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Abstract 
During the winter of 1998–99, the Forest Engineering Research Institute of Canada (FERIC) and Quebec’s Ministère des 
Ressources Naturelles evaluated three methods of installing temporary stream crossings on winter roads. This report pro-
vides a detailed evaluation of the following three structures: a culvert stabilized with snow, a culvert stabilized with tree 
stems, and a crossing made solely from compacted snow. The study showed that these temporary structures could elimi-
nate sedimentation of the streams and were generally less expensive than permanent structures. 
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Summary 
 

During the winter of 1998–99, the Forest Engineering 
Research Institute of Canada (FERIC) and the Ministère 
des Ressources Naturelles du Quebec evaluated three 
new methods for installing temporary structures for 
crossing streams on winter roads. Depending on the 
form of the stream and its surroundings, we used a cul-
vert stabilized by snow, a culvert covered by tree stems, 
or a crossing made by filling the stream with a large 
quantity of snow and compacting the snow. In all, 
19 structures were installed under typical Quebec winter 
conditions. The costs were estimated for the installation 
and removal of these structures. Sedimentation of 
aquatic ecosystems, damage to the stream banks and 
stream bed, and obstructions to the free flow of water 
were also assessed during the summer of 1999. 

The results demonstrated that the use of temporary 
structures could eliminate sedimentation of streams 
and that the structures were generally less expensive 
than permanent structures. Even though satisfactory 
results were obtained in 1998–99, some practices during 
the installation and removal of these structures must be 
modified so as to limit the losses of wood fiber and of 
materials (geotextile membranes and culverts), as well 
as to ensure maximum protection of the stream. For 

example, to reduce the losses of geotextile membranes 
and culverts during the removal of structures in perma-
nent streams, builders must determine whether a struc-
ture made only from compacted snow could permit safe 
haul operations while providing adequate protection for 
the stream. Strengthening the culverts, providing han-
dles of some sort to facilitate their removal, and posi-
tioning the culverts so they only need to transmit over-
flowing meltwater (water in addition to the stream 
itself) would also contribute to reducing culvert losses. 
To maximize protection of the stream, each installation 
should limit the use of tree stems for stabilizing the cul-
verts and should differentiate the layers of added mate-
rial by marking them to facilitate their removal. 

In the future, both permanent and temporary structures 
should be considered during planning of a road network 
for winter cutovers. The final choice of method for in-
stalling a structure for crossing streams should both 
provide access to the site and reduce the impacts on 
aquatic ecosystems. The season, the weather conditions, 
the type of streams, the silvicultural work to be per-
formed, and the availability of construction materials 
are the main factors to consider when choosing an in-
stallation method. 
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1. Introduction 
Sedimentation of forest streams generally originates in 
the road network, and specifically from the erosion of 
fill materials on slopes near streams. Sedimentation may 
be more frequent on winter roads because of the diffi-
culties encountered during installation of the struc- 
tures and because the roads cannot be used during the  
summer. The difficulty in accessing this road network 
during the summer requires good planning by managers 
to accommodate future repairs or improvements to these 
structures. 

In 1996, the government made several modifications to 
its regulations on the standards for operating on Crown 
land (“RNI”, the province’s “Règlements sur les normes 
d’intervention dans les forêts du domaine publique”). 
Among other goals, these changes were designed to 
provide better protection for aquatic ecosystems. Even 
though the new regulations have led to major changes in 
the forest, permanent structures that are installed for 
crossing streams in winter harvesting areas don’t always 
meet the objectives of the regulations even today, de-
spite concerted efforts. Monitoring conducted to date by 
the Ministère des Ressources Naturelles du Quebec 
(MRNQ) has demonstrated that certain structures are 
vulnerable to erosion, thus significantly reducing their 
service life. For example, MRNQ has observed shearing 
in the road’s structure around culverts the summer after 
their installation due to a lack of compaction and the use 
of a mixture of materials in the road structure (snow, 
mineral soil, organic soil, and logging debris). Poor soil 
stabilization was often observed within 20 m of streams, 
since rocks and other materials for stabilization were 
difficult to find and position on the slopes. The weak-
nesses observed in the road structures near streams and 
a lack of stabilization can lead to sedimentation of 
aquatic ecosystems, and these sediments are known to 
have impacts on the habitats, organisms, and productiv-
ity therein. 

Road construction costs represent a large fraction of the 
delivered cost of fiber at the mill. Although winter roads 
are less expensive to build, in Quebec, these roads are 
built primarily to provide access to sites with low soil 
strength (wet or thin soils), to allow harvesting of areas 
with low volumes, to supply mills in the long term, and 
to optimize the use of machinery and workers. In Que-
bec, some companies haul up to 80% of their annual 
volume on winter roads. 

In response to erosion problems on winter roads, a 
workshop that brought a number of forestry stake-
holders together was held in November 1998 in  
Chicoutimi in an effort to develop solutions. Several 

proposals were made with the goal of finding new 
means of installing stream-crossing structures (CERFO 
1999). These proposals specifically targeted methods 
that entail installing and removing the structures before 
the spring thaw. MRNQ and FERIC’s Eastern Division 
pooled their efforts to conduct trials of the most promis-
ing methods in Quebec during the winter of 1998–99. 
The staff of Coopérative Laterrière (Laterrière), of Les 
Forestiers Rébec inc. (La Tuque) working on the limits 
of Scierie Parent Inc. (Kruger, Parent), and of Domtar 
Inc. (Matagami) performed the trials. The main goal 
was to verify whether temporary structures could meet 
the objective of protecting aquatic ecosystems, but sec-
ondary goals included developing an understanding of 
the installation and removal costs for these structures. 

