
 
 

 
 

 

AN ABSTRACT OF THE THESIS OF 

 

Rebecca H. Miller for the degree of Master of Science in Water Resources Engineering 

presented on June 11, 2014. 

 

Title:  Influence of Log Truck Traffic and Road Hydrology on Sediment Yield in Western 

Oregon. 

 

 

Abstract approved: 

 ______________________________________________________ 

Arne E. Skaugset III 

 

 

 

An understanding of the factors that influence surface erosion from roads is 

necessary to prevent and mitigate sediment production from forest roads.  This study 

investigated the impacts of log truck traffic and road hydrology on sediment yield from 

ten forest road segments in the foothills of the Cascade Mountains of western Oregon. 

The hydrology of individual road segments was classified as either “ephemeral” 

or “intermittent.” Ephemeral hydrology occurs when Hortonian overland flow from the 

road surface is the primary source of runoff.  Intermittent hydrology occurs when 

subsurface flow from the adjacent hillslope is intercepted by the road ditch and is a 

significant component of the road runoff.  Data for sediment yield calculations were 

collected using a Turbidity Threshold Sampling (TTS) system that used in situ 

measurements of turbidity and discharge to calculate runoff and sediment yield for each 

road segment. A linear mixed effects model was fit to log transformed estimates of 

sediment yield. 



 
 

 
 

Storm runoff volumes and log truck traffic were significant predictors of median 

sediment yield (t=17.05, DF=148, p<0.001).  Road segments with ephemeral hydrology 

were more erosive than road segments with intermittent hydrology and produced more 

sediment per unit of runoff volume (t = -2.8, DF=148, p=0.006).  However, roads with 

intermittent hydrology produced more runoff per mm of precipitation during a storm. 

Sediment yield increased by a median value of 3.3 times when truck traffic 

occurred on the road segment during the week prior to the storm (p=0.003, 95% CI: 1.93-

4.69 times increase). This increase occurred irrespective of the type of hydrology of the 

road segment.  The two road segments that produced the most sediment were a road 

segment with ephemeral hydrology and one with intermittent hydrology but, both were 

located on the heavily traveled Hinkle Creek Mainline Road. 

There was high variability in sediment yield among road segments and between 

storms. Sediment yield from an individual road segment, normalized by precipitation, 

ranged between 0.002 and 0.520 kg/mm.  Sediment production occurred rapidly in 

response to precipitation, among all sites.  Over ninety percent of sediment production 

occurred during storms. 

Physical attributes of the road segments such as road length and slope, that were 

previously reported to explain the variability in sediment yield, did not explain the 

variability in sediment yield in this study.  The variability in sediment yield was best 

explained by storm runoff volume and the occurrence of log truck traffic.  The results 

from this study indicate that to identify individual road segments with the greatest 

potential to produce sediment requires knowledge of the hydrology of the road segment 

and its exposure to log truck traffic. 
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CHAPTER 1 – INTRODUCTION AND OBJECTIVES 

 

1.1 Introduction 

Increases in the sediment load of forest streams are attributed to the chronic 

erosion of fine sediment from road surfaces and cutslopes and from mass movements that 

occur during episodic failure of roads (Megahan and Ketcheson 1996; Piehl et al. 1988; 

Wemple 1998).  This sediment poses a risk to aquatic biota and motivates the need for a 

better understanding of the sources and contributing factors of anthropogenic erosion. 

The assessment and control of erosion from forest roads poses a unique challenge.  

These, primarily unpaved, roads are necessary for recreation, timber harvest, and general 

land management functions and thus are ubiquitous throughout managed forests. 

Surface erosion from roads is a concern for forest managers, in part due to recent 

scrutiny that called for the drainage from forest roads to be administered as point sources 

of pollution under the Clean Water Act (Decker v. Nw. Envtl. Def. Ctr., 2013). Drainage 

systems of forest roads act as conduits that can intercept subsurface flow from hillslopes, 

alter the drainage density of a watershed and route sediment-rich runoff to streams 

(Megahan 1972; Wemple et al. 1996; Jones and Grant 1996). 

Log truck traffic is known to increase sediment yield from forest roads (Reid and 

Dunne 1984; Foltz 1996, Dubé et al. 2004). Studies that report on the impact of log truck 

traffic on sediment yield were carried out using grab samples during storms or using 

cumulative sediment yield collected in sedimentation basins at a ditch outfall.  This type 

of analysis does not consider the hydrology of the individual road segments, which may 

help explain the discrepancies between studies and better inform future sediment erosion 

models. The hydrologic properties of a road segment influence the quantity of water 

transported and the rate at which a road segment will respond to a storm (Marbet 2003).  

This study used a continuous estimate of sediment yield to investigate the effect of log 

truck traffic on the sediment yield from individual road segments where the site-specific 

hydrology of these road segments is known. 



2 
 

 
 

Recent evidence suggests that, contrary to the standard road erosion models 

(RUSLE, WEPP:ROAD, SEDMODL, WARSEM), sediment yield from forest roads is 

driven primarily by the hydrology of these road segments and not the surface area 

available to yield surface erosion (Sufleet et al. 2011; Amann 2004). This study tested 

whether hydrology is the leading predictor of surface erosion, first of all, and the degree 

to which log truck traffic overlays on that. 

 

1.2 Study Objectives 

The objectives of this thesis were: 

1) To determine the effect of log truck traffic that occurs between storms on the 

sediment yield from road segments during storms, 

2) To continue to develop information regarding the effect of the hydrology of 

individual road segments on the sediment yield from the road segments, and 

3) To determine how log truck traffic and the hydrology of individual road segments 

interact to affect the sediment yield from road segments. 
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CHAPTER 2 – LITERATURE REVIEW 

 

2.1 Sediment from Forest Roads 

In the humid, temperate forests of the Pacific Northwest, forest management 

activities that include timber harvest, take place near headwater streams and often on 

steep slopes.  Impacts from these activities can impair water quality and propagate 

downstream, which affects the native flora and fauna, as well as human populations that 

depend on these water resources.   Accelerated erosion, which can occur as a 

consequence of forest management activities, can cause an increase in the amount of 

sediment in streams, which can decrease the productivity of aquatic ecosystems 

(Wagener and LaPerriere 1985; Richter et al. 1997; Henley et al. 2000). 

The construction and maintenance of forest roads is one source of sediment to 

streams (Fredriksen 1970; Burns 1972; Cederholm et al. 1981; Furniss et al. 1991).  The 

construction of forest roads causes erosion by creating a compacted surface of bare soil 

which is then subject to erosion from surface runoff and raindrop splash. 

Fredriksen (1970) reported that suspended sediment increased 250 times during 

the first fall storm after road construction in the HJ Andrews Experimental Forest.  Fine 

sediment in the South Fork Caspar Creek increased 331 percent following road 

construction (Burns 1972, Keppeler et al. 2000).  Cederholm et al. (1981) reported that 

the accumulation of fine sediment in streambed gravels in the Clearwater River 

watershed in Washington was highest in forested watersheds where the area in roads 

exceeded 2.5 percent of the watershed area. Every 2.5 km/km2 of gravel-surfaced roads 

produced between 2.6 and 4.3 times the natural erosion rates in the watershed. 

 

Aquatic Impacts of Introduced Sediment 

When the turbidity in a stream increases, the penetration of light into the water 

column is limited and the photosynthesis of phytoplankton decreases (Hoetzel and 

Croome 1994).  Henley et al. (2000) reported that increased sedimentation and turbidity 

led to decreased abundance, diversity and fitness of lotic vertebrates and invertebrates.  
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The decreases were attributed to avoidance of turbid water; loss of fitness due to reduced 

dissolved oxygen; inhibition of reproduction; and smothered spawning habitat (Henley et 

al. 2000).  Henley et al. (2000) reported that impacts to one species can perpetuate 

through communities via food web interactions.  

In the Pacific Northwest, particular concern is placed on the survival of salmonids 

and several species of salmonids are listed as endangered or threatened.  Everest et al. 

(1987) concluded from combined lab and field studies that increases in sediment load, 

particularly fine sediments, had a negative impact on the survival of salmonids in the 

embryo and fry life stages and decreased suitable habitat for spawning adults (Everest et 

al. 1987). Bilby (1985) reported that 80 percent of eroded sediment delivered to streams 

through road ditches was fine sediment finer than 0.004 mm. 

 

2.2 Sources of Sediment from Roads 

Sources of sediment from roads include chronic surface erosion from the road 

prism and episodic road failures. The majority of the sediment from roads is delivered in 

road-related landslides (Bechta 1978; Cederhold et al. 1981; Mills 1997; Fransen et al. 

2001). In the Clearwater River Watershed, 60 percent of the road-related sediment came 

from landslides while 18-26 percent came from surface erosion (Cederholm et al. 1981).  

Grant and Wolff (1991) reported that 90 percent of road related sediment over a 30-year 

period came from landslides in the HJ Andrews Experimental Forest. 

 Due to the large proportion of road-related sediment that comes from landslides, 

considerable research was carried out to study the factors that lead to road-related 

landslides and to develop practices to prevent these landslides.  Improvements in location 

of forest roads and in road construction and maintenance practices have reduced the 

occurrence of large road-related landslides (Sessions et al. 1987; Lewis 1998; Keppeler et 

al. 2000). 

Surface erosion from roads remain a concern because the eroded sediment is 

composed mostly of fine particles, which pose the greatest risk to salmonids (Bilby 1985; 

Everest et al. 1987). 
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Sediment production from roads is highly variable. Dubè et al (2004) reported 

sediment yields that ranged from 0 to more than 1,000 Mg/ha/yr from individual road 

segments.  The majority of sediment produced from roads comes from a minority of the 

road segments (Luce and Black 1999; Skaugset et al. 2011). 

 

2.3 Factors that Influence Sediment Yield 

 Extensive research into the factors that cause surface erosion from roads has been 

carried out.  Several factors that have repeatedly been reported to influence surface 

erosion from roads include: road slope and length (Haupt 1959; Reid and Dunne 1984; 

Bilby et al. 1989; Luce and Black 1999; MacDonald et al. 2001; Sugden and Woods 

2007);  geology (Swift 1984a; Luce and Black 1999; Elliot and Tysdal 1999; Sugden and 

Woods 2007); and road maintenance and traffic (Wald 1975; Swift 1984a, Reid and 

Dunne 1984; Foltz and Burroughs 1990; Coker et al. 1993;  Foltz and Truebe 1995; Luce 

and Black 1999; Luce and Black 2001; MacDonald et al. 2001; Sugden and Woods 

2007). Sediment yield from roads is also driven by precipitation and volume of storm 

runoff (Reid and Dunne 1984; MacDonald et al. 2001; Amann 2004; Ramos-Scharrón 

and MacDonald 2007; Surfleet 2008; Surfleet et al. 2011). Each of these factors is 

discussed in more detail below.  

 

Road Configuration  

Road slope and length are two characteristics of roads that are most often 

correlated with increased sediment yield.  This is physically intuitive because as the slope 

of a road increases, potential energy increases and leads to higher erosive power of the 

water flowing downslope. Increased road length provides more erodible surface for 

erosion to occur on. 

Haupt (1959) and Wald (1975) first reported these relationships in Idaho and 

western Washington, respectively, where variations in sediment yield were attributed to 

differences in road slope and length.  
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Reid and Dunne (1984) were among the first to model sediment yield from roads with 

linear regression and found discharge, traffic, road length and slope explained 71 percent 

of the variability in sediment yield from road segments. Road slope and length alone 

explained three percent of the variability (Reid and Dunne 1984).  Luce and Black (1999) 

reported that road length, multiplied by the slope squared, provided a better relationship 

than just road length multiplied by slope, and that this metric explained 51 percent of 

variability in sediment yield.  Elliot and Tysdal (1999) reported that road length, road 

gradient, and soil type were the most important factors that explained surface erosion 

from roads in the Oregon Coast Range. MacDonald et al. (2001) reported that road 

surface area and slope were the best predictors of sediment yield in St. John U.S. Virgin 

Islands. 

 

Geology 

The geology of an area influences the susceptibility of bedrock to weathering and 

subsequent soil formation. Dubè et al. (2004) reported on the results of 17 studies that 

included 10 parent rock types. Annual sediment yield was normalized using precipitation, 

traffic, road surface material, and road gradient to determine the erodibility of the 

geology. 

Dubè et al. (2004) reported that weathered granite, fine-grained or deeply 

weathered sediments, ash, and tuff formed during the quaternary and tertiary periods had 

the highest rates of erosion.  Ash and tuff from the Mesozoic, Paleozoic and Precambrian 

periods, unweathered metamorphic rocks, basalt, andesite, unweathered sedimentary 

rocks, and coarse-grained soft sediments had the lowest rates of erosion.  They calculated 

that the sediment yield increased by a factor of 5 in highly erodible rock types. 

While geology is consistent over large areas, soils are highly variable. Soil 

particle size and cohesion are factors that influence how easily a soil particle can be 

mobilized in overland flow.  Soil erodibility decreases as the percent silt content 

decreases (Wischmeir and Smith 1978).   
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Clay soils tend to form tight aggregates, resisting erosion, while soils with a 

higher portion of large particles, like sands or gravels, are less easily moved by runoff 

(Goldman et al. 1986).  Luce and Black (1999) reported that a silty clay loam produced 

nine times more sediment than roads constructed in a gravelly loam.  Swift (1984a) 

reported that roads constructed in clay loams in the Coweeta Watershed in North 

Carolina, produced more sediment than roads constructed in sandy loams. 

Soil type is also important to the stability of the cutslope of roads.  Swift (1984b) 

reported that repeated freeze/thaw increased erosions on cutslopes.  This erosion varied 

by soil type, but was consistently highest during the 9.5 months following the 

construction of the roads when the soil was unvegetated (Swift 1984b). 

 

Road Surfacing  

A layer of crushed rock, or surface aggregate, is placed on top of the subgrade for 

a new road.  The quality and quantity of road surface materials influences the amount of 

erosion that comes from forest roads, as the type and composition of the surface 

aggregate influences the amount of fine sediment that is available for transport from the 

road. 

 High quality rock will not degrade into smaller, more mobile particle sizes. Foltz 

and Truebe (1995) reported that sediment production from high quality rock was 87 

percent lower than from lower or marginal quality rock. When compared to a road with 

no added surface aggregate, a road with a surface course of three inches of clean, or 

washed, gravel will produce 87-90 percent less sediment and a road with a surface course 

of three inches of crushed, unwashed gravel will produce 84-87 percent less sediment 

(Kochenderfer and Helvey 1987). An abandoned road that is covered by grass has erosion 

rates that are 50 percent less than a road that is still in use (Swift 1984a). 

Road surfaces can also be treated with a surfacing compound, or paved to prevent 

erosion.  Burroughs and King (1989) reported that roads treated with oil produced 15 

percent of the erosion of untreated roads and roads treated with a bituminous surface 

produced only 3.5 percent of the erosion from untreated roads.   
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Reid and Dunne (1984) reported that roads surfaced with asphalt concrete produced only 

0.4 percent of the erosion of a heavily used, aggregate surfaced road. 

 

Road Maintenance  

The most common maintenance activity that influences sediment yield from roads 

is grading the road surface and ditch. Sugden and Woods (2007) reported that the time 

since last grading was negatively correlated with sediment yield in western Montana. 

Luce and Black (1999) and Elliot and Tysdal (1999) reported similar relationships for the 

Oregon Coast Range. Grading removes vegetation from the road surface and ditch and 

disturbs any erosion armor on un-vegetated ditches and the road surface. Un-vegetated 

ditches produce 5 to 7 times more sediment than ditches where the vegetation was left 

intact (Luce and Black 1999; Elliot and Tysdal 1999). Frequent grading may cause 

increased erosion but so can poor road maintenance. Roads that are not adequately 

maintained or graded become rutted and produce two to five times more sediment than 

well graded roads without ruts (Burroughs and King 1989; Foltz and Burroughs, 1990). 

 

Traffic  

Log truck traffic increases sediment yield by increasing the availability of fine 

sediment on the road surface. Degradation of surface aggregate into smaller sized pieces 

results from the weight of the truck and from friction between the tire and the aggregate 

(Foltz and Truebe 1995).  These smaller, fine particles are then more easily mobilized in 

surface runoff.  During wet weather hauling, the weight of the truck on the road layer 

may also cause fine sediment from the subgrade to move upward to the surface in a 

process known as pumping (Koerner 1998).  There is some debate over the actual 

occurrence of this process. Toman and Skaugset (2011) reported no significant 

differences in sediment production between roads with differing unbound aggregate 

designs.  This result suggests that sediment present in turbid runoff during wet weather 

hauling was generated by a process other than the pumping of subgrade fines.  
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A summary of studies that investigated the influence of traffic on sediment yield 

is shown in Table 2.1. The increase in sediment yield attributed to log truck traffic varies 

widely between studies. 

