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EXECUTIVE SUMMARY

Forest operations across Canada are encountering increasingly difficult road conditions and more frequent access
interruptions related to wet and weak road sections. Resource roads are considered a liability by many forest
companies and their business model has been to create the lowest cost, lowest standard, resource road network
possible that also will provide tolerable levels of access (i.e., some but not too many failures and hauling
disruptions). Increasingly difficult operating conditions and frequent access interruptions, however, drive up costs
and threaten the economic sustainability of forest operations.

Starting in 2017, FPInnovations has launched a project to provide its members with techniques and strategies that
will offer more reliable and strong road sections and reduce overall road costs. A state-of-practice survey of
FPInnovations members provided researchers with a comprehensive understanding of conventional means of
responding to wet, weak road conditions in Canada. The report summarizes the responses to wet, weak resource
road sections that were identified in the state-of-practice survey and provides an overview of the chief causes and
related site indicators for wet, weak road conditions.

Recommended best practices are provided for a variety of conventional industry responses to wet, weak road
sections. These address common misconceptions and knowledge gaps that reduce the effectiveness and increase
the overall cost associated with the industry responses. These best practice recommendations were based upon
findings from a literature review, product manufacturer information, and from researcher expertise.

The report also considers improvements to conventional practices, and advanced solutions that are potentially
more effective and economic than the state-of-practice but are not widely exploited by industry. Eleven potential
solutions from these two categories were compared and ranked in order of potential. The practice improvements
selected for further study were soil compaction, and corduroy and access mats. The advanced solutions selected
for further study were geosynthetics that offer both soil reinforcement and enhanced drainage, geocells, and
TPCS, a technology to improve truck road-friendliness. Starting in 2021, FPInnovations will initiate field trials and
life cycle cost analyses of these technologies.






BACKGROUND

Definition of a wet, weak road

A wet and weak road is a section of a resource road, not in a wetland, that periodically or continuously loses its
ability to provide access because of excess water and(or) poor ability to drain (Figure 1). Although weak and wet
road sections can be any length, this report will focus predominantly on short sections that are described as
bottlenecks to fibre access. Depending on cause(s) there may be few or many wet, weak sections and these can
be concentrated in one area or dispersed widely over a road network.

Figure 1. A wet, weak resource road section.

Potential causes and indicators of wet, weak road concerns

The field of soil mechanics is used by soil scientists and engineers to characterize, quantify, design with, and modify
soil engineering properties. Coarse grained soils, who's structure relies on friction to hold together, tend to drain
well, and their strength is less affected by water. Conversely, fine-grained soils (clays, silts, and organic soils) have
structures that are held together mostly by pore water suction (cohesion) and chemical bonding, they do not drain
well, and their strength is quickly reduced in the presence of water. Understanding a road’s subgrade and base
course soil types will help to identify those areas that will be more susceptible to water and in need of active water
management.

“In engineering practices, difficulties through soils are almost exclusively not due to soils themselves but due to
water contained in the voids. On a planet without any water there would be no need for Soil Mechanics.”
(Karl Terzaghi).



Numerous decisions made throughout the service life of resource roads affect the likelihood that wet, weak
sections will develop. How a road was initially located can set the stage for wet, weak sections emerging either
through lack of relief, intercepting concentrated surface or subsurface flows, or passing through low lying areas
with fine-grained soils. Unrestricted hauling during periods when the road network is weak and vulnerable due to
thawing or prolonged wet weather and a lack of drying opportunity (dry/windy weather) also can cause inherently
weak sections to become problem areas. Poorly functioning ditches that allow water to pool in low-lying areas
can cause the roadbed to become saturated and weak. A lack of culverts and natural drainage in these sections
amplifies the weakening in wet areas because water cannot be removed from the site. Beaver activity can dam
and plug culverts, and cause streams to back up, overflow the road, and erode the road shoulder.

Climate change is having an increasing impact on forestry operations and road access in Canada. On winter roads
shallow frost depth/penetration from warmer winters causes weak sections that cannot provide the bearing
capacity needed. More frequent rain-on-snow events rapidly melt snowbanks and flood the road surface to create
weak sections. Mid-winter thaws, early spring breakup, frost boils, and late freeze-up all impact access to fibre
with resource roads.

If weather-driven, the risk of more frequent and more severe road failures may increase in the future. Changing
weather patterns create uncertainty compared to past trends: intense storms events can be more frequent, typical
seasonal temperatures and precipitation are no longer typical, and weather changes can occur abruptly.
Increasingly frequent intense storms promote landsides and flooding and mobilize sediment and debris which can
plug/ overwhelm drainage structures. Wildfires and accelerated harvesting related to insect outbreaks have raised
water tables and caused flooding in some areas. And, across Canada, large scale changes, such as rising sea levels
may affect both regional drainage and the frequency and extent of wet, weak road sections. Water management
will grow in importance under these conditions.

