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IINTRODUCTION 
In January 2011, the Miller River avulsed through the Old Cascade Highway near the left 
bank abutment of an existing bridge over the river approximately 2 miles west of Skykomish, 
Washington, just upstream from its confluence with the South Fork Skykomish River (South 
Fork). The avulsion was largely complete immediately following the event. Because the 
highway crosses what is an extraordinarily active alluvial fan and replacement of the road 
washout area had many complicated factors including funding the recommended solution, 
the decision was ultimately made to close the road indefinitely. In addition to the highway 
closure, King County acquired a former monastery property on the northwest edge of the 
alluvial fan to avoid or minimize maintenance costs associated with flood control/damage, 
allow natural physical river processes, and restore or enhance habitat in the area. In addition 
support for this study was provided in part by the Natural Resources Damages (NRD) 
settlement made between Burlington Northern Santa Fe (BNSF) and the Washington State 
Department of Ecology (Ecology).King County retained Herrera Environmental Consultants 
(Herrera) to study the feasibility of designing and implementing a project to restore physical 
processes and habitat in the area, as part of the larger restoration feasibility analysis 
performed on the South Fork basin. The work was performed under Contract #E00201E10, 
Work Order E00201T. 

This technical memorandum presents the feasibility study. It outlines the approach, analytical 
methods, results, as well as the identification of specific restoration actions (project 
alternatives) that could be implemented to improve aquatic habitat on the Miller River fan in 
rural eastern King County, Washington. 

Study Area Limits 
The study area is the lowermost 2 miles of the Miller River (Figure 1), including all of the areas 
on its alluvial fan that have been or might have been active in the recent geologic past (the 
last 150 years). Most of the emphasis of the analysis performed as part of the study (hydraulic 
analysis, thorough on-the-ground survey, etc.) was on the alluvial fan itself, which is roughly 
the lowest 1 mile. 

Goal and Objectives 
The goal of this study is to assess the feasibility of restoring physical processes and habitat 
in the lower Miller River. To this end, the study included the following three objectives: 
1) estimate the flood inundation frequency and other geomorphic hazards on the alluvial fan, 
2) characterize existing aquatic habitat conditions and fish species use within the study area, 
and 3) identify restoration alternatives that address habitat impacts associated with the Old 
Cascade Highway, other County infrastructure, as well as other factors limiting aquatic habitat 
(and thus fish and wildlife species) in the study area. 
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MMETHODOLOGY 
Geomorphic Assessment 
Understanding the geology of a site is a critical step to provide context in support of a 
geomorphic assessment. The geologic context of the study area is primarily provided by Tabor 
et al. (1993). Tabor et al. (1993) provide information regarding the recent geologic past 
that serves as a template for the analysis discussed and presented in this document. A short 
summary is provided herein, though a more detailed is provided in Tabor et al. (1993) and in 
the South Fork Skykomish geomorphic assessment, which accompanies this report (Herrera 
2012a). 

There have already been two geomorphic assessments of the study area (Herrera 2009 and 
2012a). In late 2009, Herrera examined the Miller River fan to determine risks to the roadway 
in the vicinity of what is now the 2011 avulsion site (Herrera 2009). Herrera (2009) was 
performed before the avulsion. Herrera also performed a much larger assessment that 
characterized the geomorphology of the South Fork Skykomish River, including the Miller 
River fan, and is appended to this document (Herrera 2012a). These two assessments serve 
as the basis for the updated geomorphic assessment described herein. In addition to the 
existing literature, a site visit occurred on September 14, 2012, in order to characterize the 
geomorphic changes on the alluvial fan since the avulsion took place in 2011. These changes 
are described later in the Results section of this document along with an updated analysis of 
the geomorphic risks to remaining infrastructure. 

The study area was divided into two main reaches: the lower Miller River (RM 0 to RM 1) 
and upper Miller River (RM 1 to RM 2). These two reaches were used as a framework for the 
analyses and characterizations discussed in this document as well as for habitat mapping 
purposes. The level detail was different for each reach. The lowest 1 mile (i.e., the alluvial 
fan) was thoroughly examined, primarily on foot, while RM 1 to RM 2 was analyzed primarily 
using existing aerial photographs. 