This report presents the results of environmental evalua-
tions and cost analyses for the installation and removal 
of various temporary structures under winter conditions 
in Quebec, and proposes solutions for facilitating the 
installation or removal of these structures. In addition, it 
recommends that additional trials be conducted during 
the following winter. 

 

2. Trials of installation 
methods 

FERIC and MRNQ tested three installation methods. In 
the first, a culvert was positioned on top of the stream’s 
natural ice and stabilized using snow (Section 2.1, pages 
2–3). The second method consisted of compacting snow 
above and on both sides of small streams (Section 2.2, 
pages 4–5). In the third method, culverts were laid upon 
the stream bed, then were stabilized with tree stems 
(Section 2.3, pages 6–7). 

On top of each structure, a road surface was built by 
mixing the snow with granular materials. The thickness 
of the surface was limited to 15 to 20 cm to support the 
expected loads and to ensure safe transport of wood. In 
each case, the sizing of the culverts could lead to a 
maximum reduction in stream width of 65%. This re-
duction was permitted because it did not interfere with 
the typical water flow that occurred in winter and be-
cause the structure would only be in place for a brief 
period. 

The structures were installed during December 1998 
and January 1999, when the snow depth on the ground 
ranged between 0.3 and 1.5 m. In all, 19 temporary 
stream crossings were installed, in 11 permanent 
streams and 8  intermittent streams, with stream widths 
ranging between 0.1 and 9.7 m. 
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Removal of the structures took place during the first 
weeks of March, before the spring thaw. The snow was 
left in place, but all granular and organic materials 
placed over the streams were removed; they were then 
stabilized so as to prevent the movement of soil parti-
cles into the stream. Granular materials were moved to a 
distance of between 1 and 20 m from the streams, and 
one of the following materials was used to stabilize the 
soils: straw and seeds, mats of harvesting debris, tree 
stems, or delimbing slash. At several locations, the 
road’s slope was interrupted by a drainage ditch at an 

angle of 30° to direct the flow of water on the road sur-
face towards vegetated zones. “Road closed” signs were 
installed to warn other users of the road network. 

Installation of the structures was evaluated at five loca-
tions, whereas the removal of the structures was evalu-
ated on 15 sites (Appendix 1). In addition, 16 sites on 
which there had been temporary installations were vis-
ited in the summer of 1999 to evaluate sedimentation 
and damage to the streams. 

 

 

 

2.1. Culvert plus snow 
Culverts stabilized with snow were used for some  
small intermittent streams and some permanent streams  
(Figures 1, 2, and 3). The permanent streams generally 
had a width of less than 2 m. 

Installation of the structure began with compaction of 
the snow that covered the ice of the streams using an 
excavator’s bucket. A culvert was then positioned atop 
the snow, and covered with all the remaining snow 
available on the site. Approaches to the streams were 
also covered with snow by the excavator to an average 
distance of 4 to 10 m on each side of the stream; a 

minimum of 10 m is recommended. Compaction was 
done in the same manner as for permanent structures to 
ensure adequate bearing capacity. The snow occasion-
ally included debris such as pieces of wood, branches 
and splinters, and even some organic soil. 

For some installations, a non-woven geotextile mem-
brane was installed before adding the final layer of 
granular materials that made up the road surface, so as to 
facilitate the removal of the structure. Some installations 
were also done without using the geotextile membranes.

Figure 1. A temporary culvert stabilized with snow. 
 



 

 

2.1.1 Installation of the structure 

Installation of these structures in small streams using an 
excavator was fast and easy; the average installation 
time was 1.4 productive machine hours (PMH). On one 
site, a bulldozer and an excavator worked together, but 
took the same amount of time to complete the installa-
tion. 

The main problem encountered by the workers at some 
locations was a lack of snow; even with 1 m of snow on 
the ground, snow depth was reduced by 70% after com-
paction, and this proved inadequate for the larger 
streams. The bulldozer and the excavator working to-
gether proved more efficient than the excavator working 
alone, since the bulldozer was more efficient at moving 
snow. 

 

2.1.2 Removal of the structure 

The excavator took an average of 1.7 PMH to remove 
the structures, including removal of the road surface, 
stabilization of bare soil, and diversion of water flow 
along the surface of the road. On average, the material of 
the road surface was moved 14 m from the stream. De-
limbing slash was then spread over a distance of several 
metres so as to impede erosion and prevent leaching of 
soil particles into the stream as a result of rain. Where 
branches had been left on the cutover during delimbing 
and were thus unavailable, straw and seeds were used 
instead, and were spread over the approaches to the 
streams after removal of the structure (Figure 6). 

 

 

 

 

o
 

m

Figure 2. A road surface installed 
ver a culvert stabilized with snow. 
3 

 

Figure 3. A temporary stream-crossing 
ade from a culvert stabilized with snow. 
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2.2 Snow structure with no 
culvert 

The installation method for these structures was similar 
to that for the culverts stabilized with snow. Stream 
crossings built solely from compacted snow were tested 
for crossing intermittent streams and small permanent 
streams. The maximum width of the stream in these tri-
als was 1.3 m. Along the approach to the stream and on 
the stream itself, the layer of natural snow was first 
compacted using an excavator’s bucket. A large quantity 
of snow was then added on both sides of the stream over 

a distance of 5 to 10 m (Figure 4); a minimum of 10 m is 
recommended. This snow was then covered with a road 
surface composed of a thin layer of granular materials 
mixed with the snow (Figure 5). 

