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Large wood (LW) pieces are recognized as an important habitat component for 

salmon freshwater habitat. As such, they are often used in stream habitat restoration 

practices despite a lack of knowledge about their impacts on spatial and temporal 

hydraulic characteristics relevant to fish habitat.  In this thesis we present results on the 

impacts of LW on reach scale stream hydraulics. We use hydraulic models to identifying 

patterns and magnitudes of change in aspects of the flow field that are relevant to juvenile 

Coho Salmon after an addition of LW. The Nays2DH model was used because of its 

capacity to model unsteady flows around LW structures in-stream. Flow conditions after 

LW addition were modeled in three alluvial plane bed gravel reaches of Mill Creek in the 

Oregon Coast Range, a long term salmon life cycle study site. Study streams are small, 

with a bankfull (Qbf) discharge between 2.2 and 8.7 m
3
/s and bankfull widths varying 

from 5.5 to 10.6 m. Survivable habitat was characterized for the flow field in terms of a) 

velocity (v) less than critical swim speed of juvenile Coho Salmon (vcrit = 0.5 m/s); b) and 

bed refuge estimated based on the likelihood of the movement of the reach median bed 

particle size (D50). Spatial and temporal increases in wetted area were also determined. 

After the addition of LW, the area of acceptable habitat increased 17-26% in terms of 



 

 

velocity, 31-39% in terms of substrate stability, and 24-35% in terms of wetted area at 

Qbf. Similar magnitudes of increase were observed over an entire storm hydrograph in 

each site. Patterns of change in the flow field showed deep pools of slower water forming 

upstream of LW jams which agreed with initial field observations of geomorphic change. 

Newly inundated flood plains and bars represented large portions of the additional habitat 

after the addition of LW. These areas had low velocity and shear stress values indicating 

that their contributions to additional habitat will be resilient to fluctuation even if 

acceptable habitat metrics were to be adjusted.  
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Modeling Large Wood Impacts on Stream Hydrodynamics and Juvenile Salmon 

Habitat 

1. INTRODUCTION 

1.1. Background overview: Importance of large wood in streams 

Large wood (LW) elements are recognized as a fundamental component of many 

temperate streams because of their influence on flow resistance, stream morphology, 

sediment transport, nutrient cycling, and stream habitat [Triska and Cromack, 1980; 

Harmon et al., 1986; Sedell et al., 1988; Montgomery et al., 1995]. The interaction of 

these structures with the flow increases heterogeneity in bed elevation and sediment size, 

promotes local scour increasing pool frequency, reduces flow velocity, increases the 

interaction of the flow with the flood plain, and increases higher sediment, nutrient, and 

carbon storage [Beschta, 1979; Harmon et al., 1986; Lisle, 1986; Bisson et al., 1987; 

Young, 1991; Wipfli et al., 2007; Seo et al., 2008; Elosegi et al., 2016]. The interactions 

between LW and a stream’s morphology vary with stream size. In small streams the 

entire channel can be obstructed, whereas LW accumulates near the margins in large 

streams [Gurnell et al., 2002]. In small mountain streams, LW is often associated with 

forced pool-riffle morphologies [Montgomery et al., 1996a] in reaches that would 

otherwise exhibit plane-bed characteristics [Montgomery and Buffington, 1997]. Thus 

channels with abundant LW have relatively higher complexity (e.g. high frequency of 

pools and bars) which offer a wide range of habitat for aquatic species including 

invertebrates and fish [Fausch and Northcote, 1992; Roni and Quinn, 2001; Dolloff and 

Warren, 2003; Benke and Wallace, 2010; Pess et al., 2012]. Historically, Pacific 

Northwest streams contained high levels of LW and provided acceptable habitat for a 

variety of fish species [Bisson et al., 1988; Connolly and Hall, 1999] including important 

life stages of anadromous fish, such as Coho Salmon (Oncorhynchus kisutch) [Nickelson 

et al., 1992b; Quinn and Peterson, 1996; Beechie and Sibley, 1997; Johnson et al., 2005; 

Gallagher et al., 2014; Jones et al., 2014].  
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However, prior to the recognition of the role that LW plays in stream processes, 

forestry operations clear-cut to the edge of streams and cleared in-channel LW. This 

practice removed an important driver of stream complexity and floodplain interaction 

leading to simplified channels [Sedell and Luchessa, 1982; Bisson et al., 1987; Stednick, 

2008]. Although the mandate of maintaining riparian buffers was adopted into Oregon 

law in the 1970s [Lorensen et al., 1994], the historical removal and alteration of forest 

stand structure have resulted in riparian areas dominated by deciduous species such as red 

alder (Alnus rubra) which provide minimal prospects for natural recruitment of LW 

because of their small size and rapid decay [Bilby and Ward, 1991; Collins et al., 2012].  

The depletion of LW in significant portions of the Coho Salmon’s range has limited 

habitat and contributed to population declines [Dolloff, 1986; House and Boehne, 1986; 

Fausch and Northcote, 1992; Brown et al., 1994]. Juvenile overwinter survival in 

freshwater streams has been identified as one important life stage for population viability 

and growth [Bustard and Narver, 1975; McMahon and Hartman, 1989; Cunjak, 1996; 

Quinn and Peterson, 1996; Huusko et al., 2007]. Density dependent habitat limitations 

for juvenile Coho Salmon survival have been reported for the Oregon Coast Range 

[Nickelson et al., 1992a, 1992b; Suring et al., 2012] as well as for the Northern California 

Coast [Gallagher et al., 2012] indicating that stream habitat improvements are critical for 

species recovery. In particular, the availability of low velocity refuge is important 

because juvenile Coho Salmon have limited ability to maintain swimming position in 

streams during high winter flows[McMahon and Hartman, 1989].  

Habitat and population declines led to the listing of the Oregon Coastal Evolutionarily 

Significant Unit of Coho Salmon as a threatened species under the Endangered Species 

Act in both 1998 and 2008 [Rules, 2011]. These listings, in conjunction with listing of 

other salmon species and populations as threatened or endangered in the Pacific 

Northwest, has motivated action to restore habitat and to investigate restoration strategies 

that promote salmon recovery [OWRD, 1997; Roni et al., 2010]. LW structures 

[McMahon and Hartman, 1989], stable and clean substrate [Hartman, 1965; Bustard and 

Narver, 1975; Bradford et al., 1995; Cunjak, 1996], and connected floodplains [Sommer 
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et al., 2001; Jeffres et al., 2008] all provide the necessary low velocity refuge where 

juvenile salmon can shelter. Restoration projects using LW addition to create potential 

low velocity refuges are commonly implemented in the Oregon Coast Range. Monitoring 

the biological response to LW restoration projects can indicate whether they are 

successful at  providing additional habitat, but further understanding of changes to the 

flow field is needed to provide insight into why projects are successful or not. 

Projects monitoring LW restorations in Oregon coastal streams have observed 

increases in over-winter survival and winter habitat capacity of salmonids [Cederholm et 

al., 1997; Solazzi et al., 2000; Jones et al., 2014]. Studies of Pacific salmon stocks have 

generally reported improvements in habitat and fish response [Roni et al., 2002, 2014; 

Whiteway et al., 2010]. Because of the inherent difficulties with accurately evaluating the 

success of habitat restorations projects, studies have used a variety of methods to monitor 

LW addition projects. Long term, basin scale studies have observed positive biological 

responses to LW addition [Johnson et al., 2005], but prohibitive costs and timescales 

associated with the necessary data collection make this type of study rare. More often, 

studies conduct fish surveys (electro-fishing, snorkel surveys, redd counts, etc.) at smaller 

reach scales and focus on locations were LW restoration was implemented [House and 

Boehne, 1986; House, 1996; Cederholm et al., 1997; Reeves et al., 1997; Roni and 

Fayram, 2000; Solazzi et al., 2000; Roni and Quinn, 2001; Polivka et al., 2014]. Studies 

have also quantified improvements to fish habitat by measuring changes in stream 

morphology (e.g. changes in pool frequency and depth) [Whiteway et al., 2010; Anlauf et 

al., 2011; Jones et al., 2014] which bypasses the logistical efforts associated with fish 

surveys and the uncertainty associated with other factors that influence fish numbers (e.g. 

lack of spawners due to low ocean survival). Finally, other studies have avoided these 

uncertainties along with those related to habitat variability in natural settings by 

examining the response of juvenile salmon to LW additions in artificial channels and 

flumes [McMahon and Hartman, 1989; Giannico and Hinch, 2003; Tullos and Walter, 

2014] or the changes in acceptable habitat triggered by LW [Bocchiola, 2011]. These 

outcomes of LW additions are important, but do not address the detailed changes to the 

flow field that drive the habitat improvement.  
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The need for heterogeneous in-channel habitat is recognized. However, how LW will 

impact the flow field in natural channels with variable hydrographs is not well 

understood.  Velocity and shear stress are components of the flow field that are relevant 

to fish habitat [Hartman, 1965; McMahon and Hartman, 1989]. Velocity and shear stress 

should change with LW addition, however capturing these data in high spatial and 

temporal resolution based solely on field measurements over extended time periods is not 

feasible. However, this goal can be accomplished with hydraulic models. 

Hydraulic modeling offers a relatively time and cost effective strategy to analyze the 

flow field of a stream reach without the need for high resolution field measurements at 

every discharge level of interest. A number of approaches to quantify acceptable fish 

habitat have employed hydraulic models [Bovee, 1982; Stalnaker et al., 1995; Bovee et 

al., 1998; Nagaya et al., 2008; Lee et al., 2010; Boavida et al., 2012; Branco et al., 2013; 

Hatten et al., 2013; Laliberte et al., 2014; Carnie et al., 2015; Fukuda et al., 2015]. 

Generally these steady one and two-dimensional flow models (1d and 2D) use water 

velocity and water depth are used as indicators of habitat quality [Lin et al., 2015] based 

on species specific observed habitat selection. However, such modeling approaches 

generally are used to identify areas of habitat identical to selected habitats and do not 

consider the physical limits of acceptable habitat during harsh conditions. Additionally, 

steady 1D and 2D approaches fail to capture spatially and temporally variable flow field 

hydraulics that may influence the extent of acceptable habitat. Recent studies have also 

observed that juvenile salmon respond to variations in flow field hydraulics at scales 

relative to their length (~10cm) [Crowder and Diplas, 2000; Smith et al., 2014] indicating 

that similar resolution would be necessary to provide useful information to the analysis of 

changes in habitat. Therefore high resolution simulations of variable flows are needed to 

study flow field changes triggered by LW addition in the context of juvenile Coho 

Salmon habitat during high flow conditions.  

In this thesis, we report results on a 2D model with unsteady flow capability used to 

quantify and characterize survivable habitat area for juvenile Coho Salmon after the 

addition of large wood. We examine changes in water velocity and the likelihood of 
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substrate movement occurring where juvenile Coho Salmon are likely to seek shelter 

during high flow events. Three study sites were modeled to add confidence to 

observations and account for natural variation in stream sites. 

1.2. Questions and objectives 

Question: 

How does the area of acceptable habitat for juvenile Coho Salmon during high winter 

flows change at the reach scale after the addition of LW to steams in the Oregon Coast 

Range? 

Objectives: 

 Quantify and characterize survivable habitat area for juvenile Coho Salmon after 

the addition of large wood by examining changes in water velocity and the 

likelihood of movement of substrate often used by fish for sheltering.  

 Examine velocity and substrate movement during the peaks of high winter flows 

as well as the whole storm hydrograph. 
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2. METHODS 

2.1. Study site 

This study was conducted in Mill Creek, a watershed in the Oregon Coast Range in 

which the Oregon Department of Fish and Wildlife (ODFW) is leading an effort to 

restore 20 km of Coho Salmon habitat by the fall of 2016. Our investigation included 

modelling results from three alluvial reaches in which the LW restoration effort started in 

the summer of 2015. Mill Creek has a 34km
2
 watershed that drains into the Siletz River 

that runs east to west in the windward side of the Oregon Coast Range (Figure 2-1). Steep 

forested mountain slopes characterize the watershed with elevations ranging from 60 m at 

the downstream valley bottom to 730 m at the ridge tops. The stream flow regime in the 

region is rainfall dominated with frequent high flows during the wet season of the 

Mediterranean climate in which most of the precipitation occurs during the winter 

months, November to February (Figure 2-2). Large amounts of moisture from the Pacific 

Ocean lead to an average annual precipitation of 230 cm in the nearby town of Siletz. 

Daily average air temperature measurements ranged between 0 and 18°C, whereas 

measured winter water temperatures in the streams ranged from near 7 to 15°C in the 

summer.  
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Figure 2-1 Location of Mill Creek watershed, OR. Study sites reaches Mill Creek, 

Cerine Creek, and South Fork, are indicated with contributed drainage areas in blue, red, 

and yellow, respectively. 

 

 
Figure 2-2 Mill Creek hydrograph. Location of site can be seen in Figure 2-1. 

Discharge was calculated from rating curve developed for the site and 15-30-minute 

water level data (see Section 2.2.4)  
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The watershed is primarily underlain by marine sandstone and siltstone [Walker and 

MacLeod, 1991], commonly referred to as the Tyee formation which has been shown to 

exhibit rapid comminution [O’Connor et al., 2014] leading to more instream fines and a 

smaller average grainsize than similar streams found in harder rock geology [Milhous, 

1973; O’Connor et al., 2014]. Miocene volcanic intrusions are also found in the main 

stem Mill Creek reach as well some of its tributaries, which affect the bed material 

composition. 

The watershed is located on land managed for timber harvest by Weyerhaeuser 

Company with patches (0.1-0.3 km
2
) of clear cut, new growth, and second growth timber 

typically in 45-60 year rotations [Means et al., 1996]. Study streams are classified as 

medium and large in size based on average annual flow under the Oregon Forest 

Practices Act and have 20-30m riparian management areas [Lorensen et al., 1994]. The 

dominant tree species in the basin is Douglas fir (Pseudotsuga menziesii), however the 

riparian areas are mostly vegetated with deciduous species such as vine maple (Acer 

circinatum), red alder (Alnus rubra), and black cottonwood (Populus trichocarpa), 

interspersed with fir trees including western hemlock (Tsuga heterophylla) and Douglas 

fir. Riparian areas have a thick undergrowth layer consisting of ferns, grasses, and woody 

shrubs like salmonberry (Rubus spectabils). Fish species found in the basin include: Coho 

Salmon (Oncorhynchus kisutch), Chinook salmon (Oncorhynchus tshawytscha), 

steelehead (Oncorhynchus mykiss), cutthroat trout (Oncorhynchus clarkii clarkia), Pacific 

lamprey (Lampetra tridenta), and western book lamprey (Lampetra richardsonii) (Figure 

2-3) [Suring et al., 2012]. Other aquatic species observed include: rough-skinned newts 

(Taricha granulosa), signal crayfish (Pacifastacus leniusculus), and unidentified species 

of frogs, snakes, and snails. 
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Figure 2-3 Biota in study sites. (A) Spawning Coho Salmon in South Fork, (B) Lamprey 

in Cerine Creek, and (C) juvenile Coho Salmon and (D) adult carcass in Mill Creek. 

 

The three study sites were selected in low gradient (Table 2-1) relatively straight, 

plane bed reaches [Montgomery and Buffington, 1997] with minimal in stream large 

wood (LW). These sites were selected because they were likely to exhibit the greatest 

amount of geomorphologic change after the addition of LW [Montgomery et al., 1995; 

Montgomery and Buffington, 1997; Montgomery and MacDonald, 2002] in comparison 

to steeper morphologies (e.g. step-pool). These expected changes include triggering or 

enhancing pool-riffle sequences and increasing floodplain connectivity [Collins et al., 
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2012]. These changes would result in higher frequency of pools [Montgomery et al., 

1995; Beechie and Sibley, 1997] and more complex overall morphology which has been 

associated with increased fish habitat [Fausch and Northcote, 1992; Cederholm et al., 

1997; Roni and Quinn, 2001; Roni et al., 2014].  

Specific locations of study reaches include one in the main stem of Mill Creek, a 3
rd

 

order stream, and tributaries of Cerine Creek and South Fork of Mill Creek, which are 

both 2
nd

 order streams (Figure 2-1). Drainage areas vary between 5-16 km
2
 whereas 

bankfull discharge (Qbf) varies between 2.2 and 8.7 m
3
/s for the three sites (Table 2-1). 