Habitat Assessment
The objective of the habitat assessment was to characterize existing aquatic habitat 
conditions and fish species use within the study area (and throughout the Miller River 
watershed). The habitat assessment will also guide the identification of habitat restoration 
opportunities that provide benefits to priority fish species by addressing habitat impacts and 
limiting factors. 

This habitat assessment involved the following tasks: 

1. Review of background information on existing conditions and documented fish habitat 
use within the study area and the watershed (including review of recovery plans and 
guidance documents) 
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2. Field reconnaissance of habitat conditions 

3. Geographic Information System (GIS)-based mapping and characterization of habitat 
features 

Background information reviewed as part of the habitat assessment included: 

 Fish species distribution data (WDFW 2012a, 2012b) 

 Miller River Bridge #999W West Approach Roadway Washout Type, Size, and Location 
(TSL) Feasibility Study Report - King County Department of Transportation (King 
County 2011) 

 Miller River Fan Geomorphic Assessment (Herrera 2009) 

 Salmon and steelhead recovery planning and watershed limiting factors analysis 
documents (Haring 2002; USFS 2009; Snohomish Basin Salmon Recovery Forum 2005) 

 Hydrography data (WDNR 2009) 

 Recent aerial photography (flown in 2009 and 2011) 

 LiDAR imagery 

 Hydraulic model results 

Staff ecologists conducted a field reconnaissance of the Miller River and associated floodplain 
accessible by Miller River Road and the Old Cascade Highway on September 14, 2012. General 
observations of current habitat conditions were recorded on field maps and in field notes, 
and supported with photographs. Field notes generally included observations of channel 
conditions (i.e., geomorphology, sediment, wood, hydrology, and hydraulics), vegetation 
structure, floodplain condition, and human caused modifications. A more in-depth field 
reconnaissance was conducted from RM 0 to RM 1 (i.e., the alluvial fan), particularly from the 
apex of the alluvial fan to the vicinity of the former monastery. River mile 1.0 to RM 2.0 was 
of a lower priority for this assessment and much of the reconnaissance was conducted from 
Miller Road access points. Due to this limited access and lack of hydraulic model results for 
this area, mapping of habitat types was primarily limited to aerial photograph and lidar 
interpretation checked in limited locations by observations made in the field. 

Herrera established habitat types for GIS mapping based on the classification approach used 
in Ecosystem Diagnosis and Treatment (EDT) as described in Lestelle et al. (2005). Habitat 
types are distinguished by occurring in-channel (i.e., on the main river) and off-channel 
(i.e., near the main river). In addition, tributary streams were identified based on hydraulic 
modeling and lidar data and field observations. Herrera ecologists also consulted with the 
geomorphologists and engineers responsible for the hydraulic modeling and geomorphic 
analysis in order to understand the geologic history of the modern alluvial fan and its current 
hydrologic characteristics. 

Following field work, ArcMap (Version 10) software was used to map habitat types and 
geomorphic features. Data sources used included aerial photographs, LiDAR imagery, King 
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County levee locations, and hydraulic modeling results for the 2-year flood event (lower 
mile of study area only). LiDAR and aerial photography served as the primary datasets for 
delineation/digitizing of habitat polygons, while the hydraulic modeling results provided 
information on inundation frequency to assist in the attributing of different channel types. 

The following sections presents descriptions of the habitat types identified within the 
study area. These habitat type descriptions were used during the field reconnaissance to 
characterize habitat conditions as well as in the office to prepare the GIS maps. 

Side Channel 
Side channels are in-channel habitats that contain a portion of the streamflow from the main 
or primary stream channel at flows less than bankfull, partially or entirely surrounded by 
vegetated or stable island(s). The channel may remain connected at its top end through all 
flows less than bankfull or it may become disconnected at some point as flows decline. 
Therefore, intermittently connected side channels can have seasonal patterns of connectivity 
associated with the hydrograph. For purposes of this study, active side channels correspond to 
channel features (other than the main channel) inundated to average depths of approximately 
3 feet or greater during 2-year peak flow events (based on hydraulic model results). When 
flowing, the channel is connected to the main channel at its top and bottom ends. 