When installing this type of structure, the snow layer 
must be wider than the road surface. This facilitates the 
removal of the granular materials used in the road sur-
face. 

 

 

 

 

 

 

 

Figure 4. A temporary structure made from compacted snow. 
 

.
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2.2.1 Installation of the structure 

Use of this method was limited to intermittent streams 
and small permanent streams, since the flow of water in 
larger streams can weaken the crossing and render it 
unsafe. The time required by the excavator to install the 
structures averaged 1.4 PMH. 

 

 

2.2.2 Removal of the structure 

Removal of the road surface, stabilization of the soils 
along the approaches, and control of flows of surface 
water were similar to those described for the structures 
based on culverts stabilized with snow. The mean time 
required to remove snow-only structures was 0.6 PMH, 
which represents about one-third the time required to 
remove culverts stabilized with snow. This time savings 
results from the fact that operators must take particular 
care to avoid damaging culverts that could be reused in 
the future. 

 

 

 

 

 

 

Figure 5. A road surface installed 
on compacted snow. 

 

Figure 6. The use of straw and seeds 
to stabilize the approaches. 
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2.3 Culvert plus tree stems 
In more northern areas, where freezing conditions arrive 
earlier in the season (e.g., November), forestry compa-
nies begin building their winter roads with the arrival  
of the first snows. Since snow can be relatively scarce, 
the use of wood to stabilize the culverts was tested  
(Figure 7). Apart from problems with obtaining adequate 
snow, this technique was preferred because of improved 
user safety, as the streams were 0.4 to 9.7 m wide and 
fast-running in some cases. If a snow cover had been 
used, passage of the water would have gradually under-
mined and weakened the structure. 

 

 

During installation of these structures, the excavator 
broke any ice that covered the stream, then positioned 
the culvert in the stream. Because of the stream width in 
some of these installations, it was often necessary to use 
more than one culvert (Figure 8). Workers covered the 
culvert or culverts with a geotextile membrane, then a 
feller-buncher equipped with a full-tilt felling head posi-
tioned the tree stems parallel to the culverts until they 
were covered (Figure 9). Geotextile membranes were 
also laid on each bank (for a minimum distance of 3 m 
on either side of the crossing). A cable skidder supplied 
the feller-buncher as the construction progressed. The 
excavator and a bulldozer finished the job by adding a 
layer of granular material and snow for the road surface. 

 

 

 

 

 

 

 

Figure 7. A temporary structure based on a culvert stabilized with tree stems. 
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2.3.1 Installation of the structure 

Installation time for streams with widths of greater than 
2.5 m averaged 6.5 PMH, versus 1.5 PMH for streams 
narrower than 2.5 m. Information on the installations 
was collected by Domtar’s field staff as well as the staff 
of MRNQ’s Windigo–Gouin Management Unit. 

2.3.2 Removal of the structure 

Removal of the structures installed in small streams 
(<2.5 m) took an average of 1.6 PMH, versus 4.6 PMH 
for the larger streams. All the removal work was per-
formed by the excavator, and most of the tree stems 
were broken during handling; only some could be recov-
ered. The damaged trees were distributed uniformly 
along the approaches so as to form a carpet of logs (Fig-
ure 10). Branches from piles of delimbing debris were 
also added to impede sedimentation and provide addi-
tional protection to the streams. 

 

 

Figure 8. The arrangement of multiple culverts 
in a stream. 

 
 
 
 

Figure 9. The addition of tree stems 
on top of the geotextile membrane. 

 
 
 
 
 

Figure 10. Logs and delimbing slash 
used to stabilize the approaches to the stream 

and control erosion. 
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3. Evaluation of erosion 
and of stream 
deterioration 

An evaluation of the levels of erosion and of stream de-
terioration was carried out at 16 of the sites to verify 
whether the temporary structures met the following ob-
jectives of the MRNQ regulations: 

• Avoid the sedimentation of aquatic ecosystems aris-
ing from exposed or bare soil. 

• Avoid erosion of the stream’s bed and minimize 
damage to the banks of the streams. 

• Ensure the free flow of water during predicted peri-
ods of peak flow. 

 

3.1 Sedimentation 
Sedimentation of aquatic ecosystems is generally created 
by the action of water on forest soils or the granular ma-
terials used during road construction. Sedimentation can 
also occur during the installation or removal of a struc-
ture. 

To verify the amount of sedimentation in the streams, 
the following elements were assessed: 

• the distance between the stream and the granular 
materials left in place; 

• the presence of erosion channels on non-stabilized 
surfaces and the presence of sediments at the base 
of a slope; and 

• merging of surface flows with the stream. 

 

3.2 Erosion of the stream bed 
and damage to the banks 

Erosion of the stream bed and damage to banks can be 
caused by increases in the stream’s flow speed or by 
modifications in the direction of flow. Erosion of the bed 
or damage to the banks can also be created during instal-
lation or removal of the structure. To characterize the 
erosion of the bed and the damage to the banks, FERIC 
and MRNQ assessed the following elements: 

• traces of machine passage on the banks or in the 
stream bed; 

• damage caused by the excavator’s bucket during 
installation or removal of the structure; 

• modifications to the flow of water (including the 
action of water on the stream’s bed and banks); and 

• re-establishment of vegetation on the banks and on 
the road’s surface. 

 

3.3 Free flow of water 
An accumulation of debris at certain locations within  
a stream can sometimes create obstacles that interfere 
with the free flow of water and the passage of aquatic 
organisms. During the summer evaluations, FERIC and 
MRNQ assessed the amounts of debris in the streams. 