These values were calculated based on direct field measurements for Cerine Creek and 

South Fork and model calibrated discharge based on measured water surface elevation 

(WSE) for Mill Creek (see Section 2.3.5). Bankfull stage was determined based on field 

indicators such as the presence or absence of perennial vegetation, topographic breaks in 

the bank, and changes in sediment characteristics [Dunne and Leopold, 1978; Harrelson 

et al., 1994]. The length of the study reaches is at least 12 times the Qbf width varying 

between 115-123m.  
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Table 2-1 Geomorphic characteristics of study sites. Length, bank full (Qbf) discharge, Qbf channel dimensions: width depth, area, 

hydraulic radius (Rh), and wetted perimeter (± are standard errors) in 2014, and mean slope of: the bed, water surface elevation (WSE) 

at summer low flow, WSE at Qbf, and WSE at ~0.5Qbf after large wood (LW) addition. 

Site 
Length 

(m) 

Qbf  

(m
3
/s) 

Qbf width 

(m) 

Qbf depth 

(m) 

Qbf area 

(m
2
) 

Wetted 

perimeter 

(m) 

Rh 
Bed  

Slope 

Summer 

WSE 

slope 

Qbf 

WSE 

slope 

WSE slope 

after LW 

Mill 

Creek 
119 8.7 10.6 ± 1.9 0.7 ± 0.2 6.9 ± 1.8 11.7 ± 1.8 0.63 0.0028 0.0022 0.0035 0.0079 

Cerine 

Creek 
123 2.4 5.5 ± 0.8 0.6 ± 0.1 3.3 ± 0.7 6.2 ± 0.7 0.52 0.0043 0.0033 0.0040 0.0054 

South 

Fork 
115 2.2 7.4 ± 1.6 0.6 ± 0.1 4.1 ± 0.9 8.3 ± 2.1 0.32 0.0090 0.0083 0.0077 0.0117 
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2.2. Field methods 

2.2.1. Geomorphic characterization 

Site specific and basin wide geomorphic characterizations were conducted. Repeat 

surveys of channel geometry were used to characterize changes within study reaches and 

determine if streams were stable before the addition of LW. Basin wide geomorphic 

characteristics were completed using the ArcGIS Netmap tool [Benda et al., 2007]. This 

tool uses channel slopes to classify reaches [Montgomery and Buffington, 1997]. The 

entire length of Cerine Creek was walked to field validate the channel classification of 

Netmap. 

During the summer of 2014, topographic surveys were conducted at 20-28 cross-

sections (XS) per site, spaced approximately ½ bankfull width apart. XSs were marked 

by driving wooden stakes firmly into the soil at locations estimated to be above the 

bankfull stage. A tripod mounted auto-level and stadia rod were used to survey XS 

geometry. In addition, the channel slope in each site was estimated based on WSE 

measurements taken over the length of the reach. We interpolated between the XS 

topographic data to estimate the entire reach topography at a resolution of ~1m
2
. In 2015, 

the topographic data were enhanced with high-resolution surveys of 1,500-2,000 points 

per reach. A Nikon Nivo
5.C

 total station was used for the repeat surveys of the original 

XS and to add survey points in between XSs to characterize additional topographic 

features and floodplain surfaces (Figures 2-4 to 2-6). These additional survey data 

allowed us to increase the spatial resolution to <0.1m
2
 and the accuracy of flow 

simulations [Conner and Tonina, 2014]. 
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Figure 2-4 Mill Creek survey topography. (A) Survey points and location of 20 cross 

sections (XS). (B) interpolated channel geometry with an arbitrary 1000 meter datum and 

20cm contours. Arrow indicates flow direction.   
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Figure 2-5 Cerine Creek survey topography. (A) Survey points and location of 28 

cross sections (XS). (B) interpolated channel geometry with an arbitrary 1000 meter 

datum and 20cm contours. Arrow indicates flow direction. 
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Figure 2-6 South Fork survey topography. (A) Survey points and location of 28 cross 

sections (XS). (B) interpolated channel geometry with an arbitrary 1000 meter datum and 

20cm contours. Arrow indicates flow direction. 

 

2.2.2. Site geomorphic descriptions 

Mill Creek is the straightest site with just one slight bend to the left side. At low flows 

riffles arise near the upstream and downstream ends of the reach (~XS 18 and ~XS 2) 

(Figure 2-7 B) with a deeper section in the middle (XS 11), but at higher discharges, the 

entire reach flows relatively uniformly (Figure 2-7 D). . The deeper middle section 

appears to be where the channel gets pinched on the outside (right) of the slight bend by a 

hard bedrock volcanic intrusion. This section is also confined by the hillslope on the left 

side. The average slope of the thalweg over the length of the reach was measured to be 

0.0028 and the slope of the WSE at the thalweg during summer low flow was 0.0022. 
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The WSE slope increased to 0.0030-0.0035 for higher winter discharges (4.5-8.7 m
3
/s) 

that were measured (Table 2-1) The channel is categorized as moderately confined 

(floodplain >2x but <4x bankfull width) [Rosgen, 1994; Network, 1999] because it is 

hillslope limited on the left and limited by an armored road embankment on the right. The 

level of confinement decreases in the site on the right between XS 16-20 and on the left 

side of XS 10-20 (Figure 2-4) where we estimate potential for increased floodplain 

connectivity (~0-1x bankfull width). Sediment in the site is fairly well sorted but varied 

through the reach.  
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Figure 2-7 Mill Creek images before and after LW. Before (A-D) and after (E-I) the 

addition of large wood (LW).  
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Cerine Creek is generally straight with one large 90° bend near the top of the reach 

(Figure 2-8 B). This bend was included in the second year of surveying to ensure 

capturing the channel above the location of one of the new log jams. The reach flows 

uniformly for a wide range of discharges. However, there are deeper pools located at XS 

11 and XS 4 that become more pronounced at lower flows. A ~0.2m diameter log spans 

the channel bottom at XS 11 creating a small plunge pool below where a high density of 

juvenile fish were observed during the summer. At XS 4 root wad in the left bank has 

created a scour hole underneath it (Figure 2-8 D). The average slope of the bed thalweg 

over the reach length was 0.0043 (Table 1) whereas the slope of the WSE at the thalweg 

during summer low flow was lower (0.0033). The WSE slope increased to 0.0037-0.0043 

for higher winter discharges (1-2.4 m
3
/s) that were measured (Table 2-1). The channel is 

categorized as unconfined (floodplain >4x bankfull width) [Rosgen, 1994; Network, 

1999]. It is hillslope limited on the left but there are 40-50 m of potential floodplain on 

the right before hitting a road. Some limited potential floodplain connectivity exist on the 

inside (left) of the upstream bend between XS 25 and XS 28. The right side of the entire 

reach has potential for increased connectivity (Figure 2-8 E) with the lowest banks, and 

therefore most potential to connect, between XS 12 and XS 20.  
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Figure 2-8 Cerine Creek images before and after LW. Before (A-D) and after (E-G) 

the addition of LW.   

 

South Fork is the most sinuous reach exhibiting a full sinusoidal meander pattern over 

its 110m length, but still displaying some plane bed characteristics, particularly in the 

upstream and downstream sections (Figure 2-10 A, B, and C). The reach bends to the left 
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with a radius of curvature ~18m then meets the steep constraining hillslope where it bend 

back to the right with a tighter radius of curvature, ~8m. The upstream (XS 17-28) and 

downstream (XS 1-7) sections flow uniformly for most discharges, while the middle 

section (XS 8-16) has more lateral flow around the bends leading to less rectangular XSs. 

Notable geomorphic features include the deep pool on the outside of the downstream 

bend (XS 8-9) (Figure 2-10 D), which is also influenced by a large log (~0.8m diameter) 

entering the channel at a downward angle on the outside of the bend and larger 

fragmented bedrock pieces entering the channel from the constraining hillslope in the left 

side. Just upstream as the main flow crosses between meander bends (XS 10-11), there is 

also a deeper pool formed around a log (~0.5m diameter) along the bank angled down 

into the bed. The inside of the downstream bend is stabilized by the presence of a large 

alder tree, while the inside of the upstream bend is a more dynamic point bar in which 

fresh sediment deposited (~0.15 m thickness) during a high flow (~ 2.2+ m
3
/s) event in 

2014 (Figure 2-9). 

 
Figure 2-9 Point bar. Fresh deposited sediment on point bar around XS 12-14 in South 

Fork. 

 

The average slope of the thalweg over the reach length was higher (0.0090) than the 

summer WSE slope (0.0083). The WSE slope during high winter flows (2.2 m
3
/s) was 

the lowest (0.0077) (Table 2-1). The channel is categorized as unconfined 

(floodplain >4x bankfull width) [Rosgen, 1994; Network, 1999]. It is hillslope limited on 
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most of its left bank but there is 30-40m of potential floodplain on the right before hitting 

a road. Some potential floodplain connectivity exist on the inside (left) of the upstream 

bend between XS 10 and XS 20 (Figure 2-10 H). The right side of the entire reach has 

potential for increased connectivity with the most potential coming on the inside of the 

downstream bend between XS 12 and XS 2. Sediment in the site was fairly well sorted 

within the reach, especially within the more plane bed sections, consisting of a mix of 

small gravels to small cobbles. The notable exception being the large fractured bedrock 

pieces in the outside of the downstream bend (see Section 2.2.3). 
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Figure 2-10 South Fork images before and after LW. Before (A-D) and after (E-H) 

the addition of LW. 
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2.2.3. Channel grain size characterization 

Pebble counts (i.e. sample of 100 rocks) [Wolman, 1954] were conducted in each XS 

per reach to characterize grain size distributions (GSD) of the surface material. Mill 

Creek, Cerine Creek, and South Fork were sampled using a gravelometer to measure 

2164, 2826, and 2835 rocks respectively (Figure 2-11). This effort was then enhanced by 

characterizing GSD in distinct patches. In each reach, distinct patches of a uniform GSD 

were visually identified and hand drawn on detailed site topographic maps. Patches were 

differentiated into categories using a three part textural facies procedure [Buffington and 

Montgomery, 1999] which has been used in similar studies to characterize surface 

substrates [Rosenberger and Dunham, 2005; Smith and Prestegaard, 2005; Cienciala and 

Hassan, 2013]. We identified 11-25 patches per site ranging in size between 10 and 

180m
2
 (Figure 2-12). Patches consisting primarily of cobbles, gravels, and boulders were 

characterized with pebble counts of 50-250 particles while small patches consisting of 

only sand were classified separately. Mill Creek, Cerine Creek, and South Fork were 

sampled using a gravelometer to measure an additional 1795, 1302, and 2154, particles 

respectively. 
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Figure 2-11 Surface grain size distributions. Grain size distributions of individual 

patches in the active bed of (A) Mill Creek, (B) Cerine Creek, and (C) South Fork and 

patch area normalized reach average grainsize distribution. 
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Figure 2-12 Grain size patches. Average grain size (D50) of visually identified patches 

used to create spatially variable roughness within the flow models for Mill Creek (A), 

Cerine Creek (B), and South Fork (C). Patch D50 values of 0.10 indicate patches of sand 

that were not counted. 

The two GSD characterization methods (XS and patch) generally agreed for reach 

average GSD values up until the largest size classes (Table 2-2 and 2-3). Reach averages 

were obtained by combining all XS counts and taking an area weighted average of the 

patch values. The grain sizes < 4mm was excluded when calculating the GSD from the 

XS samples because they were oversampled by including the relatively sandy banks out 

of the active channel particles of this size are likely to travel in suspension.  

Bulk samples of subsurface material were also taken in 2 locations per reach on 

gravel bars exposed at low summer flow. The surface layer of sediment (roughly the 

thickness of the surface D90) was removed and samples with total weights ranging from 

16-28kg were taken ensuring that the largest grain in a sample was no more than 5% of 

the total weight [Church et al., 1987]. These samples were sieved into sizes between 

0.063 and 90 mm to quantify the GSD.
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Table 2-2 Surface grain size distributions (GSD). GSD measured by pebble count in cross sections (XS) and visually identified 

patches. 

Site 
Count 

Method 

Number of 

XS/Patches 

D16 D35 D50 D65 D84 D95 

(mm) 

Mill 

Creek 

XS 20 12.1 25.4 38.5 55.7 97.0 219.5 

Patch 10 12.1 24.2 39.5 56.8 99.7 162.4 

Cerine 

Creek 

XS 27 7.8 12.3 16.7 21.7 31.9 47.8 

Patch 13 7.0 10.8 14.0 17.7 24.3 33.9 

South 

Fork 

XS 28 12.2 20.9 28.8 38.3 56.6 85.4 

Patch 25 13.1 23.4 30.6 39.4 57.4 81.5 

 

 

 

Table 2-3 Subsurface grain size distributions (GSD). GSD based on two bulk sediment samples per site from bars exposed at low 

flows 

Site 
D16 D50 D84 

(mm) 

Mill Creek 1.6 11 53.8 

Cerine Creek 0.5 7 19.2 

South Fork 1.5 13.1 71.7 
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2.2.4. Flow characterization 

Each study reach was instrumented with a Solinst Levelogger Edge to record 15 - 

(wet season) 30 (dry season) minute stage data. These measurements were adjusted to 

account for atmospheric pressure variations based on data collected in a Solinst 

Barologger Edge installed in Mill Creek. Data loggers also recorded water and air 

temperature. Loggers were installed in relatively stable rectangular XS near the middle of 

each reach. The loggers were housed in PVC pipe with screened, drilled holes in the 

bottom. The logger housings were anchored in the field to rock outcrops and large 

riparian trees (Figure 2-13). 

 
Figure 2-13 Level logger installations. Water level logger installations in Mill Creek 

(A), Cerine Creek (B), and South Fork (C). Locations can be seen on maps in Figure 2-

17. 

 

In order to develop depth-discharge rating curves10-12 discharge measurements were 

collected between fall, winter, and spring of 2014-2015 at each site over a range of flow 

levels (0.1-0.95Qbf) (Figure 2-14). Discharge was calculated from one-minute time 

averaged velocity measurements taken at 0.6 times the flow depth with a Hach FH950 

handheld electromagnetic meter across relatively uniform XS near the stage loggers. The 
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rating curves were used to generate a continuous stream discharge record at each site 

between July 2014 and August 2015 (Figure 2-15). The record is continuous for Cerine 

and South Fork. Conversely, damage caused to the instrumentation in the Mill Creek site 

during a winter flow in 2014 lead to a 16-day gap (12/20/14-1/6/15). This flood affected 

both the Levelogger and the Barologger used for pressure correction of all three sites. 

The Barologger was moved on 12/28/14 to Cerine Creek. Water surface elevation (WSE) 

throughout each reach was characterized at several high discharges by using staff rulers 

placed throughout the reaches (Figure 2-16).  

 

 
Figure 2-14 Rating curves. Rating curves developed from 10-12 discharge 

measurements for study sites for Mill Creek (A), Cerine Creek (B), and South Fork (C). 
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Figure 2-15 Site annual unit hydrographs. Unit discharge (dischare/drainage area) for study sites for most of Water Year 2015. 

Data gap from 12/20/2014-1/1/2015 shows when loggers were down after a large flood.  
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Figure 2-16 Staff rulers. Rebar water surface elevation (WSE) staff rulers installed in 

most XS near banks in all sites(see locations map in Figure 2-17). 

 

 
Figure 2-17 Staff ruler and level logger locations. Water surface elevation (WSE) ruler 

and Levelogger locations and 20cm contours in Mill Creek (A), Cerine Creek (B), and 

South Fork (C). WSE Ruler indicates marker placed in 2014 and WSE2015 Ruler 

indicates additional markers placed after the addition of LW to add information directly 

around LW jams and replace destroyed rulers. 
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2.2.5. Wood addition 

In August of 2015, 39 pieces of large wood (0.5-1.6 meters in diameter without root 

wads) were added to the three sites. The wood was arranged into two log jams per site 

(Figure 2-18) but log locations were not fixed with by any artificial means. The logs were 

oriented lengthwise in the stream to mimic wood pieces that have been “rafted” into a 

location and provide the most contact with the bed and the most flow force redirection to 

drive geomorphic change. The jams were located in stream bends where possible and 

additional logs were placed on top of jams and braced by existing trees to increase 

stability, but no other means of permanently fixing the jam locations was used (i.e. no 

chain, cable, or rock) (Figures 2-7, 2-8 and 2-10). The wood additions were surveyed 

with a total station into the existing stream topography and locations were drawn as 

polygons into site maps and flow models. The length and diameter of each log was 

measured (Appendix 7.2).  