Overflow Channel 
Overflow channels represent off-channel flood swales, often a former mainstem or side 
channel, carrying surface water and directly connected to the main river at its upstream end 
when flows exceed bankfull. Therefore, overflow channels have seasonal variation associated 
with the hydrograph. For purposes of this study, overflow channels correspond to channel 
features inundated at the 2-year peak flow event (based on hydraulic model results) that 
contain average depths less than 3 feet. Like side channels, they are bordered partly or 
entirely by vegetated ground. Unlike side channels, overflow channels can contain vegetation 
within the channel. 

Groundwater Channel 
Groundwater channels represent off-channel habitats that are often relict river and/or flood 
channels fed by groundwater, though surface runoff from higher terraces can also contribute 
to flow. They include several subtypes of channels, including: 1) channels originating from the 
exfiltration of main channel surface water (i.e., very shallow groundwater associated with the 
main river)—sometimes called backwater channel or slough, 2) channels fed by the floodplain 
aquifer (hyporheic zone)—sometimes called percolation channel, and 3) channels fed by 
lateral groundwater supplied from adjacent terraces—sometimes called wall-base channels. 
Some groundwater channels can also be classified as overflow channels. For the purpose of 
this study, these channels are classified as groundwater channels if the dominant source of 
hydrology is from groundwater. 

The size of groundwater channels will have some seasonal variation though tempered from 
the range of change associated with the hydrograph. 
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Seasonally Flooded Wetland 
Seasonally flooded wetlands are off-channel habitats that occur on a stream’s floodplain, 
often occurring on the remnants of ancient ponds and relict channels. Inundation of these 
wetlands typically occurs during fall-winter or spring, depending on the river’s runoff pattern. 
Connection to the main river may be broad and extensive (i.e., sheet flow) or it may be more 
restricted through narrow swales depending on flow level. These areas may be associated 
with perennial ponds or they may dry entirely during low flow. Flooded wetland can have a 
strong seasonal variation in size associated with the hydrograph. In the study area, seasonally 
flooded wetland habitat includes the vegetated pond on the old monastery property and 
beaver ponds in the right bank floodplain near RM 0.3. 

Backwater 
For the purposes of this study, backwater habitats include only off channel areas near the 
mouth of the Miller River where, according to the hydraulic model developed for this project, 
inundation appears to be driven largely by high flow events on the South Fork Skykomish 
River. 

Tributary 
Tributaries include stream channels that flow into the main river channel. 

Hydrologic Analysis 
The hydrology of the Miller River has not been analyzed in detail before (Herrera 2009, 
2012a). Anecdotal accounts of flooding indicate that the Miller River is quite different from 
other basins in the area because of a variety of geographic factors. These factors include: 

 The Miller River basin extends further south than any other tributary to the South 
Fork. In doing so, it has a low elevation (3,800 feet) unnamed pass to the Snoqualmie 
River basin at the southwest end of the East Fork portion of the basin (i.e., in between 
Bear Lake and Lake Dorothy). 

 In spite of the relatively low land to the south and west, a relatively high, continuous 
ridge (approximately 6,000 feet in elevation, consisting of Camp Robber Peak, Patina 
Peak, Malachite Peak, and ultimately the somewhat lower Maloney Ridge) separates 
the Miller River basin from the Foss River basin to the east. It is likely that this ridge, 
which has a north-northwest orientation perpendicular to onshore winds, captures a 
large amount of marine-derived moisture to the central Cascades. 

 A similar, but smaller ridge exists at the northwest edge of the West Fork Miller River 
basin (varying between 4,500 and 5,500 feet, consisting of Morpheus, Canoe Peak, and 
Lennox Mountain). 

 In examination of the upper forks of the Miller River for the primary Skykomish 
restoration feasibility analysis (Herrera 2012b), several large active debris chutes were 
found off of these ridges, indicating large amount of water was delivered in recent 
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rain-on-snow storm events. Similar features were generally not found in other South 
Fork tributary basins, with the possible exception of within the Money Creek basin 
(and on the west side of the west confining ridge). 

