control is needed. 

The intent of this paper is to promote discussion and feedback, so please respond to the “prompting” 

discussion questions or provide your own thoughts and experiences for winter water management 

along resource roads. All feedback is gratefully accepted and will be considered when determining the 

most urgent elements to study, and preparing for field trials and refinement of identified techniques. The 

vision it to propose practical applications for use during winter operations. 
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