 
Figure 2-18 Large wood jam locations. Position of Large wood (LW) additions and 

20cm contours in Mill Creek (A), Cerine Creek (B), and South Fork (C). Includes both 

LW in contact with stream bed and LW that spans the stream above the Qbf water level. 
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2.3. Flow modeling 

2.3.1. Model overview 

We elected to use the Nays2DH flow model for this project. A comparison of two 

models (Nays2DH and FaSTMECH) was completed as part of this research (Appendix 

7.1), but the capabilities of Nays2DH best served our needs. Nays2DH is fully unsteady 

2D flow model. It uses a free surface, finite differenced, depth integrated version of the 

Navier-Stokes equation assuming horizontal momentum transfer is larger than vertical 

momentum transfer [Shimizu and Takebayashi, 2014] and that velocity profile is 

logarithmic in the boundary layer near the bed and parabolic away from the bed satisfies 

this. Nays2DH inputs include: channel topography, discharge, roughness, downstream 

flow stage, and a characterization of the water surface initial condition at the upstream 

end of the model. Roughness in the model is expressed as a drag coefficient (Cd) which is 

typically adjusted during calibration. Cd is used in boundary shear stress closure (𝜏𝐵) of 

the vertically averaged value (Equation 1) where ρ is density and u and v are parallel and 

cross stream velocity components [Shimizu and Takebayashi, 2014; Nelson, 2015]. 

𝜏𝐵 = 𝜌𝐶𝑑(𝑢
2 + 𝑣2) (1) 

The calculations are performed within an orthogonal curvilinear grid [Shimizu and 

Takebayashi, 2014; Nelson et al., 2015a] that follows the planform topography of the 

channel allowing the flow components to be calculated throughout the whole model 

domain in the streamwise (y) and cross-stream (x) directions. 

Nays2DH allows the user to select from three different options for a turbulent 

closure: 1) Constant eddy viscosity uses a constant value of 10
-6

 m
2
/s for the eddy 

viscosity coefficient; 2) Zero-equation model assumes that the bottom friction velocity 

and depth dominate the momentum transport and calculates a spatially varying eddy 

viscosity by relating the two; 3) k-ε model evaluates the local eddy viscosity as a ratio of 

the turbulent kinetic energy and the dissipation rate of the turbulent energy [Scott-

Pomerantz, 2005]. A test of the three turbulence closure methods using data collected for 

the Mill Creek site concluded that the differences between their calculations results was 
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less than the accuracy of the WSE data collected for model calibration (Section 2.3.5). 

The Zero-equation model was selected here because it yield slightly stronger WSE fit. A 

Manning’s coefficient of roughness (n) value is used as the input roughness parameter 

and converted to a drag coefficient for the boundary shear stress closure (Equation 1). 

Using the CIP (Cubic-Interpolated Pseudoparticle) method option for finite differencing 

gives a high accuracy flow prediction, particularly in instances of flow separation shear 

layers [Nelson et al., 2015a] by using a cubic spatial profile and predicting the value and 

its spatial derivative in advance, assuming they both follow the governing flow equation 

[Yabe et al., 1990]. The CIP method has been shown to predict the low frequency 

unsteadiness observed in flow separation zones in real rivers [Nelson et al., 2015a]. Since 

Nays2DH is fully unsteady it is limited by a Courant condition constraint in that the 

calculation time step must be very small (0.001-0.02s in our experience) to maintain 

computational stability. In our experience, using a smaller time step could improve model 

agreement with observed values up to about ~10% compared to the largest time step that 

would not result in a calculation failure. As an example, running a 1000s constant 

discharge simulation ranged in calculation time from ~30min to ~3hr when changing the 

time step from 0.02s to 0.001s on a 64-bit, 8-core @ 3.60 GHz desktop computer. 

Discharge and boundary condition values can be constant or time varying in the unsteady 

model. 

2.3.2. Model grid development 

One topographic grid was created per site for all flow conditions. The raw survey data 

was smoothed and interpolated to a dense point cloud using a natural neighbor technique 

under ArcGIS (Personal communication with Richard McDonald, 2015), The 

interpolated data was then imported into the iRIC interface where a curvilinear grid was 

drawn following the thalweg of each reach with an inflection point roughly at every other 

XS (Figure 2-19). The model grids were divided in to cells 0.2m x 0.2m and TIN 

mapping was used to map the grid elevation to the natural neighbor point cloud based on 

the nearest points. For models including logs, polygon objects were created to match the 
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size and orientation of logs in contact with the stream bed and mapped to the grid as flow 

restricting objects. 

 
Figure 2-19 Curvilinear grids and 3D site topography. Curvilinear grids show 20cm 

grid spacing and center-line with inflection nodes (A, B, and C). 3D renderings of grid 

topography in iRIC (D, E, and F). 

2.3.3. Model roughness calibration 
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Models were calibrated by comparing modeled and observed WSE through each 

reach and iteratively adjusting the roughness parameter to find the best match. Three pre-

wood and one post wood calibration flows were used for each site and adjusted until the 

root mean squared error for WSE was <0.05m for all calibration flows. 

 Nays2DH can be run assuming spatially constant or variable roughness. A 

Manning’s n value is used which is then converted to a drag coefficient based on the 

water depth (Equation 2) and used to compute shear stress (Equation 1).  

𝐶𝑑 =
𝑛2𝑔

h1/3   (2) 

Some improvement was observed (RMSE decreases 0.00-0.01 m) when using 

variable roughness patches compared to constant roughness (Figure 2-20 A and B). 

Nays2DH parameterizes roughness to vary spatially with the local Manning’s n and 

depths values based on the selected initial conditions (Equation 3). Due to the slight 

improvement in performance, the fact the roughness varies with depth in Nays2DH, and 

that other users of this model have also preferred variable roughness [Tamminga et al., 

2015], we decided for consistency to use spatially variable roughness on all models runs. 

 
Figure 2-20 Constant and variable roughness model water surface profiles. 

Examples of observed and modeled water surface elevation (WSE) values and associated 



36 

 

 

root mean squared errors (RMSE) for variable (vr) and constant (cr) roughness models: 

(A) Nays2DH (N2) South Fork model at Qbf; (B) Nays2DH (N2) Mill Creek after LW 

addition at 0.22Qbf. 

Field delimited patches of contrasting GSD were added as polygons to the modelling 

domain (Figure 2-12). In order to ensure a physically accurate description of roughness, 

patch grainsize values were used to calculate a Manning’s n value during calibration of 

Nays2DH models: 

𝑛 =
(𝛼𝐷)1/6

7.66√𝑔
   (3) 

where the α parameter can range from 1-3, the grain size of choice (D) can also vary, 

and g is the gravitational acceleration [Shimizu and Takebayashi, 2014]. Roughness 

values for areas outside the observed patches were set to be slightly higher than the 

highest roughness patch (~0-10%) in each model as a proxy for vegetated banks. The n 

values in Nays2DH were adjusted by iterating α and grainsize values (Equation 3). The 

best fits for all three sites were found using α = 3. Patch D84 values were then iteratively 

adjusted by adding a constant corrections factor to the calculated n for each patch.  

Example calibration curves for Nays2DH are presented in Figure 2-21 A and the 

remaining calibration curves can be found in Appendix 7.3. Root mean squared error 

(RMSE) varied between 0.01-0.05m (Table 2-4). Velocity measurements were not 

systematically used for calibration because they were not available for all flows, however 

the level of agreement between observed and predicted values was evaluated for some 

flow runs (Figure 2-21 B). The RMSE of velocity varies between 0.1-0.4 m/s (Table 2-4) 

similar to other values in the literature [Cienciala and Hassan, 2013; Segura and Pitlick, 

2015]. 
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Figure 2-21 Model agreement for water surface and velocity measurements. (A) 

Calculated and measured water surface elevation (WSE) and cross stream average 

velocity (B) for all modeled flows in Cerine Creek. 

2.3.4. Model inputs  

Model inputs included field measured discharge and downstream stage at the farthest 

downstream staff ruler for each modeled flow. Since Nays2DH is an unsteady model, it 

requires a time series of discharge and downstream stages. However, for calibration runs, 

the discharge values were held constant over a simulation time period of 1000s which we 

found to be enough time for a model to reach steady state (Figure 2-22). Variable 

discharge hydrographs were used to simulate a wider range of flow conditions for 

comparison of velocity and shear stress before and after the LW was added. A constant 

slope initial condition based on the slope of measured WSE (Table 2-1, Appendix 7.3) for 

a given flow was used for all constant discharge calibrations and model comparison runs. 

A uniform flow assumption was used as the initial conditions in all Nays2DH hydrograph 

models. This was preferred to ensure that the model captures all possible wet nodes at the 

peak of the hydrograph (Personal communication with Richard McDonald, 2015). The 
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Nays2DH model used a maximum of 10 iterations for every time step of 0.01s over the 

1000s steady discharge run.  

 
Figure 2-22 Unsteady model approaching equilibrium. Example of unsteady model 

shear stress (τ) solution approaching steady state over a model run of 1000s. 
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Table 2-4 Calibration model parameters. Model parameters considering variable roughness for FaSTMECH (FM) and Nays2DH 

(N2) pre and post large wood (LW) for different discharge (Qi) levels, fractional bankfull discharge (Qi/Qbf); average model depth 

(Hmean); and root mean squared error (RMSE) ranges for water surface elevation (WSE) and time average velocity measurements are 

indicated. 

Site LW  

Qi  

(m
3
/s) Qi/Qbf 

# 

Nodes Hmean (m) 

RMSE-WSE 

(m) 

RMSE-velocity 

(m/s) 

Mill Creek pre 4.53 0.52 60621 0.55 0.025 0.34 

Mill Creek pre 8.7 1.00 60621 0.71 0.033 NA 

Mill Creek post 1.91 0.22 60621 0.57 0.049 0.23 

Cerine Creek pre 1.0 0.41 58176 0.421 0.025 0.115 

Cerine Creek pre 2.43 1.00 58176 0.56 0.026 0.115 

Cerine Creek post 1.49 0.61 58176 0.54 0.034 0.258 

South Fork pre 1.08 0.49 53169 0.34 0.045 0.258 

South Fork pre 2.2 1.00 53169 0.46 0.023 0.364 

South Fork post 1.09 0.50 53169 0.47 0.036 0.255 
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2.3.5. High water LW models 

The modeled storms were intended to represent conditions of at Qbf flow after the 

addition of LW, though these conditions were difficult to measure directly in the field. 

WSE for approximately Qbf flow was collected after the addition of LW (Figure 2-23). 

An exact match is not intended here as the actual discharge value of the stream could not 

be measured, but the approximate agreement in slope illustrates the model is relatively 

accurate with respect to WSE at flows near bankfull after the addition of LW.  

 
Figure 2-23 Bankfull water surface after LW addition. Water surface elevation (WSE) 

at peak of modeled storm hydrograph and high water (HW) measured in the field after 

the addition of large wood (LW) for Mill Creek (S1), Cerine Creek (S2), and South Fork 

(S3). Differences in WSE between different sites are only representative of local 

elevation and can be ignored for the purpose of showing all sites on a single plot. 

2.4. Data analysis  

Predicted mean vertical water velocity, boundary shear stress (τ) values, and increases 

wetted area were used to quantify the amount and spatial extent of survivable area for 

juvenile Coho Salmon. A Qbf hydrograph storm was routed through the model domains of 

each site simulating both pre and post-LW addition conditions that wintering juveniles 

may face. Mean vertical velocity allows quantifying the extent of acceptable fish habitat 

within the water column; τ on the other hand is used to model potential sediment 

transport as a proxy for the availability of stable bed substrate to provide fish sheltering 

during high flow events. Increased wetted area (i.e. increase flood plain connectivity) 
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should provide an additional metric of acceptable habitat. The methods used to determine 

the thresholds for acceptable habitat are discussed below. 

Velocity at model grid locations were grouped as: those below a typical critical 

swimming velocity (vcrit) (0.5m/s) for winter-time juvenile Coho Salmon (~8-10cm long 

Coho Salmon in the advanced fry to early smolt phase) [Glova and McInerney, 1977], 

those above vcrit but below the burst swim speed (vburst) (1 m/s) of juvenile Coho Salmon 

[Taylor and McPhail, 1985], and those greater than vburst. Critical swimming speed is the 

maximum velocity at which a fish can maintain position in the flow stream for extended 

periods of time under a given set of environmental conditions. 

Considering that juvenile salmon are likely to shelter in substrate during harsh 

environmental conditions [Hartman, 1965; Rimmer et al., 1983; Bradford et al., 1995; 

Cunjak, 1996; Bradford and Higgins, 2001], we used the predicted boundary shear stress 

to estimate the proportion of the bed in which the entrainment of the median grain size 

particle (D50) of the bed surface is likely. The D50 values in the study sites range from 16-

39 mm which is similar to the particle size range which juvenile Atlantic salmon have 

been observed sheltering in [Cunjak, 1988]. Our assumption is that transport of the D50 is 

a reasonable threshold to represent conditions in which dislodging fish is possible 

because the substrate would fail to provide shelter. 

To calculate the critical shear stress (τc) threshold where movement of the D50 is 

likely, we used a slope (s) based equations. The equation was developed for gravel bed 

streams with similar slopes to our study reaches (Equation 4) [Mueller et al., 2005] 

𝜏𝑐
∗ = 2.18𝑠 + 0.021  (4) 

 

𝜏𝑐
∗ =

𝜏𝑐

(𝜌𝑠−𝜌𝑤)𝑔𝐷50
  (5) 

where τ*c is the dimensionless critical Shield’s stress. Using these τ*c values, τc was 

calculated using a Shield’s equation (Equation 5) where ρs and ρw are the density of 

gravel and water respectively (we used ρs =2500 ks/m
3
 for the Tyee sandstone found in 

our study sites). We assumed that channel bed locations with τ about twice τc are likely to 

experience full transport mobility [Wilcock and McArdell, 1993]. At these locations, 
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sheltering in the substrate was assumed to be very difficult or impossible because large 

particles would be mobilized in equal proportion to their abundance in the bed.  In 

sections of the bed experiencing partial transport (τc < τ < 2 τc) we assumed that 

sheltering would be difficult but not impossible as larger particles would be less likely to 

be in motion (Figure 2-24). 

 
Figure 2-24 Conceptual model of partial and full transport During partial transport 

smaller particles are likely to move in greater proportion to their abundance and during 

full transport all sizes are likely to move relative to their abundance. 

 

Model outputs from the entire simulated storm were used to determine the extent and 

duration of additional connectivity to the floodplain. The amount of time that flow is 

observed in elevated flood terraces outside the pre LW Qbf active channel was determined 

before and after LW addition. The linear extent of additional bank that is connected after 

LW was also measured. Photographic evidence was used, where available, to corroborate 

modeled increases in floodplain connectivity.  

By modeling the entire hydrograph, the differences in the area of acceptable water 

column and bed habitat before and after LW can be examined over time. Differences can 

also be examined at individual time-steps. The peak discharge of the Qbf hydrograph, 

when conditions will likely be the least favorable for juvenile salmon, is of primary 

concern. For both velocity and τ distributions, only areas where depth > 0.1 m and 

velocity or τ > 0.01 m/s or N/m
2
  were included to limit the study to the active channel 

and depths where model assumptions were not likely to be violated.  
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3. RESULTS 

3.1. Geomorphic characterization and changes 

3.1.1. Cross section hydraulic geometry 

To assess the relative influence of large wood (LW) on changes in channel 

morphology, the study reaches were monitored for a year prior to LW addition. This was 

done to characterize the baseline level of variability. In the year prior to the addition of 

LW (2014-2015), study reaches had relatively stable channel geometry (Figures 3-1 to 3-

3, Appendix 7.4) as indicated by the bankfull (Qbf) cross-sectional (XS) areas (A) and 

wetted perimeters (WP).  

