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Study area:
The 400km2 Tsitika watershed is located on the NE 
coast of Vancouver Island(Fig.1). Two sub-basins of 
this watershed, Russell Creek (31km2) and Catherine 
Creek (46km2) have been monitored for several years 
and are the focus of this study. Russell Creek has a 
combination of granitic (lower watershed) and basaltic 
(upper watershed) lithologies.  The lower watershed is 
gently sloped, middle channel reaches are low 
gradient (1-3%) and buffered by a broad valley flat.  
Catherine Creek is entirely underlain by basaltic 
lithology and has a steep (6%) incised channel with 
numerous debris flow scars directly connected to the 
channel network (Hudson, 2001).
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Effects of road use and construction at 
Catherine Creek:

Sediment yield is related to peak flow and 24-hr max. 
storm intensity with an exponential relationship.

Post-development relationship during periods of no 
activity is not significantly different from the pre-
treatment relationship.

During periods of harvesting activity, sediment yield is 
an order of magnitude higher.

The cause of the increased yield is moderate to heavy 
use of the mainline road for hauling in conjunction with 
road construction to access new cut blocks.

Purpose:
To study factors controlling sediment production and 

transport in high-energy coastal streams.
To determine the relative importance of different types of 

sediment sources (including anthropogenic) in their 
contribution to suspended sediment load in mainstem 
streams.

Catherine Creek streamflow and SSC:
This landslide resulted from incorrect road drainage. 
A concentrated flow of surface water was diverted from 

the upper roadway into the slide area.
A spike in total suspended sediment yield and peak 

SSC was directly related to forest harvesting.

Figure 1:  Map of the Tsitika River Watershed.

Conclusions:
The results of this study showed that the primary factors affecting 

sediment production and transport in the Tsitika River Watershed 
are lithology and connectivity of sediment sources to the main 
channels. Most anthropogenic effects are secondary with the 
exception of combined road construction and use on basaltic terrain
(Table 1). These activities can cause a large increase in sediment 
yield during the period of activity. 

A high rate-of-cut in the 1980’s: indirect effect of forestry.
ECA peaked in 1992, subsequent decline. Peak flows declined 

accordingly from 1992 - present.
Change in flow regime caused a change in sediment transport 

affecting sediment yield and grain size distribution.
Results of the analysis provide insight into the roles of various 

factors, including forest road construction and use, and forest 
harvesting in conjunction with watershed lithology in controlling the 
production and transport of suspended sediment in forest streams
in coastal British Columbia.

References:
Beschta, R.L. 1987. Long-term sediment production following road construction and logging in the Oregon coast range. Wat. Res. Res. 14:1011-1016.
Hudson, R.O. 2001. Comparative analysis of sediment production in two partially logged watersheds in coastal British Columbia. Forest Research Technical Report TR-010 (Hydrology). Vancouver Forest Region, BC 
Ministry of Forests. 32p.
Nistor, C. and K. Rood. 1999. Fine-sediment production from gravel-surfaced roads in Seymour watershed. Pp. 73-82. In: CWRA Proceedings, Oct. 27-29, 1999. 
Reid, L.M. 1981. Sediment production from gravel surfaced forest roads, Clearwater basin, Washington. FRI-UW8108. Fisheries Research Institute, Uni. of Washington. 247p.

Overview:
Heavy road use and road construction can cause an 

increase in sediment yield from forestry roads by an order 
of magnitude (Reid, 1981; Dunne, 1984).

Steep gradient (15%) forest roads generate 10 times 
more fine sediment than low gradient (4%) roads (Nistor 
and Rood, 1999). 0 20 40 60
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Effects of mass wasting events on sediment production at 
Catherine and Russell Creeks:
Mass wasting events occurred on Oct. 24, 1994 at Russell Creek and on Oct. 15, 1997 at 
Catherine Creek. The main distinguishing feature of mass wasting into the channel is an 
abnormally high peak in SSC. Peak storm SSC is primarily related to the max 12-hr storm 
rainfall intensity at Russell Creek, and is related to peak flow at Catherine Creek. The 
landslide at Russell Creek was a result of a gully sidewall failure. Forest harvesting activity 
was the primary cause of this landslide.

Catherine Creek

Peak 
Flow 

(m3/s)

Measured 
Peak 
SSC 

(mg/L)

Est Peak 
SSC 

(mg/L)
Measured 
Yield (Mg)

Estimated 
Background 
Yield (Mg)

Ratio of 
Yields

30/09/1997 20.65 2800.0 259.0 343.1 153.6 2.23
15/10/1997 44.95 4166.0 718.7 2640.4 1055.0 2.50
19/11/1991 35.2 1697.8 219.5 629.6 245.3 2.57

Russell Creek
24/10/1994 22.5 1061.0 116.5 115.6 62.6 1.85
07/04/1996 13.11 202.0 56.1 23.0 13.9 1.66

Effect of landslides (known and inferred) on storm sediment yield.

Table 1:  Summary of the effects of various factors on storm sediment yield. The 
ratios represent the average sediment yield during storms for the first situation over 
that of the second situation described under the comparison. Thus, the factors 
presented are ranked in order of importance in their influence on sediment production.

PRIMARY FACTORS COMPARISON RATIO
Morphological: Connectivity Buffered vs. unbuffered channels 6.6

on basaltic terrain.

Morphological: Lithology Basaltic vs. igneous  terrain. 6.0

Anthropogenic: Road use and Sediment yields at Catherine Creek, 0.2-6.6 *
construction on basaltic terrain active road construction and use 0.5-2.1 **

vs. inactive periods.

SECONDARY FACTORS     COMPARISON RATIO
Anthropogenic/Natural: Measured yield with mass wasting      1.75-2.5
Episodic  mass wasting effect minus simulated background. 

Anthropogenic: Change in Mean yields at Russell Creek in 2.1 
ECA 1992-93 vs. 1994-98. 

Anthropogenic: Roads and Sediment budget research at Russell 1.1-1.5
Road use, mixed terrain Creek, non-use roads; inferred 

contribution from road use, 
Catherine Creek.

* Road construction         ** Road use
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Left: The source of the October 94 landslide in Russell Creek: This unstable 
gully is a continuous source of landslides due to the occurrence of gully 
sidewall failures in the source area (inset) as well as road related failures 
that originate from the fill slopes of the roads that cross the gully. These 
landslides tend to become debris flows.


