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The effects of forest roads on sediment production have been well documented in the 
literature. Studies have looked at roads as sediment sources from various aspects 
including the effects of vehicular traffic on running surfaces, the role of cut and fill 
slopes on sediment budgets (Hudson, 2001), the role of road deactivation and the effects 
of road construction on sediment budgets. What has not been well documented is the 
effect of building roads on basaltic terrain and hauling timber on those roads 
immediately following construction.  
 
An analysis of sediment production and transport characteristics of basaltic and granitic 
terrain in Russell and Catherine Creeks revealed that newly constructed road in 
Catherine Creek resulted in an order of magnitude increase in sediment yield that was 
closely related to timber hauling. A similar effect was observed at Russell Creek in the 
fall of 2004. In both cases there was a clearly demonstrable link between road 
construction and use and the increase in sediment production over and above the 
historic pattern of sediment production related to periods when there was no active 
hauling in either watershed.  
 
In 1997 at Catherine Creek several blocks were logged by MacMillan Bloedel at locations 
throughout the watershed. New roads were constructed to access the blocks and the 
truck traffic was recorded. In the 2004/05 season at Russell Creek there was an increased 
rate of cut to finish Weyerhaeuser’s 5-year development plan prior to a change in land 
tenure. Much of the logging and hauling was done by small business contractors.  
 
Methods: 
In both cases the sediment yield was evaluated on a storm-by-storm basis during the 
period of increased traffic and for the historic period by the same methods. Continuous 
records of turbidity and streamflow were used to determine total suspended sediment 
yield (SSY). Suspended sediment concentration (SSC) was determined from 
relationships between SSC measured in water samples collected automatically with 
samplers and turbidity, both measured at the main gauging site.  
 
Relationships between turbidity and SSC are very complex and require knowledge of 
sediment transport processes as well as turbidity probe behaviour (Hudson, 2001). At 
both creeks there are several sediment transport modes that represent different stages in 
the regular cycle of sediment supply and exhaustion. For example, at Russell Creek four 
distinct modes have been identified (Figure 1) that represent the changes in grain size 
distribution of the wash load that occur during storms as the stream rises and falls. 
Under normal conditions, at the beginning of a storm the wash load consists mostly of 
fine sediment (i.e., less than 63 microns) and the “fine” transport mode describes the 
relationship between turbidity and SSC. As the stream rises and assuming that sediment 
supply is unlimited, the sediment transport mode will switch to the “normal” curve 



once the streamflow increases to the point where it can carry sand sized fractions in 
suspension. For larger storms there is usually a further shift to the “coarse” mode as the 
stream begins to entrain medium sand. Once the stream begins to fall again the SSC vs. 
T relationship quickly drops back to fine mode as the transport of sand occurs mostly on 
the rising limb of the hydrograph. Transitions between modes can be identified by 
discontinuities in the turbidity data. After successive storms deplete the available 
sediment the SSC vs. T relationship will be less likely to shift up to the coarser curves. 
Sediment production and transport modes at Catherine Creek are described by a similar 
set of curves except that there is also a “very coarse” curve, reflecting the fact that 
Catherine Creek regularly carries a coarser sediment load than Russell Creek for several 
reasons: 

1. The channel is generally steeper and thus better able to carry a coarser wash 
load. 

2. At Catherine Creek sediment sources are directly connected to the channel 
system with substantial storage in the channels. There is no filter to remove the 
coarser fractions while Russell Creek is well buffered by the valley flat.  

"Normal"
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Figure 1: These SSC vs. T 
relationships for Russell 
Creek have been established 
over more than a decade of 
sampling and measurement, 
and describe different 
sediment transport modes 
according to streamflow and 
cycles of sediment supply 
and transport. 

  

 
 



Relationships between SSY and storm peak flow (Qp) were established for each site, 
both for the historic period and for the period of increased activity (Figures 2 and 3). To 
compare the historic period to the period of increased activity, 90% prediction limits 
were determined for regression equations relating SSY to Qp. For the period of activity 
the SSY was plotted against Qp along with the historic relationship and if the SSY for a 
given storm plotted above the upper limit it was deemed to have been affected by the 
activity. The excess sediment that was produced as a result of the activity was 
determined as the difference between the measured SSY and the SSY predicted for the 
storm using the historic relationship (Table 1).   
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Figure 2: Effect of road construction and use at 
Catherine Creek, 1997. 

Figure 3: Effect of road construction and use, 
Russell Creek, 2004. 

 
 
Results: 
 
The sediment yield due to road construction and use at Russell Creek was increased an 
average of 845% over the historic relationship for affected events beginning in August 
2004 and extending into December of that year.  Eleven of seventeen (64%) measured 
events were affected. At Catherine Creek, 5 out of 15 events (33%) during the period of 
activity were affected at an average of 603% above the historic relationship.  In both 
cases, there is a general convergence between the historic and affected relationships 
towards the higher flows. At Russell Creek, the highest flow during the affected period 
(Qp of 57.1 m3/s on November 5, 2004) is also the highest flow measured at that site 
since inception of the study in 1991.  There is little doubt that this peak flow is 
substantially increased by the increase in ECA due to the high rate of cut during that 
period.  
 