Large wood influenced the channel geometry after only one season of high flows 

(Figures 3-1 and 3-2). Surveys (2-3 XS per site) conducted in 2016 indicated large 

amounts of scour and deposition associated with LW despite small net changes in A in 

some instances (Table 3-1). Up to 3.5 m
2
 of scour and 1.6 m

2
 of deposition were 

observed in relation to LW in different XS. Near LW additions, we observed increased 

amounts of scour and deposition in both XS that were previously stable (Mill Creek XS3 

and XS5). Scour and deposition also increased in XS that exhibited some geomorphic 

flux prior to LW addition (Cerine Creek XS26 and South Fork XS13). Cross sections 

where LW was added (Cerine Creek XS26 and South Fork XS13) as well as those 

downstream from new LW additions (Mill Creek XS3 and XS5 and Cerine Creek XS5) 

tended to experience both scour and fill. Conversely, XS upstream of LW additions (Mill 

Creek XS11 and South Fork XS25) tended to experience mostly deposition. Finally the 

amount of change, as measured both by total and XS area normalized scour and 

deposition (Table 3-1), tended to be inversely proportional to the distance from LW jams. 

Cerine Creek XS 26, South Fork XS 13, and Mill Creek XS 5 located 0-5 m away from 

the new LW additions experienced more area of scour and deposition than Mill Creek XS 

3 and XS 11 and South Fork XS 25 located more than 10 m away from the new LW. The 

outlier to this observation was XS 5 in Cerine Creek, where considerable geomorphic 

change was primarily influenced by a legacy log that became exposed from the bank 

during the winter of 2014-2015 (Figure 3-3).  
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Table 3-1 Geomorphic changes after LW addition. Geomorphic changes in select cross sections (XS). Changes in XS bankfull 

(Qbf) area before (2014-2015) and after (2015-2016) the addition of large wood (LW). Areas of scour and deposition observed in XS 

associated with the addition of LW. The absolute values of these changes are summed and normalized by 2015Qbf area to represent 

total geomorphic flux (GF) and normalized GF. 

Site XS 

2014 

Area 

(m
2
) 

2015 

Area 

(m
2
) 

2016 

Area 

(m
2
) 

% Change 

before / after 

LW 

Scour 

Area (m
2
) 

Deposition 

Area (m
2
) 

Total GF (m
2
) / 

Normalized GF 

Mill Creek 3 7.8 8.3 7.9 -6 / -4.8 0.12 0.52 0.64/0.08 

Mill Creek 5 8.4 8.8 8.2 -4 / -6.8 1.04 1.62 2.66/0.30 

Mill Creek 11 7.0 7.0 7.1 0 / -1.4 0.10 0.35 0.45/0.06 

Cerine Creek 5 2.2 2.4 4.3 -10 / 79.2 1.88 0.00 1.88/0.78 

Cerine Creek 26 2.7 3.4 2.9 -28 / 14.7* 0.63 0.12 0.75/0.22 

South Fork 13 4.0 4.2 7.0 -5 / 66.7 3.50 0.62 4.12/0.98 

South Fork 25 4.0 4.4 3.7 -9 / -15.9 0.00 0.70 0.70/0.16 

*Pin was washed out during high flow not allowing for the entire XS to be surveyed in 2016. 
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Figure 3-1 Cross section geomorphic change in Mill Creek. Geomorphic change in Mill Creek cross section (XS) 5. (A) 

Topographic survey at XS 5 for 3 years (2014-2016) and bankfull water surface elevation (Qbf WSE). Images view the XS looking 

upstream in (B) August 2015 (time when LW was added) and (C) March 2016 after several high flow events. Dashed arrows indicate 

the position of the high point on a gravel bar that showed some cross-channel migration. 
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Figure 3-2 Cross section geomorphic change in South fork. Geomorphic change in South Fork cross section (XS) 13. (A) 

Topographic survey at XS 13 for 3 years (2014-2016) and bankfull water surface elevation (Qbf WSE). Images view the XS looking 

downstream in (B) August 2015 (time when LW was added) and (C) March 2016 after several high flow events. Surveyed XS have 

been superimposed upon images to highlight locations of significant geomorphic change. 
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Figure 3-3 Cross section geomorphic change in Cerine Creek. Geomorphic change in Cerine Creek cross section (XS) 5. (A) 

Topographic survey at XS 5 for 3 years (2014-2016) and bankfull water surface elevation (Qbf WSE). Images view the XS (B) looking 

upstream in June 2014 (when originally scouting for sites), (C) looking downstream in February 2015, and (C) looking downstream in 

March 2016. Black, red, and green arrows show the relative position of exposed gravel bar and the location of the log that became 

exposed in the winter of 2014-2015 is indicated.
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3.1.2. Channel classification 

Collecting ground truth data for the Netmap channel classification [Benda et al., 

2007] provided information on when results might contain uncertainty relevant to 

restoration potential. The Netmap and field based classifications generally agreed within 

the 5.5 km of Cerine Creek that were compared. The level of agreement was strong for 

plane bed reaches (Figure 3-4), which are the key interest in this study. However, Netmap 

was unable to classify about 2 km (or 36% of the comparison length) of channels that 

according to the field observations corresponded to either plane bed or forced pool riffle 

morphologies. In addition, Netmap incorrectly classified ~0.25 km of forced pool riffle 

reaches as plane bed. This inaccurate classification is not surprising considering that 

forced pool riffle morphology is generally triggered by the interaction of the flow with in-

stream LW in reaches with slopes that could otherwise be associated with plane bed 

morphology [Montgomery et al., 1995].  

We used the Netmap tool to classify the entire Mill Creek basin (Figure 3-5). Of the 

~100 km of stream, 10 km was classified as plane bed. Over half (51%) of the basin is 

small, 1
st
 order streams that are steep and or dry (Table 3-2). Reaches classified as plane 

bed, however, are all 2
nd

 order or greater, indicating that they have potential as salmon 

habitat. We expect that most reaches classified as plane bed will behave similarly to our 

study reaches after the addition of LW. However, uncertainty remains that some of the 

~10 km classified as plane bed could actually exhibit forced pool riffle morphology. This 

is of minimal concern though, as the Mill Creek basin was selected for restoration and is 

likely devoid of dense LW loading that could lead to a change in classification in a 

significant portion of the watershed.  

 

 

 



49 

 

 

Table 3-2 Channel type fractions within Mill Creek basin. Length of stream classes in 

the entire Mill Creek watershed calculated by NetMap and lengths excluding 1
st
 order 

streams. 

 
All Stream Orders 

 

Dune 

Ripple 

Plane 

Bed 

Pool 

Riffle 

Step 

Pool 
Undefined Total 

Length (km) 1.12 10.27 3.92 7.65 82.2 105.2 

% of basin 1 10 4 7 78 
 

 
2nd Order and Larger Streams 

Length (km) 1.12 10.27 3.92 7.26 31.19 53.76 

% of basin 2 19 7 14 58 
 

 

 

 

 
Figure 3-4 Field and Netmap channel classification comparison in Cerine Creek. 

Channel classifications based on slope calculated by Netmap (lines), and field 

observations (points) in Cerine Creek. Blue sections of stream represent those Netmap 

failed to classify (Unclassified in Table 3-2). 
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Figure 3-5 Basin-wide channel classifications. Channel classification based on slope 

calculated by Netmap for the entire Mill Creek watershed with study site locations and 

upstream watershed outlines superimposed. Blue sections of stream represent those 

Netmap failed to classify (Unclassified in Table 3-2). 

3.2. Comparison of modeled stream hydraulics before and after the 

addition of LW and associated impacts on juvenile salmon habitat  

3.2.1. Velocity: spatial and temporal changes in acceptable area 

The ability of juvenile Coho Salmon  to maintain swimming position in the flow field 

during winter storm events can directly affect their survival [McMahon and Hartman, 

1989; Cederholm et al., 1997]. Using Nays2DH, we were able to quantify the spatial and 

temporal impact that LW had on the flow velocity (v) and its relation to juvenile 

salmons’ capacity to hold position. At Qbf, the addition of LW increased the area of 

habitat with acceptable velocity for juvenile Coho Salmon (v ≤ vcrit where vcrit = 0.5 m/s 

[Glova and McInerney, 1977]) in all study sites. LW jams backed up flow, increasing the 

width of channels as additional low velocity habitat was inundated at channel margins 

(Figures 3-6 to 3-8). As a result, average velocities in the wetted channel decreased by 
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23-36% across sites (Tables 3-5). LW jams interrupted the high velocity core of the main 

current (easily visible in red in Figures 3-6 and 3-8) in the center of channels creating 

slower pools upstream of LW. The heterogeneity of the flow also increased as LW 

steered flow away from the streams’ centers laterally where it was previously parallel to 

the channel (Appendix 7.4.3). Increased floodplain connectivity upstream of LW jams 

created most of the additional area of acceptable habitat (dark blue in Figures 3-6 to 3-8). 

Velocity increased in the vicinity and immediately downstream of LW jams which would 

be expected due to the reduction of flow area. The wider range and higher frequency of 

low velocity values in the distributions indicated this same response. 

The shape of the frequency distributions of velocity changed after the addition of LW 

indicating that a far greater portion of the channels had slow velocities, acceptable for 

juvenile salmon (Figures 3-6 to 3-8). This shift in velocity values is evident as 

distributions changed from negatively skewed (-0.3 to -0.72) to positively skewed (0.76 

to 1.37). The highest frequency velocities shifted to the low end of the spectrum (Table 3-

3). The distribution tails also became heavier relative to their peaks, as indicated by 

kurtosis values increasing 37-152%. Thus, further indicating that the heterogeneity of the 

flow field increased because distributions were more evenly spread along a wider 

velocity ranges. Increasing standard deviations (+22-33%) were also a sign of more 

heterogeneous flow fields, except in the more complex South Fork site where range and 

standard deviation remained relatively constant (Table 3-4). The change in the velocity 

distributions show that after the addition of LW the area of long-term acceptable habitat 

(v < vcrit) increased by 17-26% (Figure 3-6 to 3-8, Table 3-3). Mill Creek and South Fork 

also saw increases in the area of temporarily acceptable habitat (vcirt ≤ v ≤ vburst) (11-19%) 

while Cerine Creek saw a decrease in this area (-26%). Cerine Creek originally had 

proportionally more of its active channel within the temporarily acceptable habitat 

category (light blue in Figures 3-6 to 3-8) and therefore less potential for an increase in 

that category. These observations in conjunction with the spatial changes clearly indicate 

that LW increases the area of habitat acceptable for juvenile salmon at Qbf discharge. 
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Table 3-3 Changes in acceptable habitat areas before and after LW addition. Changes in velocity (v) and shear stress (τ) at 

bankfull (Qbf) discharge and across the storm hydrographs; threshold values of critical swim velocity (vcrit = 0.5 m/s) for juvenile Coho 

Salmon and burst speed (vburst = 1 m/s); and site Shields parameter (τ*c) and critical shear stress (τc) for movement of the average grain 

size (D50). 

Variable Mill Creek Cerine Creek South Fork 

Change in area of long-term acceptable flow velocity at Qbf (v ≤ vcrit) 17.2% 25.6% 23.6% 

Change in area of temporarily acceptable flow velocity at Qbf (vcirt ≤ v ≤ vburst) 18.8% -25.7% 11.3% 

Average change in area of long-term acceptable flow over hydrograph (v ≤ vcrit) 29.0% 22.8% 29.2% 

Change in wetted area at Qbf 34% 24% 35% 

Time of new connectivity to floodplain (hr) / fraction of storm duration 
~21.0 / 

0.49* 

~11.5 / 

0.33 

~20.0 / 

0.57 

Length of new floodplain connectivity at Qbf (m) / fraction of bank length ~80 / 0.33* ~20 / 0.08 ~42 / 0.18 

τ*c 0.028 0.03 0.038 

τ c (N/m
2
) 16.1 6.7 16.8 

Change in area of shear stress not likely to move the D50 (τ < τc) 38.80% 30.80% 35.40% 

Change in area likely to be in partial transport (τc < τ < 2τc) -31.50% -5.60% -20.50% 

Change in area of full transport (τ > 2τc) -7.00% -25.20% -14.80% 

Average change in area not likely to move the D50 over the hydrograph(τ < τc) 27.50% 27.20% 30.10% 

*Limited floodplain width due to valley constraint
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Table 3-4 Before and after LW model comparison statistics. First four moments 

(mean, standard deviation, skewness, and kurtosis) of velocity and shear stress (τ) 

distributions at Qbf before and after the addition of large wood (LW) from Nays2DH 

models. Values and percent differences between before and after LW conditions are 

included. Note that the kurtosis value presented here is absolute and not excess kurtosis 

(i.e. value for a normal distribution equals 3). 

Model Site 
Mean (m/s 

or N/m
2
) 

Standard 

Deviation 

(m/s or 

N/m
2
) 

Skewness Kurtosis 

Velocity before LW Mill Creek 1.23 0.54 -0.72 2.40 

Velocity after LW Mill Creek 0.92 0.72 1.37 6.05 

% difference Mill Creek -25.20 33.33 -290.28 152.08 

τ before LW Mill Creek 23.41 14.66 0.41 3.54 

τ after LW Mill Creek 18.99 29.69 3.07 16.54 

% difference Mill Creek -18.88 102.52 648.78 367.23 

Velocity before LW Cerine Creek 0.69 0.32 -0.67 2.24 

Velocity after LW Cerine Creek 0.53 0.39 0.76 3.06 

% difference Cerine Creek -23.19 21.88 -213.43 36.61 

τ before LW Cerine Creek 12.24 8.03 0.05 2.04 

τ after LW Cerine Creek 9.14 11.82 2.53 11.97 

% difference Cerine Creek -25.33 47.20 4960.00 486.76 

Velocity before LW South Fork 1.02 0.54 -0.30 2.12 

Velocity after LW South Fork 0.65 0.52 0.91 3.30 

% difference South Fork -36.27 -3.70 -403.33 55.66 

τ before LW South Fork 22.27 18.22 1.09 5.70 

τ after LW South Fork 11.35 16.79 2.89 15.60 

% difference South Fork -49.03 -7.85 165.14 173.68 
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Figure 3-6 Velocity distributions in Mill Creek. Spatial and frequency distributions of 

velocity (v) at bankfull discharge before (A and B) and after (C and D) the addition of 

large wood (LW) in Mill Creek. Colors correspond to thresholds of velocity relevant to 

the ability of juvenile Coho Salmon to maintain position in the stream (dark blue means v 

< vcrit where vcrit = 0.5 m/s, light blue means vcrit < v < vburst where vburst = 1 m/s, and red 

means v > vburst). Velocity values were truncated to included areas were depth > 0.1 m 

and v > 0.01 m/s.  
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Figure 3-7 Velocity distributions in Cerine Creek. Spatial and frequency distributions 

of velocity (v) at bankfull discharge before (A and B) and after (C and D) the addition of 

large wood (LW) in Cerine Creek. Colors correspond to thresholds of velocity relevant to 

the ability of juvenile Coho Salmon to maintain position in the stream (dark blue means v 

< vcrit where vcrit = 0.5 m/s, light blue means vcrit < v < vburst where vburst = 1 m/s, and red 

means v > vburst). Velocity values were truncated to included areas were depth > 0.1 m 

and v > 0.01 m/s.  
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Figure 3-8 Velocity distributions in South Fork. Spatial and frequency distributions of 

velocity (v) at bankfull discharge before (A and B) and after (C and D) the addition of 

large wood (LW) in South Fork. Colors correspond to thresholds of velocity relevant to 

the ability of juvenile Coho Salmon to maintain position in the stream (dark blue means v 

< vcrit where vcrit = 0.5 m/s, light blue means vcrit < v < vburst where vburst = 1 m/s, and red 

means v > vburst). Velocity values were truncated to included areas were depth > 0.1 m 

and v > 0.01 m/s.  
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Similar to bankfull flow conditions, acceptable habitat area increased after LW 

addition for the entire storm duration in all three sites. The area of long-term acceptable 

habitat (v < vcrit) increased by an average of 23-29% over the hydrograph after the 

addition of LW (Figure 3-9 and Table 3-3). The difference in acceptable habitat area 

before and after LW addition were remarkably consistent for the entire hydrograph 

duration in South Fork, likely indicating that additional floodplain habitat was readily 

available for reconnection early in the hydrograph. However, in Cerine Creek during the 

initial lower discharge, there was only a minimal increase in acceptable habitat area. This 

is again the result of the smaller, shallower reach having lower magnitudes of velocity 

before LW addition. Also, in Cerine Creek, additional floodplain connectivity was not 

available until high on the hydrograph. Finally, Mill Creek experienced an increase in 

acceptable area after LW addition, but the smallest difference occurred around Qbf. This 

is likely the result of Mill Creek’s greater level of confinement, meaning that near the 

peak discharge there was no additional floodplain available for inundation. Therefore 

increasing discharge results in increased velocities. A slightly faster increase in suitable 

area on the falling limb of hydrographs may also show were increased water storage leads 

to an increase in the timing of connection to acceptable habitat Quantifying the amount of 

change in floodplain connectivity for the sites, we see changes occurring at Qbf and over 

the whole hydrograph. Wetted area increased 24-35% at Qbf and additional floodplain 

connection occurred over 20-80 m of the banks for 33-57% of the hydrograph duration 

(Figure 3-10 and Table 3-3). This additional low velocity area should provide acceptable 

habitat locations for juvenile Coho Salmon.  
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Figure 3-9 Variation in acceptable velocity area over time. Fraction of wetted reach 

for (A) Mill Creek, (B) Cerine Creek, and (C) South Fork that is a acceptable flow 

velocity (v < vcrit) over the entire 1.5 day bankfull storm hydrograph before and after LW 

addition. Values truncated to include areas were depth > 0.1 m and v > 0.01 m/s. 
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Figure 3-10 Increasing floodplain connectivity. Timing of spatial increases in 

floodplain connectivity in Mill Creek (A and B), Cerine Creek (C and D), and South Fork 

(E and F) before and after the addition large wood (LW). Colored areas show the percent 

of time during the storm hydrograph (Figure 3-9) that an area was inundated. Location of 

connectivity predicted by model was also observed in the field at Cerine Creek at ~Qbf 

(image). 
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3.2.2. Shear stress: spatial and temporal changes in acceptable area  

For bed material to provide acceptable shelter for juvenile salmon, we assume it must 

remain stable during high flow events. We used Shields equation (Equation 5) to 

calculate the critical shear stress (τc) for the movement of the average grain size (D50). 