The causes of wet and weakened resource road sections can be divided into 4 general categories:

e Operation and planning-related challenges.

e Geotechnical site conditions.

e Environmental site conditions.

e Wet weather (exacerbated by climate change).

Wet, weak road sections usually occur where a combination of causes interact; these causes typically include
poorly drained, moisture susceptible subgrade soils, surface and(or) subsurface water, increased flow of water
to the site, and a lack of adequate drainage perhaps due to poor construction and maintenance practices, or
under-performing drainage systems.

Site indicators can help to characterize site conditions and provide visual clues as to the potential causes of weak
road conditions. Site indicators may include surface ruts and potholes; stuck or slipping trucks, pooling water on
the road surface or in the ditches; a wet, muddy, and slippery road surface; water seeping from the cutbank or
road surface, and damaged or blocked cross-drain culverts. Table 1 summarizes the common causes of wet, weak
resource roads and some related site indicators. As illustrated, it is extremely common for weak and wet site
conditions to be caused by multiple, contributory causes.



Table 1. Potential causes for wet, weak resource roads and related site indications

Potential causes

Site indications . . Geotechnical (rock & Geological .
Planning/Operations R R Climate change
soil related) (Environment)
Accelerated and deep rutting Yes Yes Yes Yes
at the surface filled with (worn out base course; (wet, weak, in-situ soils; | (drainage (prolonged rainfall; thawing
water (reduced bearing poor road geometry; capillary rise wets concentrated at site) | roadbed; water table rise)
capacity) poorly maintained surface)
ditches and cross-drains;
high traffic volume; heavy
axle loads; high tire
pressures)
Drainage issues (standing Yes Yes Yes Yes
water, saturated roadbed) (lack of ditch relief; (erodible fine-grained (localized (prolonged rainfall; water
missing, poorly located, soils slumping and depression; road table rise)
or underperforming plugging ditches) intercepts
cross-drains) subsurface water at
through cut; cut face
seep; minimal sun
and wind exposure
slows drying)
Saturated roadbed, surface, Yes Yes Yes No
and shoulders (poor road geometry; (poorly draining in-situ (spring in road;
grader berms; lack of soils; capillary rise wets | melting snowbanks)
ditch relief) surface)
Frost boils No No Yes Yes
(as roads on hills (soil water content
thaw, subsurface increased by fall rains and
thaw water may be delayed onset of winter;

forced to surface at rapid spring melting)
boils by sloping
frozen layer below)

Subgrade cobbles showing Yes No No No
(worn out base course;
poor grading practices)

Deformed cross-drain barrel Yes Yes No No
and standing water in cross- (culvert has insufficient (wet, weak, subgrade
drain bedding and cover; sails)
roadbed is sinking)
Cross-drain plugged by debris | Yes Yes Yes No
and(or) bedload (lack of maintenance; (erodible soils at site) (beaver activity)
damaged pipe ends)
Legacy road has wide and | Yes Yes No No
uncrowned surface in addition | (worn out and damaged (unsorted materials in
to weak road sections road; under-designed legacy roads)
road)
Safety issues (stuck trucks, | Yes Yes No Yes
traction issues) (worn out base course; (wet, weak, soils; soils (freeze-thaw plugs culverts
missing traction gravel) are slippery when and ices road surface; snow
wetted) accumulation)
Wet and weak winter road | No No No Yes
sections (warmer winters reduce

frost depth and promote
both mid-winter thaws and
early spring thaws)




Implications of wet, weak road sections

The immediate consequence of wet, weak, deteriorated road conditions is the creation of an access bottleneck at
which industrial traffic has an increasingly difficult time negotiating the section. During this period travel speeds
are slowed, cycle times increased, and trucks may be damaged as they become immobilized and then assisted
past the section. At this point all phases of forest operations must be halted while emergency road repairs are
made with available equipment and supplies (e.g., bridging the weak section with gravel, corduroy, access mats,
etc.). The cost of repairs and lost productivity from one bottleneck is not normally excessive; however, the cost
can become very considerable if the occurrence of wet, weak sections is widespread or ongoing. Changes to
seasonal weather patterns and storm events (climate change) has been found to increase the vulnerability of some
resource road networks to failures. Unreliable road access strains forest operations and their log transportation
systems. Unreliable road access requires more intensive management and contingency planning and increases
the risk of unscheduled mill shutdowns.