 The large size of historical Miller-Money fan as compared to other tributary fans on the 
South Fork indicates that over recent geologic time sediment flux to the South Fork 
was likely much greater in the Miller River than in comparable tributaries. 

Because of the limited existing information and the complexities of estimating runoff in a 
largely inaccessible, extremely steep basin in a dynamic maritime setting, a variety of 
approaches were employed to formulate and validate the hydrologic estimations. This 
included analysis of existing precipitation and snowfall data and existing measurements of 
stage in various streams in the greater Skykomish basin. 

Precipitation data from Baring, Grotto and Skykomish were collected and examined. Data 
from three nearby Snotel (automated system of snowpack and related climate sensors at 
Alpine Meadows, Skookum Creek, and Stevens Pass) were also collected and examined. 
Table 1 summarizes these data sources. However, it was learned that these data were not 
well correlated to each other and existing streamflow data, partially because of the large 
distances between the sites and their wide ranging elevations. It is well known that rain-on-
snow events are responsible for the largest, particularly in lower elevation, windward basins 
(e.g., Miller River) in the Cascades (Jones and Perkins 2010). Further it is also well known 
that runoff in rain-on-snow events is highly dependent on variety factors, many of which 
relate to elevation, that are highly variable and difficult to determine, particularly in logged 
remote areas (Jones and Perkins 2010). This variability may in part explain the differences 
between these observations. Therefore to accurately predict flow rates based upon 
precipitation and snowpack based upon the data summarized in Table 1, a hydrologic model 
would have had to be employed to extrapolate these data to the basin itself. This hydrologic 
model would require significant assumptions for large areas that are effectively inaccessible. 

Table 1. Summary of Weather Station Data.

Weather Station Operator Elevation 
Distance in Miles to Miller River / 

South Fork Confluence 

Alpine Meadows Snotel 3,500 15.1 

Stevens Pass Snotel 3,950 14.1 

Skookum Creek Snotel 3,310 10.4 

Index COOP 530 10.2 

Baring COOP 770 5.7 

Grotto COOP 850 1.8 

Skykomish COOP 930 1.7 

Scenic  COOP 2,220 11.3 

Stevens Pass COOP 4,070 14.2 

Notes:
Stevens Pass COOP gage was moved twice. Average values shown. 
Straight line distance used in the calculation of distance to Miller River / South Fork confluence. 
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As a result, it was decided that streamflow measurements made by the USGS (at Gold Bar) 
and Snohomish County (at Skykomish and Index) were a more effective tool at predicting the 
hydrologic output of the Miller River basin. Because the Snohomish County gages recorded 
staff height only, rating curves were required to convert the approximately 10 years of staff 
height data to flow data. At Skykomish, the channel at the gage site (the Fifth Street Bridge) 
is well confined and it is known that most if not all of the flow is captured by the gage. The 
main channel was surveyed using standard survey methods by Herrera staff. At Index, the 
channel is less well confined. In developing the rating curve at Index, only the main channel 
was surveyed between Index-Galena Road and Avenue A. Because it is possible that there is 
significant flow beyond these roadways (on private property) during floods and there is no 
lidar available at this site, the flow estimates at Index should be considered a minimum 
value. Based upon the survey, Hydrologic Engineering Centers River Analysis System (HEC-RAS) 
models were developed. These models were then used to construct a rating curve at each 
gage site based upon the approximately 10 years of stage data at each gage. 

Rating Curve Construction 
Two separate one-dimensional hydraulic models were developed in HEC-RAS to capture the 
specific hydraulic characteristics at Index and Skykomish and develop individual rating curves 
for each of the existing conditions. These models are distinct from the hydraulic analysis of 
the site itself, which is much more sophisticated and tailored to assessing a fundamental 
different question (i.e., inundation on the alluvial fan, rather establishing a rating curve). 
Each rating curve represents the flow stage versus flow discharge relationship for the North 
Fork Skykomish River (North Fork) at Index (Fifth Street Bridge) and the South Fork at 
Skykomish (Fifth Street Bridge), respectively. The hydraulic analysis to develop the rating 
curves assumed steady flow. 