The relationships between SSC and turbidity at Russell Creek from 2004 and at 
Catherine Creek from fall of 1997 indicate that during periods of road construction and 



hauling activity, the sediment load is mostly dominated by a finer grain size distribution 
than during times of inactivity. This is consistent with the known effect on sediment 
production of driving heavy trucks over forest roads (Reid and Dunne, 1984).  During 
those periods, the turbidity for a given sized storm was higher than normal, but the SSC 
was lower than would be expected. The road activity disturbs sediment sources, 
resulting in an increased production of fine sediment, specifically in the clay range. The 
result of this is that the sediment transport modes shifted down one level as shown in 
Figure 4 such that the SSC vs. T relationships are in the “very fine” to “normal” range 
during road activity due to the increased production of clay sized sediment. 
 
As discussed by Hudson (2001), the background SSY at Catherine Creek and its 
variability are much higher than that of Russell Creek because of the predominance of 
the unstable basaltic lithology that results in about 100 times the level of debris flow 
activity as the more stable granitic lithology that underlies much of Russell Creek 
(Sterling, 1998).  A comparison between figures 1 and 2 reveals a well defined 
relationship between SSY and Qp at Russell Creek, while the relationship for Catherine 
Creek is less well defined due to the higher variability of sediment yield. The mean 
“background” storm sediment yield at Catherine Creek as well as its variability is an 
order of magnitude higher than that of Russell Creek. The difference suggests that 
sediment transport at Russell Creek is likely dominated by fluvial transport processes 
while at Catherine Creek the process may be dominated by debris flow activity, the 
latter being episodic and hence less easily predicted as a function of streamflow. This 
makes the effect of road use and/or construction more difficult to separate from normal 
background sediment transport at Catherine Creek, however in spite of this masking 
effect the excess sediment load due to road activity is much higher at Catherine Creek 
than at Russell Creek. This “magnification” of the effect of road activity on sediment 
production is due to the inherent instability of the basaltic parent material, as well as the 
direct connectivity of the sediment sources to the stream network.  
 
It is also interesting to note that the excess sediment yield from both creeks becomes 
undetectable after the largest storm of the season. This is a result of sediment 
exhaustion; the background yield at Russell Creek can be separated on the same basis, 
providing a possible method whereby the definition between the road effect and 
background sediment yield could be improved, however the same approach applied at 
Catherine Creek did not improve the predictability of sediment loads (figures 4, 5).  
 
Notwithstanding the differences in background sediment yield, the difference between 
the percentage increases in SSY between the two sites is also related to the relative extent 
of active road in each watershed.  At Catherine Creek in 1997, 1.975 km of new road 
were constructed and 8 km of existing road were actively used for hauling for a new-
road density of 0.065 km/km2 (Hudson, 2001).  At Russell Creek in 2004, about 6.9 km of 
new road were constructed, and 3.2 km of branch road and 4.8 km of main road received 
heavy logging truck traffic for a total of 14.9 km of road contributing higher than normal 
sediment loads to creeks, at a density of 0.5 km/km2. 
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Figure 4: Figure 5: 
  

 



Table 1: Comparison of SSY due to road use to historic relationships at Russell and Catherine Creeks. 

Date 
Peak 
Flow 

(m3/s) 

Measured 
SSY 
(Kg) 

SSY calculated 
from Historic 

Relationship (Kg) 

Excess SSY 
over historic (kg) 

Russell Creek 2004 
8/22/2004 6.560 20574 595 8281 
8/25/2004 7.101 22769 766 9442 
8/29/2004 7.675 22872 982 9200 
8/30/2004 21.607 178509 26661 NA 
9/11/2004 10.638 19075 2781 16294 
9/15/2004 9.893 17425 2206 15220 
10/8/2004 16.803 141259 11954 112333 

10/30/2004 8.731 14031 1481 12550 
11/6/2004 15.362 53441 8980 44461 
11/7/2004 14.690 51233 7785 43448 
11/8/2004 16.709 102150 11741 90410 

11/15/2004 57.106 738157 592006 NA 
11/24/2004 12.874 24629 5111 NA 
12/3/2004 4.866 1157 229 NA 
12/9/2004 3.710  97 NA 

12/10/2004 31.304 377691 86987 NA 
12/16/2004 7.450 3204 893 NA 

Total    361638 

Catherine Creek 1997 
9/17/1997 8.848 11112 5658 NA 
9/26/1997 17.072 147466 15142 83546 
9/28/1997 16.115 86278 13503 45326 
9/30/1997 20.653 153564 23246 121373 
10/1/1997 23.762 574348 33726 356404 
10/3/1997 21.440 87774 25542 NA 
10/8/1997 8.020 53126 5124 28216 

10/15/1997 44.945 1055392 425762 NA 
10/26/1997 23.919 10056 34366 NA 
10/28/1997 35.874 520339 143751 NA 
11/2/1997 41.324 715469 276013 NA 
11/5/1997 33.174 357888 104052 NA 

11/26/1997 24.509 12036 36881 NA 
12/14/1997 30.735 226887 77707 NA 
12/16/1997 26.950 32458 49396 NA 



Total    634866 
 