In addition to productivity impacts to fibre access and related forest operations, wet and weak road sections
represent a safety liability due to the loss of handling control and potential for truck damage or operator injury
during vehicle assists. Deteriorated road sections may also represent an environmental liability if sediment laden
drainage from the site impacts nearby fish habitat or other aquatic values.

SUMMARY OF STATE-OF-PRACTICE

To identify the various practices used to address weakened road sections, a state-of-practice survey of industrial
cooperators and a literature search were conducted. The state-of-practice survey (Gillies 2020) provided a detailed
and comprehensive overview of the scope of access issues with wet weak resource roads and standard
management responses to these issues. The literature search was focused on investigating unpaved road failure
mechanisms caused by excess moisture and potential solutions for a loss of bearing capacity in low standard roads.
Over 200 publications from the last 10 years were identified and considered.

In brief, the Canadian forest industry’s standard responses to wet, weak, road bottleneck sections have included
applying gravel, reinforcing failed sections with geotextile, beaver control, road seasoning, implementing tire
pressure control technology to enhance truck flotation and mobility, avoiding road use during wet periods (doing
more winter hauling and enacting wet weather shutdowns), and using an all-weather road network during spring
thaw (hauling from satellite storage yards connected to highways by all-season roads). The survey responses
indicated that these responses are not uniformly applied across Canada and that they have not consistently
provided access. Based on the literature and on its own expertise, FPInnovations believes that there are
opportunities to improve both the understanding and effectiveness of the wet weak road treatments. Changes to
climate (warmer wetter winters, warmer summers, flooding, more frequent intense storms, etc.) are believed to
have contributed to difficulties to-date and are projected to increase access vulnerabilities and business risks in
the future.
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Advanced Solutions

The following section explores solutions that go beyond the state-of-practice, basic best practices, and improved
conventional practices. Some of these techniques are relatively well understood but are not widely employed
across Canada. Implementation of these solutions may require a higher initial capital investment and additional
knowledge and expertise; however, most have been proven to be successful and present substantially improved
access. Future field trials on a select few of these solutions will quantify how effective they are at reducing the
overall life cycle cost of wet, weak roads or sections of roads.

The following advanced solutions are recommended for further investigation:

e Reduced road impacts through the use of tire pressure control systems on log hauling trucks.

e Access management through real time road moisture and temperature monitoring.

e Reinforcement and drainage geosynthetics, including H2Ri moisture management geotextile and
geocells (three dimensional geosynthetic).

e Chemical stabilization of subgrade soils.

Tire pressure control systems

Tire pressure control systems (TPCS) are an effective technology for enhancing access on road networks
susceptible to wet, weak road sections. Log and chip hauling and lowbed (float truck) fleets equipped with TPCS
have been found to have enhanced traction and mobility in weak soils and, under certain conditions, are able to
heal existing road surface damage (Bradley 1996). Figure 3 illustrates a tractor/ semi-trailer equipped with a 2
channel TPCS. This technology has proved critical for Alberta forest operations with summer operations in regions
blessed with fine-grained soils and a lack of gravel deposits. In the absence of TPCS, operating truck drive and
trailer tires at 65-70 psi has been shown to accrue approximately half of the benefit of a TPCS (Watkins 1991).
Note that the practice of constant reduced tire pressure is for off-highway (slower speed) travel only and should
be accompanied by stringent tire pressure monitoring.

Operator control

E3E3E13

E3F3E3 2
\ T / \/ Valve control assembly

Trailer wheel lines Drive wheel lines

Figure 3. A tractor/ semi-trailer equipped with a 2-channel TPCS allows operator to inflate and deflate the drive tires
independently from the trailer tires.
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Reinforcement and moisture management geosynthetics

Traditional reinforcement geosynthetics are another means of mechanical reinforcement to increase bearing
capacity of wet and weak subgrade soils. Woven geotextiles or geogrids combined with a non-woven geotextile
can be used for this purpose. The increase in bearing capacity provided by geosynthetic reinforcement allows for
a reduction in the required base course aggregate thickness compared to an equivalent unreinforced design.
In addition to reinforcement, some geosynthetics have added drainage and moisture management properties
which are particularly useful on wet roads. Some woven geotextiles contain specialized fibers that promote the
removal of moisture from the subgrade and road structure (Figure 4). Geosynthetic reinforcement is especially
viable when good quality road aggregate costs are very high. The following picture illustrates a moisture
management geotextile.

Figure 4. Moisture management and reinforcement geotextile (Mirafi H2Rij).