 Wald (1975) reported a 13 fold increase in sediment from roads that had log truck 

use compared with similar roads with no log truck traffic in Washington.  Reid and 

Dunne (1984) reported heavily used roads increased sediment yield by 130 times 

compared with abandoned roads in the Olympic Peninsula.  Bilby et al. (1989) reported 

2.6 times more sediment from heavily used mainline roads compared with more lightly 

used secondary roads in western Washington.  Luce and Black (2001) reported that heavy 

traffic during rainfall increased erosion, although the increase was only statistically 

significant on roads where the ditches were not graded prior to the study.  MacDonald et 

al. (2001) reported that roads with heavy traffic and frequent grading produced two times 

more sediment than roads with no truck traffic in the St. John, U.S. Virgin Islands. 

The concentration of sediment in runoff from the road declines rapidly as fine 

sediment is flushed from the road surface (Reid and Dunne 1984; Bilby et al. 1989; 

Coker et al. 1993).  Reid and Dunne (1984) reported that when mainline roads were 

heavily used during the week they produced 7.5 times more sediment than was produced 

on the weekend after two days of inactivity.  Bilby et al. (1989) reported that after log 

truck traffic stopped, suspended sediment concentrations (SSC) in road runoff decreased 

rapidly over several hours.  Bilby et al. (1989) also reported that on roads where log 

trucks continued to haul, sediment concentration remained elevated but did decrease 

slightly through time. Coker et al. (1993) reported a 13 fold increases in SSC with the 

addition of log trucks in an experiment using simulated rainfall to replicate storms (130 

gms/L during truck traffic compared to 10 gms/L prior to truck traffic).  This quickly fell 

to a SSC slightly higher than the original SSC (12 gms/L).  When simulated rainfall was 

applied without log truck traffic prior to the simulated rainfall, there was still an increase 

in SSC but the increase was much smaller (26 gms/L) (Coker et al. 1993). 

Linear regression models developed to explain the importance of log truck traffic 

on sediment yield have resulted in variable outcomes.   
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Reid and Dunne (1984) reported that road use explained 58 percent of the variation in 

their linear model used to predict sediment yield from roads. Sugden and Woods (2007) 

reported that the number of log truck passes on a road segment explained only 15 percent 

of the variation in sediment yield between road segments.  The study by Sugden and 

Woods (2007) took place in western Montana and was a more recent study than Reid and 

Dunne (1984). Sugden and Woods (2007) chose not to incorporate a traffic variable into 

a linear regression model and used road slope, time since last grading, roadbed gravel 

content and precipitation as the best predictors of sediment yield.  These variables 

altogether explained 68 percent of the variance. 
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Table 2.1. A summary of research that quantified the relationship between truck traffic and sediment yield. 

Study Location Key Findings 

Wald 1975 Western 

Washington 

13 x more sediment  produced from heavily used roads compared with  roads with 

little log truck traffic 

Reid and Dunne 

1984 

Western 

Washington  

130 x more sediment produced from roads with heavy traffic compared with  

abandoned roads 

Bilby et al. 1989 Southwest 

Washington 

2.6 x more sediment produced from heavily used mainline roads compared with 

more lightly used secondary roads 

After traffic stops, suspended sediment concentrations decline rapidly  

Coker et al. 1993 New Zealand  13 x increase in sediment concentration in runoff during wet weather hauling 

compared with roads with no traffic 

Luce and Black 

1999, 2001 

Oregon Cascades Traffic increases sediment yield on roads that were not recently graded 

MacDonald et al. 

2001 

St. John   U. S. 

Virgin Islands 

Roads with traffic produced twice as much sediment compared with similar roads 

with no traffic 

Sugden and 

Woods 2007 

Western Montana  Log Truck traffic was an explanatory variable but it did not explain enough 

variability to be included in the final model that described sediment yield  
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Precipitation and Runoff Volume  

Precipitation characteristics are correlated with sediment yield (Wald 1975; 

MacDonald et al. 2001; Sugden and Woods 2007).  Cumulative precipitation indicates 

the amount of water available to detach and mobilize particles through shear stress 

transfer.  Maximum rainfall intensities can be used to infer the force rain drops have to 

detach particles through splash impact and may also indicate when precipitation exceeds 

road surface infiltration and runoff from the road surface occurs (Luce and Black 1999). 

A summary of studies that have investigated the influence of precipitation and runoff 

volumes on sediment yield is shown in Table 2.2. 

MacDonald et al. (2001) reported sediment load to be significantly correlated 

with storm rainfall, storm intensity and storm runoff.  Sugden and Woods (2007) reported 

cumulative annual precipitation explained 10 percent of the variation in sediment yield 

between road segments. Sugden and Woods (2007) concluded through visual inspection 

that their road sections did not intercept subsurface flow, and that all runoff was from the 

road surface. 

Increased volumes of storm runoff are correlated with increased sediment yield 

(MacDonald et al. 2001; Amann 2004; Surfleet 2008).  Amann (2004) reported total 

runoff volumes were most correlated (correlation coefficient of 0.51) with coarse 

sediment load for roads segments in the Oak Creek watershed in Oregon. Surfleet (2008) 

reported a positive linear relationship between storm runoff volume and suspended 

sediment load and between storm peak flow rate and suspended sediment load also for 

roads in Oak Creek.  Surfleet et al. (2011) reported that when sediment erosion models 

included field measurements of runoff volume, their estimate of sediment yield improved 

in the Oak Creek watershed in Oregon and the South Fork Albion watershed in 

California. 
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Table 2.2. A summary of research that quantified the relationship between hydrologic factors and sediment yield. 

Study Location Key Findings 

Wald 1975 Western Washington Increased cumulative annual precipitation was positively correlated with 

increased sediment yield 

MacDonald et 

al. 2001 

St John, U.S. Virgin 

Islands 

Increased  cumulative storm precipitation, storm intensity and storm runoff 

volume were all positively correlated with sediment yield  

Amann 2004 Oregon Coast Range Increased total runoff volumes were positively correlated with coarse 

sediment load  

Sugden and 

Woods 2007 

Western Montana Precipitation explained 10 percent of the variation seen in sediment yield 

 

Surfleet 2008 Oregon Coast Range and 

Northern California 

There was a positive correlation between storm peak flow and suspended 

sediment concentrations and between runoff volume and suspended sediment 

concentrations 

Surfleet et al. 

2011 

Oregon Coast Range and 

Northern California 

SEDMODL2 and WARSEM estimates of sediment yield at the watershed 

scale were improved with field estimates of road runoff volumes 
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2.4 Methods for Quantifying Sediment Yield  

 Sediment yield studies are carried out in one of three ways: 

1. Collection of sediment over a long duration with the use of sediment traps or 

reservoirs. Sediment yield is divided by time to calculate an annual sediment 

load, which may also be normalized by rainfall. The use of this approach does not 

provide any real-time information on how sediment production changes 

throughout the year or throughout a storm event (Surfleet 2008).  

2. Suspended sediment sampling during a large storm event or several large 

events.  A sample, or a series of samples, is taken over a course of a large storm.  

SSC of the samples are extrapolated over the entire storm using runoff volumes. 

An annual sediment yield is then calculated using annual cumulative precipitation 

and storm sediment normalized by precipitation.  This method requires multiple 

samples to accurately describe sediment over the event.  Correctly timing 

sampling events with large storms can be difficult.  This method also does not 

taken into account how sediment yield changes between storms (Surfleet 2008).  

3. Turbidity sampling over a long installation period.  This method uses turbidity 

as a surrogate for SSC to calculate continuous SSC.  Turbidity can be used to 

observe very brief spikes in sediment production that may otherwise be missed by 

the first two approaches (Lewis and Eads 1996; Surfleet 2008). 

 

A summary of the methods used in the sediment studies described in this literature review 

are shown in Table 2.3.
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Table 2.3. Sampling methods used in previous erosion studies. 

Study Methodology 

Reid and Dunne 1984 Suspended sediment sampling during several storm events;  

bucket and a stopwatch to measure flow 

Swift 1984 Sediment reservoirs, emptied five times over a two year study;  

flume to measure flow 

Bilby et al. 1989 Four suspended sediment samples taken at the onset of storm events;  

flume to measure flow 

Coker et al. 1993 Used a rainfall simulator;  

Suspended sediment samples taken on 2 minute and 10 minute intervals 

V-notch weir used to measure flow 

Luce and Black 1999 Sediment Traps; no discharge measurement 

MacDonald et al. 2001 Reservoirs for runoff and sediment; emptied after each storm event 

Amann 2004 Sediment traps and cross drain water level recorded to measure flow 

Sugden and Woods 2007 Diversion of water from the road surface to sediment reservoirs;  

single value for sediment and runoff for each road segment 
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2.5 Road Segment Hydrology 

Surface runoff from forest roads in the Pacific Northwest is the result of low 

infiltration capacity for road surfaces.   The infiltration capacities of forest roads are 

much lower than native soils that rarely experience infiltration-excess overland flow 

(Marbet 2003; Rothacher 1965).  Roads can also intersect subsurface flow (Megahan 

1972; Wemple 1998). Roads that intersect subsurface flow have intermittent hydrology.  

Ellingson (2002) reported no conclusive correlations to predict variations in road segment 

hydrology based on hillslope characteristics such as elevation and road length. Toman 

(2004) reported road hydrology to be highly variable even along the same stretch of road. 

The runoff ratio of a road segment can be used to classify the hydrology of that 

segment as either ephemeral, comprising entirely of surface runoff, or intermittent, 

comprising of a mix of surface runoff and subsurface flow intersected from the hillslope.  

A runoff ratio of total precipitation volume from the contributing road surface and the 

volume of water measured in the ditch was used by Marbet (2003) to categorize the 

hydrology of six road segments in western Oregon. Runoff ratios greater than 1 indicated 

intermittent hydrology, and runoff ratios less than 1 indicated ephemeral hydrology. 

Marbet (2003) found that the runoff ratios of the road segments were either close to zero 

(averaging between 0.02-0.17 for five road segments) or much greater than 1 (21 at one 

road segment). 
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CHAPTER 3 - METHODS 

 

3.1 Study Area Description  

Location 

This study was located in the foothills of the western Cascades in southern 

Oregon, roughly 40 kilometers northeast of Roseburg, Oregon (Figure 3.1).  The study 

area encompassed part of the Hinkle Creek Watershed and two adjacent watersheds. All 

three watersheds drain into Calapooya Creek, a tributary of the Umpqua River.  This area 

is owned by Roseburg Forest Productions (RFP) and actively managed for timber 

production.  With the exception of drainage boundaries, all of the watersheds share 

descriptions for climate, geology, vegetation, and management conditions. 

 

 

 

Climate 

Elevations within the Hinkle Creek Watershed range from 400 to 1200 meters 

above sea level.  Mean annual precipitation for this area averages 1500 millimeters and 

increases orographically from 1400 millimeters at the mouth of the watershed to 1900 

millimeters at the watershed divide (Skaugset et al. 2005).  The majority of precipitation 

occurs November through March as rain, and occasionally, as snow at higher elevations. 

 

Figure 3.1. Approximate location of the study region in Oregon. 
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Geology and Soils 

The geology of the area is comprised of rhyolitic and basalt flows.  At higher 

elevations these include Brown Mountain Basalts, at intermediate elevations 

volcanolithic, sandstone, conglomerate, lahrix brechia, rhyolite and dacite flows and at 

lower elevations Holocene and Pliestocene landslide depositions (Wells et al. 2000). 

A web soil survey (Soil Survey Staff 2014) of the area included Typic 

Palehumults, Aquic Palehumults, Typic Humudepts, and Typic Hapludands. Within the 

first 12 inches of soil depth the soils are classified as clay loams, gravelly clay loams, 

very gravelly loams and extremely gravelly loams. George (2006) reported that the 

excavation of several soil pits carried out as part of the Hinkle Creek Paired Watershed 

Study matched the results reported by the Natural Resources Conservation Survey in 

terms of soil locations and depth. 

 

Vegetation 

Vegetation across the study area is comprised of 60-year-old harvest-regenerated 

Douglas fir (Pseudotsuga menziesii) with a mix of western hemlock (Tsuga 

heterophylla), western red cedar (Thuja plicata), and red alder (Alnus rubra).  Understory 

riparian vegetation includes huckleberry (Vaccinium parvifolium) and sword fern 

(Polystichum munitum). 

 

Management 

Land management occurs under the supervision of RFP for the production of solid 

wood.  All harvest operations followed requirements of the Oregon Forest Practices 

Rules (OFPR) (Oregon Department of Forestry, 2007).  The majority of harvest units are 

clearcuts with hand felled trees yarded to a landing where they are limbed and processed 

into logs. 

Four secondary roads and one mainline road were located within the study area.  

The mainline is Hinkle Creek Road, BLM road 31.1. 
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This road was in existence for several decades and provides access for Douglas Electric 

to maintain cable towers on Mt. Scott, in addition to access by RFP and their contractors.  

Roads within the study area are graded on an as needed basis to prevent ruts from 

forming in road surfaces.  Gravel for road surfaces is mined and crushed on site and 

undergoes no pretreatment or washing prior to application.  

 

3.2 Data Collection 

Equipment Configuration  

Six turbidity threshold sampling (TTS) stations were used for data collection 

during the study, which spanned parts of the 2013 water year (October 2012 - September 

2013) and the 2014 water year (October 2013 - September 2014).  These stations were 

moved at intervals to new locations within the study area.  Each TTS station consisted of 

a DTS-12 turbidimeter (FTS, Victoria, British Columbia), an ISCO 3700 pumping water 

sampler (Teledyne Isco, Lincoln, Nebraska), a 60° V-notch trapezoidal flume (Tracom 

Incorporated, Apharetta, Georgia), either a Druck PDCR 1830 pressure transducer 

(General Electric, Fairfield, Connecticut) or a Campbell Scientific CS450 pressure 

transducer (Campbell Scientific, Logan, Utah) and a Campbell Scientific CRX-10 data 

logger (Campbell Scientific, Logan, Utah) (Figure 3.2).  Each TTS station was installed 

in-line with the ditch so that water in the ditch was directed over the turbidimeter and 

through the flume.  The contributing area of the road was defined as the total road surface 

area that drains to the start of an installation. 

At each TTS station a turbidimeter was housed inside of a 5-foot long ABS 

Schedule-40 pipe with a 6-inch diameter opening. This pipe was dug into the ditch so that 

the majority of the upstream runoff was routed through the pipe.  Halfway down the 

length of the pipe, a small chamber also made of ABS Schedule 40 material, extended 

one foot vertically into the ditch, and collected water to create the necessary volume 

required for a turbidity measurement (Figure 3.3).  The turbidimeter was placed at the 

very top of the chamber to minimize any increases in turbidity caused by settling and 

collection of sediment at the bottom of the chamber. 
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Directly adjacent to the turbidimeter was the intake tube to an ISCO water 

sampler that drew water samples at the same location as the turbidity readings (Figure 

3.4). Turbidity measurements were taken every 10 minutes as nephlometric turbidity 

units (NTU) and recorded on the CRX-10 data logger.  ISCO samples were taken using a 

modified TTS protocol, detailed below. 

The 60° V-notch trapezoidal flume was located downstream of the turbidimeter 

and was installed in accordance with Robinson and Chamberlain (1960).  This study 

followed methods described by Toman (2004) by adding a plywood board that extended 

15 centimeters to the left and right and 15 centimeters above and below the flume 

opening, on the upstream end of the flume, to ensure that all surface runoff was routed 

through the flume.  This headboard was buried during installation to keep the bottom of 

the entrance of the flume in-line with the bottom of the ditch.  Flumes were leveled and 

gravel or sandbags were placed against the headboards to secure them in place (Figure 

3.5 and Figure 3.6). 

Each flume contained a stilling well located near the upstream entrance.  A 

pressure transducer was placed inside the stilling well to measure the height of the water, 

defined as the water stage, which would be used to calculate a volumetric flow rate.  

Stage measurements were taken every 10 minutes and recorded with the CRX-10 data 

logger. 
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Figure 3.2 TTS installation that included: a water sampler, data-logger and battery 

(housed in plastic bin) and turbidimeter (housed in plastic tube), looking upstream.  The 

flume at this site is not shown in this photograph. 

 

 

Figure 3.3. Turbidimeter schematic, cross-sectional view. 
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Figure 3.4. Inside view of the turbidimeter tube. The turbidimeter and water sampling 

tube are located inside the tube. Photograph courtesy of Alex Irving © 2012. 