We could then quantify the area of the bed were τ was low enough that substrate 

remained stable during a storm event. The Shields parameter was calculated using the 

reach slope by the equation of Mueller et al. [2005] (Equation 4). At Qbf, the addition of 

LW caused reach-average τ values to decrease by 23-36%. This resulted in a 31-39% 

increase in the immobile bed area (τ < τc), a 6-32% decrease in the area likely to be in 

partial transport (τ c ≤ τ ≤ 2τc), and a 7-25% decrease in the area likely in full transport 

(τ > 2τ c) (Table 3-3). The spatial changes in acceptable τ habitat followed patterns 

consistent with what was observed for velocity, as would be expected given their 

relationship to each other in model solutions (Equation 1). Areas of high shear stress, 

generally in the channel thalweg (red in Figures 3-11 to 3-13), were disrupted as LW 

deflected flow laterally creating slower, deeper pools. Additionally, connected floodplain 

areas provided low τ habitat that was not previously available (dark blue in Figures 3-11 

to 3-13). The areas of low τ upstream of LW additions indicate were deposition is likely 

to increase. Further, areas of high τ in the immediate and downstream vicinity of LW 

additions indicate where scour is likely. 

The changes to the distributions of τ, as in the case of velocity, showed that the area 

of acceptable habitat increased. As observed for velocity, increases in skewness, kurtosis, 

standard deviation, and range indicated an overall shift towards lower τ values and an 

increase in flow field heterogeneity. Again, South Fork is the outlier because its range 

remains relatively constant. The manner in which the τ distributions changed shape, from 

a peak near the average and a high frequency near zero to a constant decay, is consistent 

with the changes observed for velocity. The relative magnitude of the changes was 

greater however, as would be expected since τ is calculated using the square of velocity 

(Equation 1). The pattern of change is also consistent with what might be expected when 

going from a larger single thread stream to either a very small single thread stream or a 
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braided reach. This idea is fully developed in the Discussion section (Chapter 4) but is 

presented here to emphasize the fact that the shear stress partitioning in the channels has 

been significantly altered by the introduction of LW to resemble a system in which a 

greater portion of the available shear stress is absorbed by boundaries. 

As observed at Qbf, the area of the bed acceptable for fish sheltering increased for 

almost the entire duration of the storm hydrograph in all study sites. For the whole storm, 

the average immobile fraction of the bed (τ < τ c) increased by 27-30% (Figure 3-14). The 

increases in immobile fraction after LW addition was related to discharge. The smallest 

differences occurred at low discharges at the beginning of the storm hydrographs while 

the largest differences were observed near the peak of hydrographs. This is consistent 

with when sediment would be expected to move in the absence of a LW restoration 

effort.  
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Figure 3-11 Shear stress distributions in Mill Creek. Spatial and frequency 

distributions of shear stress (τ) at bankfull discharge before (A and B) and after (C and D) 

the addition of large wood (LW) in Mill Creek. Colors indicate thresholds of sediment 

movement where dark blue corresponds to areas where τ is less than the critical shear 

stress (τc) required to move the average grain size (D50), light blue corresponds to areas 

where τ is likely to move the D50 but not high enough for full transport, and red 

corresponds to areas likely in full transport (τ > 2 τc). Values truncated to include areas 

were depth > 0.1 m and τ > 0.01 m/s.  
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Figure 3-12 Shear stress distributions in Cerine Creek. Spatial and frequency 

distributions of shear stress (τ) at bankfull discharge before (A and B) and after (C and D) 

the addition of large wood (LW) in Cerine Creek. Colors indicate thresholds of sediment 

movement where dark blue corresponds to areas where τ is less than the critical shear 

stress (τc) required to move the average grain size (D50), light blue corresponds to areas 

where τ is likely to move the D50 but not high enough for full transport, and red 

corresponds to areas likely in full transport (τ > 2 τc). Values truncated to include areas 

were depth > 0.1 m and τ > 0.01 m/s. 
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Figure 3-13 Shear stress distributions in South Fork. Spatial and frequency 

distributions of shear stress (τ) at bankfull discharge before (A and B) and after (C and D) 

the addition of large wood (LW) in South Fork. Colors indicate thresholds of sediment 

movement where dark blue corresponds to areas where τ is less than the critical shear 

stress (τc) required to move the average grain size (D50), light blue corresponds to areas 

where τ is likely to move the D50 but not high enough for full transport, and red 

corresponds to areas likely in full transport (τ > 2 τc). Values truncated to include areas 

were depth > 0.1 m and τ > 0.01 m/s.  
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Figure 3-14 Variation in immobile bed fraction over time. Fraction of wetted reach for 

(A) Mill Creek, (B) Cerine Creek, and (C) South Fork where the shear stress (τ) is not 

likely to move the average grain size (D50) (i.e. τ < τc) over the entire 1.5 day bankfull 

storm hydrograph before and after LW addition. Values truncated to include areas were 

depth > 0.1 m and τ > 0.01 m/s.
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4. DISCUSSION 

4.1.1. Impacts of large wood on the flow field as related to juvenile Coho 

Salmon habitat 

This study represents a comprehensive effort to model the effects of the addition of 

channel spanning large wood (LW) jams in 3 river reaches on juvenile salmon winter 

habitat. Previous studies have used 2D hydraulic models to examine the impacts of 

engineered log jams near channel margins on the flow field [He et al., 2009; 

L’Hommedieu, 2014] and juvenile salmonids [Hafs et al., 2014]. However, our results are 

unique because we examine high flows in small headwater streams with channel 

spanning LW jams. We predicted velocity and shear stress (τ) in high spatial and 

temporal resolutions and related these values to habitat condition thresholds for juvenile 

salmon. To do this, we used a field-calibrated unsteady model, Nays2DH [Shimizu and 

Takebayashi, 2014], at high spatial-temporal resolution allowing for the quantification of 

detailed local variability in the flow field. We measured short-term changes in channel 

geometry and how variation related to the LW addition. Finally, we field verified 

Netmap, a tool for large-scale channel classification [Benda et al., 2007], and used it to 

classify the entire Mill Creek watershed and examine where restoration effects similar to 

our observations might occur. In sum we provide quantitative measures of improvement 

relative to restoration objectives seeking to increase juvenile salmon habitat. 

We found that the addition of LW resulted in channels that were wider, more 

connected to the flood plain, and with relatively lower values of water velocity and shear 

stress (τ). At bankfull discharge (Qbf) wetted areas in the channels increased at least 24%, 

mean velocity decreases by at least 23%, and mean τ decreased by at least 23%. 

According to velocity thresholds relevant to fish habitat [Glova and McInerney, 1977] the 

availability of channel area acceptable for fish increased ~20%. The immobile bed area, 

where fish can shelter in the substrate, increased >30%. The distributions of velocity and 

τ became wider and more evenly distributed, indicating a more heterogeneous flow field. 

Our results also indicated that after LW was added, streams connected to large areas of 
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additional floodplain habitat for 33-57% of the duration of a single flow event (peaking at 

Qbf). These newly connected floodplain areas were on the low end of velocity and shear 

stress meaning that they will likely remain as acceptable habitat areas even if thresholds 

of acceptability need to be adjusted. 

4.1.2. Fish habitat- How computational hydrodynamics predict where fish 

can weather a storm 

Two-dimensional estimates of velocity and τ before and after LW addition were used 

to investigate changes in the area of survivable habitat for juvenile salmon. Changes to 

instream processes have ample opportunity to influence salmon survival because half of 

their life, and the majority of pre-adult mortality, takes place in freshwater habitats 

[Sandercock, 1991; Bradford, 1995; Quinn, 2005; Wainwright and Weitkamp, 2013]. A 

substantial portion of the freshwater mortality can occur during high winter flows [Quinn 

and Peterson, 1996]. To characterize survivable habitat area with velocity, we used a 

biologically based critical swim velocity threshold [Glova and McInerney, 1977]. To 

understand how τ variability affects juvenile Coho Salmons’ capacity to seek shelter in 

the substrate, we used a Shields stress approximation to investigate the area of the bed 

that is likely to remain immobile (stable), similarly to previous efforts looking at 

ecological impacts of sediment movement [Montgomery et al., 1996b; Shellberg et al., 

2010; Segura et al., 2011]. These threshold values allowed us to link spatially-variable 

stream hydraulics to the habitat needs of juvenile Coho Salmon. LW additions disrupted 

high velocity flow in the center of channel and created a more spatially diverse flow field 

with areas of low and high velocity and τ in close proximity, particularly in the vicinity of 

the LW jams. Velocities and τ in the main channels decreased, indicating that transport of 

bedload sediment through the reaches will likely decrease [Montgomery et al., 1996a; 

Buffington and Montgomery, 1999]. Flow backed up behind LW, inundating riffles and 

increasing the depth of these new pool areas, similar to what other have observed 

[Montgomery et al., 1995; Beechie and Sibley, 1997; Collins et al., 2002]. Newly 

inundated floodplains and bars generally had low velocity and τ values making them 

acceptable sheltering locations for juvenile salmon based on our survival thresholds and 
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reported benefits of off-channel habitat for juvenile Coho Salmon during floods [Bell et 

al., 2001]. As a whole, our model predictions indicate that LW addition will lead to 

increases in juvenile salmon habitat throughout the reach. 

4.1.3. Study limitations 

While the results of this study are promising and highlight some of the benefits of 

LW additions, some underlying assumptions are worth noting. We use a 2D model 

despite the fact that the system modeled and effects of LW occur in 3 dimensions. While 

this simplification is necessary because of computational and field calibration data 

collection limitations, the effects of vertical flows created by LW [Mutz et al., 2007] are 

not captured. These could include increased levels of shear stress and scour near LW 

jams as well as impacts on velocity and secondary currents near LW and the bed where 

juvenile Coho Salmon are likely to seek shelter [Tullos and Walter, 2014]  Also not 

accounted for in the models was LW mobility. LW pieces were fixed in space within the 

model domains, consistent with other studies [He et al., 2009; Hafs et al., 2014; 

L’Hommedieu, 2014]. While there is a low likelihood of jams becoming dislodged, as 

predicted by the high length ratio of LW pieces to stream width [Merten et al., 2010], 

photographic evidence showed some LW pieces floating and slightly adjusting their 

positions in the channel during high flows. Thus, at high flow, the stream hydraulics will 

likely be altered because of flow underneath LW [Ruiz Villanueva et al., 2014].  These 

conditions are not captured in our models. Finally, our models did not allow for 

geomorphic adjustment of the stream bed. A lack of bed adjustment means that maximum 

values of velocity and shear stress likely persist an artificially long time through the high 

modeled flow event.  

4.1.4. Distributions of velocity and shear stress- Large wood altering flow 

organization 

When LW addition increased instream resistance and the wetted channel area, stream 

hydraulics reacted in a logical way to decreased potential energy spread over a greater 

area. In addition to a reduced mean velocity the shape of its distributions also changed 
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from bimodal to a consistent frequency decay. The shapes of pre-LW distributions for all 

sites were similar to those observed in East Creek [Cienciala and Hassan, 2016] with 

large frequency peaks both near the average and at low velocity values. To a lesser 

extent, the distributions matched those observed in a much larger system in Idaho [Logan 

et al., 2011] where a bimodal velocity distribution was also observed but with a 

proportionally larger peak of small velocity values. We are not aware of studies 

discussing the velocity distributions of small streams with substantial LW. However 

some analogy can be made between our results and those from a study in SW coastal 

British Columbia in which the observed high frequencies at low velocity values was 

partially attributed to the presence of a single LW jam [Cienciala and Hassan [2016]. 

Therefore we argue that the presence of LW results in increased proportion of low 

velocity locations within the flow field. The changes in the shapes of distributions of 

shear stress were similar to those observed for velocity. As discussed in our results, the 

pre-LW shear stress distribution in Mill Creek closely resembled those observed in single 

thread streams of similar size [Lisle et al., 2000; Mueller and Pitlick, 2014; Segura and 

Pitlick, 2015]. Conversely, the distribution in the South Fork lacked a second distinct 

peak and more closely resembled what was has been observed in smaller streams 

[Cienciala and Hassan, 2016]. Cerine Creek appeared to fall somewhere between the 

two, with a smaller second peak of shear stress values. After the addition of LW, all shear 

stress distributions more closely resembled those of the smaller streams as well as those 

of braided reaches [Nicholas, 2003; Mueller and Pitlick, 2014; Tamminga et al., 2015]. 

The shift towards a greater frequency of low shear stress values can be interpreted as an 

indication of shear stress being partitioned by the channel banks and LW  [Kean and 

Smith, 2006; Yager et al., 2007; Ferguson, 2012; Scheingross et al., 2013] resulting in 

significantly less shear stress available.  Distributions of velocity and τ varying over 

wider ranges with more uniform relative frequencies indicates that the addition of LW 

increases the level of hydraulic heterogeneity and therefore the heterogeneity of habitats 

[Gerhard and Reich, 2000; Brooks et al., 2006]. Studies have reported habitat suitability 

for salmon increasing with heterogeneity  [McMahon and Hartman, 1989; Roni and 

Quinn, 2001; Venter et al., 2008; Anlauf-Dunn et al., 2014]. Suggested benefits of 
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heterogeneity include velocity refuges in close proximity to feeding locations and cover 

from predators [Nickelson et al., 1992b; Nickelson and Lawson, 1998; Gustafsson et al., 

2012]. Overall, the changes in velocity and τ distributions indicate improved habitat 

conditions. 

4.1.5. Short-term Geomorphic Response- Observed and predicted bed 

adjustment 

The increase heterogeneity observed in the geomorphic response to LW addition was 

inversely proportional to the distance from LW. This agrees with observations of density-

dependent LW loading on pool formation associated to scour within and immediately 

downstream from LW jams [Bisson et al., 1987; Montgomery et al., 1995; Cederholm et 

al., 1997] .[Bisson et al., 1987]. Evidence of these changes were observed very soon after 

the LW additions with increased velocity and τ values in locations where the flow was 

constricted by LW obstacles. In addition we observed areas of sediment deposition 

upstream of LW jams in areas of decreased velocity and τ. All these changes describe a 

rapid rate of geomorphic change in small alluvial plane bed streams triggered after LW 

additions.  