 

4. Results 
4.1 Evaluation of erosion and of 

stream deterioration 

4.1.1 Sedimentation 

No rain channels were observed that led into aquatic 
ecosystems, either on the road surface or within 20 m of 
each stream (Figure 11). At some locations (20% of the 
cases), small erosion channels were observed, but the 
sediments at the end of the channels remained within the 
road surface. Our general impression for all the study 
sites was that rainwater does not flow over the slopes 
and road surfaces of winter roads built from a mixture of 
snow, plant debris, humus, and mineral soil. Because 
water infiltrates the road’s structure, it does not concen-
trate at the foot of slopes, and erosion channels do not 
form close to streams. 

The work performed during the removal of the structures 
also helped counteract sedimentation of aquatic ecosys-
tems. The granular materials used in the road structure 
were moved 20 m or more from the streams, and materi-
als left in place within that 20-m distance were stabilized 
using plants or organic matter (straw plus seeding, 
branches, or tree stems) after removal of the crossing. In 
addition, when the road’s slope directed a large quantity 
of water towards the stream, the road’s road surface was 
divided with a drainage ditch so as to direct water to-
wards the vegetation beside the road. During the sum-
mer evaluations, water flowed only short distances along 
the surfaces of roads on slopes, and rarely even reached 
the drainage ditches. Even though these ditches were of 
little use in the summer, when water infiltrates the road 
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well, they effectively channel runoff that forms on the 
surface of frozen roads during the spring thaw. This 
meltwater runoff can carry granular materials downslope 
to where the temporary crossing was installed. 

 

Figure 11. Revegetation of the area 
within 20 m of the stream. 

 

 
Although the granular materials left within 20 m of a 
stream were stabilized, small patches of exposed mineral 
soil were still found on the banks of 50% of the streams. 
In general, their erosion carried little sediment into the 
streams. It’s important to emphasize that granular mate-
rials deposited on the stream banks can delay revegeta-
tion. 

 

4.1.2 Erosion of the stream bed and 
damage to the banks 

Disturbances to the stream bed were observed at two 
locations during the evaluations conducted at 16 sites. 
At one location, the stream’s bed had been disturbed 
because the temporary structure was installed when 
snow was scarce and the boundaries of the stream were 
difficult to locate. As such, rather than covering the cul-
vert with snow, the installation used tree stems, which 
later became displaced on the poorly drained soils. At  
another location, the disturbance of the stream’s bed 
seems to have been caused during removal of the struc-

ture, when the teeth of the excavator’s bucket appear to 
have dug into the stream bed while removing the culvert. 

Damage to the banks was observed at 50% of the sites. 
In general, the damage only affected small patches of 
ground (up to 2 m), and was associated primarily with 
work performed during the removal of the structure. At 
this time, the excavator’s bucket can damage the banks 
of a stream if the road construction materials were diffi-
cult to distinguish from the original stream structure 
(i.e., they were indistinct or not sufficiently distinct). 

 

4.1.3 The free flow of water 

In general, little debris was left in the streams, and this 
ensured the free flow of water in most cases. Modifica-
tion of the stream’s flow was observed at only 1 of the 
16 locations, as a result of damage to the banks and of 
the presence of debris in the stream. This site had a 
small permanent stream running through a poorly 
drained soil. In all other cases, none of the three installa-
tion techniques affected streamflow. 

Debris that did not interfere with the flow of water was 
observed in several streams. Although such material 
may be found naturally in streams, it was more abundant 
when the installation used tree stems to cover the culvert 
(Figure 12). 

Figure 12. Debris left in a stream.
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4.2 Cost analysis 

Table 1 presents a comparison of the relative costs of 
two temporary structures (culverts plus snow, and snow 
alone) and of comparable permanent structures. Both 
methods for installing temporary structures that didn’t 
use tree stems were less expensive than permanent struc-
tures for crossing intermittent or permanent streams 
(Figures 13 and 14). The structure built from culverts 
plus snow proved to be 29% less expensive than a com-
parable permanent structure built without diversion of 
the stream during installation and 69% less expensive 
than a permanent structure that requires stream diver-
sion. Costs decreased by 68 and 86%, respectively, for 
structures built from snow alone. The additional ex-
penses for the permanent structures can be attributed to 
the diversion of the stream, the cost of culverts large 
enough to meet peak-flow demands, the stabilization of 

the slopes around and within 20 m of the streams, and 
the work required for maintenance of the structures, de-
pending on the type of installation. Permanent structures 
generally require at least 2 hours of maintenance in the 
season after the installation. 

If tree stems are used to stabilize a temporary culvert, 
the installation cost for temporary and permanent struc-
tures would be comparable for streams less than 0.5 m 
wide, at around $600. However, for larger streams, the 
cost of a permanent structure increases significantly; for 
example, it is nearly four times that of the temporary 
structure ($14 000 versus $3600) for an 8-m stream. 
Figure 14 compares the costs of temporary structures 
stabilized using trees and permanent structures with 
wood retaining walls. Details of the cost comparison 
used to produce this graph appear in Appendices 2  
and 3. 