 

Figure 3.5.  TTS equipment installation set-up, with flume, looking upstream. Photograph 

courtesy of Alex Irving © 2012. 
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Figure 3.6.  Flume installation, looking downstream. Photograph courtesy of Alex Irving 

© 2012. 

 

Road Segment Selection 

The hydrology of a road segment was defined as either ephemeral or intermittent. 

In a road segment with ephemeral hydrology, the source of runoff was assumed to be 

runoff from the road surface.  In road segments with intermittent hydrology, the source of 

runoff was assumed to be from the road surface and intercepted subsurface flow from the 

hillslope.  Roads segments with intermittent hydrology ran water seasonally while road 

segments with ephemeral hydrology ran water only in direct response to storms. 

Road segments that were used for hauling during the study were surveyed for 

installation locations. Road segments were selected based on a visual inspection of 

segment hydrology and a set of specific characteristics.  Although selection was not 

random, there were criteria that determined the road segments that would have TTS 

stations installed. 
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The first criterion was to select only road segments that would have a recordable 

amount of water moving through the ditch during storms. Indication of this could be the 

presence or absence of vegetation in the ditch, the presence or absence of fine sediment, 

an accumulation of organic matter that could prevent flow, or a visual confirmation of 

water moving through the ditch during or after a storm.  The next selection criterion was 

to collect data that captured ephemeral and intermittent hydrology. Locations that were 

not on mainline or secondary roads were avoided, as were roads that were poorly 

maintained.  Locations of TTS stations were limited to areas where installation was 

feasible and would not cause unnecessary risk during data collection.  For example, blind 

corners were avoided.  

 

Site Characteristics 

Road type, slope, length and width, and vegetation cover were measured for each 

selected road segment. Road type was identified as either a mainline or secondary road, 

based on use.  Mainline roads were continuously used and secondary roads were 

temporarily used.  Road slope was measured using a clinometer.  Road length and width 

were measured using a measuring tape.  Vegetation cover was estimated as a percentage 

of total ground surface covered by grasses, mosses and other vegetation.  

 

Turbidity Threshold Sampling 

Suspended sediment concentration (SSC) in the runoff at each road segment was 

estimated using a modified Turbidity Threshold Sampling (TTS) method (Lewis 1996).  

This method had been implemented by Lewis (1996), Lewis and Eads (1996), and 

Meadows (2009). The automated sampling method used a probability proportional to 

sampling technique which increased the frequency of sampling at increasing thresholds 

of stage and turbidity (Lewis and Eads 1996). 

A linear relationship between turbidity and SSC was developed from samples 

with known turbidity.  
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This relationship was constructed from samples that were automatically taken with the 

ISCO sampler and SSC allowed turbidity data to be used as a predictor of SSC.  A 

Turbidity-SSC curve was assembled for each road segment using all of the samples 

collected over the water year that station was installed.  Road segments that had TTS 

stations installed during both water years had two TTS-SSC curves.  

 

Measuring Traffic  

A record of the number and date of log truck trips from a harvest unit was kept by 

RFP. This information was provided as loads per week from each harvest unit. 

 

Measuring Precipitation 

Precipitation was measured using a tipping-bucket rain gage with a 20 centimeter 

opening (NovaLynx Corporation, Grass Valley, California).  Each tip of the rain gage 

corresponded with a 0.254 millimeter (0.01 inches) accumulation of precipitation, 

recorded on a Hobo data logger (Onset Computer Corporation, Bourne, Massachusetts).  

The rain gage was located in the center of the Hinkle Creek Watershed.  Precipitation 

data were downloaded on a bi-weekly basis. A map of the rain gage location is shown in 

Figure 4.1. 

 

Site Maintenance and Data Collection 

TTS stations were installed and maintained during the 2013 water year from 

December 2012 to June 2013 and during the 2014 water year from October 2013 to April 

2014. After installation, TTS stations autonomously collected and stored data on a 10-

minute interval. Once a week data were downloaded, samples were collected and, if 

necessary, stage measurements were manually adjusted to ensure accurate readings. 

Downloaded data were graphed and abnormalities due to data collection methods were 

identified and resolved.  Weekly maintenance also included the removal of sediment and 

other debris that accumulated on the flume. 
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3.3 Data Reduction  

Temporal Scale of Analysis  

The main goal of this analysis method was to compare sediment yield on a storm 

by storm basis. Sediment yield and runoff volume were compiled for each road segment 

for every storm. 

 

Identifying Storms 

Storms were identified from precipitation data from the MET station rain gage.  

The 10-minute precipitation data was binned into 30-minute and 12-hour precipitation 

totals.  Using the 12-hour binned data, a storm event was defined as an accumulation of 

greater than 25.4 millimeters (1.0 inches) of rain over two, 12-hour bins (24 hours).  The 

storm duration extended backward and forward in time from this 24-hour period to 

include all adjacent 12-hour intervals in which greater than 1.27 millimeters of rain fell. 

A storm did not include 12-hour periods with less than 1.27 millimeters of rain and ended 

at the last continuous 12-hour period with less than 1.27 millimeters of precipitation.  

Based on changes in the hydrographs of the road segments, the exact time of several 

storms were manually adjusted to fully capture the response of each road segment to 

large storms.  For each storm the cumulative precipitation, the total duration, the average 

precipitation per hour, and the 30-minute maximum intensity were calculated. 

 

Calculating SSC from Water Samples 

Samples collected in the field by the ISCO sampler were taken back to a 

laboratory at Oregon State University in Corvallis, Oregon to be processed.  The turbidity 

of the sample was determined using a Hatch 2100P Portable Turbidimeter.  The samples 

were then filtered, using a vacuum pump and 1.5 micrometer glass fiber filter paper 

(Whatman 934-AH) sized to fit Buchner funnels.  Filters were dried in an oven at 105 

degrees Celsius for a minimum of 24-hours. The weight of sediment in the sample was 

calculated as the difference between the dry filter weight and the dry filter plus sediment 

weight. 
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 The volume of the sample was calculated as the density of water divided by the 

difference between the dry bottle weight and the weight of the bottle plus sample, plus 

the weight of sediment in the sample divided by the density of the sediment.  This was 

converted to SSC by dividing the dry sediment weight by the volume of the sample.  This 

procedure is outlined in more detail in Appendix D.  

 

Conversion of Stage to Discharge 

The water height in the stilling well, measured every 10 minutes, was used to 

calculate a volumetric flow rate of runoff in the ditch using the following equation 

(Robinson and Chamberlain 1960): 

𝑸 = 𝟏. 𝟓𝟓𝒉𝟐.𝟓𝟖   (Eq. 3.1) 

where  

Q   is discharge in units of cubic meters per second, and  

h   is water height in the flume in units of meters.   

 

This equation was  used in past studies (Toman 2004; Marbet 2003) and was provided by 

the flume manufacturer, Tracom Inc.   

 

Calculating Runoff Volumes 

Each discharge measurement taken was assumed to remain constant over the 10-

minute period until the next recording. The runoff volume (L) was calculated as the 

discharge (L/s) multiplied by the seconds in a 10-minute increment. 

 

𝑽 = 𝑸 ∗
𝟔𝟎 𝒔𝒆𝒄𝒐𝒏𝒅𝒔

𝒎𝒊𝒏𝒖𝒕𝒆
∗ 𝟏𝟎 𝒎𝒊𝒏𝒖𝒕𝒆𝒔 ∗

𝟏𝟎𝟎𝟎𝑳

𝒎𝟑     (Eq. 3.2) 

where  

V   is the runoff volume in units of liters per 10 minutes, and  

Q,   is the discharge in units of cubic meters per second.  

 

Runoff volume in cubic meters was later convert to liters by dividing by 1000. 
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Runoff Ratios 

Runoff ratios for a road segment that were greater than 1.0 indicated intermittent 

hydrology, while runoff ratios less than 1.0 indicated ephemeral hydrology.  Runoff from 

the contributing road surface was calculated as the area of the road multiplied by the 

cumulative precipitation that fell during the storm, generating a runoff volume (Equation 

3.3). Road area was multiplied by one-half because road segments in the study area were 

crowned, meaning half of the runoff went to either side of the road. This recorded runoff 

volume from an individual storm was divided by the runoff from the contributed road 

surface (Equation 3.4) 

𝑹𝒔 =   𝑳 ∗ 𝑾 ∗
𝟏

𝟐
∗ 𝑷     (Eq. 3.3) 

where  

Rs,   is the road surface runoff volume in cubic meters,  

L,   is the length of the road segment in meters,  

W,   is the width of the road segment in meters, and  

P,   is the cumulative storm precipitation in meters. 

 

 

 

𝑹𝑹 =
𝑽𝒔

𝑹𝒔
     (Eq. 3.4) 

where  

RR  is the runoff ratio of the road segment,  

Vs  is the volume of runoff that passed through the ditch during the 

storm, in cubic meters, and  

Rs  is the volume of runoff that came from the adjacent road surface, 

in cubic meters.  

 

Runoff ratios were calculated for every storm at each road segment.  The average 

runoff ratio was used to classify the hydrology as intermittent or ephemeral. 
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Sediment Yield 

Sediment yields were calculated using a multi-step process that started with the 

calculation of the linear relationship between turbidity and SSC.  A linear relationship 

was developed for the SSC from grab samples and their corresponding value of field 

turbidity.  The equation for this line was used to generate a SSC value for a given 

turbidity value.  All samples were used in the calculation of the turbidity-SSC 

relationship, unless the field turbidity taken was above the upper turbidity limit for the 

DTS-12 turbidimeter.  This upper limit varied by device, but was between 1800 and 2000 

NTU’s. Samples with turbidity above this limit were removed.  

The seven point average of turbidity was used to calculate the SSC (mg/L) at a 

given 10-minute increment.  The seven-point average used the current turbidity reading 

and three values before and after this value. This can also be considered the hourly 

average of turbidity. 

Once a SSC value was known for a 10-minute time frame, sediment yield was 

calculated by multiplying the runoff volume by the sediment concentration (Eq. 3.5). 

Sediment yield of a storm was the sum of all 10-minute sediment yields between the 

beginning and end of a storm.   

 

𝑴 = 𝑽 ∗ 𝑪 ∗ 𝟏𝟎−𝟔 𝒌𝒈

𝒎𝒈
    (Eq. 3.5) 

where  

M   is the sediment yield in units of kilograms,  

V  is the runoff volume in liters, and 

C   is the SSC in units of milligrams per liter. 

 

Sediment yield values were normalized by dividing by cumulative storm 

precipitation.  Average, normalized sediment yields were calculated as the mean of all 

normalized storm sediment yields at each road segment. 
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Erosivity 

The erosion rate, or erosivity, of each site was calculated as storm sediment yield 

divided by storm runoff volume. Erosivity was calculated using the total sediment and 

runoff volume from each storm sediment yield and using the total runoff volumes and 

sediment from all storms. 

 

𝑬 =
𝑴

𝑽
      (Eq. 3.6)  

Where  

E,   is the erosion rate in units of kilograms per liter,  

M,   is the sediment yield in units of kilograms, and  

V,   is the runoff volume in liters.   

 

 

3.4 Summary and Example of the Data Reduction Process  

 An example of the output from a gaging station for a typical storm is shown in 

Figure 3.7.  The graph shows output for a road segment with intermittent hydrology (1.3).  

Twenty four water samples were collected at that site during the storm.  The SSC from all 

of the water samples were used to develop a linear relationship between SSC and 

turbidity (Figure 3.8). The equation of the line was used to convert turbidity to an 

estimate of SSC. Discharge was calculated using the recorded stage value and the rating 

curve for the trapezoidal flume (Figure 3.9).  Sediment discharge calculated as SSC 

multiplied by discharge.  This was converted to sediment yield per 10-minutes by 

multiplying the rate (kg/s) by the time between instrument readings (36,000 seconds) 

(Figure 3.10). Total sediment yield over the period of the storm was the sum of the 

sediment yielded over all 10-minute intervals for the storm.  This process was repeated 

for each storm (Figure 3.11) and at every road segment. 
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Figure 3.7. Turbidity, stage and sampled suspended sediment concentrations at I.3, during 

storm 19.  Turbidity is averaged over the period of an hour. 
 

 

Figure 3.8. Linear relationship between suspended sediment concentration and turbidity 

for site I.3.
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Figure 3.9. Discharge and estimated suspended sediment concentration at site I.3 during storm 19. 
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Figure 3.10. 10-minute sediment yield at site I.3, during storm 19.  The graph in the upper right-hand corner depicts the 

storm peak in greater detail. 
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Figure 3.11. Continuous discharge and suspended sediment concentrations at site I.3 over the 2013 water year 

installation. 
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3.5 Data Analysis 

Statistical Model   

The relationships between sediment yield and runoff volume, intermittent or 

ephemeral hydrology, presence or absence of traffic and any interactions of these 

variables were explored using a linear mixed model were the unit of observation was 

defined as sediment generated over one storm.  A linear mixed model was used because 

each road segment had multiple observations of sediment yield, and so road segment was 

included as a random effect in the model. Data points that contained a zero for either 

sediment yield or runoff volume were removed, which limited the scope of inference to 

sites and storms where erosion was recorded.  Values of sediment yield and runoff 

volume were natural log transformed, based on prior knowledge of the system and in 

order to meet the assumptions of heteroscedasticity and normality of the residuals as well 

as to linearize the relationship between sediment yield and runoff volume. 

Analysis was carried out using R version 3.1.0 (R Core Team 2014), with the 

statistical package ‘nlme’ (Pinheiro et al. 2014).  The ‘lme’ function was used to fit the 

linear mixed effects model to the data by maximizing restricted log-likelihood (REML). 

 

The model describes the linear mixed effects model is:    (Eq. 3.7)  

 

Yij = β 0 + β1Ln.Runoff.Volumeij + β2Hydrologyij   + β3Trafficij + 

β4(Hydrology*Ln.Runoff.Volume)ij,+ β5(Traffic*Ln.Runoff..Volume)ij +  bij+ εij 

where:  

Yij  is the natural log of sediment yield from the ith road segment and 

the jth unique installation; i=I.1,I.2,I.3,I.4,E.1,E.2,E.3,E.4,E.5,E.6; 

j= 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12  

β 0   is the Ln(Sediment Yield) when Ln(Runoff Volume) = 0, for a 

road  segment with ephemeral hydrology no traffic 

β 1 is the continuous effect of Ln(Runoff volume), 

β 2   is the incremental effect of intermittent hydrology, 
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β 3 is the incremental effect of traffic, 

β 4 is the continuous effect of the hydrology being intermittent, 

β 5 is the continuous effect of traffic, 

Ln.Runoff.Volume is the natural log value of Runoff Volume (m3), 

Hydrology is 1 when intermittent and otherwise 0, 

Traffic is 1 when truck traffic is present and otherwise 0, 

bij is the random effect of the ith road segment and jth installation on 

sediment yield, bij ~ N(0, σ2
road.segment ) and bij and bi’j’ are 

independent, and 

εij is the random error term for the ith road segment and the jth 

installation, εij ~ N(0, σ2) and εij and εi’j’
 are independent.  In 

addition it is assumed that εij and bij are independent 

 

Assumptions of heteroscedasticity and normality of residuals were graphically 

checked using residual plots.  Because of the time series nature of storms, temporal 

autocorrelation in the residuals was checked for using autocorrelation function (ACF) 

plots. All assumptions were adequately met. 

Backwards selection was used to remove interactions between explanatory 

variables from the model.  If there was no evidence for the interaction a simpler model 

without the interaction was fit.  The cutoff for a statistically discernable outcome was set 

at α=.05. 

 

 

 

 

 

 

 

 



37 
 

 
 

CHAPTER 4 - RESULTS 

 

4.1 Road Segment Characteristics  

Discharge and suspended sediment data were collected for 10 individual road 

segments. There were six modified turbidity threshold sampling (TTS) systems used to 

collect discharge and suspended sediment data.  Each TTS system was installed on a road 

segment several times during the two year study period. On average, a TTS station 

collected data on a road segment for 109 days. This length of time ranged from 39 to 189 

days. 

The locations of the 10 road segments that were studied are shown in Figure 4.1. 

They are labeled I.1 through I.4 and E.1 through E.4. The SSC and turbidity 

measurements taken at each site are included in Appendix A. The hydrology, runoff ratio, 

road type, slope, length, vegetation cover for the ditch, and soil type for each road 

segment are listed in Table 4.1. 

The hydrology of the individual road segments was classified as either 

intermittent or ephemeral. This classification was based on the runoff ratio of the road 

segment (Figure 4.2). The hydrology of road segments that had runoff ratios greater than 

1.0 was classified as intermittent while the hydrology of road segments that had runoff 

ratios less than 1.0 was classified as ephemeral. The hydrology of four road segments 

were classified as intermittent and the hydrology of six road segments were classified as 

ephemeral. 