4.1.6. Scaling our findings- Spatially and temporally 

This study focused on reach-scale changes. However, analyzing trends in site 

response can provide information about how the mechanisms driving this change may be 

applicable at larger scales. Stream slope, for instance, has been associated with the 

response of reaches to changes in LW loading [Montgomery et al., 1995]. Similar 

observations were made in this study. The change in average velocity and shear stress 

after LW addition was generally inversely proportional to pre-LW site water surface 

slope. This relationship could be explained considering that steep sites experience a 

larger decrease in local water surface slope given sufficient LW addition. LW addition 

decreases local water surface slopes by creating flatter pools behind LW jams and short, 

steep losses of elevation across LW jams. Therefore, steeper channels, with relatively  

higher velocity and τ for a given discharge, have more potential for decrease in velocity 
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and τ [Gurnell and Sweet, 1998; Golden and Springer, 2006]. Slope may be useful for 

prioritizing restoration potential assuming a site meets other fish needs such as summer 

base flow conditions. The study of additional sites over a wider range of sizes and slope 

conditions would allow verifying this interpretation. 

In light of the relationship we found between slope and habitat improvement 

potential, tools such as Netmap have the potential to help make informed decisions with 

regard to watershed management. A framework for examining the spatial extent and 

relative quality of juvenile salmonid habitat, known as intrinsic potential, already exists 

within Netmap. This approach considers channel slope, annual flows, and valley 

constraints [Burnett et al., 2007]. A restoration planning framework is also suggested in 

Netmap based on inputs including intrinsic potential, large wood recruitment potential, 

gravel supply, etc. [Benda et al., 2007]. However, there is currently no mechanism in 

these frameworks to assess the potential of LW addition to improve habitat in the context 

of site characteristics, like slope. The results of this study in conjunction with Netmap’s 

classification of channel types (based on slopes) could therefore be used to predict the 

extent a stream network in which similar changes in habitat would be expected. However, 

the possibility for misclassification, like we sometimes observed, should be kept in mind. 

Additionally, plane bed reaches could be further prioritized based on their slope to 

maximize restoration benefits from limited resources. Applying these strategies inferred 

from our results to the entire Mill Creek watershed and other similar coastal watersheds 

should therefore prove informative to restoration potential. Further detailed work 

validating Netmap’s ability to accurately characterize other reach parameters, such as the 

level of channel confinement and floodplain connectivity, will allow for increased 

certainty in the application of this study to anticipate basin scale response to LW 

addition. 

In addition to interpreting our results at larger spatial scales, we can also make 

predictions about their implications for long timescale processes like climate change. 

Climate change may impact the survival of wild Coho Salmon populations, and should 

therefore be considered when doing long-term and large-scale basin planning 
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[Independent Scientific Advisory Board, 2007; Wainwright and Weitkamp, 2013]. 

Potential climate change impacts include increased frequency and magnitude of extreme 

flow events, as predicted by multiple studies [Mote et al., 2008; Rosenberg et al., 2010]. 

These would be expected to increase displacement of juvenile salmon and thus be a 

further limit to population success [Independent Scientific Advisory Board, 2007; Mantua 

et al., 2010]. However, as indicated by our results, LW addition may mitigate some of 

these impacts. The increases in survivable habitat areas observed during high flows may 

buffer the effects of increased extreme flow events. Therefore, benefits from LW addition 

could become increasingly important in the future. 

4.1.7. Future work 

Our modeling results could be coupled with bioenergetics models to examine 

potential benefits of LW for salmon growth in addition to survival. Bioenergetics can 

account for energy expenditure of swimming and energy intake associated with 

successful feeding in fish. One recent study  showed the effect of LW loading on 

potential for salmon growth over an extended low flow period [Hafs et al., 2014]. Using 

the same framework, our results could be used to examine the energy balance of fish 

before and after LW addition. Based on this previous result,  our sites would likely 

experience a similar increase in net energy intake during the winter which should lead to 

the production of larger, higher condition smolts that have a better chance of returning as 

spawners [Mathews and Ishida, 1989; Holtby et al., 1990; Irvine et al., 2013]. This would 

take our current results a step further by examining improvements to the salmon rearing 

habitat in terms of growth rather than just survival. Bioenergetics models [Rosenfeld and 

Taylor, 2009], require the spatial distribution of velocity as well as inputs of potential 

food for drift feeders, such as juvenile Coho Salmon. LW increases heterogeneity of the 

velocity field providing low velocity shelters adjacent to higher velocity currents with 

greater potential to convey food. The high spatial and temporal resolution of the velocity 

field provided by our results, combined with an assumption of drift prey density (as done 

by Hafs et al. 2014) would provide information as to how LW impacts habitat over a 

storm event. This could then be increased to multiple storm events eventually 
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representing a typical winter season. Implementing bioenergetics with our calibrated 

unsteady models including LW, would therefore make an obvious next step.  

Future efforts could test our modeling results by analyzing them in context with the 

biological response data collected by the Mill Creek Salmonid Life Cycle Monitoring 

program operated by ODFW over the last 2 decades [Suring et al., 2012]. Biological 

information on salmon in the basin includes adult returns, smolt out-migration numbers, 

redd counts, and habitat unit classification. Monitoring will continue to evaluate the 

response of fish populations to the basin wide LW addition scheduled for 2016. By 

adding LW to channels similar to those in this study and assuming a comparable 

response, data will eventually be available to put the flow field and geomorphic responses 

observed in this study in the context of their potential impacts on biology. Additionally, 

future winter surveys of juvenile salmon could test habitat occupancy predicted by our 

modeling results. This long-term biological data in conjunction with our detailed flow 

modeling work can potentially have broad impacts on the study of stream restoration in 

the Oregon Coast Range where wood depletion is widespread. Combining process based 

(this study), and response based (Mill Creek Salmonid Life Cycle Monitoring program) 

approaches could lead to the development of a more robust understanding of the potential 

of restoration efforts to recover salmon stocks while simultaneously managing forested 

land for economic benefits. 
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5. CONCLUSION 

In this study, Nays2DH was used to quantify the change in area of survivable winter 

habitat for juvenile Coho Salmon associated with the addition of LW. Our results show 

that the area of survivable habitat, both in the water column and the bed substrate, 

increased after LW addition for all flow levels in all study sites. High resolution model 

results show that LW acts to absorb energy from the flow and force the flow into 

floodplains at lower discharges, thus creating a greater area of low energy, acceptable 

habitat. We found that 2D unsteady hydrodynamic flow models are a robust alternative to 

study the effects of LW additions to streams.  Our results demonstrated that the 

introduction of LW to reaches in Mill Creek will increase the local area of acceptable 

habitat during high flow conditions.  This effects could eventually lead to improved fish 

carrying capacity of the stream. 
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7.1. FaSTMECH and Nays2DH model comparison 

7.1.1. Introduction 

In the following section we present the results of a comparison of two 2D 

hydrodynamic flow models (FaSTMECH and Nays2DH) performed to select the most 

appropriate model to predict complex hydraulic configurations. 

Advances in computational methods for hydraulic flow models of natural channel 

systems now allow accurate, high resolution simulation of the flow field [Nelson et al., 

2003]. These models have been applied to answer questions concerning sediment 

transport [May et al., 2009; Mueller and Pitlick, 2014; Hassan et al., 2015; Segura and 

Pitlick, 2015] , stream morphology [Harrison et al., 2011; Nelson et al., 2015b; 

Tamminga et al., 2015], aquatic habitat [Segura et al., 2011; Bondi et al., 2013], 

including salmonid species [Leclerc et al., 1995; Harrison et al., 2011; Cienciala and 

Hassan, 2013; Hafs et al., 2014; Carnie et al., 2015].  

When deciding on an appropriate model to address a question, there are a number of 

aspects to consider including: necessary data inputs as well the computational time 

required. These vary between models due to the different assumptions and simplifications 

[Nelson et al., 2015a]. One-dimensional models assume uniform flow conditions and may 

be appropriate in reaches with simple, uniform channel geometry (rare in natural 

channels). However they do not capture spatial variations, which can lead to  poor 

performance in comparison to 2D models [Wu and Mao, 2007; Brown and Pasternack, 

2009; Gard, 2009; Jowett and Duncan, 2012; Benjankar et al., 2015]. Two-dimensional 

(2D) models can provide spatially variable estimates that are appropriate for spatially and 

temporally large domains [Logan et al., 2011], but are limited by the requirement of  

detailed topographic data. Three dimensional (3D) models predict complex turbulent 

flow structures [Khosronejad et al., 2016] but their computational and parameter 

calibration requirements restrict the practicality of their application to generally smaller 

spatial and temporal domains [Pasternack et al., 2004; Pasternack and Brown, 2013; 

Nelson et al., 2015a]. Two-dimensional models therefore provide a compromise of 

accuracy, resolution, and practicality. Several models exist in the realm of 2D vertically 
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averaged models including time averaged (i.e. steady) and time step specific (i.e. 

unsteady).  

FaSTMECH and Nays2DH are 2D models can be run with typical information 

collected in stream studies (i.e. surveyed topography, discharge, and water surface 

elevation) but differ in their ability to model rapidly varying hydrographs. FaSTMECH is 

a steady model that solves time averaged flow field values. Nays2DH is an unsteady 

model that offers sub-second time-step specific solutions of flow field values and can 

produce the development of time varying eddy flow patterns. They also differ in their 

required computation time. FaSTMECH works on a time-scale of seconds to minutes 

while Nays2DH requires minutes to hours. These models have been used in a variety of 

research applications in natural channels: FaSTMECH has been available since 2000 

[Lisle et al., 2000], and has been used and validated in many research applications 

[Kinzel et al., n.d.; Kinzel, 2009; Harrison et al., 2011; Kenney and Freeman, 2011; 

Cienciala and Hassan, 2013; Hafs et al., 2014; Mueller and Pitlick, 2014; Carnie et al., 

2015; Hassan et al., 2015; Nelson et al., 2015b; Segura and Pitlick, 2015]; Nays2DH on 

the other hand, was released a couple years ago (2014) [Shimizu and Takebayashi, 2014] 

and is the product of a combination of two flow models (Nays2D and Morpho2D) 

[Shimizu, 2002; Takebayashi, 2005; Takebayashi and Okabe, 2009]. To date, only one 

application has been published using Nays2DH, [Tamminga et al., 2015], but bodies of 

literature supporting the use of its parent models [Yamaguchi and Funaki, n.d.; Cajot et 

al., 2012; Kafle, 2014; Mansoor, 2015] as well as Nays2DH’s  inclusion in the iRIC 

framework, suggest that increased use may follow. 

Despite the similarities between the two models and their residing in the same 

software framework (iRIC, http://i-ric.org/en/), no direct comparison of performance 

between the two exists in scientific literature. A comparison of the two models will be 

undertaken as part of this thesis to establish their use in different portions of the project as 

well as to add information about the suitability of steady and unsteady hydraulic models. 

These models have been developed for applications in natural channels but understanding 

the typical differences in performance between the two in light of their assumptions can 
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help better inform researchers about which model best suites the specific needs of a 

project.  

Question: 

How will FaSTMECH and Nays2D solutions differ? 

Objectives: 

 Compare the performance of FaSTMECH and Nays2DH at modeling the spatial 

distribution of boundary shear stress (τ).  

 Investigate the role that stream size, morphology, and flow level may have in 

explaining the differences. 

7.1.2. Methods 

Flow models operate under the principles of conservation of mass and momentum in 

fluid flow which are given by the Navier-Stokes equations assuming incompressible, 

viscous flow where �⃗�  is the vector velocity, ρ is the fluid density, P is pressure 𝑔  is 

gravity, and v is the fluid kinematic viscosity (Equations 1 and 2). 

∇ ∙ �⃗� = 0   (1) 

𝜕�⃗⃗� 

𝜕𝑡
+ �⃗� ∙ ∇�⃗� =

1

𝜌
∇𝑃 + 𝑔 + 𝑣∇2�⃗�    (2) 

Solving these equations in their full form in the 3D irregular space of a stream 

channel is complicated and time consuming [Nelson, 2015]. Thus different models 

operate on a range of assumptions including: a regular vertical distribution of velocity 

(i.e. the law of the wall), the treatment of turbulence diffusivity as a scalar, and the 

occurrence of uniform flow at boundary conditions. Several models exist in this realm of 

2D vertically average models including time averaged, referred to as steady models, and 

time step specific called unsteady models.  

Values for the local velocity, depth, and shear stress were obtained by using the two 

dimensional hydrodynamic and sediment transport models FaSTMECH and Nays2DH 

under the iRIC system [Nelson et al., 2015a]. The two models can be run over the same 
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grid topography and calculate spatially and temporally explicit values of vertically 

averaged flow parameters. They differ in their treatment of turbulence and momentum 

transfers and therefore their ability to model flow around complex structures, the steady 

versus unsteady flow conditions, and the computational time required. The models were 

run under the iRIC (International River Interface Cooperative).  

7.1.3. Model overview 

Both FaSTMECH and Nays2DH require similar inputs which include: bed 

topography, discharge, roughness, downstream flow stage, and a characterization of the 

water surface initial condition at the upstream end of the model. The calculations are 

performed within an orthogonal curvilinear grid [Nelson et al., 2003, 2015a; Shimizu and 

Takebayashi, 2014; Nelson, 2015] that follows the planform topography of the channel 

allowing the flow components to be calculated throughout the whole model domain in the 

streamwise (y) and cross-stream (x) directions. 

FaSTMECH (Flow and Sediment Transport with Morphological Evolution of 

Channels) analytical solver is a finite difference, hydrostatic, and steady 2D model. It 

solves a Reynold’s averaged Navier-Stokes equation for conservation of fluid mass and 

momentum assuming hydrostatic conditions. This means that velocity at a location is the 

sum of a time average value and a deviation (e.g. 𝑢 = 𝑢 + 𝑢′) and momentum fluxes vary 

due to turbulent fluctuations. Momentum fluxes are related to average velocity values by 

an isotropic scalar eddy viscosity value, K. This is a relatively crude way to represent the 

momentum fluxes and transfer of turbulence, but works well for simple boundary layers 

[Nelson et al., 2003; Nelson, 2015]. Assuming the velocity profile is logarithmic in the 

boundary layer near the bed and parabolic away from the bed satisfies this simple 

boundary condition. One drawback to using an isotropic scalar eddy viscosity for dealing 

with turbulent fluctuations, is that it predicts zero momentum flux in regions of zero 

shear stress, such as a free shear layer bounding a flow separation zone, for example the 

wake around a large boulder (A. 1). 
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A. 1 Shear layer. Example of a shear layer (i.e. wake zone or eddy line) [Swan, 2006] 

 

Roughness in the model is expressed as a drag coefficient (Cd) which is typically 

adjusted during calibration. Cd is used in boundary shear stress closure (𝜏𝐵) of the 

vertically averaged value (Equation 3) where ρ is density and u and v are parallel and 

cross stream velocity components [Shimizu and Takebayashi, 2014; Nelson, 2015]. 

𝜏𝐵 = 𝜌𝐶𝑑(𝑢
2 + 𝑣2) (3) 

Nays2DH description can be found in the main text (Section 2.3.1) 

FaSTMECH was used for initial development and iteration of model domains before 

switching to Nays2DH. This provided an opportunity to compare the two models to 

highlight differences in ranges of calculated values and specific locations where 

differences tended to be greatest (see Section 2.4.1).  

7.1.4. Model development 

Model runs were developed to compare FaSTMECH and Nays2DH at 1.0 and 0.5 Qbf 

flows in all sites. Both models used variable roughness patches based on GSD patches. 

Nays2DH Manning’s n values were converted to Cd values to be used in FaSTMECH 

[Nelson, 2015] (Equation 4): 

𝐶𝑑 =
𝑛2𝑔

h1/3   (4) 

where h is mean flow depth for each patch calculated from the initial calibrated 

constant roughness model [Legleiter et al., 2011]. The patch specific Cd values were 

found to be similar in magnitude to the best constant roughness calibrated models (i.e. 

variable roughness Cd ranges from 0.009-0.015 and constant Cd = 0.012 for Mill Creek), 

providing confidence in their calculation and similar to what has been found in other 
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studies [Lisle et al., 2000; Legleiter et al., 2011; Simeonov et al., 2013; Segura and 

Pitlick, 2015]. This method provides one spatial distribution of roughness for each sites’ 

Nays2DH models and different spatial distributions of roughness for each different 

discharge level in the FaSTMECH models based on depth. Roughness values for areas 

outside the observed patches were set to be slightly higher than the highest roughness 

patch (~0-10%) in each model as a proxy for vegetated banks. To further calibrate the 

FaSTMECH models the lateral eddy viscosity (LEV) parameter was adjusted. An initial 

LEV value was calculated for each Qbf flow using Equation 5 [Nelson, 2015]:   

𝐿𝐸𝑉 = 0.01 × ℎ𝑎𝑣𝑔 × 𝑣𝑎𝑣𝑔  (5) 

where havg is the reach average depth and vavg is the reach average velocity. These 

calculated values varied 0.0037-0.0086 and were found to give strong WSE agreement 

for all three sites for the Qbf discharge. The LEV value was adjusted for the 0.5Qbf flow 

and it was found that a LEV 2-7x times larger than the initial calculated value gave the 

best WSE agreement. 
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A. 2 Calibration model parameters. Model parameters considering variable roughness for FaSTMECH (FM) and Nays2DH (N2) 

pre and post large wood (LW) for different discharge (Qi) levels, fractional bankfull discharge (Qi/Qbf); average model depth (Hmean); 

and root mean squared error (RMSE) ranges for water surface elevation (WSE) and time average velocity measurements are indicated. 