In order to develop rating curves, the HEC-RAS hydraulic model requires geometric data in 
the form of cross-sections (transects) of the channel-floodplain domain and any instream 
crossings, obstructions or structures, flow data, and definition of boundary conditions to 
initiate step-backwater surface profile calculations. Geometric data files are combined with 
flow data files to produce a flow analysis. The following discussion briefly summarizes the 
various geometric data layouts, flow data files, flow analysis and boundary conditions for 
each HEC-RAS model developed. 

Geometric Data 
The geometric data files for the HEC-RAS model were developed using transects surveyed in 
September of 2012. Each of the models contained three surveyed transects, one upstream 
of the gage, one at the approximate location of the gage, and one downstream of the 
gage. Each geometric data file also considers the channel and floodplain domain hydraulic 
roughness characteristics. Manning’s roughness coefficients (n-values) for modeled reaches 
are determined by correlating channel and floodplain surface characteristics with roughness 
coefficients. Under high flow conditions roughness from channel geometry is significantly 
reduced, therefore a roughness value of 0.02 was applied across all scenarios. This value is 
generally low and was selected because of the unusually (artificially) straight reaches in this 
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area and because higher values generally yielded too little flow at Index and Skykomish as 
compared to the total observed at the USGS gage at Gold Bar. 

Flow Data 
To construct the two separate flow files were developed for the respective model. The 
flow data were developed using flows measured at the USGS Gold Bar Skykomish River gage 
(12134500) and estimated the flow split between the North Fork and South Fork Skykomish 
roughly using the geometry. Flows for the South Fork ranged from 2,500 cubic feet per second 
(cfs) up to 40,000 cfs in increments of 2,500 cfs. Flows for the North Fork ranged from 
1,500 cfs to 20,000 cfs with increments of 500 cfs from 1,500 cfs to 2,500 cfs and increments 
of 2,500 cfs between 2,500 cfs and 20,000 cfs. The upper range was chosen through geometric 
analysis where the river stage was greater than the transect elevations measured. 

Flow Analysis 
The geometric data file was combined with the flow data file to create a flow analysis for 
each river flow simulation. Each flow analysis created in the HEC-RAS hydraulic model was 
simulated using a subcritical flow regime as was the hydraulics in the channels under high 
flow conditions. Model simulation results for each tributary produced a rating curve for 
existing conditions. 

Boundary Conditions 
One boundary condition was used to develop the one dimensional flow in the North Fork 
and South Fork. “Normal depth”, which assumes uniform flow (channel bed slope equals the 
water surface slope) at a given location along the stream, establishes the boundary conditions 
at the upstream and downstream extent of the modeled reaches (Table 2). Assuming normal 
depth at the downstream extents is a commonly accepted hydraulic modeling procedure to 
approximate subcritical flow. The slopes in Table 2 were estimated from average slopes taken 
of the thalweg over large distances (200 to 300 feet) at each gage site. 

Table 2. Boundary Conditions Used in the HEC-RAS Hydraulic Models. 

River Downstream Normal Depth Slope 

North Fork 5.71 x 10-4 

South Fork 6.09 x 10-4 

Stream Flow Analysis 
The aim of the hydrologic analysis was to estimate the recurrence intervals of different flow 
rates for the Miller River, and to develop recurrence interval storm hydrographs for hydraulic 
models of the Miller River fan. A time series of flow at Skykomish and Gold Bar were used 
to estimate a synthetic flow time series in the Miller River based upon the basin geometry 
(Figure 2). It was found that the Index flow data significantly underestimated the flow 
observed as compared to the basin-weighted flux at Skykomish. It was assumed that this was 
because some portion of the flow in the North Fork at Index escapes the main channel at the 



April 2013 

10 Restoration Feasibility Report—Lover Miller River 

Fifth Street Bridge. However, the synthetic South Fork data at Skykomish appeared to be 
accurate and would be consistent with the lack of significant flooding from the South Fork in 
the Town of Skykomish (i.e., the remainder of floodplain at the Fifth Street Bridge). 