A runoff ratio was calculated for each storm that was recorded for each road 

segment.  Then the runoff ratios for the different storms were averaged to calculate an 

average runoff ratio for the road segment (Table 4.2).  The runoff ratios for a road 

segment were generally consistent and were either always greater than 1.0 or were always 

less than 1.0. However, some road segments did not conform to this convention for all of 

the storms. 
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Road segment E.5 had an average runoff ratio of 0.9, with half of its runoff ratios 

between 1.0 and 2.0.  The hydrology of this road segment remained classified as 

ephemeral because the runoff ratios of the road segments classified with intermittent 

hydrology had runoff ratios greater than 2.0 and ranged between 2.1 and 37.5. 
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Figure 4.1 Map of harvest units and installation roads.  Log truck traffic traveled from the harvest unit along the 

highlighted roads to the outlet in the Northeast corner of the map. 

 

                Rain Gage 
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Table 4.1. Summary of road segment characteristics. 

Road 

Segment 

Installation 

Period(s) 

Road 

Hydrology 

Avg. 

Runoff 

Ratio 

Road Type 
Road 

Slope 

Road 

Length 

(m) 

Ditch 

Vegetation 

Cover  

Soil Type 

I.1 
12/6/12–4/17/13 

10/4/13-3/17/13 
Intermittent 37.5 Secondary 4.5% 

111 

 
90% 

Orford gravelly 

loam 

I.2 12/6/12–3/21-13 Intermittent 10.1 Secondary 7.5% 52 80% 

Honeygrove 

gravelly clay 

loam 

I.3 
11/27/12–6/13/13 

10/4/13–2/4/14 
Intermittent 2.1 Secondary 9% 81 90% 

Gustin-Orford 

Complex 

I.4 2/11/14–3/17/14 Intermittent 4.1 Mainline 11% 458 80% 
Orford Gravelly 

Loam 

E.1 
3/26/13–6/13/13 

10/4/13–1/21/14 
Ephemeral 0.2 Secondary 17% 156 35% 

Honeygrove 

Gravelly Clay 

Loam 

E.2 
12/12/12–6/13/13 

10/4/13–2/4/14 
Ephemeral <0.1 Secondary 15.5% 93 75% 

Honeygrove 

Gravelly Clay 

Loam 

E.3 10/4/13–3/17/14 Ephemeral 0.1 Secondary 15% 61 90% 

Honeygrove 

Gravelly Clay 

Loam 

E.4 1/21/14–3/17/14 Ephemeral 0.5 Secondary 11% 219 90% 
Lempira 

Gravelly Loam 

E.5 1/21/14–3/17/14 Ephemeral 0.9 Mainline 8.5% 171 85% 
Orford Gravelly 

Loam 

E.6 
3/21/13–6/13/13 

2/4/14–3/17/14 
Intermittent 0.2 Secondary 9.5% 172 80% 

Klicktat-

Harington 

Complex 
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Figure 4.2. The average runoff ratios with standard error bars for each road segment.  The 

runoff ratios are expressed on a log scale. For runoff ratios greater than 1, the hydrology 

of the road segment is ephemeral and for runoff ratios less than 1, the hydrology of the 

road segment is intermittent. 

 

Table 4.2. The average, minimum, and maximum runoff ratios for each road segment 

listed with the standard error of the average and the number of storms sampled. 

Site Minimum Maximum Average Std. Error N 

I1 0.0 562.0 37.5 20.0 34 

I2 0.0 64.2 10.1 5. 14 

I3 <0.1 10.9 2.1 0.4 36 

I4 1.6 9.9 4.1 1.3 6 

E1 <0.1 0.7 0.2 <0.1 18 

E2 0.0 0.1 <0.1 <0.1 21 

E3 0.0 1.4 0.1 0.1 18 

E4 <0.1 2.0 0.5 0.2 8 

E5 0.0 1.8 0.9 0.2 8 

E6 <0.1 0.8 0.2 0.1 17 
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Most of the TTS installations were located on secondary roads. Two TTS 

installations (one with ephemeral hydrology and one with intermittent hydrology) were 

located on the Hinkle Creek mainline road.  The slopes of the road segments that were 

studied were between 8.5 and 17 percent for roads with ephemeral hydrology and 

between 4.5 and 11 percent for roads with intermittent hydrology.  The percent 

vegetation in the road ditch ranged between 80 and 90 percent for the roads with 

intermittent hydrology and between 35 and 90 percent for roads with ephemeral 

hydrology.  The lengths of roads that contributed runoff to road segments with 

intermittent hydrology ranged between 52 and 458 meters, and between 61 and to 219 

meters for roads with ephemeral hydrology. 

The soil types that the study road segments were built on were determined with 

the online Web Soil Survey (Natural Resource Conservation Service) varied from clay 

loams to gravelly loams (defined by USDA soil taxonomy).  Most of the soils were either 

the Orford Gravelly Loam or the Honeygrove gravelly clay loam. One road segment each 

was constructed on the Gustin-Orford Complex (a mix of gravelly loam and clay loam 

with deeper layers of clay), the Klickitat-Harington Complex (a very gravelly loam), and 

the Lempira gravelly loam. 

 

Precipitation  

 Precipitation during the study deviated from the  30-year record (1981-2010) 

based on a weather station in Oakland, Oregon (National Ocean and Atmospheric 

Administration, National Climate Data Center).  The months with the most precipitation, 

on average, are November, December and January.  However, during the 2013 water year 

the months with the highest precipitation were October, November, and September. 

During the 2014 water year, to date, the months with the highest precipitation were 

November, February and March.  The monthly precipitation during the study and the 

historical average monthly precipitation are shown in Table 4.3. 
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Table 4.3. Average and actual monthly precipitation for Oakland, Oregon. Months in 

which two or more sites were installed are marked with an asterisk and in bold.  Data for 

the remainder of the 2014 water year is not yet available. 

Month 30-year Average 2013 Water Year 2014 Water Year 

October 2.94 4.86 * 1.79 

November 6.73 11.86 * 3.68 

December 7.03 * 9.77 * 0.65 

January 5.89 * 3.15 * 2.17 

February 4.44 * 1.64 * 7.74 

March 4.00 * 2.89 * 7.76 

April 3.04 * 1.89 1.98 

May 2.36 * 2.14 - 

June 1.16 * 0.34 - 

July 0.5 0.00 - 

August 0.54 0.30 - 

September 1.22 6.55 - 

 

 

Defined Storm Events 

 Forty three storms occurred during the study period.  The storms were identified 

following the procedure outlined in the Methods Chapter. A storm had a minimum 

accumulation of 12.7 millimeters (0.5 inch) over 24 hours. There were 25 storms during 

the 2013 water year and 18 storms during the 2014 water year.  The start and stop date, 

duration, cumulative precipitation, maximum 30-minute intensity, and average storm 

intensity for each storm is listed in Table 4.4.  On average, a storm lasted 58 hours, had 

an average cumulative precipitation of 39.3 millimeters, had an average intensity of 0.86 

millimeters per hour, and an average maximum 30-minute intensity of 6.34 millimeters 

per hour. 
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 The biggest storm occurred between February 11 and 16, 2014. A cumulative 

precipitation of 134.9 millimeters fell over 48 hours for an average precipitation intensity 

of 1.12 millimeters per hour and a maximum 30-min intensity of 7.11 millimeters per 

hour. The smallest storm occurred between March 16 and 17, 2014 when a cumulative 

precipitation of 4.3 millimeters that fell over 48 hours. 

Each TTS installation recorded a unique series of storms because the TTS stations 

were moved to new locations throughout the study.  The storms when runoff and 

sediment yield data were collected for each road segment are shown in Figure 4.3. This 

figure also indicates whether traffic was present the week prior to the storm. 
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Table 4.4. Summary of characteristics for each defined storm event during the 2013 and 2014 water years. 

Storm # Start Date Stop Date 
Duration 

(hrs) 

Cumulative 

Precipitation 

(mm) 

Average 

intensity 

(mm/hr) 

Max 30-min 

Intensity 

(mm/hr) 

1 11/29/2012 0:00 12/3/2012 0:00 96 175.8 1.83 14.22 

2 12/3/2012 12:00 12/6/2012 0:00 60 63.5 1.06 5.59 

3 12/7/2012 12:00 12/10/2012 12:00 72 7.9 0.11 1.02 

4 12/11/2012 12:00 12/16/2012 0:00 108 16.3 0.15 4.06 

5 12/16/2012 12:00 12/19/2012 12:00 72 45.5 0.63 9.65 

6 12/20/2012 0:00 12/23/2012 0:00 72 36.1 0.50 3.05 

7 12/23/2012 12:00 12/27/2012 0:00 84 74.4 0.89 7.62 

8 1/9/2013 0:00 1/14/2013 12:00 132 7.4 0.06 4.57 

9 1/15/2013 0:00 1/17/2013 0:00 48 24.1 0.50 3.05 

10 1/23/2013 0:00 1/24/2013 0:00 24 17.0 0.71 5.08 

11 1/24/2013 12:00 2/1/2013 12:00 192 87.6 0.46 9.14 

12 2/22/2013 0:00 2/23/2013 0:00 24 25.1 1.05 4.06 

13 2/24/2013 12:00 2/26/2013 0:00 36 16.5 0.46 4.06 

14 3/5/2013 12:00 3/7/2013 0:00 36 30.7 0.85 4.57 

15 3/16/2013 12:00 3/19/2013 0:00 60 20.6 0.34 4.57 

16 3/19/2013 12:00 3/24/2013 12:00 120 56.4 0.47 11.18 

17 3/27/2013 0:00 3/29/2013 0:00 48 17.0 0.35 7.11 

18 3/31/2013 12:00 4/2/2013 0:00 36 29.0 0.80 3.05 

19 4/4/2013 0:00 4/8/2013 0:00 96 63.5 0.66 10.67 

20 4/8/2013 12:00 4/9/2013 0:00 12 13.0 1.08 6.60 

21 4/15/2013 0:00 4/17/2013 0:00 48 20.1 0.42 9.14 

22 4/19/2013 0:00 4/20/2013 12:00 36 19.8 0.55 5.08 
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Storm # Start Date Stop Date 
Duration 

(hrs) 

Cumulative 

Precipitation 

(mm) 

Average 

intensity 

(mm/hr) 

Max 30-min 
Intensity 
(mm/hr) 

23 5/16/2013 0:00 5/17/2013 12:00 36 14.7 0.41 4.06 

24 5/21/2013 12:00 5/24/2013 12:00 72 31.5 0.44 5.08 

25 5/25/2013 12:00 5/30/2013 0:00 48 44.7 0.41 6.10 

26 10/26/2013 12:00 10/28/2013 12:00 48 11.4 5.72 4.57 

27 11/2/2013 0:00 11/4/2013 0:00 36 33.8 0.70 7.11 

28 11/5/2013 0:00 11/6/2013 12:00 24 19.8 0.55 3.05 

29 11/7/2013 0:00 11/8/2013 0:00 36 25.4 1.06 9.14 

30 11/15/2013 12:00 11/17/2013 0:00 36 14.5 0.40 3.56 

31 11/18/2013 12:00 11/20/2013 0:00 24 53.1 1.47 5.59 

32 12/2/2013 0:00 12/3/2013 0:00 24 34.3 1.43 6.10 

34 12/20/2013 12:00 12/21/2013 12:00 60 29.2 1.22 4.57 

35 1/7/2014 12:00 1/10/2014 0:00 60 23.6 0.39 4.06 

36 1/11/2014 0:00 1/13/2014 12:00 60 55.4 0.92 10.16 

37 1/28/2014 0:00 1/30/2014 12:00 24 34.3 0.57 7.11 

38 2/7/2014 12:00 2/8/2014 12:00 120 44.2 1.84 7.11 

39 2/11/2014 12:00 2/16/2014 12:00 48 134.9 1.12 12.70 

40 2/17/2014 0:00 2/19/2014 0:00 24 46.0 0.96 12.70 

41 2/20/2014 0:00 2/21/2014 0:00 72 18.5 0.77 2.03 

42 3/4/2014 12:00 3/7/2014 12:00 60 62.5 0.87 12.95 

43 3/9/2014 12:00 3/11/2014 0:00 24 85.9 1.43 5.84 

44 3/16/2014 12:00 3/17/2014 12:00 48 4.3 0.18 1.78 

Average 58.4 39.3 0.86 6.34 
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Log Truck Traffic  

 Log truck traffic on the road segments that recorded data during the study was 

determined on a weekly basis. The number of loaded trucks that came from an identified 

harvest unit was calculated (Figure 4.3).  The harvest units are listed in Table 4.5. 

 

Table 4.5. Summary of harvest units and log truck trips from each unit. The total number 

of trips coming from Study Over has yet to be determined. 

Unit Haul Road Haul Dates Trips 
Sites Along 

Route 

Rock Island 

Cable 

Hinkle Creek 

Mainline, 

Rock Island Rd. 

03/2013 – 06/2013; 

02/2014 – 03/2014 

318; 

114 
E.1, E.2, E.6 

Cracker 

Jack 
Rock Island Rd. 01/2014 67 E.6 

Brome Field 

Cable 

Hinkle Creek 

Mainline 
11/2013 – 02/2014 853 I.4, E.5 

Lone Pine 

Cable 

 

Hinkle Creek 

Mainline 
09/2014 – 11/2014 309 

E.3, I.1, I.2, 

I.3 

Study Over 
Hinkle Creek 

Mainline 
03/2014 – Ongoing 

Not Yet 

Determined 
E.4, E.5, I.4 
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2013 – Water Year Storms 

Site 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

I.1                          

I.2                          

E.1                          

I.3                          

E.2                          

E.6                          

E.3                          

I.4                          

E.4                          

E.5                          

2014 – Water Year Storms 

Site 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 

I.1                    

I.2                    

E.1                    

I.3                    

E.2                    

E.6                    

E.3                    

I.4                    

E.4                    

E.5                    

 

Figure 4.3. Identification of storms that occurred at each road segment.  Blue squares indicate the site was installed 

during the storm, orange squares indicates the site was installed and log truck traffic was present the week prior, and 

grey square indicate that the site was installed but data was not recorded due to an equipment error or no precipitation 

occurred at the site. 
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4.2 Runoff and Sediment Yield from Road Segments  

The runoff volume and sediment yield were calculated for each storm for each 

TTS installation and road segment. These values were then normalized by the total 

precipitation for the storm. Runoff volumes and sediment yields were normalized to 

account for different periods and durations for the TTS installations. Once storm values 

of runoff volume and sediment yield were normalized, the storm values were 

accumulated to give a cumulative normalized runoff volume and sediment yield for each 

road segment. The normalized and cumulative runoff volumes and sediment yields are 

listed in Table 4.6.  Normalized sediment yield, normalized runoff and erosivity for each 

road segment are shown in Figures 4.4 to 4.6. 

 

Table 4.6. Summary of site cumulative sediment, normalized sediment yield, cumulative 

runoff volume, normalized runoff volume, and erosivity. 

 

The road segment that produced the most sediment over its period of installation, 

119 kilograms, and produced the most sediment per unit of precipitation, 0.52 kg/mm, 

was I.4.  This was a road segment located on the Hinkle Creek mainline road that had 

intermittent hydrology. 

Site Cumulative 

Sediment 

(Kg) 

Storm Sediment 

Yield (kg/mm) 

(Std. error) 

Cumulative 

Flow 

Volume 

 (L) 

Storm Normalized 

Flow (L/mm) 

(Std. error) 

Erosivity 

(mg/L) 

I.1 41.8 0.073 (0.037) 5,590,000 11,810 (6,280) 7.5 

I.2 2.8 0.005 (0.002) 958,000 1,560 (760) 2.9 

I.3 43.2 0.022 (0.006) 786,000 460 (100) 55.0 

I.4 119.4 0.522 (0.221) 1,314,000 5,130 (1,570) 90.9 

E.1 26.2 0.046 (0.012) 5,300 90 (20) 500.0 

E.2 1.6 0.002 (0.001) 4,000 10 (<10) 371.0 

E.3 0.2 <0.001 (<0.001) 4,100 30 (20) 4.4 

E.4 26.6 0.049 (0.026) 126,000 280 (150) 211.6 

E.5 90.2 0.297 (0.066) 187,000 480 (90) 482.9 

E.6 11.4 0.013 (0.004) 105,000 100 (30) 108.5 
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 Log truck, pick-up, and other administrative traffic occurred throughout the 

period of installation at this site.  The road segment that produced the second most 

sediment, 90 kg, and second most sediment per unit of precipitation, 0.3 kg/mm, was E.5.  

This was also a road segment located on the Hinkle Creek mainline road, but had 

ephemeral hydrology. 