 

 

Table 1. Comparison of the costs of temporary and permanent structuresa 
 Time (PMH)  Cost ($) 

 Instal-
lation Removal 

Maint-
enance 
with an 
exca-
vatorb 

 
Materials 

(9-m 
length) 

Laborc Exca-
vatord Total 

Recovery 
of culvert 
(income) 

Net 

Temporary          
   Culvert (300 mm)  
      with snow 1.38 1.73 n.a.  117 78 311 1506 36e 1470 

   Snow alone 1.44 0.58 n.a.  
 n.a. n.a. 202 1202 n.a. 1202 

Permanent          
   Culvert (450 mm)  
      with no stream diversion 2.50 n.a. 1.00  245f 63 350 1658 n.a. 1658 

   Culvert (450 mm )  
      with stream diversion 7.50 n.a. 1.00  245f 375 850 1470 n.a. 1470 

 
Savings compared with permanent installation 

Savings 
($) 

     No stream diversion required  - Culvert with snow 
    - Snow alone 

188 
456 

     Stream diversion required  - Culvert with snow 
    - Snow alone 

1000 
1268 

a PMH = productive machine hours, n.a. = not applicable 
b 2 PMH of work is required per culvert in 50% of the installations. 
c Labor cost = $25/PMH; two workers are required for stream diversion. 
d Cost of the excavator = $100/PMH. 
e On average, a 2.8-m section would be recovered. 
f A geotextile membrane is included. 
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Figure 13. Relative costs 
of permanent and temporary structures. 

 

Figure 14. Comparison of the installation cost 
for a permanent structure with wood retaining 

walls and the cost of a temporary structure 
stabilized with tree stems. 

 

5. Discussion 
In Quebec, the current regulations offer four alternatives 
for the installation of structures for crossing streams in 
winter harvesting areas. The province’s “Règlements sur 
les normes d’intervention dans les forêts du domaine 

publique” permit the installation of a standard bridge, a 
plank bridge, an ice bridge, or a permanent structure 
based on a culvert wherever roads cross a stream. The 
plank bridge and the ice bridge are two temporary instal-
lations that require some expertise to ensure the safety of 
users; the plank bridge must be supported by proper 
footings, and ice bridges installed on wide rivers require 
maintenance and careful monitoring. Both approaches 
generally ensure good protection of aquatic ecosystems, 
particularly if efforts are taken to stabilize the ap-
proaches to the stream. 

Conversely, the installation of permanent structures 
based on culverts does not always meet the protection 
objectives for aquatic ecosystems. The most common 
problems encountered with permanent structures in win-
ter harvesting areas involve inadequate stabilization, 
improper sizing of the culvert to meet peak-flow re-
quirements, and collapse or shearing of the fill materials 
into the streams. Collapse is generally caused by melting 
of snow that is mixed with the fill material that stabilizes 
the culvert. During the thaw, water drains from the fill, 
and the gaps it creates permit movement of the granular 
materials; the loose material that results also represents a 
source of sediment that can move into aquatic ecosys-
tems. In the worst case, all the fill material surrounding 
the culvert enters the stream (Dubé and Dostie 1997). To 
correct these problems and ensure the durability of the 
structures, company staff must return to the site during 
the summer after the installation. This type of mainte-
nance is quite expensive. 

The trials conducted by FERIC and MRNQ during the 
winter of 1998–99 demonstrated that it is possible to 
meet the protection objectives for aquatic ecosystems 
through the use of temporary structures. In general, little 
sediment had entered the streams on the 16 study sites 
visited during the summer of 1999. The nature of the 
various elements used for road construction, removal of 
granular material from proximity to the streams, and 
stabilization of the work area limited surface flows that 
could have transported sediments into the aquatic eco-
systems. When it rains, water rapidly infiltrates the road 
structure and the woody debris left in place on the road 
surface. 

As well, even though some damage to stream banks oc-
curred, this damage mostly had little impact on the 
aquatic ecosystem since it covered only small areas. In 
general, the majority of the banks was left intact, and the 
stream bed showed little disturbance; this ensured the 
free flow of water. 

The observations made by MRNQ and FERIC suggest 
that the best protection of aquatic ecosystems can be 
obtained when installation of the crossing is carried out 
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in full winter. The frozen ground and abundant snow  
(a minimum of 1 m) provide adequate protection of 
streams. It is also easier to limit the damage to aquatic 
ecosystems when the installation is performed on solid 
banks with good drainage. In this case, the boundaries of 
the stream are also well defined and easy to locate. 

The use of temporary structures also provides mid- and 
long-term protection for aquatic ecosystems because the 
approach removes granular materials from around the 
streams and aids the recovery of vegetation on the banks 
of the stream. During the summer following the removal 
of the structures in the present study, plants had already 
begun to revegetate several of the stream banks. No 
maintenance was thus required during the summer after 
the first spring thaw. Our observations lead us to believe 
that the approaches to the streams will not deteriorate 
over time (Figure 15). 

 

Figure 15. Revegetation of the stream banks. 
 

 

The three temporary stream crossings in the present 
study were generally less expensive than the installation 
of comparable permanent structures. The least expensive 
structure for small streams was a crossing built from 
snow alone ($202). Compared with a permanent 
structure based on 450-mm culvert, the savings would 
be $456 without diversion of the stream, and $1268 with 
stream diversion. The installation of culverts stabilized 
with snow is more expensive, even though it remains 
less expensive than a permanent structure; the savings 
would be $188 without stream diversion and $1000 with 
stream diversion. 

 

The installation of a temporary culvert stabilized with 
tree stems was not more economical for streams nar-
rower than 0.5 m. However, significant savings can be 
attained for larger streams; these savings range from 
$2400 for a 2.5-m stream to $10 000  for an 8-m span. 

The trials performed in the winter of 1998–99 also re-
vealed certain problems during the installation and 
removal of the crossing structures. Undoubtedly, solu-
tions aimed at improving certain of the work practices 
should be tested over the course of the winter of 1999–
2000. A significant loss of wood fiber generally occurs 
as a result of handling the tree stems during the installa-
tion and removal of structures stabilized with tree stems. 
This suggests that it would be desirable to replace the 
tree stems with the tops of trees. If this is impossible, 
managers should try to obtain equipment better adapted 
to handling the tree stems. For example, a tree-length 
loader or an excavator equipped with a hydraulic thumb 
would be more effective (Figure 16). 