To estimate the Miller River flow time series, the newly-estimated flow of the South Fork 
at Skykomish was subtracted from the Skykomish River flow at Gold Bar and an equivalent 
amount (based on basin area) was also subtracted for the North Fork. The Miller River 
watershed area and mean annual precipitation were compared to the watershed above Gold 
Bar’s mean annual precipitation and area to derive an area- and precipitation-weighted 
estimate of the fraction of the flow generated downstream of the town of Skykomish that is 
from the Miller River. Watershed mean annual precipitation rates and areas were taken from 
the USGS StreamStats website (USGS 2012). 

Once the synthetic Miller River time series was created by this subtraction and rescaling, its 
water year annual peaks were determined. These annual peaks were fit with a log-Pearson 
type 3 distribution. Finally the recurrence interval flows derived from the log-Pearson 
distribution were used to develop design storm hydrographs. More specifically, the flow rates 
from the two largest storms in the synthetic Miller River record were determined and rescaled 
such that their peaks would match the 2-, 10-, and 100-year recurrence interval flow rates. 

Gage Installation and Preliminary Data 
In addition to the processing of existing data, a new gage was installed at the Miller Road 
Revetment to provide new information that will validate the hydrologic analysis. Because 
even the best estimates made herein are subject to many assumptions about the distribution 
of flow in the greater South Fork basin, direct observations of stage in the Miller River are 
necessary for accurate design estimates of velocity and depth in the Miller River. The gage, 
a pressure transducer mounted inside a 2-inch steel pipe, was rock-bolted onto the leeward 
side of a large blast rock at the Miller River Road Revetment. The gage will record pressure, 
which can be converted to water depth, every 15 minutes for up to 6 months at a time. The 
pressure transducer, an In Situ Rugged Troll 100, is a “vented” transducer, meaning that it 
requires simultaneously measurements of atmospheric pressure to accurately calculate water 
depth. Atmospheric pressure observations are being made by an In Situ BaroTroll, mounted 
in a nearby tree on the hillside of Miller River Road. Only preliminary measurements are 
reported herein. No attempt has been made yet to convert these stage measurements to 
discharge, though it is recommended that this be done in the future to verify the hydrologic 
estimation made herein. 

Hydraulic Analysis 
To simulate flow at the study area, a hydraulic model of the Miller River fan was developed 
with FLO-2D software. FLO-2D is a two-dimensional, finite-difference, dynamic-flood routing 
hydraulic model that can simulate channel flow and unconfined overland flow over complex 
topography with varying roughness. FLO-2D routes a flood hydrograph while predicting flood 
wave attenuation due to flood storage. The FLO-2D model was used to estimate flood 
inundation area, flow depths, velocities and backwater effects under a range of flood 
conditions for existing conditions (as of the LiDAR flight in the summer of 2011). 
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The model uses the full dynamic wave momentum equation and a central finite difference 
routing scheme with eight potential flow directions to predict the progression of a flood 
hydrograph and flood wave attenuation due to flood storage over a system of square grid 
elements. The model’s highly accurate volume conservation numerical method is critical 
to accurate flood distribution and wetting and drying of flood marginal areas. The model 
computes flow exchange between the main channels and the floodplain throughout the 
unsteady hydrograph. Flow fields can include supercritical and subcritical regimes. 

Geometric Data 
The FLO-2D model for this study depicts the lower mile of Miller River as it extends from 
the Miller River Road, just upstream of the gage location at the fan apex, downstream 
to the confluence with the South Fork. 2011 LiDAR data were used to create the initial 
computational mesh used in the two-dimensional model of existing conditions. The only 
other geometric input necessary for the FLO-2D model is Manning’s n values. FLO-2D allows 
for depth-varied n-values; however, a constant n-value was used for all depths. Given the 
extremely dynamic nature of the floodplain and lack of wood in the channel network, it 
was determined that a fixed value of roughness (n = 0.04) for most of the unvegetated main 
channel was most appropriate. In portions of the floodplain where side channels are present, 
the n-value was estimated to be 0.08 based on vegetation, the accumulation of large woody 
debris as determined during field visits and the size of material in these channels. Densely 
vegetated, mature stands of forest and areas outside of the high flow channel network 
were assigned a roughness value of 0.1. All of these values were derived from professional 
experience. 