The road segment that had the most cumulative runoff volume, 5,590,000 liters,   

and the most normalized runoff volume, 11,800 L/mm, was I.1.  This road segment was 

located on a secondary road and had intermittent hydrology. The road segment that had 

the second most cumulative and normalized runoff volumes, 1,314,000 liters and 5,100 

L/mm, was located on a secondary road and had intermittent hydrology. 

The erosivity of road segments is defined as the amount of sediment yield per unit 

of runoff. The most erosive road segment was E.1, which produced 500 mg/L.  This road 

segment was located on a secondary road and it was the steepest road segment studied. 

The road segment that was the second most erosive was E.5. It 482 mg/L and it was also 

the site that produced the second most sediment.  

Pictures of the road segments that produced the most sediment and were most 

erosive are shown in Figures 4.7 and 4.8.  
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Figure 4.4. Average, normalized runoff volume with standard error bars. 

 

Figure 4.5. Average, precipitation normalized sediment yield, with standard error bars. 

 

Figure 4.6. Site erosivity, defined as sediment production per unit of runoff volume 
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Figure 4.7. Upslope view of the road segment I.4 that had the most sediment yield. 

 

 

Figure 4.8. Upslope view of road segment E.1 that was the most erosive 
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4.3 Frequency Distribution 

Ninety one percent of the sediment yield from the road segments occurred during 

storms. The total sediment yield from all road segments for both years was 392.5 kg and 

357.2 kg was produced during storms.  The cumulative frequency distribution of 

sediment yield by storm is shown in Figure 4.9.  The cumulative frequency distribution of 

sediment yield by road segment is shown in Figure 4.10.  Eighty percent of the sediment 

yield was produced during 8 storms, which is 19 percent of the storms.  Eighty one 

percent of the sediment was produced from four of the ten road segments.  

There were 180 estimates of sediment yield calculated for all of the storms across 

all of the road segments.  Twenty two of these estimates (12 percent) accounted for 80 

percent of the sediment yield during storms.  The frequency distribution of sediment 

generated from a single estimate is shown in Figure 4.11.   

 

Figure 4.9. Cumulative sediment yield expressed as a percentage, generated by storm 
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Figure 4.10 Cumulative sediment yield, expressed as a percentage, generated by each 

road segment.  Roads are listed in order from largest sediment producing road to smallest.  

 

 

Figure 4.11 Cumulative sediment yield expressed as a percentage of sediment yield for 

each unique combination of road segment and storm. 
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4.4 Linear Mixed Effects Model  

Runoff volume and log truck traffic were significant predictors of median 

sediment yield for a road segment (p<0.001) (Figure 4.12). However, the increase in 

median sediment yield for each unit of increase in runoff volume was greater for road 

segments with ephemeral hydrology than for road segments with intermittent hydrology 

(p=0.0063) (Table 4.7).  

Median sediment yield was estimated to be 3.31 times higher when truck traffic 

occurred on the road segment in the prior week, compared to when there was no traffic in 

the prior week. This effect occurred regardless of the type of hydrology of the road 

segment, after accounting for runoff volume and road segment (p=0.003, 95%CI: 1.93-

4.69 times higher).  The interaction term between the runoff volume and truck traffic was 

not statistically significant (F=1.776, p=0.185), thus, the model was run without this 

term. Results from the linear mixed effects model are shown in Table 4.7. 

 

Table 4.7.Summary of results from the linear mixed effects model 

 Term Estimates Std. Error DF t-value p-value 

S
lo

p
e 

Ln(Runoff Volume) 0.9787 0.0574 148 17.051 <0.0001 

Hydrology 

(intermittent)  * 

Ln(Runoff Volume) 

-0.2195 0.0793 148 -2.769 0.0063 

In
te

rc
ep

t 

Intercept -2.5900 0.4433 148 -5.843 <0.0001 

Traffic 

(Active Haul Route) 

1.1956 0.3228 148 3.704 0.0003 

Hydrology 

(Intermittent) 

-0.6567 0.6585 8 -0.997 0.3478 
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Figure 4.12. Pooled storm data sorted by traffic and by hydrology of the road segment. 

E = ephemeral hydrology. I = Intermittent hydrology  

 

 

  Equations to estimate the sediment yield using a known runoff volume were 

derived from the linear mixed effects model results (Eq. 4.2 to 4.5) separately for each 

traffic and hydrology type combination. These equations use runoff volume, in cubic 

meters and result in estimates of median sediment yield in kilograms. 

A line for each equation was generated using a range of input values that matched 

the observed values for each combination of traffic and hydrology.  These were overlaid 

on the data and are shown  in Figure 4.13.  They are also individually shown based on 

traffic and site hydrology combination in Figure 4.14. 
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Ephemeral Hydrology, No Traffic:       (Eq. 4.2) 

𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑌𝑖𝑒𝑙𝑑 = 0.075 ∗ exp[0.9797 ∗ 𝑙𝑛(𝑅𝑢𝑛𝑜𝑓𝑓 𝑉𝑜𝑙𝑢𝑚𝑒)] 

Ephemeral Hydrology, Traffic:       (Eq. 4.3) 

𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑌𝑖𝑒𝑙𝑑 = 0.248 ∗ exp[0.9797 ∗ 𝑙𝑛(𝑅𝑢𝑛𝑜𝑓𝑓 𝑉𝑜𝑙𝑢𝑚𝑒)] 

Intermittent Hydrology, No Traffic:      (Eq. 4.4) 

𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑌𝑖𝑒𝑙𝑑 = 0.075 ∗ exp[0.7602 ∗ 𝑙𝑛(𝑅𝑢𝑛𝑜𝑓𝑓 𝑉𝑜𝑙𝑢𝑚𝑒)] 

Intermittent Hydrology, Traffic:       (Eq. 4.5) 

𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑌𝑖𝑒𝑙𝑑 = 0.248 ∗ exp[0.7602 ∗ 𝑙𝑛(𝑅𝑢𝑛𝑜𝑓𝑓 𝑉𝑜𝑙𝑢𝑚𝑒)] 
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Figure 4.13 Fitted equations for sediment yield, on log base 10 axes and study data. 

0.0000001

0.000001

0.00001

0.0001

0.001

0.01

0.1

1

10

100

0.00001 0.0001 0.001 0.01 0.1 1 10 100 1000 10000

Se
d

im
en

t 
Yi

el
d

 (
kg

)

Runoff Volume (m3)

E, NoTraffic E, Traffic I, No Traffic I, Traffic

Fitted, E, NT Fitted, E T Fitted, I NT Fitted, I T



59 
 

 
 

  

   

Figure 4.14. Fitted equation and data used to generate the relationship. I = Intermittent, E = Ephemeral 
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CHAPTER 5 – DISCUSSION 

 

5.1 Study Limitations and Assumptions 

Scope of Inference 

 The ten road segments analyzed were chosen because they were all drainage 

ditches adjacent to an active road.  The statistical scope of inference for the erosion 

model is those particular road segments.  Generalizations from this study should be 

limited to forest roads maintained for timber production in the western Oregon Cascades.  

The linear model fit to the data is bound to the range of recorded runoff values for each of 

the four traffic and hydrology combinations.  These ranges are lower than expected 

because data collection took place during drier winters than is typical of the regional 

climate. 

 

Precipitation Data  

A single rain gage, located remotely from the road segments that were studied, 

was used to categorize storms for all road segments.  This method assumed an even 

spatial distribution of larger precipitation events across the watershed.  Large storms were 

of interest in this study because of the increase in erosive power that is associated with 

larger cumulative precipitation.  

 

Traffic 

The study design stratified traffic as either present or absent, without specifically 

quantifying the number of log trucks.  The intensity of truck traffic does affect sediment 

yield (Dubè et al. 2004). When truck traffic was present it was assumed that it would be 

considered heavy use (defined as more than 4 loads per day in the Washington Road 

Surface Erosion Model, Dubè et al. 2004).  
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Outliers 

Within the observations there was one obvious outlier (Figure 5.1).  This 

observation occurred for road segment I.3 after several large storms.  The preceding 

storms could have flushed sediment from the road and ditch and limited the availability 

of sediment for this storm (Figure 5.2).  The results of the analysis did not change when 

the outlier was removed.  However, it does illustrate the potential role that 

autocorrelation, the timing of storms, might play. 

 

Figure 5.1. Identification of outlier within the data (circled in red). 
 

 

Figure 5.2. Flushing of sediment from road segment I.3. Arrow moves towards more 

recent storm, starting with storm 1 on 11/29/12 and ending with storm 5 on 12/19/12. The 

outlier from the previous figure is circled in red. 
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A plot of residuals versus chronologically ordered storms indicated some 

autocorrelation.  However, there did not appear to be any autocorrelation in the residuals 

in the ACF and PACF plots (see Appendix B). 

Temporal autocorrelation was expected within the data from a road segment 

because fine sediment on the surface of the road can be removed during a large storm.  

Reid and Dunne (1984) and Bilby et al. (1989) reported that sediment was rapidly 

flushed from road surfaces throughout storms for mainline and secondary roads.  

Decreased sediment concentrations in road runoff occurred more rapidly if log trucks 

were not active during storms (Bilby et al. 1989). The erosion of fine sediment from the 

road surface reduces the sediment available for transport in future storms of similar or 

smaller magnitude.  However, it is expected log truck traffic between storms will make 

sediment available for transport. 

The absence of autocorrelation may be due to the fact that roads in study area 

were exposed to large storms that flushed sediment from the road surfaces before the TTS 

equipment was installed.  The first TTS installations in the 2013 WY were installed in 

December and in November, the preceding month, the study area received more 

cumulative precipitation than any other month that year.  During the 2014 WY, TTS 

stations were installed during the first week of October and the previous month, 

September, was one of the wettest Septembers on record in Oregon (see section 4.2). 

 

5.2 Explaining Variability and Comparison to Previous Studies   

The magnitude of sediment production observed during this study was highly 

variable between road segments and between storms. Normalized sediment yield varied 

over four orders of magnitude from 0.0002 to 0.52 kilograms per millimeter of 

precipitation. The majority of the sediment came from a minority of the unique storm-

road segment combinations 

 Sediment production was highly localized and road segments that produced large 

amounts of sediment occurred infrequently.  Only two road segments had average, 

normalized sediment yields greater than 0.1 kg of sediment per mm of rainfall.   
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The selection of locations for the TTS equipment focused on road segments that appeared 

to produce runoff and sediment, which was a minority of the population of road 

segments.  This same result was observed by Luce and Black (1999) and Skaugset et al. 

(2011). 

Runoff volume, traffic and road segment hydrology explained variability in 

sediment production between storms and road segments better than cumulative 

precipitation. Storm runoff volume alone explained nearly 73 percent (based on a 

coefficient of determination, R2) of the variability in the sediment yield data.  This value 

improved if the road segment hydrology and the occurrence of log truck traffic is 

accounted for (Table 5.1). 

 

Table 5.1. Coefficient of determination using natural log transformed runoff volume to 

explain variability between natural-log transformed sediment yield for each combination 

of road segment hydrology and traffic. 

Stratification Ln (Runoff Volume) + Traffic + Hydrology 

Coefficient of Determination, R2 

Intermittent hydrology, with traffic 0.84 

Intermittent hydrology, no traffic 0.67 

Ephemeral hydrology, with traffic 0.84 

Ephemeral hydrology, no traffic 0.88 

 

For this study, runoff volume explained more of the variability in the sediment 

yield data than was reported by Surfleet et al. (2011) and Amann (2004). Surfleet et al 

(2011) reported that 25 percent of variability in sediment yield was explained by runoff 

volume and Amann (2004) reported that 53 percent of the variability in the yield of 

coarse sediment was explained by storm runoff volume. 

For this study, cumulative storm precipitation explained 14 percent of the 

variability in sediment yield data (Figure 5.3).  Sugden and Woods (2007) reported a 

similar level of correlation, 10 percent, between annual precipitation and annual sediment 

yield. The use of cumulative precipitation with road hydrology and traffic improved the 

R2 values for this study (Figure 5.4). 
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Figure 5.3. A graph of storm precipitation and sediment yield. 
 

 

Figure 5.4. A graph of storm precipitation and sediment yield, stratified by traffic and 

hydrology type. 
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Road length and slope are two of the most widely used factors to predict sediment 

yield from a road segment. Increasing the length and slope of a road segment increases 

the sediment yield (Reid and Dunne 1984; Luce and Black 1999; Dubè 2004). A graph 

that shows road length plotted against average, normalized sediment yield is shown in 

Figure 5.5.  The graph shows a positive relationship between road segment length and 

normalized sediment yield after the road segments are stratified by hydrology.  This 

correlation is stronger for road segments with intermittent hydrology however, a sample 

size of four road segments is not a robust population to draw conclusions from.  One data 

point (I.4) is highly influential in this relationship. Figure 5.6 shows the relationship 

between road slope and sediment yield, stratified by road hydrology. Contrary to other 

research results (Reid and Dunne 1984; Luce and Black 1999; Dubè 2004) this 

relationship did not result in a positive relationship.  

 

 

Figure 5.5. A graph of normalized sediment yield and road length, stratified by hydrology 

type.  Standard error bars are included to show the variability in the normalized 

sediment yield. 
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Figure 5.6. A graph of normalized sediment yield and road segment slope, stratified by 

hydrology type. Standard error bars are included to show the variability in the sediment 

yield data. 

 

The use of static, physical road attributes (slope, length, width, etc.) to predict 

sediment yield on the time scale of individual storms negates the dynamic nature of road 

drainage systems.  This approach does not take into account factors that may vary widely 

throughout the year such as total storm precipitation, average and/or maximum storm 

intensity, and the volume of road runoff.  All of these factors are dynamic and influence 

the amount of sediment generated from a road segment (MacDonald et al. 2001; Amann 

2004; Dent et al. 2003). 

 

5.3 Timing of Sediment Production   

Part of what makes road drainage systems dynamic are their response to 

precipitation.  In this study, all the road segments responded rapidly to precipitation and 

the majority of sediment (91 percent) was produced during defined storms.  This was 

consistent for both types of hydrology.  Figure 5.7 shows the runoff and sediment yield 

from a road segment with intermittent hydrology during a storm.  The peak in sediment 

yield falls near the peak in precipitation. 
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This same response is observed for a road segment with ephemeral hydrology 

(Figure 5.8) during the same storm.  Short bursts of high intensity rainfall appear to be 

responsible for most of the sediment yield. 

 

 

Figure 5.7. A graph of precipitation and sediment yield during a storm for a road segment 

with intermittent hydrology (I.4) 

 

Figure 5.8. A graph of precipitation and sediment yield during a storm for a road segment 

with ephemeral hydrology (E.3). 

0

2

4

6

8

10

12

14

16

180

200

400

600

800

1000

1200

1400

1600

1800

2000

2/15/14
12:00

2/15/14
14:00

2/15/14
16:00

2/15/14
18:00

2/15/14
20:00

2/15/14
22:00

2/16/14
0:00

P
recip

itatio
n

 (m
m

/1
0

-m
in

)

Se
d

im
en

t 
Yi

el
d

 (
kg

 /
1

0
-m

in
)

Date, Time

0

2

4

6

8

10

12

14

16

180

0.002

0.004

0.006

0.008

0.01

0.012

0.014

2/15/14
12:00

2/15/14
14:00

2/15/14
16:00

2/15/14
18:00

2/15/14
20:00

2/15/14
22:00

2/16/14
0:00

P
recip

itatio
n

 (m
m

/1
0

-m
in

)

SE
d

im
en

t 
Yi

el
d

 (
kg

/1
0

-m
in

)

Date, Time



68 
 

 
 

5.4 Road Hydrology  

Sediment Production  

Surface runoff from the road ditch is the result of either infiltration-excess 

overland flow from the road surface or subsurface flow intercepted from the adjacent 

hillslope.  Overland flow from the road surface is ephemeral and occurs only during 

storms.  Subsurface flow from the adjacent hillslope is intermittent and can continue 

between storms until preferential flow paths in the soil disconnect.  Marbet (2003) 

reported that the flow volumes at road segments with intermittent hydrology are several 

orders of magnitude greater than flow volumes at road segments with ephemeral 

hydrology.  Gilbert (2002) reported that roads with intermittent hydrology had larger 

peak discharges and greater storm runoff volumes than road segments with ephemeral 

hydrology. 

The erosive potential of a channel increases as the volumetric flow rate increases, 

which suggests that road segments with intermittent hydrology should produce more 

sediment than those with ephemeral hydrology. The results of this study show this to be 

partially true.  The road segment with the second greatest normalized and cumulative 

sediment yield had ephemeral hydrology.  But, this road segment was also adjacent to a 

road with significant log truck traffic. 

