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INTRODUCTION 
orest roads are regarded as one of the largest contributors 

o stream sedimentation that results from forest operations; 
hus, every effort must be taken to minimize erosion and 
edimentation from road-building and maintenance activi-
ies. A recent concern that has been brought to the industry’s 
ttention is the periodic creation of gravel ridges at the sides 
f roads after grading (Anon. 1998). Based on visual obser-
ations, Quebec’s Ministry of Natural Resources (MNRQ) 
as expressed concerns that such gravel ridges could con-
entrate the flow of water on the road’s surface and thus 
ncrease erosion problems, particularly on slopes. 

BACKGROUND 
he focus of forest road maintenance is to maintain the road 
urface in sufficiently good condition to permit efficient and 
afe trucking operations. For the most part, this involves 
rading the road surface to repair problems such as ruts, 
otholes, and washboards, while maintaining a good crown 
n the road to facilitate drainage (Figure 1). Regular grading 
f roads reduces rut development and therefore minimizes 
he potential for concentrating water flow and thus increas-
ng erosion (Kennedy 1997). 

here road damage is severe, grading alone will not solve 
he problem and gravel must be hauled to the site to replace 
ost materials. This costs considerably more than grading 
nd often requires the opening of new gravel pits, which can 
ead to further environmental problems. For these reasons, it 
s reasonable to assume that a company would try to avoid 
ravel loss from the road surface. However, despite attempts 
o keep gravel on the road surface, gravel ridges may arise 
s a result of grading. 

ince the MNRQ’s concerns were based solely on visual 
bservations, FERIC decided to investigate whether these 
idges did indeed contribute to increased erosion of the road 
urface, which would increase both the environmental 
mpacts and road maintenance costs to correct the result 
ng damage to the road. To quantify the problem, FERIC 

evaluated the magnitude of the potential erosion through the 
use of a proven and well-respected simulator, the Water 
Erosion Prediction Project (WEPP). The WEPP software 
was developed cooperatively by USDA’s Agricultural 
Research Service, Natural Resources Conservation Service, 
and Forest Service; by the U.S. Department of the Interior’s 
Bureau of Land Management; and by several American 
universities. The development and use of WEPP have been 
documented in more than 100 reports published since 1987. 
The WEPP model is based on physical input parameters that 
include climate, soil type, slope, and management activities. 
Based on the input values for these parameters, the program 
estimates infiltration and erosion rates and predicts runoff 
and sediment yield. 

 

 
Figure 1. A well-performed grading 

 of washboarded road. 
 

 

FERIC’S SIMULATIONS 
To determine the effect of the gravel ridges produced during 
grading, FERIC created a set of 21 road models for which 
erosion was simulated. These simulations were based on the 
current road maintenance situation in Canada and FERIC’s 
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estimates of what represented a reasonable grading schedule 
over the course of a year. In the models, grading was 
performed three times in the spring, four times during the 
summer, and three times during the autumn. The slopes (3, 6 
and 9%) and gravel ridge heights (from 0 to 15 cm) were 
chosen to match the potential range of values that might be 
found in the field. To better mimic real conditions, traffic on 
the road was assumed to produce rutting problems four 
times during the spring, four times during the summer, and 
twice during autumn. A sandy gravel soil type was used, and 
the environmental conditions were based on data from Baie-
Comeau (Que.). The simulated roads were 5 m wide and 
represented simple 100-m-long slopes. 

RESULTS 
The results of the 21 simulations demonstrated no signi-
ficant increase in erosion as a result of the ridges (Figure 2). 
The largest increase in sediment yield from the road surface 
was 24.3 kg/yr, and most simulations showed less than a 
10 kg/yr increase in sediment yield. These increases are 
small compared with those that occur if rutted roads are not 
graded; in the absence of grading, increases in sediment 
yields ranged from 189 to 318 kg/yr. Figure 2 shows that the 
ridges had no significant effect on road surface erosion, and 
that the effects of not grading and of increasing slope were 
much more significant. 

 

 
Figure 2. Erosion rates as a function of slope 

 based on 21 WEPP simulations. 
 

CONCLUSIONS 
Based on the results of the WEPP simulations, the gravel 
ridges occasionally created by road grading appear to pose 
little concern in terms of increased sediment flow on the 
road surface compared with ungraded roads. Although 
gravel ridges may be a cause of gravel loss from the road 
surface into ditches,  which might in turn lead to water-flow, 
road maintenance and sediment problems, there is no 
indication of a channeling effect from the ridges. If an effect 
were evident, sedimentation should increase greatly between 
the simulations for ridge heights of 0 cm (i.e., no ridges) and 
2.5 cm, with little additional increase as ridge height 
increases. This results from the fact that the expected 
amounts of runoff at any one time for the region that was 
simulated are far less than the amount that could be fully 
channeled by 2.5-cm ridges (12 500 L for the 5-m-wide, 
100-m-long road segments in FERIC’s simulations). Higher 
ridges did seem to cause a slight increase in sedimentation, 
which could be a result of increased availability of loose 
material, slight channeling on the road sides, or a slight 
increase in surface area due to the shape of the ridges. 

Though the results showed insignificant increases in sedi-
mentation as a result of the gravel ridges, the roads 
themselves can nonetheless represent a considerable risk of 
sedimentation. FERIC believes that future field studies 
should focus on areas of greater concern such as slope 
stabilization, grading schedules, soil types, and ditching, all 
of which represent potentially serious sedimentation 
problems if roads are not maintained properly. 
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DISCLAIMER: This report is published solely to disse-
minate information to FERIC's members. It is not intended 
as an endorsement or approval by FERIC of any product or 
service to the exclusion of others that may be suitable. 
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