Geocell reinforcement

Geocells are three-dimensional geosynthetics that offer a high level of subgrade reinforcement through cellular
confinement of fill material. Unlike geotextiles and geogrids, which are considered two-dimensional, geocells are
manufactured with cell heights of between 5 and 20 cm. Geocells must be underlain by a geotextile to provide
separation for the cell contents. The cells are typically filled with lower strength but well-draining sandy materials
because the same level of confinement can be achieved as with a higher quality material. Higher quality aggregate
is placed on top of the filled geocell layer to complete the roadway and protect the geocell from damage. Most
geocells are perforated to facilitate lateral drainage through the cell walls. Geocells are recommended for the
most problematic soils and conditions because they are relatively expensive but are an extremely effective
technology for reinforcing wet, weak road sections. FPInnovations has produced two tools related to the design
of geotextile, geogrid, and geocell-reinforced unpaved roads, including a design guide and an online design
software:

e Geosynthetics design guide: Reinforcement solutions for unpaved roads (Bober & Thiam, 2020).

e FPGeoDesign (soon to be released online design tool).
17



Road moisture and temperature monitoring

Instrumentation such as road moisture and temperature monitors can be used as part of an advanced asset
management strategy. Unlike other techniques mentioned in this section, these tools are not in and of themselves
solutions to wet access roads but enable road managers to make detailed and informed decisions to address this
issue. Instrumentation can be installs below the surface at critical locations along a road to record real time data
on road conditions. These instruments are automated and can be set up to trigger warnings when road conditions
breach certain thresholds. Decisions can then be made regarding seasonal, or wet or warm weather hauling
shutdowns.

Chemical stabilization and additives

Chemical agents can be used to stabilize weak subgrade and lift material instead of using mechanical
reinforcement. It is important to distinguish between chemical stabilization of the subgrade which addresses the
root cause, and chemical stabilization of surface aggregate which provides some improvement but is not as
effective. This technology requires lab testing of the subgrade soil to ensure that its chemical composition is
compatible with the stabilizing agent. Moisture content must be carefully controlled at the time of application or
otherwise, the desired reaction will not happen, and the product will have little or no effect.

18
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Figure 5. Summary of 10 potential improvements and advanced solutions for wet access.

COMPARATIVE ANALYSIS OF WET, WEAK ROADS SOLUTIONS

Seeking to ensure continuous access from wet, weak roads, FPInnovations has identified 10 potential solutions;
five improvements to conventional practices and five advanced solutions. Improvements to conventional practice
are improvements to techniques that are currently used by the forest industry, while advanced solutions are
innovative techniques that are not widely exploited by the forest industry but are believed to hold considerable
promise as effective and economic means to ensure wet road access.
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The proposed solutions were evaluated using 5 criteria and assigned a rating for each according to a specific
scoring system. The 5 criteria were selected because they are the main considerations used by field practitioners
when comparing technologies. The solutions were ranked based on total score with the highest-ranking solutions
considered the strongest candidates for further study. The evaluation criteria were:

e Effectiveness: Ability to improve weak and wet road reliability for access.

e Availability of technology and knowledge/know-how: Ease of access to the product / technology and
proper usage.

e Response time to repair a road failure: Quickness of deployment and installation for emergency repairs.

e Ease of construction and implementation: Complexity, need for professional expertise, regulations
associated with the implementation of the technology.

e Relative cost: Upfront purchase and investment in capital; does not take into consideration other factors
over the expected service life such as maintenance and rehabilitation costs.

For each of the 10 identified solutions or technologies, the effectiveness, availability of technology and
knowledge/know-how, response time to repair a road failure, and ease of construction and implementation
criteria where ranked low (L), medium (M), or high (H) to indicate how well each criterion was satisfied and these
ratings were then assigned a score of 1, 2, or 3, respectively. Relative cost (technology purchase and installation
cost) was rated using $ (low cost), $$ (medium cost), or $S$ (high cost) and these ratings were then assigned a
score of 3, 2, or 1, respectively. Each solution was assigned a total score out of a possible 15 equal to the sum of
its criteria scores.

Table 2 displays the scores attributed to each criterion for the 10 identified solutions as well as their associated
FPInnovations score values. The improvements to conventional practices received higher scores than the
advanced solutions. This is primarily because the improvements to conventional practice are more readily
available and generally less expensive than the higher cost and more involved advanced solutions. This is not to
say that the advanced solutions are not as effective. They are simply less commonly applied by the forest industry.
Field trials will be able to dispel certain misconceptions about them and validate their effectiveness.