The road segments with ephemeral hydrology, in this study, were more erosive 

and produced more sediment per unit volume of runoff than road segments with 

intermittent hydrology.  One reason for the increased erosivity could be that the greater 

runoff volume from subsurface flow armors the road ditch over time and the finer 

sediment is flushed from the road.  In this study, road segments with ephemeral 

hydrology were also steeper than the road segments with intermittent hydrology. The 

average slope of the six road segments with an ephemeral hydrology was 13 percent and 

the average slope of the road segments with an intermittent hydrology was 8 percent. 

 In theory an increased slope of the road surface would increase erosive potential 

of sediment from that surface.  However, inconsistent correlations were observed in this 

study between road slope and normalized sediment yield for the two types of hydrology. 
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Hydrologic Classification  

The classification of road segments with either intermittent or ephemeral 

hydrology was based on a runoff volume calculated from the contributing area of the 

adjacent road surface.  This was a visually estimated area and there was no way to 

determine the source of runoff in the road ditch.  A portion of the runoff from a road 

segment classified with ephemeral hydrology may have runoff that was actually 

subsurface flow intercepted from the adjacent hillslope.  However, these hillslope 

contributions are assumed to be minor, based on the runoff ratios observed in previous 

studies.  Marbet (2003) reported runoff ratios that were all less than 0.17 for six road 

segments with ephemeral hydrology and a runoff ratio of 21 for one road segment with 

intermittent hydrology. A few road segments in this study had runoff ratios that indicated 

the hydrology was ephemeral for some storms but intermittent for other storms.  

Generally, runoff ratios were either much smaller than 1 or larger than 2.0. Only one road 

segment, E.4, had a runoff ratio that averaged close to 1.0. 

The hydrology for the road system in the study area appeared to be predominately 

ephemeral.  Most of the road segments surveyed did not appear to have any persistent 

water movement through the road ditch. This is consistent with the work reported by 

Ellingson (2002) in the Oak Creek watershed where the majority of the roads had low 

volumes of runoff. 

 

5.5 The Role of Traffic  

The two road segments that produced the most sediment were both installed along 

the Hinkle Creek Mainline road (I.4 and E.5) and both were two of the road segments 

with the shortest installation periods. The TTS equipment was installed on road segment 

E.5 for 55 days and road segment I.4 for 34 days.  Despite the short length of time for 

data collection, these two road segments produced more than 50 percent of the sediment 

yield observed during the study. 
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One road segment had intermittent hydrology and one had ephemeral hydrology. 

The erosivity was much higher for the road segment with ephemeral hydrology. The 

suspended sediment concentrations in the road runoff were much higher for the road 

segment with ephemeral hydrology, but the total sediment yield from both road segments 

was similar. 

A large portion of the large amount of erosion observed at these two mainline 

locations may be due to frequent grading and not necessarily the intensity of truck traffic.  

Sugden and Woods (2007), Luce and Black (1999), and Elliot and Tysdal (1999) have 

reported a positive correlation between road maintenance and grading and sediment yield.  

This observation may help explain the variability in the range of estimates of how much 

traffic increases sediment (median increase of 3.05, with 95% CI of 1.93 to 4.69 times 

higher median sediment yield). 

It is impossible to separate the role of traffic from road maintenance and grading 

on sediment yield.  Mainline roads are heavily used and therefore maintained intensively. 

Bilby et al. (1989) reported an increase in total sediment yield on mainline roads when 

compared to secondary roads; however the sediment yield per axle was significantly 

higher for secondary roads than for mainline roads.  The increase in erosivity of the 

secondary roads was attributed to a thinner layer of surface aggregate on the secondary 

road. 

 

5.6 Identifying Sources of Sediment  

Identifying the road segments that are most erosive is difficult because of the 

highly variable nature of road hydrology.   Roads segments with intermittent hydrology 

produce the greatest runoff volumes, which are directly correlated with the greatest 

sediment yields.  However, these road segments are also less erodible. The road segment 

that produces the most runoff does not necessary produce the most sediment.  For 

example, I.1 produced the most runoff per unit of precipitation, but other road segments, 

including one with ephemeral hydrology, had greater normalized sediment yields. 
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While the road segment that produced the most sediment over time was 

consistent, the rank of the remaining segments changed over time and conditions.  The 

rank of the largest sediment producers can change places as road segments with 

ephemeral hydrology produce more sediment per unit of runoff in larger storms (Figure 

5.9).  Traffic further changes  the road segment that will have the greatest sediment yield. 

 

 

Figure 5.9. A graph of estimates of median sediment yield over the range of observed 

runoff values.  Equations were fit from the data, based on traffic and hydrology 

stratifications. E = ephemeral, I = intermittent, NT = No traffic, T = Traffic. 
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CHAPTER 6 – CONCLUSIONS 

 

 The objectives of this study were: 1) to determine the impact of the type of 

hydrology of a road segment on the sediment yield from that road segment, and 2) to 

quantify the impact of log truck traffic that occurs between winter storms on the sediment 

yield from road segments. The primary driver for sediment yield from the road segments 

studied was storm runoff volume. Road segments with intermittent hydrology intercept 

subsurface flow that leads to larger flow volumes for a given storm and thus higher total 

sediment yields. Road segments with ephemeral hydrology did not produce more 

sediment than those with intermittent hydrology. However, road segments with 

ephemeral hydrology were more erosive than road segments with intermittent hydrology 

and produced more sediment per mm of precipitation. 

 The presence of log truck traffic on the road segments between storms caused an 

increase in sediment yield independent of the type of hydrology of the road. The 

occurrence of log truck traffic increased the median sediment yield by roughly three 

times. Road segments with intermittent hydrology produced more total sediment than 

road segments with ephemeral hydrology with one clear exception, one road segment 

with ephemeral hydrology produced the second highest amount of sediment yield during 

this study. However, this road segment was located along a mainline road with high 

volumes of traffic, which undoubtedly affected that outcome. 

 The statistically significant increase in sediment yield on road segments with 

traffic cannot be attributed solely to the detachment of fine sediment from surface 

aggregate due to repeated use. Road grading and other road maintenance activities may 

also cause the detachment and erosion of fine sediment and these activities are associated 

with roads that carry high traffic loads. This caveat may be unimportant from a 

management context because it is uncommon to have a heavily used logging road that is 

functional without these accompanying activities. 
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 It is important to be cognizant of how rapidly roads can produce sediment when 

studies are designed to investigate erosion from roads. For this study across the 10 road 

segments studied, most of the sediment that was measured was isolated to only a few 

road segments during brief pulses in storm precipitation. This high variability in sediment 

yield in space and time is not adequately sampled with sediment basins that capture 

annual estimates of sediment yield. The modified turbidity threshold sampling (TTS) 

system used in this study, that supports continuous measurement of discharge, allows 

hydrologists, researchers, and forest managers to identify the road segments that are the 

largest producers of sediment and factors that drive erosion. In lieu of the full TTS 

monitoring installation, given that storm runoff volume is the primary driver of sediment 

yield from roads, monitoring systems that collect data on only runoff would still help 

identify the road segments that produce the most sediment. 
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Appendix A - SSC-TURBIDITY CURVES FOR EVERY 

INSTALLATION 

2013 Water Year Installations 
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Appendix A (continued) 
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Appendix A (continued) 

2014 Water Year Installations  
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Appendix A (continued)
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APPENDIX B – INSPECTION OF STATISTICAL ASSUMPTIONS 

   

Checking for normally distributed residuals  

QQ-plot of Residuals 

 

Figure B.1. QQ plot to check for normally distributed residuals  

 

Checking for homogeneity of variance in residuals  

 

Figure B.2. Residuals plotted against natural-log of (Runoff Volume, m3) 
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APPENDIX B (continued) 

 

Residual distribution for Road Hydrology Types 

 

   Ephemeral    Intermittent 

Figure B.3. Variance of residuals, between hydrology types. 

 

Residual distribution for Traffic Types  

 

No Traffic     Traffic  

Figure B.4. Variance of residuals, between traffic types. 
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APPENDIX B (continued) 

 

Figure B.5. Residuals plotted against storms, listed in chronological order. Sinuosity in 

the residuals indicates autocorrelation might be present. 

 

A.       B. 

 

Figure B.6-A. ACF plot. More than one line above the dotted threshold is an indication of 

autocorrelation. 

Figure B.6-B. Partial-ACF plot.  A line above or below the dotted thresholds is an 

indication of autocorrelation. 
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Appendix C - TABLE OF ALL DATA INCLUDED IN THE LINEAR MIXED EFFECTS 

MODEL 

Table. C.1 – Data included in the linear mixed effects model. This data only includes sites for which recorded runoff 

volume was greater than 0. 

Site Traffic Storm Storm Start 
Date 

Cum. 
Precip. 
(mm) 

Sediment 
Yield (kg) 

Runoff 
Volume 

(m3) 

Ln 
Sediment 

Yield 

Ln 
Runoff 
Volume 

Erosivity 
(kg/m3) 

Runoff 
Ratio 

E.1 NO 17 3/27/2013 17.0 1.41050 1.474 0.34 0.39 0.95682 0.2026 

E.1 NO 18 3/31/2013 29.0 0.01358 1.140 -4.30 0.13 0.01191 0.0921 

E.1 NO 19 4/4/2013 63.5 2.87239 6.141 1.06 1.81 0.46776 0.2262 

E.1 NO 20 4/8/2013 13.0 0.01255 0.200 -4.38 -1.61 0.06276 0.0361 

E.1 NO 21 4/15/2013 20.1 0.01800 0.523 -4.02 -0.65 0.03445 0.0609 

E.1 NO 22 4/19/2013 19.8 0.01889 0.545 -3.97 -0.61 0.03463 0.0644 

E.1 YES 24 5/21/2013 31.5 0.43839 0.802 -0.82 -0.22 0.54646 0.0596 

E.1 YES 25 5/25/2013 44.7 1.79750 3.660 0.59 1.30 0.49113 0.1915 

E.1 NO 26 10/26/2013 11.4 0.40795 0.345 -0.90 -1.07 1.18355 0.0705 

E.1 NO 27 11/2/2013 33.8 2.73878 3.036 1.01 1.11 0.90220 0.2102 

E.1 NO 28 11/5/2013 19.8 0.01882 0.360 -3.97 -1.02 0.05227 0.0425 

E.1 NO 29 11/7/2013 25.4 5.08120 5.892 1.63 1.77 0.86239 0.5426 

E.1 NO 30 11/15/2013 14.5 0.25500 1.032 -1.37 0.03 0.24715 0.1667 

E.1 NO 31 11/18/2013 53.1 2.18988 9.139 0.78 2.21 0.23961 0.4027 

E.1 NO 32 12/2/2013 34.3 4.18833 9.615 1.43 2.26 0.43559 0.6559 

E.1 NO 34 12/20/2013 29.2 0.49857 2.326 -0.70 0.84 0.21431 0.1863 

E.1 NO 35 1/7/2014 23.6 1.88749 1.666 0.64 0.51 1.13287 0.1650 

E.1 NO 36 1/11/2014 55.4 2.39481 4.635 0.87 1.53 0.51665 0.1958 

E.2 NO 5 12/16/2012 45.5 0.01170 0.055 -4.45 -2.91 0.21363 0.0047 

E.2 NO 6 12/20/2012 36.1 0.02654 0.213 -3.63 -1.54 0.12442 0.0231 
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Site Traffic Storm Storm Start 
Date 

Cum. 
Precip. 
(mm) 

Sediment 
Yield (kg) 

Runoff 
Volume 

(m3) 

Ln 
Sediment 

Yield 

Ln 
Runoff 
Volume 

Erosivity 
(kg/m3) 

Runoff 
Ratio 

E.2 NO 7 12/23/2012 74.4 0.01898 0.190 -3.96 -1.66 0.09979 0.0100 

E.2 NO 10 1/23/2013 17.0 0.01053 0.093 -4.55 -2.38 0.11371 0.0213 

E.2 NO 11 1/24/2013 87.6 0.06241 1.006 -2.77 0.01 0.06204 0.0449 

E.2 NO 12 2/22/2013 25.1 0.02028 0.102 -3.90 -2.29 0.19952 0.0158 

E.2 NO 13 2/24/2013 16.5 0.00912 0.061 -4.70 -2.79 0.14908 0.0145 

E.2 NO 14 3/5/2013 30.7 0.02279 0.225 -3.78 -1.49 0.10105 0.0287 

E.2 NO 15 3/16/2013 20.6 0.00356 0.047 -5.64 -3.06 0.07586 0.0089 

E.2 NO 16 3/19/2013 56.4 0.23373 0.632 -1.45 -0.46 0.36961 0.0439 

E.2 NO 17 3/27/2013 17.0 0.02190 0.128 -3.82 -2.06 0.17168 0.0293 

E.2 NO 18 3/31/2013 29.0 0.00085 0.017 -7.07 -4.07 0.05012 0.0023 

E.2 NO 19 4/4/2013 63.5 1.12354 1.436 0.12 0.36 0.78232 0.0885 

E.2 NO 21 4/15/2013 20.1 0.00031 0.003 -8.06 -5.82 0.10577 0.0006 

E.2 NO 22 4/19/2013 19.8 0.00034 0.003 -7.99 -5.77 0.10884 0.0006 

E.2 YES 24 5/21/2013 31.5 0.01341 0.043 -4.31 -3.14 0.31011 0.0054 

E.2 YES 25 5/25/2013 44.7 0.00447 0.016 -5.41 -4.15 0.28406 0.0014 

E.3 YES 27 11/2/2013 33.8 0.00037 0.004 -7.91 -5.50 0.08974 0.0007 

E.3 YES 29 11/7/2013 25.4 0.02614 0.022 -3.64 -3.81 1.17922 0.0052 

E.3 NO 31 11/18/2013 53.1 0.00339 0.024 -5.69 -3.73 0.14129 0.0027 

E.3 NO 32 12/2/2013 34.3 0.00013 0.002 -8.94 -6.23 0.06677 0.0003 

E.3 NO 34 12/20/2013 29.2 7.63E-07 0.00001 -14.09 -11.48 0.07392 0.0000 

E.3 NO 36 1/11/2014 55.4 0.00035 0.005 -7.94 -5.35 0.07453 0.0005 

E.3 NO 37 1/28/2014 34.3 3.13E-07 0.00002 -14.98 -10.82 0.01557 0.0000 

E.3 NO 38 2/7/2014 44.2 0.00004 0.001 -10.08 -7.08 0.05019 0.0001 

E.3 NO 39 2/11/2014 134.9 0.09919 31.127 -2.31 3.44 0.00319 1.3778 

E.3 NO 40 2/17/2014 46.0 0.03902 8.084 -3.24 2.09 0.00483 1.0497 

E.3 NO 42 3/4/2014 62.5 0.00483 0.072 -5.33 -2.63 0.06695 0.0069 
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Site Traffic Storm Storm Start 
Date 

Cum. 
Precip. 
(mm) 

Sediment 
Yield (kg) 

Runoff 
Volume 

(m3) 

Ln 
Sediment 

Yield 

Ln 
Runoff 
Volume 

Erosivity 
(kg/m3) 

Runoff 
Ratio 

E.3 NO 43 3/8/2014 85.9 0.00488 1.372 -5.32 0.32 0.00356 0.0954 

E.3 NO 44 3/16/2014 4.3 1.56E-06 0.00008 -13.37 -9.42 0.01920 0.0001 

E.4 NO 37 1/28/2014 34.3 0.02380 1.101 -3.74 0.10 0.02161 0.0532 

E.4 NO 38 2/7/2014 44.2 0.57443 53.095 -0.55 3.97 0.01082 1.9907 

E.4 NO 39 2/11/2014 134.9 8.28129 29.542 2.11 3.39 0.28033 0.3629 

E.4 NO 40 2/17/2014 46.0 4.56042 15.124 1.52 2.72 0.30154 0.5451 

E.4 NO 42 3/4/2014 62.5 12.39866 13.200 2.52 2.58 0.93932 0.3500 

E.4 YES 43 3/8/2014 85.9 0.68029 7.769 -0.39 2.05 0.08756 0.1500 

E.4 YES 44 3/16/2014 4.3 0.05569 0.510 -2.89 -0.67 0.10912 0.1959 

E.5 YES 37 1/28/2014 34.3 5.84378 5.074 1.77 1.62 1.15161 0.3152 

E.5 YES 38 2/7/2014 44.2 14.44322 20.849 2.67 3.04 0.69275 1.0048 

E.5 YES 39 2/11/2014 134.9 16.22675 33.837 2.79 3.52 0.47956 0.5344 

E.5 YES 40 2/17/2014 46.0 12.70169 24.779 2.54 3.21 0.51259 1.1480 

E.5 YES 42 3/4/2014 62.5 23.52493 28.996 3.16 3.37 0.81132 0.9884 

E.5 YES 43 3/8/2014 85.9 14.76437 70.586 2.69 4.26 0.20917 1.7512 

E.5 YES 44 3/16/2014 4.3 2.73597 2.760 1.01 1.02 0.99140 1.3613 

E.6 YES 16 3/19/2013 56.4 0.00381 0.089 -5.57 -2.42 0.04276 0.0033 

E.6 YES 17 3/27/2013 17.0 0.06869 0.507 -2.68 -0.68 0.13548 0.0629 

E.6 YES 18 3/31/2013 29.0 0.04253 0.841 -3.16 -0.17 0.05054 0.0614 

E.6 YES 19 4/4/2013 63.5 1.94224 5.199 0.66 1.65 0.37358 0.1729 

E.6 YES 20 4/8/2013 13.0 0.00204 0.636 -6.20 -0.45 0.00320 0.1038 

E.6 YES 21 4/15/2013 20.1 0.00205 0.142 -6.19 -1.95 0.01444 0.0150 

E.6 YES 22 4/19/2013 19.8 0.23987 1.515 -1.43 0.42 0.15832 0.1615 

E.6 YES 23 5/16/2013 14.7 0.00024 0.009 -8.32 -4.70 0.02671 0.0013 

E.6 YES 24 5/21/2013 31.5 0.01448 0.508 -4.24 -0.68 0.02850 0.0341 

E.6 YES 25 5/25/2013 44.7 0.04947 1.886 -3.01 0.63 0.02623 0.0891 
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Site Traffic Storm Storm Start 
Date 