Site 

Models 

Used 

Qi  

(m
3
/s) Qi/Qbf 

# 

Nodes 

Hmean (m) 

FM/N2 

RMSE-WSE 

(m) FM/N2 

RMSE-velocity 

(m/s) FM/N2 

Mill Creek FM and N2 4.53 0.52 60621 0.54/0.55 0.025/0.025 0.33/0.34 

Mill Creek FM and N2 8.7 1.00 60621 0.69/0.71 0.031/0.033 NA 

Cerine Creek FM and N2 1.0 0.41 58176 0.42/0.421 0.022/0.025 0.141/0.115 

Cerine Creek FM and N2 2.43 1.00 58176 0.57/0.56 0.024/0.026 0.224/0.115 

South Fork FM and N2 1.08 0.49 53169 0.37/0.34 0.033/0.045 0.239/0.258 

South Fork FM and N2 2.2 1.00 53169 0.48/0.46 0.024/0.023 0.299/0.364 
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7.1.5. FaSTMECH and Nays2DH comparison data analysis 

Calculated boundary shear stress (τ) values were used to compare FaSTMECH and 

Nays2DH. τ was chosen because it is relevant to the calculation of bedload transport 

[Parker et al., 1982; Parker, 1990; Wilcock and Crowe, 2003; Recking, 2009]. τ is related 

non-linearly to bedload and thus small changes in it can have large impacts on the 

bedload. Therefore, understanding potential differences in model results between 

FastMECH and Nays2DH is of interest to studies incorporating the results of 2D flow 

models to predict bedload transport [Cederholm et al., 1997; Mueller and Pitlick, 2014; 

Monsalve et al., 2016]. The calculated τ values were compared in terms both of their 

frequency and spatial distributions. 

In order to compare the frequency of τ values between the two models, the time 

varying results from the Nays2DH model were averaged. The first 250s of the Nays2DH 

simulation were not included (e.g. spin up period). Averages were calculated from values 

computed every 25s for the remaining 750s. The predicted τ distributions by FastMECH 

and Nays2DH were truncated to include only locations in the bed with water depths > 

0.1m and τ > 0.5 N/m
2
. This was to remove large numbers of small τ values calculated by 

the models, typically on or near banks, that will not have a significant influence on 

sediment transport processes. The distributions of τ were binned into 54-154 bins. The 

bin widths were determined based on the Freedman-Diaconis Rule [Freedman and 

Diaconis, 1981]. This allows quickly calculating a reasonable bin size per distribution by 

minimizing the difference between the histogram and data distribution. Frequency 

distributions were calculated based on the mean bin size between the two models.  

The predicted spatial distributions of τ were compared by computing the τ difference 

between models. τ values calculated by FastMECH were subtracted from the average τ 

value calculated by Nays2DH at each grid location. These point differences were 

interpolated using a natural neighbor technique in ArcGIS to produce maps of difference 

at 0.2 m resolution. Differences were grouped using the natural breaks grouping in 

ArcGIS to highlight the areas where the greatest differences were observed. 
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7.1.6. Results of FaSTMECH and Nays2DH model performance comparison 

Comparison of shear stress distributions 

FaSTMECH and Nays2DH were compared to determine how relative magnitudes of 

shear stress (τ) vary between solutions and where in the model domain these differences 

occur. While the main goal of this study required modeling LW in streams, we compared 

models using pre-LW conditions. This was done because pre-LW flows more closely 

follow the hydrostatic assumption and we had WSE calibration information for multiple 

flow levels prior to LW addition. FaSTMECH and Nays2DH τ solution averages and 

shapes varied between models. Nays2DH τ solution means, standard deviations, and 

maximums were higher than FaSTMECH (5-42%, 20-44%, and 7-101%, respectively) 

(A. 3). All models predicted lower reach averages than a uniform flow (1D) 

approximation of τ (Equation 6)  

𝜏 = 𝜌𝑔𝑅𝑠  (6) 

where ρ is the density of water, g is gravity, R is hydraulic radius and s is slope. This 

discrepancy between 1D and 2D approximations becomes more pronounced in the 

smaller sites and lower discharges. This is likely the result of local topographic variances 

in the bed becoming more pronounced and using more of the available shear stress. This 

trend is similar to what has been observed in other studies using FaSTMECH [Segura 

and Pitlick, 2015]. While models behave similarly with respect to the impacts of these 

topographic variances on mean τ, systematic differences still exist between their 

solutions. These differences were explored more thoroughly by examining τ distribution 

shapes. 

Trends in the shapes of τ distributions varied across sites, discharges, and models (A. 

4). All τ distributions were positively skewed (0.26-1.33). Skewness was consistently 

greater for 0.5Qbf discharges compared to Qbf (A. 3). This indicates that both models 

capture the relative change in frequency of low τ values, typically near channel margins, 

at low flow. Shear stress distributions displayed a range of kurtosis values (2.84-7.46) 

which were generally higher for the 0.5 Qbf models. This indicates heavier tails for low 
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discharge τ distributions and therefore more defined central peaks for higher discharges, 

as would be expected with relatively less bank and topographic influence at high 

discharges (A. 3). The outliers to this trend are the Nays2DH solutions in South Fork, 

where kurtosis increases with discharge (4.71 to 5.57). The reason for this trend reversal 

is apparent in A. 4 E and F, where the Nays2DH Qbf τ distribution has a relatively larger 

peak near zero and thus a heavier tail. This indicates that the FaSTMECH and Nays2DH 

solutions depart significantly in the more meandered and complex South Fork site as the 

average τ predicted by Nays2DH is 23% greater despite a larger portion of the bed falling 

in low tau values (< 1 N/m2). The τ distributions were visually more consistent between 

models in Mill Creek, the largest and least meandered site. For both discharge levels, 

models predicted relatively large central peaks of τ. In the smaller, more meandered sites 

(Cerine Creek and South Fork) 0.5Qbf τ distributions were characterized by a uniform 

decreasing frequency while the Qbf τ distributions exhibited a sharp stepped decrease at 

about 1.5 times the reach average τ. In both of these sites, Nays2DH distributions 

consistently had a trough in the range of 0.5-1 times the reach average τ that was not 

present in FaSTMECH τ distributions, thus indicating a systematic difference between 

solutions in this range. Finally, Nays2DH τ distributions’ upper tails contained frequency 

of high τ values (A. 4 A, C, D, and F).  In summation, while FaSTMECH and Nays2DH 

predict similar overall trends in the distribution of τ for different sites and discharge 

levels, the proportion of τ values in individual bins varies, particularly at the distribution 

extremes. These variances also generally become more pronounced with channel 

complexity. Therefore the use of Nays2DH with its unsteady, albeit more time 

consuming, solution scheme appears to be justified when considering complex channel 

conditions such as those likely triggered after the addition of LW.
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A. 3 FaSTMECH Nays2DH comparison statistics. First four moments (mean, standard deviation, skewness, and kurtosis) and 

maximums values of the shear stress distributions predicted by FaSTMECH (FM) and Nays2DH (N2) as well as reach average τ for a 

one-dimensional (1D) approximation (Equation 6). Values and percent differences between the models for bankfull (Qbf) and 0.5Qbf 

flow levels in each site are included. Note that the kurtosis value presented here is absolute and not excess kurtosis (i.e. value for a 

normal distribution equals 3). Also note that there is only a single 1D value available for each site/discharge combination and thus no 

percent difference. 

Model Site Qi/Qbf 

Mean 

(N/m
2
) 

Standard 

Deviation 

(N/m
2
) 

Skewness Kurtosis 
Max 

(N/m
2
) 

1D Mean 

(N/m
2
) 

FM Mill Creek 0.5 12.44 7.30 0.80 4.55 54.8 
15.7 

N2 Mill Creek 0.5 15.33 9.58 1.33 7.46 94.3 

% difference between FM and N2 Mill Creek 0.5 23.26 31.27 66.73 63.77 72.1 NA 

FM Mill Creek 1 20.13 11.31 0.26 2.84 70.9 
24.7 

N2 Mill Creek 1 22.13 13.54 0.65 4.27 132.9 

% difference between FM and N2 Mill Creek 1 9.91 19.69 149.54 50.17 31.2 NA 

FM Cerine Creek 0.5 8.12 5.95 1.01 4.16 44.0 
16.7 

N2 Cerine Creek 0.5 11.51 7.31 0.71 3.71 57.2 

% difference between FM and N2 Cerine Creek 0.5 41.80 22.87 -30.18 -10.89 30.0 NA 

FM Cerine Creek 1 12.57 7.89 0.56 3.14 55.6 
20.4 

N2 Cerine Creek 1 16.43 10.30 0.50 3.28 66.8 

% difference between FM and N2 Cerine Creek 1 30.67 30.54 -9.38 4.69 20.1 NA 
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A. 3 FaSTMECH Nays2DH comparison statistics. Continued 

Model Site Qi/Qbf 
Mean 

(N/m
2
) 

Standard 

Deviation 

(N/m
2
) 

Skewness Kurtosis 
Max 

(N/m
2
) 

1D Mean 

(N/m
2
) 

FM South Fork 0.5 12.27 9.14 1.24 5.22 62.1 
33.5 

N2 South Fork 0.5 12.90 10.23 1.15 4.71 66.4 

% difference between FM and N2 South Fork 0.5 5.09 11.90 -7.16 -9.82 6.9 NA 

FM South Fork 1 16.67 10.46 0.50 3.14 66.6 
37.3 

N2 South Fork 1 20.55 15.09 1.03 5.57 133.8 

% difference between FM and N2 South Fork 1 23.24 44.26 107.84 77.24 100.9 NA 
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A. 4 Shear stress distributions of FaSTMECH and Nays2DH solutions. Distribution 

of shear stress (τ) values for FaSTMECH and Nays2DH models using the same boundary 

conditions and topographic grid for bankfull (Qbf) (B, D, and F) and 0.5Qbf (A, C and E) 

flows. Distributions of τ value were truncated at depths < 0.1m and τ < 0.5N/m
2
. Reach 

average values for each model are shown. Note that axis values are adjusted for each plot 

to provide the maximum level of detail possible.  
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Comparison of spatial distribution of τ values  

By spatially comparing τ calculated by FaSTMECH and Nays2DH, we aimed to 

determine where in the channel the largest differences between models occurred. The 

maximum differences between Nays2DH and FaSTMECH were 3-5.4 times the average τ 

in each reach. Nays2DH predicted the largest τ value in each of these cases. In all 

scenarios, the largest differences between FaSTMECH and Nays2DH solutions 

corresponded to areas with high topographic roughness and the most channel curvature. 

That is, areas where the greatest form drag and strongest secondary currents would be 

expected (A. 5). Nays2DH typically predicted larger τ values in these locations. 

Examples include the outside of meanders in all three sites (A.5) and rough topography 

near the upstream end of Mill Creek and downstream bends in Cerine Creek and South 

Fork (Figures 2-4 to 2-6). These locations also correspond to the highest absolute τ values 

calculated by the models (Appendix 7.5). FaSTMECH and Nays2DH solutions varied by 

more than 20% of the reach average τ in 24-56% of the active channel and by more than 

40% of the reach average τ in 7-30% of the active channel. Values above these thresholds 

consistently occupied a proportionally larger area of the active channel in 0.5Qbf models 

compare to Qbf models. The other side of these observations also generally held true; 

smaller differences in model solutions occurred in smooth channel centers and straighter 

channel sections (A.5). Locations of the largest differences occurring where shear layers 

are likely to develop and flow vectors are not parallel to the channel again suggesting the 

importance of model selection when examining complex flow fields such as those with 

LW included. We assume that the unsteady calculation method used by Nays2DH will 

more accurately describes the flow field in these situations. Therefore, the relatively large 

discrepancies in τ lead us to conclude that FaSTMECH, although simpler and faster to 

use, will likely not provide as much certainty when modeling channels including LW. 

This point is further illustrated by a brief comparison of FaSTMECH and Nays2DH 

including LW (Appendix 7.6). 
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A. 5 Spatial differences between FaSTMECH and Nays2DH solutions. Spatial 

distributions of difference in shear stress (τ) between FaSTMECH (FM) and Nays2DH 

(N2) at bankfull (Qbf) (A, C, and E) and 0.5Qbf (B, D, and F) flows superimposed onto 

20cm topography contours. Colored areas indicate when the difference is greater than at 

least 20% of the reach average shear stress (<τ>) with red colors showing where 

FaSTMECH is greater and green colors showing where Nays2DH is greater. <τ> was 

taken ast the mean of the reach averages calculated by FaSTMECH and Nays2DH. 

 

7.1.7. Discussion of FaSTMECH and Nays2DH model comparison 

The comparison of FaSTMECH and Nays2DH revealed systematic differences 

between model solutions including spatial distributions of shear stress (τ). Nays2DH 

predicted higher τ values compared to FaSTMECH in terms of reach-average, maximum, 

and overall in the majority of the active channel area. Solutions had similar general trends 

in the distribution of τ, but differences in mean and maximum values led to variances in 

tail sizes and the prominence of peaks. The models differed most significantly in 

locations with high topographic roughness and channel curvature, where high absolute 

magnitudes of τ were observed, and disagreed the least in topographically smoother 

sections of the channel. This tendency can be explained by the difference in calculation 

scheme for momentum transfer between the two models. FaSTMECH (a steady flow 
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model) cannot accurately depict flow in regions containing sharp shear layers (i.e. wake 

zones or eddy lines), because it cannot transfer momentum across the boundary of zero 

shear stress and rely instead on a correction factor [Nelson, 2015]. Nays2DH on the other 

hand, is an unsteady model that uses a cubic interpolated pseudoparticle method that 

takes a spatial derivative of a volume of water to vary the magnitude of momentum 

transfer at high spatial and temporal resolution. Nays2DH’s unsteady solution allows the 

flow to develop natural variances across shear layers, providing a high accuracy solution 

[Nelson et al., 2015a] in regions with varying topography. 

Despite the differences in momentum calculation schemes, both models predicted 

similar general trends in flow field values (i.e. velocity, τ, depth), as previously reported  

[Ku and Kim, 2014]. We were able to achieve similar levels of agreement between 

solutions and measurements of water surface elevation (WSE) and time averaged velocity 

for both models. However, the spatial-temporal resolution of our calibration data was not 

high enough to capture areas of highly variable flow (i.e. shear layers), and therefore is 

not able to show a quantifiable difference in model performance relative to field 

measurements. Cienciala and Hassan [2016] suggested that the level of detail in field data 

used for model calibration can have a significant impact on modelling results. This could 

lead to a difference in model performance that is observable in the context of field 

measurements. Also, other studies have observed locally weaker agreement of steady 2D 

models with field data in the presence of obstacles like large wood (LW) [Pasternack et 

al., 2004; Cienciala and Hassan, 2013]. Thus further indicating that in situations in 

which LW is a major structure in stream hydraulics, an unsteady model may be more 

appropriate. 

The model domains and flow conditions used in this comparison are appropriate for 

both FaSTMECH and Nays2DH. They represent relatively simple channel geometry and 

steady discharges within the active channel. However, the characteristics of the sites used 

in this study should be kept in mind when considering the results. Only channels of small 

size (<11m bankfull width) with steep bank topography were used for this comparison. 