As well, breakage of several culverts occurred during 
removal of the structures, and these culverts would 
not be reusable. The length of the recovered culverts 
averaged 2.8 m for 9-m culverts (Figure 17). To facili-
tate their removal, the culverts should touch the water as 
little as possible and should serve only to handle the 
overflow (e.g., from melting). When the culverts lie di-
rectly in the water, their interiors clog up as a result of 
ice formation, and they become quite heavy (Figure 18). 
The culverts surrounded by snow and stabilized with 
tree stems were easier to remove. To reduce culverts 
losses, stronger culverts could be used, and it would also 
be possible to reinforce the culverts or attach handles of 
some sort to facilitate handling. 

 

Figure 16. An excavator equipped 
with a hydraulic thumb.
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Figure 17. Damaged and recoverable culverts. 
 

Figure 18. Ice formation within a culvert. 
 
 

A common difficulty during the removal of the struc-
tures was identifying the granular materials that must be 
moved away from the stream. There is often micro-relief 
near streams that makes it very difficult to distinguish 
the mixture of granular materials and snow from the 
original forest soil. To resolve this problem, builders 
should increase the distinction between the added mate-
rial and what was already present during the installation 
of the structure. To do so, flagging tape should be placed 
on the surface of the snow before adding the mixture of 
earth and snow that forms the road surface. During re-
moval of the structure, only the material above the tape 
would have to be moved away from the stream. 

Building a temporary structure on a winter road when 
the snow is less than 1 m deep also poses a challenge. 
The quantity of snow is important, since the snow must 
be compacted above the streams. In the absence of suffi-
cient snow, it may be preferable to complete the installa-

tion in two stages. The first  stage would ensure safe 
passage of the harvesting machinery (harvesters, skid-
ders, or forwarders), and the second, once the snow is 
sufficiently deep, would permit the transport of wood. 
Another potential strategy for building a temporary 
structure when there is insufficient snow would be to use 
two or more culverts with smaller diameters than that of 
a single culvert. Filling in the space around multiple 
culverts requires less snow, particularly when the slope 
of the approaches to the stream is gentle. 

To ensure that these temporary structures provide ade-
quate protection for aquatic ecosystems, certain prac-
tices normally used during the construction of perma-
nent roads should be modified. It is essential to teach the 
equipment operators not to place mineral soil along the 
banks of streams, even when building the crossing re-
quires them to reduce the slope of the banks to permit 
heavy vehicles to cross the temporary structure. For a 
temporary structure in winter, mineral soil should not 
come within 10 m of a stream. Instead, the approaches to 
streams must be built using snow or woody debris. 

 

 

6. Conclusions 
The trials described in this report demonstrate both that 
the temporary structures can meet the objectives of pro-
tection of aquatic ecosystems and that they can generally 
be built for a lower cost than comparable permanent 
structures. The evaluations performed in 1998–99 identi-
fied the following advantages and disadvantages of  
using temporary structures: 

Advantages of temporary structures 

1. They protect the aquatic ecosystem and 
aquatic organisms: 

 
• In general, these structures produce no sedimenta-

tion in streams during the first spring thaw and in 
the long term as a result of removing the structure. 

• The bed and banks of the stream generally remain 
in very good condition. 

• After the spring thaw, these structures ensure the 
free flow of water and free passage of fish. 

• Erosion on the road surfaces can be controlled by 
creating drainage ditches within the road during 
removal of the structure. 
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2. The temporary structures provide savings: 
 

• particularly when on-site materials (snow and tree 
stems) can be used, and as a result of the short in-
stallation and removal times; 

• when the culverts can be reused for other struc-
tures; 

• because the size of the culverts can be as little as 
65% of the stream width (they need not be de-
signed to handle water levels predicted by peak-
flow calculations); and 

• because it is possible to reduce the volume of fill 
material around culverts while still ensuring safe 
transport of wood. 

 

Disadvantages of temporary structures 

• The period in which these structure can be installed 
is limited, since the construction materials (snow or 
delimbed trees) are not always available. 

• Snow structures can break up during use if the 
spring thaw comes earlier than expected. 

• The banks of streams can be damaged during re-
moval of the structure if they are not clearly 
marked. 

• Debris and granular materials can be left on the 
banks if the required precautions were not taken 
during installation. 

• The construction machinery must return before the 
thaw to remove the structure. 

• Damaged culverts must be disposed of, and this 
represents an additional cost as well as a waste-
management problem. 

• Even though forestry roads built in winter harvest-
ing areas can’t normally be used in summer, the in-
stallation of temporary structures can leave some 
portions of a site totally inaccessible. 

• Wood fiber (the tree stems used in the structure) 
may be lost, and the fiber quality of stems recovered 
and hauled to the mill is also reduced. 

 

Given that snow is so important in the installation of a 
temporary structure and that continued access to sites is 
essential, permanent structures should be built in accor-
dance with the “rules of the art” where materials for sta-
bilization (rocks) and granular materials are available. In 
this case, high-quality materials should be chosen to 
stabilize culverts. Mixtures of mineral soil, humus, tree 
stems, and snow should be avoided, since they will col-
lapse after the first thaw, thereby reducing the service 
life of the structure. 