Cum. 
Precip. 
(mm) 

Sediment 
Yield (kg) 

Runoff 
Volume 

(m3) 

Ln 
Sediment 

Yield 

Ln 
Runoff 
Volume 

Erosivity 
(kg/m3) 

Runoff 
Ratio 

E.6 YES 38 2/7/2014 44.2 0.59634 1.018 -0.52 0.02 0.58556 0.0487 

E.6 YES 39 2/11/2014 134.9 2.85398 48.820 1.05 3.89 0.05846 0.7644 

E.6 YES 40 2/17/2014 46.0 1.27279 13.732 0.24 2.62 0.09269 0.6308 

E.6 YES 41 2/20/2014 18.5 0.00740 3.846 -4.91 1.35 0.00192 0.4381 

E.6 YES 42 3/4/2014 62.5 3.33216 5.698 1.20 1.74 0.58480 0.1926 

E.6 YES 43 3/8/2014 85.9 0.73446 19.747 -0.31 2.98 0.03719 0.4858 

E.6 YES 44 3/16/2014 4.3 0.19895 0.474 -1.61 -0.75 0.41996 0.2317 

I.1 NO 3 12/7/2012 7.9 2.37104 1354.223 0.86 7.21 0.00175 562.0477 

I.1 NO 4 12/11/2012 16.3 5.95257 785.118 1.78 6.67 0.00758 157.8338 

I.1 NO 5 12/16/2012 45.5 4.18707 532.479 1.43 6.28 0.00786 38.2731 

I.1 NO 6 12/20/2012 36.1 0.23457 14.906 -1.45 2.70 0.01574 1.3506 

I.1 NO 7 12/23/2012 74.4 0.02846 6.230 -3.56 1.83 0.00457 0.2736 

I.1 NO 8 1/9/2013 7.4 8.55726 872.787 2.15 6.77 0.00980 387.2178 

I.1 NO 9 1/15/2013 24.1 1.03082 283.484 0.03 5.65 0.00364 38.3927 

I.1 NO 11 1/24/2013 87.6 2.22934 196.018 0.80 5.28 0.01137 7.3101 

I.1 NO 12 2/22/2013 25.1 0.02193 1.493 -3.82 0.40 0.01468 0.1941 

I.1 NO 13 2/24/2013 16.5 0.05729 6.999 -2.86 1.95 0.00819 1.3853 

I.1 NO 14 3/5/2013 30.7 0.09207 4.896 -2.39 1.59 0.01881 0.5206 

I.1 NO 15 3/16/2013 20.6 0.15641 11.150 -1.86 2.41 0.01403 1.7710 

I.1 NO 16 3/19/2013 56.4 1.00821 75.878 0.01 4.33 0.01329 4.3975 

I.1 NO 17 3/27/2013 17.0 0.00422 0.922 -5.47 -0.08 0.00457 0.1771 

I.1 NO 18 3/31/2013 29.0 0.01272 1.589 -4.36 0.46 0.00801 0.1793 

I.1 NO 21 4/15/2013 20.1 0.02939 6.308 -3.53 1.84 0.00466 1.0273 

I.1 YES 27 11/2/2013 33.8 0.13936 1.087 -1.97 0.08 0.12825 0.1051 

I.1 YES 28 11/5/2013 19.8 0.64153 5.125 -0.44 1.63 0.12517 0.8454 

I.1 YES 29 11/7/2013 25.4 3.98092 31.443 1.38 3.45 0.12661 4.0454 
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Site Traffic Storm Storm Start 
Date 

Cum. 
Precip. 
(mm) 

Sediment 
Yield (kg) 

Runoff 
Volume 

(m3) 

Ln 
Sediment 

Yield 

Ln 
Runoff 
Volume 

Erosivity 
(kg/m3) 

Runoff 
Ratio 

I.1 YES 30 11/15/2013 14.5 0.00139 0.026 -6.58 -3.66 0.05407 0.0058 

I.1 NO 31 11/18/2013 53.1 2.47252 121.512 0.91 4.80 0.02035 7.4803 

I.1 NO 32 12/2/2013 34.3 0.53448 19.013 -0.63 2.95 0.02811 1.8120 

I.1 NO 34 12/20/2013 29.2 0.13858 4.272 -1.98 1.45 0.03244 0.4780 

I.1 NO 35 1/7/2014 23.6 0.09849 1.212 -2.32 0.19 0.08129 0.1676 

I.1 NO 36 1/11/2014 55.4 2.00194 129.251 0.69 4.86 0.01549 7.6282 

I.1 NO 37 1/28/2014 34.3 0.20577 10.859 -1.58 2.39 0.01895 1.0349 

I.1 NO 38 2/7/2014 44.2 0.55431 46.714 -0.59 3.84 0.01187 3.4542 

I.1 NO 39 2/11/2014 134.9 1.88374 498.414 0.63 6.21 0.00378 12.0765 

I.1 NO 40 2/17/2014 46.0 0.64726 124.409 -0.44 4.82 0.00520 8.8434 

I.1 NO 42 3/4/2014 62.5 1.45676 151.515 0.38 5.02 0.00961 7.9244 

I.1 NO 43 3/8/2014 85.9 1.00047 261.115 0.00 5.56 0.00383 9.9394 

I.1 NO 44 3/16/2014 4.3 0.04227 1.098 -3.16 0.09 0.03848 0.8313 

I.2 NO 3 12/7/2012 7.9 0.04902 25.437 -3.02 3.24 0.00193 22.6704 

I.2 NO 4 12/11/2012 16.3 0.02736 0.621 -3.60 -0.48 0.04403 0.2683 

I.2 NO 5 12/16/2012 45.5 0.06546 19.774 -2.73 2.98 0.00331 3.0520 

I.2 NO 6 12/20/2012 36.1 0.96240 329.723 -0.04 5.80 0.00292 64.1523 

I.2 NO 7 12/23/2012 74.4 0.77088 328.380 -0.26 5.79 0.00235 30.9643 

I.2 NO 8 1/9/2013 7.4 0.00065 0.004 -7.34 -5.62 0.17878 0.0034 

I.2 NO 10 1/23/2013 17.0 0.02633 0.400 -3.64 -0.92 0.06579 0.1650 

I.2 NO 11 1/24/2013 87.6 0.80628 252.020 -0.22 5.53 0.00320 20.1821 

I.2 NO 12 2/22/2013 25.1 0.00077 0.020 -7.17 -3.91 0.03819 0.0056 

I.2 NO 13 2/24/2013 16.5 0.00068 0.034 -7.29 -3.37 0.01982 0.0146 

I.2 NO 14 3/5/2013 30.7 0.02732 1.657 -3.60 0.50 0.01649 0.3782 

I.2 NO 15 3/16/2013 20.6 0.00368 0.111 -5.60 -2.19 0.03303 0.0380 

I.2 NO 16 3/19/2013 56.4 0.01407 0.263 -4.26 -1.34 0.05352 0.0327 
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Site Traffic Storm Storm Start 
Date 

Cum. 
Precip. 
(mm) 

Sediment 
Yield (kg) 

Runoff 
Volume 

(m3) 

Ln 
Sediment 

Yield 

Ln 
Runoff 
Volume 

Erosivity 
(kg/m3) 

Runoff 
Ratio 

I.3 NO 1 11/29/2012 175.8 15.57566 203.010 2.75 5.31 0.07672 5.1562 

I.3 NO 2 12/3/2012 63.5 0.15155 76.257 -1.89 4.33 0.00199 5.3612 

I.3 NO 3 12/7/2012 7.9 0.00058 14.794 -7.46 2.69 0.00004 8.3876 

I.3 NO 4 12/11/2012 16.3 0.22923 14.299 -1.47 2.66 0.01603 3.9269 

I.3 NO 5 12/16/2012 45.5 0.19260 36.272 -1.65 3.59 0.00531 3.5615 

I.3 NO 6 12/20/2012 36.1 1.17916 88.080 0.16 4.48 0.01339 10.9020 

I.3 NO 7 12/23/2012 74.4 0.21540 72.462 -1.54 4.28 0.00297 4.3467 

I.3 NO 8 1/9/2013 7.4 0.10467 7.958 -2.26 2.07 0.01315 4.8232 

I.3 NO 10 1/23/2013 17.0 0.40747 4.480 -0.90 1.50 0.09096 1.1751 

I.3 NO 11 1/24/2013 87.6 0.92991 102.266 -0.07 4.63 0.00909 5.2099 

I.3 NO 12 2/22/2013 25.1 0.23807 3.584 -1.44 1.28 0.06643 0.6362 

I.3 NO 13 2/24/2013 16.5 0.26099 10.414 -1.34 2.34 0.02506 2.8161 

I.3 NO 14 3/5/2013 30.7 0.59898 17.039 -0.51 2.84 0.03515 2.4750 

I.3 NO 15 3/16/2013 20.6 0.15039 3.999 -1.89 1.39 0.03760 0.8678 

I.3 NO 16 3/19/2013 56.4 0.26033 20.398 -1.35 3.02 0.01276 1.6149 

I.3 NO 17 3/27/2013 17.0 0.27157 2.044 -1.30 0.71 0.13287 0.5362 

I.3 NO 18 3/31/2013 29.0 0.02674 2.233 -3.62 0.80 0.01197 0.3442 

I.3 NO 19 4/4/2013 63.5 9.87011 55.435 2.29 4.02 0.17805 3.8973 

I.3 NO 20 4/8/2013 13.0 0.01098 5.388 -4.51 1.68 0.00204 1.8568 

I.3 NO 21 4/15/2013 20.1 0.09807 1.851 -2.32 0.62 0.05298 0.4118 

I.3 NO 22 4/19/2013 19.8 0.02673 1.341 -3.62 0.29 0.01993 0.3022 

I.3 NO 23 5/16/2013 14.7 0.08289 2.863 -2.49 1.05 0.02896 0.8675 

I.3 NO 24 5/21/2013 31.5 0.62269 2.040 -0.47 0.71 0.30520 0.2892 

I.3 NO 25 5/25/2013 44.7 0.18027 3.400 -1.71 1.22 0.05302 0.3396 

I.3 YES 26 10/26/2013 11.4 0.05204 0.067 -2.96 -2.71 0.78012 0.0261 

I.3 YES 27 11/2/2013 33.8 0.97666 1.817 -0.02 0.60 0.53737 0.2402 
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Site Traffic Storm Storm Start 
Date 

Cum. 
Precip. 
(mm) 

Sediment 
Yield (kg) 

Runoff 
Volume 

(m3) 

Ln 
Sediment 

Yield 

Ln 
Runoff 
Volume 

Erosivity 
(kg/m3) 

Runoff 
Ratio 

I.3 YES 28 11/5/2013 19.8 0.62185 0.797 -0.48 -0.23 0.78068 0.1795 

I.3 YES 29 11/7/2013 25.4 3.09065 3.937 1.13 1.37 0.78507 0.6919 

I.3 YES 30 11/15/2013 14.5 0.06065 0.113 -2.80 -2.18 0.53441 0.0350 

I.3 NO 31 11/18/2013 53.1 5.34708 16.766 1.68 2.82 0.31892 1.4099 

I.3 NO 32 12/2/2013 34.3 1.14899 5.239 0.14 1.66 0.21932 0.6821 

I.3 NO 34 12/20/2013 29.2 0.01294 0.039 -4.35 -3.25 0.33296 0.0059 

I.3 NO 35 1/7/2014 23.6 0.01185 0.033 -4.44 -3.42 0.36143 0.0062 

I.3 NO 36 1/11/2014 55.4 0.15286 0.938 -1.88 -0.06 0.16290 0.0757 

I.3 NO 37 1/28/2014 34.3 0.07392 0.391 -2.60 -0.94 0.18882 0.0510 

I.4 YES 39 2/11/2014 134.9 39.20785 605.425 3.67 6.41 0.06476 3.5696 

I.4 YES 40 2/17/2014 46.0 35.14322 263.592 3.56 5.57 0.13332 4.5594 

I.4 YES 41 2/20/2014 18.5 0.47552 67.316 -0.74 4.21 0.00706 2.8870 

I.4 YES 42 3/4/2014 62.5 25.38674 152.167 3.23 5.02 0.16683 1.9366 

I.4 YES 43 3/8/2014 85.9 12.75046 171.446 2.55 5.14 0.07437 1.5881 

I.4 YES 44 3/16/2014 4.3 6.45728 53.951 1.87 3.99 0.11969 9.9359 
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Turbidity 

Turbidity is the first step in processing a sample. The samples should be processed in 

approximately the same order in which they arrive at the lab.  This limits the amount of 

evaporation from the bottles, reduces fading of the labels, and generally keeps the 

processing as parallel to the sampling as possible. 

Materials 

 Large Kimwipes 

 Squeeze bottle filled with DI water 

 Turbidimeter (Hach 2100P) with 3 Gelex secondary standards and at least 1 sample 
vial 

o There are 2 turbidimeters in the shelves. Use the one that is in the case 
labeled “#1” for consistency. It should be on the lower shelf. 

 Waste bucket (use one of the white buckets located near the water system in the 
corner) 

 Macro balance able to handle load of one sample bottle filled with sediment and water 

 Washed bottles with DI water for blanks 

Procedure 

1. Check sample log for the earliest logged samples. Get those samples/bins from 

cooler to process.   

2. Organize samples in numerical order. Since condensation forming on the vials can 

affect the turbidity reading of the sample, allowing them to warm on the tabletop 

will increase accuracy and efficiency. 

3. Record bottle number, sample date, and add these samples to the appropriate 

spreadsheet.  

4. Pour an aliquot of sample into clean sample vial over the waste bucket 

Clean sample vial with a large Kimwipe.  

5. Wipe off remaining particles on outside surface and apply silicone with the black 

soft cloth and align vial in turbidimeter – diamond orientated towards the front 

aligned with the dash on unit.  (It is very important to always use the diamond as 

your vial orientation reference when lining it up in the unit.  This allows for 

consistent measurements between samples.) 

6. Record turbidity on the SSC spreadsheet. 

7. Pour contents of sample vial into the waste bucket and rinse sample vial 3 times 

with DI water using the squeeze bottles.  The waste bucket can be emptied into the 

plants outside if it gets full. 

8. Does the turbidimeter read >1000? If so, see Turbidity Dilutions.  

9. Record the turbidity value in the spreadsheet. 

10. Repeat for all the bottles, including the blanks.  

11. The blanks should have a turbidity below 0.15 NTU. If it doesn’t, clean the vial 

more carefully. If it still reads too high, check the DI water. If this water is not 

crystal clear, it is an indication that the filter may not be working correctly. 
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12. Once done with the bin, update the Sample Log sheet with date and initials 

indicating turbidity has been run.   

13. Initial the turbidity box on both the bin label and the sample log indicating that 

turbidity has been run. 

 

Turbidity Dilutions  

Turbidity Dilutions are done when the turbidity value is >1000. The turbidimeters we use 

do not read values that high. In order to get a turbidity estimate, the sample is diluted and 

the true turbidity is calculated.  