The goal was to select the top two ranking improvements and top three ranking advanced solutions to move
forward with in field trials in the coming years. Corduroy and mat reinforcement (score = 13.5), and road
seasoning (12.5) ranked the highest out of the improvements to conventional practices; however, because an
extensive study on road seasoning was recently completed, the third highest scoring option, compaction (12), was
selected. Proactive drainage systems and increased cross-drain and culvert capacity received the same score as
road seasoning but where not selected for field trials because their benefits would be much more difficult to
quantify. The top three advanced solutions were as follows: tire pressure control systems (10.5), reinforcement
and moisture management geosynthetics (10), and geocell reinforcement (10). This makes a total of five
potential solutions or technologies to be field tested; however, additional collaborations on any of the 10 solutions
may still be possible. A Life cycle cost analysis (LCCA) will also be conducted on each of the technologies that will
be tested to quantify their long-term economic efficiency.

20



Table 2. Comparative analysis of improvements and advanced solutions for wet, weak roads

Availability of Response time to Ease of .
Wet access . . . Relative
solutions Effectiveness technology and repalr a road c.onstructlon ‘tmd cost Total Score
knowledge/ know-how failure implementation
Improvements to state of practice
Corduroy and
Access mats H H (corduroy) — M (mats) H H S 13.5
Roac! M-H H L H S 12.5
seasoning
Compaction M-H H L M S 12
Proactive
drainage M H L H S 12
systems
Larger culverts M H L H S 12
Advanced solutions
TPCS M H L-M M SS 10.5
Reinforcement
and moisture
management M-H H M LM 2$2 10
geosynthetics
 Geocel H M M-H L-M $$3 10
reinforcement
Condition-
based access M H L L $$-55S 8.5
management
Chemical
stabilization L M L L SSS 6

(subgrade, lift)

H = high, M = medium, L = low; S = low relative cost, $$ = medium relative cost, $S$ = high relative cost

Rank
Score

Ranking and scoring system for evaluating potential solutions

H-M

M M-L

L $5%

$65-85 | 8%

$5-5

2.5

2 1.5

1 1

1.5 2

2.5
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Canadian forestry operations are experiencing challenges to maintain access to timber supplies. Persistent, and in
some regions increasingly wet conditions are negatively impacting performance of low standard (tertiary)
resource roads. With a reduction in road bearing capacity and reliability, there have been access interruptions and
increased road maintenance and fibre delivery costs. There is a need to develop techniques and solutions to
address these challenges and ensure continuous access to fibre.

The purpose of this research was to:
e Develop a better understanding of the causes of wet, weak sections on Canadian resource roads.
e Document the current state-of-practice of responses to wet, weak road sections.
e Propose best practices for improving conventional responses to wet, weak road challenges.
e Propose, and rank for future study, some innovative and highly effective solutions.

Common issues related to wet, weak resource roads were identified by members in a state-of-practice survey with
additional information coming from the literature. The issues include inadequate drainage systems, diversion of
natural drainage patterns, lack of efficient solutions for removing water out of the road materials, and inadequate
planning, design, layout, construction, and maintenance practices.

The chief focus of this project is to create sustainable, reliable, timber access and this includes aspects of soil
consolidation and drainage, bearing capacity improvement, road user safety, log hauling productivity, costs of
road construction and maintenance, and environmental impacts. Forest road practitioners should familiarize
themselves with and use the numerous best practices detailed in this report to improve resource road planning,
design, layout, construction, use, and maintenance, especially as it pertains to wet areas. As an example, failing
to construct roads with uniform geometry, appropriate drainage systems, compaction or good quality materials
can tremendously decrease the reliability of any technique that is meant to solve wet, weak road challenges.

Seeking to ensure continuous access from wet, weak roads, FPInnovations identified 10 potential solutions: five
improvements to conventional practices and six advanced solutions. Improvements to conventional practice are
improvements to techniques that are currently used by the forest industry, while advanced solutions are
innovative techniques that are not widely exploited by the forest industry but are believed to hold considerable
promise as effective and economic means to ensure wet road access. All the proposed solutions were compared
using 5 criteria and ranked according to total score.

The two highest ranked improvements to conventional practices and three of the highest ranked advanced
solutions were selected for further investigation starting in 2021 (field trials and life cycle cost analyses). Of the
improvements to conventional practices, compaction technologies and the use of corduroy and mat
reinforcement were selected. Of for the advanced solutions, tire pressure control systems, geocells, and moisture
management geosynthetics were selected. An LCCA will be conducted to quantify the long-term economic
efficiency of each of the technologies and solutions that will be tested on the field.
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