When the snow is sufficiently abundant and a permanent 
structure is not essential to ensure access to the site, or 
when access is not required for subsequent needs (e.g., 
forestry followups, management work, other users), the 
installation of a culvert stabilized with snow or of a 
structure made entirely from snow would be less expen-
sive and would better limit sedimentation of streams. 
When snow is scarce, a temporary culvert could be 
stabilized with the tops of trees rather than tree stems. 

Although temporary structures can be an attractive  
option for managers, their installation should not limit 
access to a large area. Accessibility needs should always 
be considered before choosing the type of structure for a 
given stream. 

 

 

7. Recommendations 
The three methods for installing temporary stream cross-
ings discussed in this report can all eliminate sedimenta-
tion of aquatic ecosystems. Because these structures are 
generally less expensive than permanent structures, we 
recommend: 

1. That MRNQ make the following methods opera-
tionally available starting in the winter of 1999–
2000 where permanent structures are not essen-
tial to ensure access to the site or where future 
access is not required: 

 
• structures built from snow alone (with a mini-

mum thickness of 1 m of snow on the ground), 
for small permanent and intermittent streams; 

• structures installed atop the ice of streams, and 
which use a culvert and snow (with a minimum 
thickness of 1 m of snow on the ground); and 

• structures composed of a culvert, a geotextile 
membrane, and tree stems, for use when the 
stream banks are well-defined and the ap-
proaches are well drained. 

 

2. That anyone who builds a temporary structure 
respect the following practices: 

 
• Do not place mineral soil within 10 m of a 

stream during the installation of a winter road. 
In this zone and below the road surface, use 
only snow, woody debris, or a combination of 
the two. Between 10 and 20 m from a stream, 
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mixtures of snow, mineral soil, organic soil, 
and woody debris could be acceptable for use in 
the first layer of the road structure. 

• Use flagging tape and stakes to mark the stream 
banks and the material that must be moved 
away from the stream. 

• Use steel culverts in large streams with strong 
currents, since plastic culverts float and are  
thus more difficult to install. In addition,  
most manufacturers cannot provide corrugated  
plastic culverts with a diameter greater than 
900 mm. 

• Limit the thickness of the road surface (granu-
lar materials plus snow) to 20 cm. 

• Remove the structure before the first spring 
thaw. 

 

3. That anyone who removes a temporary structure 
respect the following practices: 

 
• Move granular material from the road surface 

to a minimum of 20 m from the stream. 
• Stabilize bare soil within 20 m of a stream  

using delimbing slash or seeded straw. The use  
of these materials should never limit access to  
the site by future users, and should promote 
revegetation. 

• Build drainage ditches in roads on slopes to di-
rect water from the road surface away from the 
stream and into surrounding vegetated zones. 

 

4. That builders avoid the use of tree stems when 
the approaches to a stream are poorly drained. 

 

5. That builders make detailed installation methods 
available to those who will use them, and provide 
adequate training. During the winter of 2000, 
MRNQ Management Unit staff should provide 
this training and monitor the installation, re-
moval, and verification of sedimentation in the 
following summer. 

6. That tests continue during the winter of 1999–
2000 to investigate how to limit the losses of ma-
terial (trees, culverts, and geotextile membranes) 
during the removal of the structures. For exam-
ple, this could include trials of using handles on 
culverts to facilitate handling, or using stronger 
or reinforced culverts to limit the losses. 

 

7. That builders should use a loader or an excava-
tor equipped with a hydraulic thumb, since such 
equipment handles the construction materials 
more efficiently and could further reduce the 
costs, particularly for structures built using tree 
stems. 
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Appendix 1 
Characteristics of the streams 

and evaluations of temporary structures 
on winter cutovers in 1998–99 

 

 Methoda Stream Width (m) Installation Removal Erosion 

Site       

Rébec-05 1 Permanent 2 X  X 

Rébec-07 1 Permanent 4   X 

Rébec-08 1 Permanent 2  X X 

Rébec-09 1 Permanent 1 X X X 

       

Coop-01 2 Intermittent 0.1 X  X 

Coop-02 1 Permanent 2 X X X 

Coop-03 2 Permanent 1.3   X 

Coop-04 1 Permanent 2 X X X 

Coop-12 2 Intermittent 0.1  X X 

Coop-13 2 Intermittent 0.1  X X 

Coop-14 2 Intermittent 0.1  X X 

Coop-15 2 Intermittent 0.3  X  

Coop-16 2 Intermittent 0.3  X  

Coop-17 2 Intermittent 0.8  X X 

       

Domtar-18 3 Intermittent 0.4  X  

Domtar-19 3 Permanent 2.5  X X 

Domtar-20 3 Permanent 1.6  X X 

Domtar-21 3 Permanent 9.7  X X 

Domtar-22 3 Permanent 6.2  X X 

Total    5 15 16 
a 1 = culvert plus snow 

2 = snow only 
3 = culvert plus tree stems 

 



 

 

 
 

Appendix 2 
Installation costs for permanent structures 

with wood retaining walls 
 

Quantity or time required, and cost ($) 
 

 Number  
of culverts/ 
diam. (mm)/ 
length (m)a 

Culvert 
cost 
($) 

Geotextile 
@ 

$1.60/m² 

Excavator 
@ 

$100/PMH 

Bulldozer 
@ 

$100/PMH 

Labor 
@ 

$25/PMH 

Wood 
@ 

$13/m³ 

Total  
installation  

cost ($) 

Width (m)         

0.4 1/450/9 (P) — 21 m² 2.5 PMH — 2.5 PMH 1 m³ — 

  212 34 250 — 63 13 571 
 

1.3 1/1200/9 (S) — 30 m² 3 PMH — 3 PMH 2 m³ — 

  948 48 300 — 75 26 1 397 
 

2.5 1/2000/9 (S) — 40 m² 7 PMH 4 PMH 7 PMH 4 m³ — 

  2 336 64 700 400 175 52 3 727 
 

6.2 2/2400/12 (S) — 98 m² 12 PMH 8 PMH 12 PMH 8 m³ — 

  9 218 157 1 200 800 300 104 11 779 
 

9.7 3/2400/12 (S) — 140 m² 17 PMH 12 PMH 17 PMH 10 m³ — 

  13 827 224 1 700 1 200 425 130 17 506 
a P = plastic; S = steel. 