This leads to some limitations on the applicability of the findings of this study: although 
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sites have sufficient flow required to maintain the vertical velocity distribution assumed 

by FaSTMECH and Nays2DH [Wiberg and Smith, 1991], the small size and associated 

fine grid resolution (<0.1m
2
) may lead to more spatial disagreement than a larger grid on 

a larger stream with smoother topographic transitions. Understanding the magnitudes and 

locations of disagreements between model solutions allows to us begin to understand in 

what situations would each model be the most appropriate to use. This answer depends 

on what information the user is interested in obtaining from models, and how tradeoffs in 

uncertainty in solutions and computational time are viewed. Because the largest 

differences occurred near shear layers, where Nays2DH’s calculation scheme more 

accurately conveys momentum, Nays2DH is probably more appropriate in many 

instances: in small streams with high topographic roughness, when considering locations 

with the highest τ values such as bridge piers or log jams, when considering rapidly 

varying hydrographs, and when temporary fluctuations in the flow field are important. 

However, FaSTMECH still has applicability when desired outputs are related to steady 

discharges, when channels are relatively smooth with simple geometry, and when rapid 

model iteration is necessary. For example, in this study FaSTMECH was useful for initial 

grid refinement because of its fast calculation time. We used this reasoning to inform the 

decision to use the unsteady Nays2DH model in the portion of this study examining LW 

because we are interested in quantifying the complex and time/discharge varying aspect 

of the flow field around LW obstructions.  

Comparing the model τ predictions with respect to site characteristics, we see that 

both models tended to agree. The general shape of τ distributions in both models were 

similar. The larger Mill Creek site τ distributions were typically dominated by a large 

symmetric peak near the average τ, similar to observations in streams with comparable 

and larger magnitude discharge [Lisle et al., 2000; Segura and Pitlick, 2015]. The 0.5Qbf 

models for the smaller Cerine Creek and South Fork sites more closely matched 

observations of positively skewed, decaying distributions in pool-riffle reaches of similar 

and smaller magnitude discharge streams [Cienciala and Hassan, 2016]. These decaying 

distributions are also characteristics of braided channels [Nicholas, 2003; Mueller and 

Pitlick, 2014; Tamminga et al., 2015]. Finally the Qbf models of Cerine Creek and South 
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Fork had intermediate discharge compared to the others and this was evident in their 

shapes, which were positively skewed and decaying but with and visible pronounced 

second peak. Greater proportions of low τ values in smaller channels and discharges is 

likely a result of banks and topographic variances having a relatively larger influence on 

the τ partitioning in these streams. Conversely, topographic obstructions are less likely to 

influence flow in the thalweg of larger streams as observed in this study at our largest 

site, Mill Creek and in others studies looking at relatively large streams [Lisle et al., 

2000]. Both models captured the relative partitioning of shear stress in channels of 

different sizes, indicating that both might be appropriate for making general observations 

about flow conditions in these and similar sites.  

This comparison begins to fill the knowledge gap of where model results are likely to 

vary and provides insight and reasoning into when one model may be more appropriate 

than the other. Although not comprehensively addressed in this study, observations also 

have some applicability for comparing steady and unsteady 2D hydraulic models in 

general. The inability of steady models to varying momentum transfer across shear layers 

in time is inherently a limitation. Future work could investigate model performance 

associated with varying model parameters not investigated in this study.  For instance, 

different finite differencing schemes and turbulent models available within Nays2DH. 

The use of more detailed topography and hydraulic field data to improve model 

calibration could also be part of future efforts. Instantaneous velocity values across the 

channel, such as those that can be collected with advanced tools such as an acoustic 

doppler current profiler, could allow Nays2DH to be calibrated with data in the same 

time-space variable scale consistent with unsteady, instantaneous solutions. High-

resolution boundary velocity and discharge data could also be useful, as small 

fluctuations in the flow field are likely to occur even during steady discharge. Collecting 

information with this high-level detail is likely most feasible in laboratory conditions 

using artificial channels or flumes. A final suggestion for further model comparison in a 

natural setting would be to look at τ values associated with the average grain size (D50) of 

different roughness patches included in the model. Differences in any potential 

correlation between patch τ and patch D50 and how correlations may differ between 
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models, would put the results of this study in context with the recent observations 

[Monsalve et al., 2016]. This may indicate if model selection will have implications for 

bedload estimates from sediment transport equations using two-dimensional (2D) τ 

predictions [Segura and Pitlick, 2015]. 

 

7.1.8. Discussion of FaSTMECH and Nays2DH model comparison 

This study identified the differences between a steady (FaSTMECH) and unsteady 

(Nays2DH) 2D flow model in terms of both spatial and frequency distributions patterns 

of flow filed characteristics. The model comparison showed that large disagreement 

between the models systematically corresponded with sharp bed-forms and topographic 

roughness features while the models generally agreed in smoother channel sections. 

These findings offer insights into when each of these model types is applicable by 

identifying locations where solutions diverge.  
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7.2. Log size information 

A. 6 Log sizes and the total volume of large wood (LW) placed in study reaches and their 

relative location (Jam #). Lower numbered jams are upstream. 

Site  Log Jam # Log # Length (m) Diameter (m) 

Mill Creek 1 1 15.6 1.2 

 1 2 15.6 1.6 

 1 3 14.7 1.1 

 1 4 15.5 1.1 

 1 5 15.7 1 

 1 6 15.5 1 

 2 7 15.3 0.8 

 2 8 12 0.6 

 2 9 15.8 0.9 

 2 10 18 0.4 

 2 11 21.4 0.4 

 2 12 12.5 0.9 

 2 13 15.3 1.3 

 2 14 15.2 1.1 

 2 15 6.6 1.2 

 2 16 15.5 0.8 

 2 17 15.2 1 

 Total LW volume = 198.2 m
3
 

Cerine Creek 1 1 14 0.8 

 1 2 14.3 0.8 

 1 3 15.1 0.8 

 1 4 15.4 0.7 

 1 5 14.8 0.7 

 1 6 14.9 0.6 

 1 7 13.2 0.5 

 2 8 11.9 0.5 

 2 9 13.5 0.8 

 2 10 12.3 0.8 

 2 11 12.6 0.8 

 2 12 15.2 0.5 

 2 13 15.4 0.6 

 2 14 11.4 0.5 

 2 15 11.7 0.4 

 Total LW volume = 72.9 m
3
 

 



116 

 

 

Site  Log Jam # Log # Length (m) Diameter (m) 

South Fork 1 1 12.5 1 

 1 2 15.6 1.7 

 2 4 15.8 1.3 

 2 5 12.2 0.7 

 2 6 15.3 1 

 2 7 16.2 0.65 

 2 8 12.2 0.6 

 2 9 12 0.7 

 3 3 15.6 1 

 Total LW volume = 108.6 m
3
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7.3. Model calibration curves 

 
A. 7 Calculated and measured water surface elevation (WSE) and root mean squared 

error (RMSE) for bankfull (WSE3), half bankfull (WSE2), and approximately half 

bankfull discharge with large wood (WSEL). 
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A. 8 Channel and water surface profiles. Profiles of channel beds and water surfaces 

before and after large wood addition at different flow levels (expressed as fractions of 

bankfull (Qbf) discharge) in Mill Creek (A), Cerine Creek (B), and South Fork (C). 

Summer water surface was surveyed directly and all other water surfaces came from 

measurements made with staff rulers (see Section 2.2.4). 
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7.4. Stream cross section geometry 

7.4.1. Mill Creek (Site 1) 

A. 9 Crosse section (XS) area and wetted perimeter (WP) for 2014 and 2015 surveys in 

Mill Creek. Reach averages and standard errors and percent difference in each cross 

section between the two survey included. 

 

2014 2015 

Difference (2014-

2015) 

XS Area WP Area WP Area WP 

1 9.0 15.6 9.5 15.8 -5% -2% 

2 6.9 13.6 7.1 13.5 -3% 1% 

3 7.8 13.5 8.3 13.9 -6% -3% 

4 7.2 11.7 7.1 11.3 1% 3% 

5 8.4 13.0 8.8 13.1 -4% -1% 

6 7.8 13.0 7.9 13.0 -1% 0% 

7 7.4 11.5 7.4 10.8 0% 6% 

8 8.9 12.9 9.0 11.9 -1% 8% 

9 10.6 13.3 11.0 13.4 -4% -1% 

10 7.7 11.9 8.0 12.0 -4% -1% 

11 7.0 9.8 7.0 10.3 0% -5% 

12 9.0 12.9 9.4 12.6 -5% 2% 

13 4.3 8.9 4.3 9.4 0% -5% 

14 5.4 10.5 5.4 9.3 0% 11% 

15 6.8 9.8 6.9 9.8 -2% 0% 

16 5.2 10.1 5.1 9.5 2% 6% 

17 4.1 8.5 4.0 8.6 3% -1% 

18 5.2 9.6 5.2 9.8 0% -2% 

19 5.2 10.9 5.1 10.8 1% 1% 

20 4.7 12.2 4.7 12.2 0% 0% 

Average: 6.9 11.7 7.1 11.6 -1% 1% 

Standard 

Error: 1.8 1.8 1.9 1.9 3% 4% 
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A. 10 Surveyed cross section (XS) for 2014-2016 in Mill Creek (Site1). Bankfull water 

surface elevation (Qbf WSE) based on 2014 field estimate. 
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7.4.2. Cerine Creek (Site 2) 

A. 11 Crosse section (XS) area and wetted perimeter (WP) for 2014 and 2015 surveys in 

Cerine Creek. Reach averages and standard errors and percent difference in each cross 

section between the two survey included. 

 

2014 2015 

Difference (2014-

2015) 

XS Area WP Area WP Area WP 

1 3.3 5.3 3.6 4.6 -10% 14% 

2 4.5 6.3 4.9 6.7 -9% -7% 

3 3.1 5.6 2.5 5.2 18% 7% 

4 2.9 4.9 3.7 5.8 -28% -20% 

5 2.2 5.7 2.4 6.1 -10% -7% 

6 2.2 6.5 2.8 6.5 -29% 1% 

7 4.0 7.6 4.3 7.3 -7% 4% 

8 3.1 5.9 3.0 5.7 3% 3% 

9 3.3 5.8 3.5 6.2 -6% -5% 

10 3.1 5.5 3.7 5.9 -20% -7% 

11 4.5 7.1 5.8 7.5 -29% -6% 

12 3.2 7.2 3.8 8.2 -17% -13% 

13 3.4 5.7 3.4 5.8 0% 0% 

14 3.1 6.1 4.0 7.5 -29% -23% 

15 3.3 5.8 3.9 6.7 -17% -15% 

16 3.1 6.0 3.4 6.6 -10% -9% 

17 3.1 6.1 3.5 5.9 -13% 3% 

18 3.8 6.3 4.0 6.1 -5% 4% 

19 5.2 7.2 5.8 7.8 -12% -7% 

20 3.2 6.4 3.7 6.7 -17% -4% 

21 2.7 5.3 2.9 5.6 -7% -5% 

22 3.6 5.9 3.7 6.3 -4% -7% 

23 4.6 7.8 4.9 8.2 -5% -6% 

24 3.0 6.4 3.0 7.0 -1% -10% 

25 3.1 6.6 2.9 6.2 7% 5% 

26 2.7 6.5 3.4 7.3 -28% -12% 

27 2.2 5.5 NA NA NA NA 

28 NA NA 2.0 6.7 NA NA 

Average: 3.3 6.2 3.6 6.5 -11% -5% 

Standard 

Error: 0.7 0.7 0.9 0.9 12% 8% 
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A. 12 Surveyed cross section (XS) for 2014-2016 in Cerine Creek (Site2). Bankfull water 

surface elevation (Qbf WSE) based on 2014 field estimate. 

 

  



138 

 

 

7.4.3. South Fork (Site 3) 

A. 13 Crosse section (XS) area and wetted perimeter (WP) for 2014 and 2015 surveys in 

South Fork. Reach averages and standard errors and percent difference in each cross 

section between the two survey included. 

 

2014 2015 

Difference (2014-

2015) 

XS Area WP Area WP Area WP 

1 2.1 5.6 2.4 5.5 -13% 1% 

2 2.1 5.7 1.9 5.4 7% 5% 

3 4.1 7.0 4.3 8.3 -6% -19% 

4 4.7 8.0 5.0 8.4 -6% -5% 

5 4.8 8.0 5.2 8.8 -8% -10% 

6 4.8 9.4 4.7 8.2 3% 13% 

7 4.3 6.9 4.4 8.1 -3% -17% 

8 4.5 6.2 5.2 9.4 -14% -51%* 

9 5.0 11.3 6.5 12.4 -29% -10% 

10 4.9 10.4 6.0 10.5 -23% -1% 

11 5.0 10.6 5.0 10.9 0% -3% 

12 4.4 10.2 4.8 10.5 -11% -3% 

13 4.0 9.2 4.2 9.9 -5% -8% 

14 5.4 10.9 5.1 10.1 6% 7% 

15 4.2 10.0 3.9 11.1 7% -11% 

16 3.8 14.3 3.9 9.8 -2% 31%* 

17 3.0 5.5 3.4 5.9 -14% -8% 

18 4.1 7.9 3.7 6.4 8% 20% 

19 3.9 7.0 4.3 6.9 -10% 2% 

20 5.2 8.5 5.4 8.6 -5% -1% 

21 5.0 9.5 6.0 9.5 -20% 1% 

22 5.6 8.8 6.1 8.8 -9% -1% 

23 3.2 7.2 3.3 6.8 -2% 6% 

24 3.8 7.0 4.3 7.8 -12% -11% 

25 4.0 7.0 4.4 7.6 -9% -8% 

26 4.4 7.6 4.7 7.8 -7% -3% 

27 2.9 5.9 3.4 6.0 -17% -1% 

28 3.1 6.3 4.0 6.6 -30% -5% 

Average: 4.1 8.3 4.5 8.4 -8% -3% 

Standard 

Error: 0.9 2.1 1.0 1.8 10% 14% 

*Changes in WP due to small woody debris only being surveyed in 2015 
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A. 14 Surveyed cross section (XS) for 2014-2016 in South Fork (Site3). Bankfull water 

surface elevation (Qbf WSE) based on 2014 field estimate. 
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7.5. Absolute velocity and shear stress value maps 

7.5.1. Absolute shear stress maps for FaSTMECH Nays2DH comparison 
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A. 15 Maps of absolute shear stress (τ) for bankfull discharge using FaSTMECH (A, C, 

and E) and Nays2DH (B, D, and F). 
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7.5.2. Absolute velocity and shear stress maps pre and post large wood 

addition 
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A. 16 Maps of absolute velocity and  shear stress for bankfull discharge with (B and D) 

and without (A and C) large wood for all study sites; Mill Creek (1), Cerine Creek (2), 

South Fork (3). 
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7.5.3. Impacts of wood on shear stress vectors 

 
A. 17 Example of flow vectors being deflected by large wood in South Fork. 

5  

A. 18 Example of flow vectors being deflected by large wood in Mill Creek using stream 

lines. 
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7.6. FaSTMECH Nays2DH comparison with large wood 

Though the goal of the model comparison was not to look at differences of the 

models with large wood (LW) included, a brief comparison was done in South Fork. 

Topography was used to represent LW in both models as this is the only way to include it 

in a FaSTMECH model (A. 19). Using the same boundary conditions and topography, 

Nays2DH showed a much better agreement of WSE than FaSTMECH (A. 20). The 

discharge used in both models was ~0.5Qbf and therefore the associated values of τ are 

relatively low, but there was a difference of 34% between the reach average τ values (A. 

21). There are also considerable differences between the two solvers spatially, 

particularly around complex LW locations (A. 21). More complex topography leads to 

more heterogeneous flow patterns temporally as well as spatially and requires a fully 

unsteady model (Nays2DH) to examine. These spatial differences and the fact that this is 

comparison only uses average flow values (which is all FaSTMECH calculates) instead 

of time-step dependent flow values (which Nays2DH calculates) points to the necessity 

of using Nays2DH when looking a complex flow 

obstructions.  

 

 

 

 

 

 

 

A. 19 3D rendering of South Fork topography 

with large wood represented as topography that 

is well above the water surface level. 
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A. 20 Calculated and measured water surface elevation (WSE) and root mean squared 

error (RMSE) for FaSTMECH and Nays2DH models in South Fork using topography to 

represent large wood. 

 

 
A. 21 Spatial distributions (A) of differences between shear stress (τ) Nays2DH and 

FaSTMECH for South Fork and frequency distributions (B) of τ values with reach 

averages. Values at every location are representative of Nays2DH τ value minus 

FaSTMECH τ value. τ value distributions truncated to only those in locations with depth 

> 0.1m and τ > 0.5N/m
2
. 

 

 

 

 

 

 