Materials 

 5mL Pipette and tips (located in the bottom drawer labeled “pipetter”) 

 Small bottle of deionized (DI) water (for diluting) 

 Clean beaker for mixing the solution 

Procedure 

1. Thoroughly shake the sample. 

2. Using the pipette, take a known volume such as 5ml and put it in the clean beaker.  

3. Add a KNOWN amount of DI water to the sample, such as 10ml (using the pipette). 

4. Mix this solution and take a reading. 

5. If the turbidity value is below 1000, record the value in the comments section and 

record how much sample and how much DI was used. 

6. Calculate the turbidity. Example: If 5mL of sample and 10mL of DI produce a turbidity 

of 555 NTU: 

(𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑡𝑢𝑟𝑏𝑖𝑑𝑖𝑡𝑦) (
𝑆𝑎𝑚𝑝𝑙𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 + 𝐷𝐼 𝑉𝑜𝑙𝑢𝑚𝑒

𝑆𝑎𝑚𝑝𝑙𝑒 𝑉𝑜𝑙𝑢𝑚𝑒
) = 𝑆𝑎𝑚𝑝𝑙𝑒′𝑠 𝑡𝑢𝑟𝑏𝑖𝑑𝑖𝑡𝑦 

(555 𝑁𝑇𝑈) (
5 𝑚𝐿 + 10 𝑚𝐿

5 𝑚𝐿
) = 1665 𝑁𝑇𝑈 

7. Type the calculated turbidity into the excel sheet. 

8. If the calculated turbidity value is still above 1000 NTU, dump out the current mix 

and make a new one. This time add more DI. 

9. Rinse out the pipette when you are done with it. 

Weighing Sample Bottles 

Weighing a bottle usually happens just after the turbidity of that bottle has been 

measured.  

Materials 

 Macro scale 

 RSKey program 
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Procedure 

1. After turbidities have been run, weigh each sample bottle on the macro scale. 

2. Tare balance and make sure the balance is level by examining level bubble.  If it is not 

in the black circle (which indicates balance), adjust the dials on balance legs/feet until 

bubble rests in that black circle. 

Check to see the last time the balance calibration was completed.  It should be done at 

least once a week.  Check calibration if necessary on the calibration log sheet taped to 

the door of the cupboards.  

3. Remove cap from sample bottle and weigh. Record weight in spreadsheet using the 

Print function on the scale and the RSKey program.  

4. Repeat for all samples being processed. 

5. Initial and date spreadsheet to indicate bottles weighed. 

6. Initial ‘weights’ on bin label indicating that weights have been taken. 

Filtering Normal Samples  

Materials 

 Forceps 

 Baking pans lined with aluminum foil 

 Squeeze bottle filled with DI water 

 Aluminum foil cover sheet 

 Vacuum pump 

 Filtrate carboy 

 Vacuum filtration manifold with Buchner funnels  

 Vacuum pressure hose/rubber stopper/copper tube assembly for filtrate carboy and 
vacuum line 

 1.5 μm glass fiber filter paper (Whatman 934-AH) sized to fit Buchner funnels – 
Always handle glass fiber filter papers with forceps/tweezers  

Procedure 

1. Check sample log for the earliest logged samples. Get those samples/bins from cooler 

to process. Trask bins with the note “Do not Filter” stuck to the log sheet are bins that 

are waiting confirmation about whether they are Rush or not. Do not filter these and 

do not remove the note. 

2. Retrieve sample bin from cooler and arrange samples in numerical order to minimize 

confusion. 

3. Check the filtrate carboy. Do this before filtering and between each bin. Empty the 

carboy following steps 27 and 28 if there is filtrate in the carboy.   

 

4. The vacuum pump connected to the filter manifold needs very little attention in the filtering 
process beyond turning it on and off. If something does seem to be wrong with it, check the 
pump manual (located T:\Groups\ASLab\Equipment\Vacuum Pump for filtering) and contact 
Alex. Remember: the top gets hot when it has been in use for a while.  
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5. Check the turbidities of the samples to be processed. Samples with large amount of sediment 
can clog themselves on the regular filters. There are two ways to deal with this.  
a. Method 1: If you know ahead of time that a regular sample is going to be a problem 

(high turbidity and/or a thick layer of sediment at the bottom of the bottle) you can use 
the large filter. For procedure on how to set up the large filter manifold. Once the 
manifold is set, use the same procedure for the rest of the process with the large filters. 

b. Method 2: If the sample is Trask or you have already began to filter a sample and find 
that the sample filters very slowly, filter what you can on the first filter and filter the 
remainder a second filter. 
i. If a second filter is necessary, insert a row beneath the row with the original 

sample’s data.  
ii. Copy the year, date, dump number, site, and bottle number information into the 

new row. Be sure to drag down the equation for the original filter weights.  
iii. Be sure to note in the comments column “Filter 1 of 2” and “Filter 2 of 2” in the 

appropriate filters. 
6. Take oven dry filters from the cabinet that have previously been numbered and 

weighed. Place the sample bottle under the funnel which will hold its filter. 

7. Seat filters with numbered side down in the vacuum filter cups.   

8. Record filter numbers in the excel sheet for the bottles which will be filtered 

9. Wet filters with approximately 25 – 50 ml of DI water using the squeeze bottle.  This 

will create a seal and prevent floating of the filter paper during sample filtration.  

10. Turn on the vacuum making sure that at least two (2) lines of the manifold are 

open/on.  Check for holes in filters - if there is a hole, the air will make a whistling 

sound. If so, replace filter with another number, and record new filter number on SSC 

spreadsheet. 

11. Remove the lid from the bottle. If the bin has regular bottles, place the lid in the white 

bucket on the floor beside the filtration station. If it is an acid washed bin, the lids go 

back into the bin to be acid washed with the bottles.  

12. Pour a small amount of sample into the funnel slowly, taking care that suction is 

continuously maintained.  

13. At times there can be things in the bottle which are clearly not suspended sediment. 

Large bugs sometimes crawl inside the ISCO water samplers and get included in the 

bottles. Dog hair has been known to make its way inside the samples as well. If it 

obvious that it didn’t make its way into the bottle by being sucked up from the stream, 

it should not be on the filter. If in doubt, leave it on the filter. Always make a note of 

things like this in the comments section. 

14. Add any remaining sample to the appropriate filter (i.e. rinse the sample bottle with DI 

water and pass it through the filter.). 

15. Rinse the filter cup sides with DI water to ensure all sediment has been removed from 

bottle and now resides on the filter.  

16. When all the particles have been removed from the bottle, the bottle can be placed 

back in the bin to be washed. 

17. Turn off the vacuum and carefully remove the filter with forceps.  Place filters on foil 

lined baking pan. If the filter has large amounts of loose sediment present, place the 

filter in an aluminum dish inside the oven pan. 

18. Clean funnels with DI water and large Kimwipes between samples and after use. 
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19. Record spills, errors, or notes in the comment column of the spreadsheet. It is 

important to record any observations or suspicions that may explain unusual results. 

20. Once the baking pan is full (usually three rows of four filters) cover the pan with a 

piece of foil. 

a. If the foil needs replaced, there is a roll in the cabinet beneath Oven #1.  

21.  Turn on Oven #1 if it isn’t already on. If Oven #1 is full, use Oven #2.  

22. Dry the filters in the ovens at 1050C for 24 hours. This removes all the water from the 

sample. Each oven can hold 9 baking pans, 3 pans per shelf.  

23. Indicate on oven log when the filters were placed in the oven and when they can come 

out.  

24. Update the oven whiteboard to indicate where in the oven the pans were placed. Three 

pans can fit across a shelf in the oven so each third of the white space represents a 

baking pan. If two or three pans share a site and dump, their pans can be labeled 

together. 

25. Once the bin is filtered, date and initial the “filtered” and “to be Washed” section on 

the bin label and place the bin on the washing shelf between the two offices.  

26. Initial and date the sample log to indicate that filtering is done.  

27. At the end of filtering the bin, unplug the filtrate carboy from the tubing by pulling out 

the black stopper on the top. 

28. Dump out the filtrate carboy into the plants outside the door of the lab. The filtrate 

carboy is glass, time consuming to replace, and lacks handles.  Because of this, it 

lives in a bucket with a handle.  

 

Weighing Filters 

Materials 

 Oven at 105o C  

 Oven gloves 

 Forceps/tweezers  

 Baking pans and aluminum foil 

 Analytical balance accurate to 0.0001 gram for weighing filters  

 RSKey program 

 Desiccator cabinet 

 Plastic Petri dishes 

 Plastic bags (possibly) 

Procedure 

1. After 24 hours, remove the baking pan from oven. Always use the oven gloves to 

handle hot objects. These are located in the drawer near Oven #1. 

2. Place a third oven glove on the counter so the baking pan does not hurt the counter and 

set the baking pan on top of it. 

3. Place the filters in desiccant cabinet to cool for at least 10 minutes before weighing.  

Do not remove filters from desiccant cabinet until you are ready to weigh them since 
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they will absorb moisture from the air. The desiccant cabinets have desiccant on their 

bottom shelve which removes the moisture in the cabinet. It is important that the door 

to the cabinet be kept firmly closed at all times to prevent too much moisture from 

entering the cabinet. When the desiccant absorbs too much moisture, it turns pink.  

4. Tare analytical balance and make sure the balance is level by examining level bubble.  

If it is not in the black circle (which indicates balance), adjust dials on balance 

legs/feet until bubble rests in that black circle. 

5. Check the calibration log posted on the cupboard doors to see the last time the balance 

calibration was checked.  It should be done once a week.  Check calibration if 

necessary. For calibration procedure. Weigh each filter and record the weight on SSC 

spreadsheet using the RSKey program. Record initials on SSC spreadsheet indicating 

you were the one to weigh the filters. 
6. Place each sample filter in a small Petri dish and cover it. 

a. Unless the filter is a large filter. In this case, place it in a sandwich bag. These are 

in the drawer under the oven whiteboard.  

7. Once this has been repeated for all the filters in the dump, stack the filters in order 

from first on top to last on the bottom in stacks of less the 13 samples. If the dump had 

more, split the dump into 2 stacks. 

8. Tape each stack together with the label tape. 

a. Large filter bags become a separate stack and are labeled exactly the same as the 

filters in petri dish. They need more tape to stay together, though.  

9. Label the stack. 

10. Place in the correct location box located next to Oven #2. If there are not enough petri 

dishes or too many petri dishes in a location box 

 

 

Washing Regular Bottles 

Materials 

 Sponge/Long-handled, bristled brush 

 White bucket for DI water 

 large Kimwipes 

 Soap 

Procedure 

1. Bins to be washed are placed on shelves near the sink. 
2. Fill the left side of the sink with soapy water. Use the liquid-nox solution kept in the squeeze 

bottle by the side of the sink. This is the wash. 
a. If there is no more soap in the squeeze bottle, there is more under the sink. Follow the 

directions on the bottle to make more. 
3. Fill the right side of the sink with plain water from the tap. This is the first rinse. 
4. Fill a white bucket with DI water from the DI carboy. This is the second rinse. 
a. If the water level in the DI carboy is low 
5. Empty the bottles from the bin onto a cart and place large Kimwipes on the bottom of the bin. 
6. Place about 6 bottles in the wash and scrub them with the bristled brush. Fill the bottle with 
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some of the wash water and shake the bottle to rinse all the sides. Do this 3 times per bottle 
then transfer the bottle to the first rinse.  

7. In the first rinse, fill the bottle with some of the wash water and shake the bottle to rinse all 
the sides. Do this 3 times per bottle then transfer the bottle to the second rinse.  

8. In the second rinse, fill the bottle with some of the wash water and shake the bottle to rinse 
all the sides. Do this 3 times per bottle then place the bottle top down on the Kimwipe in the 
bin.  

9. Once the bin is full, place the bin on the table located near the micro scale to dry. 
10. The white bucket on the floor beside the filter station is often filled with lids. Those are 

washed as well. The dirt and particles is scrubbed off of the lids in the wash, and then the lids 
go through both rinses.  

11. For drying the lids, place two large Kimwipes covering a baking sheet. Place the lids on this 
sheet top up so they do not hold water.  

12. Pans of lids are placed in the same place as the bins of clean bottles. 
 

Weighing Empty Bottles 

Materials 

 Macro scale 

 RSKey program 

 Bag of clean lids that match the bottle type 

Procedure 

1. Once bottles have dried completely, weigh (without caps) on macro balance and 

record weights on SSC spreadsheet using the RSKey program. 

2. Remove labels from bottles. 

3. Cap the bottle with a clean lid. Make sure the regular lids go on the regular bottles and 

the acid washed lids go on the acid washed bottles. Clean lids are on the washing shelf 

in the white buckets.  

4. Make sure the acid washed bottles and lids still have their blue dots. These dots wear 

off after a while and should be redrawn periodically with blue sharpie. 

5. Remove the large Kimwipes from the bottom of the bin and remove the bin tag. Place 

the empty bin in the pile by the clean full bins. 

6. Put 24 clean bottles in a bin and place the bin of clean bottles on the stack in the 

corner of the lab.  

a. Regular bottles go in unmarked bins. If there are not enough bottles to make a full 

bin, the spares go into the blanks boxes.  

7. If there are extra dry lids on the drying table, they are placed in the bags in the white 

buckets on the wash shelves.  
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Preparing Filters  

Also see “Weighing Oven Dried Filters Protocol.doc” 

There are 3 types of filter, Trask, Regular, and Large which are used for the different 

locations. Materials 

 Clean filters: Regular and Large filters are located in boxes above the turbidimeter. 
Trask Filters are in aluminum foil “packets”  

 Ultra-fine Sharpie 

 Baking pan lined with aluminum foil 

 Small Kimwipes 

 Large Kimwipes 

 Forceps 

 Gloves 

Procedure 

1. Place a large Kimwipe on the table to prevent the any dust or dirt from the table 

getting on the filters.  

2. Place a second large Kimwipe on the side. This will cover all the filters when labeling 

is done. 

3. Refer to the filter record sheet for new/upcoming filter numbers. Filter numbers are 

found on the SSC drive in the folder “Blank Filter Weight Sheets”. Regular and 

Large filters are combined under “Filter Weights Combined.xls”. Trask Filters are 

under “Trask Filter Weights_T.xls”. Trask filters always start with a “T”, for example 

T1232. 

4. Remove the filters from their box or foil packets. 

5. Write the filter number on one side of the filter with an ultra-fine Sharpie.  

6. Stack filters between small Kimwipes in aluminum foil-lined baking pans in the large 

Kimwipe set aside for this purpose. (Kimwipes keep the filters from sticking together).  

7. Make batches of 25 and wrap in the large Kimwipe and write the filter numbers in that 

batch: Example: T1226 – T1250. 

8. Input all the numbers of the filters in the excel sheet to prevent someone else 

duplicating the numbers if they make filters at a different time. 

9. Put filters in oven for 24 hours at 105° C. Make sure to mark the filters on both the 

white board and oven log sheet. 

10. After 24 hours, put filters in desiccator for about 10 minutes to allow for cooling.  Do 

not remove filters from desiccant cabinet until you are ready to weigh them since they 

will absorb moisture from the air and alter the actual filter weight. 

11. Using forceps, weigh the filter on the analytical balance. 

12. Record the oven dry weight in the filter record spreadsheet using the Print function on 

the scale and the RSKey program.  If a filter is contaminated or punctured, discard that 

filter and list the weight as a “discarded”. 

13. Once the filters are prepped, put the wrapped batches in Ziploc baggies for storage. 
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Appendix: Computation of Suspended Sediment Concentration 

Equations for computation of suspended sediment concentration: 

SSC (mg/L) = (Mass of sediment x 1000000)/ Actual volume of sample (ml) 

Mass of sediment (g) = Mass of sediment and filter (g) – mass of oven-dried filter (g) 

Calculated volume (g) = Mass of bottle and sample (g) - mass of bottle (g) 

Actual mass of water in sample (ml) = (calculated volume (g) - mass of sediment (g)) x (1ml/g) 

Mass of sediment/particle density (2.65 g) converted to ml = (mass of sediment (g) / 2.65 g) x 

(1 ml/g) 

Actual volume of sample (ml) = Actual mass of water in sample (ml) + Mass of sediment 

converted to ml 

Note:  

Assumption: density of water is 1gm/ml therefore 1 gm of water has a volume of 1 ml  

Assumption: Particle density = 1 cc of soil = 2.65 g 

 

 

Adapted from: 
Method 2540D in: Clesceri, L.S., A.E. Greenberg and A.D. Eaton, eds. 1998.  Standard 

Methods for the Examination of Water and Wastewater.  20th ed.  American Public Health 

Association, Washington, DC. 

USFS Redwood Sciences Lab Sediment Lab Manual.  Laboratory Procedures for 

Determining Suspended Sediment Concentration.  13p.  Arcata, California. 

http://www.fs.fed.us/psw/topics/water/tts/manuals/sedlab_manual.doc 

 