 

 

 
Appendix 3 

Cost estimates for a temporary structure 
stabilized with wood 

Installation  
(quantity or time required, and cost)a 

Removal  
(quantity or time required, and cost)a 

 
 
 
 
 
 

Culvertb 
number/ 

diam. (mm)/ 
length (m) 

Culvert 
cost 
($) 

Geo-
textile  

@ 
$1.60/m² 

($) 

Ex-
cavator 

($) 

Feller-
buncher 

($) 

Loader 
($) 

Bulldozer 
($) 

Skidder 
($) 

Labor 
($) 

Wood  
@ 

$13/m³ 
($) 

Ex-
cavator 

($) 

Labor 
($) 

Wood 
recovered 

@ 
$13/m³ 

($) 

Culverts 
recovered 

($) 

Total 
cost 
($) 

Length (m)                
0.4 1/450/9 — 40 m² — 0.75 PMH — 0.5 PMH — 1.25 PMH 5 m³ 1.3 PMH 1.3 PMH — —  

  212 64 — 82.5 — 50 — 31.25 65 130 32.5 — — 667 
                

1.2 1/600/9 — 40 m² — 1 PMH — 0.5 PMH — 1.5 PMH 15 m³ 1.1 PMH 1.1 PMH — —  
  297 64 — 110 — 50 — 37.5 195 110 27.5 — — 891 
                

1.3 1/450/9 — 40 m² — 1 PMH — 0.5 PMH — 1.5 PMH 12 m³ 2 PMH 2 PMH — —  
  212 64 — 110 — 50 — 37.5 156 200 50 — — 880 
                

1.6 1/600/9 — 45 m² — 1.1 PMH — 0.5 PMH — 1.6 PMH 20 m³ 2 PMH 2 PMH — —  
  297 72 — 121 — 50 — 40 260 200 50 — — 1090 
                

2.1 1/450/9 212 45 m² 0.7 PMH — — 0.6 PMH — 1.3 PMH 8 m³ 1.16 PMH 1.16 PMH — —  
 1/600/9 297 72 70 — — 60 — 32.5 104 116 29 — — 993 
                

2.5 2/450/9 424 50 m² — 1 PMH — 1 PMH — 2 PMH 8 m³ 2 PMH 2 PMH — 4 m @ 450  
 1/600/9 297 80 — 110 — 100 — 50 104 200 50 — –94 1321 
                

6.2 2/1500/9 2484 74 m² 4 PMH — 0.5 PMH 1 PMH 3 PMH 5.5 PMH 80 m³ 4.75 PMH 4.75 PMH 40 m³ 9 m @ 1500  
  — 118.4 400 — 60 100 240 137.5 1040 475 118.75 –520 –1242 3412 
                

9.7 1/900/9 566 120 m² 4.3 PMH 2 PMH — 1 PMH 3.5 7.3 PMH 75 m³ 4.5 PMH 4.5 PMH 37.5 m³ 9 m @ 1200  
 2/1200/9 1896 192 430 220 — 100 280 182.5 975 450 112.5 –488 –948 3969 

a PMH = productive machine hours. Directs costs: excavator = $100/PMH, feller-buncher = $110/PMH, loader = $120/PMH, bulldozer = $100/PMH, skidder = $80/PMH,  
labor = $25/PMH. 

b Culverts made of corrugated galvanized steel were used for culverts larger than 900 mm. 



 

 

17 

 

 



 

 

18 

 

 


	Abstract
	Disclaimer
	Acknowledgments
	Authors
	Table of Contents
	Abstract	ii
	List of Tables
	Summary
	1.	Introduction
	2.	Trials of installation methods
	2.1.	Culvert plus snow
	2.1.1	Installation of the structure
	2.1.2	Removal of the structure

	2.2	Snow structure with no culvert
	2.2.1	Installation of the structure
	2.2.2	Removal of the structure

	2.3	Culvert plus tree stems
	2.3.1	Installation of the structure
	2.3.2	Removal of the structure


	3.	Evaluation of erosion and of stream deterioration
	3.1	Sedimentation
	3.2	Erosion of the stream bed and damage to the banks
	3.3	Free flow of water

	4.	Results
	4.1	Evaluation of erosion and of stream deterioration
	4.1.1	Sedimentation
	4.1.2	Erosion of the stream bed and damage to the banks
	4.1.3	The free flow of water

	4.2	Cost analysis
	
	
	Table 1.	Comparison of the costs of temporary and permanent structuresa




	5.	Discussion
	6.	Conclusions
	
	Advantages of temporary structures
	Disadvantages of temporary structures


	7.	Recommendations
	References
	A
	Appendix 1�Characteristics of the streams�and evaluations of temporary structures�on winter cutovers in 1998–99
	Appendix 2�Installation costs for permanent structures�with wood retaining walls
	Appendix 3�Cost estimates for a temporary structure�stabilized with wood