The grid element size used to represent the surface topography for the FLO-2D model was 
based on the detail needs to inform the alternatives analysis versus model execution times 
and numerical stability requirements that can significantly affect computation times and time 
required by the user to adjust the model parameters accordingly. It is recommended that 
the grid size be adjusted such that the Q/A ratio is less than 1 per the FLO-2D User’s Manual 
(with Q = discharge into an element, and A = grid element surface area) (O’Brien 2006). 
Typically, Q/A ratios can be approximately 2 to 3 without significant stability issues, but a 
ratio exceeding 5 should be avoided to minimize model execution run times and time spent 
adjusting the model to correct for instabilities such as surging. 

The grid element size was selected as 20 feet by 20 feet to provide a good level of detail, but 
coarse enough to minimize numeric instabilities and maintain reasonable execution times. 
Assuming a flood stage main channel flow width of approximately 300 feet, a 20-foot grid 
would provide 15 grid elements within the main channel. Although this resolution satisfies 
FLO-2D’s documented requirements, it may bear evaluation of switching to a model that may 
better analyze deeper flows, like River FLO-2D, in future modeling efforts of the Miller River 
because finite-element models like RiverFLO-2D are more adept at handling deeper flows 
than FLO-2D, which was specifically developed for shallow flows, primarily on arid alluvial 
fans. It is likely that either model is capable of simulating conditions, but FLO-2D may be 
time-consuming to implement for design scenarios, particularly if increased grid resolution is 
desired. This is because FLO-2D’s numerical algorithm increasingly poorly as the ratio of the 
depth to cross-sectional area of flow goes up. 
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Flow Hydrographs and Boundary Conditions 
The upstream boundary condition includes the input of a flow hydrograph into an upstream 
flow grid element. Hydrographs developed for the 2-year, 10-year, and 100-year events as 
part of the hydrologic analysis were input into 33 upstream flow grid elements. 

To follow the previously described recommendations for the grid size in comparison to 
the flow (i.e., Q/A ratio close to 1 is desired), the inflow hydrographs were divided up 
into individual hydrographs such that the cumulative hydrograph represented the overall 
total inflow hydrograph at the upstream boundary condition. With a 20-foot grid element 
(A=400 square feet) and a 100-year flow of approximately 28,700, divided evenly amongst the 
inflow grid elements, the Q/A ratio is 2.2. 

Downstream boundary conditions for FLO-2D included the simple designation of outflow grid 
elements, which assumed a localized slope between adjacent elements and a uniform flow 
approximation to calculate output flow rates from the output grid element. One disadvantage 
of this simple type of downstream boundary condition is that when the Q/A ratio is high, the 
local water surface slope may not be representative of the general bed slope because of flow 
divergence and convergence. The resultant exit velocities can be too high and represent an 
artificially steep hydraulic gradient. In such instances, the n-values can be increased, or the 
bed elevation can be slightly increased at the downstream boundary grid elements to result in 
a more constant water surface gradient at the downstream boundary and damp any numerical 
instabilities. However, this was addressed in the final simulations by moving the downstream 
boundary conditions down into the South Fork with an assumed flow in the South Fork equal 
to only a roughly bankfull event (approximately 8,000 cfs). Therefore, the exit velocities were 
insignificant and modifications to the downstream boundary conditions were not required. 

Calibration 
There was no gauge data available for calibration of the FLO-2D Miller River existing 
conditions model described above. It is intended that the model will be refined and 
calibrated at a later date. The later version of the model will incorporate future in-water 
survey and be calibrated with gage data acquired over the upcoming months and calibrated 
with identified high water marks. 
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RRESULTS 
This section presents the results of the various analyses that identified habitat impairments 
on the alluvial fan and provides initial engineering estimates of the cost to eliminate the 
impairments. Also detailed are geomorphic, hydrologic, and hydraulic characteristics of the 
alluvial fan, which provided the physical template used in the habitat analysis. 

Geomorphic Assessment 
The South Fork basin is a steep, wet river basin on the west slope of the Washington Cascades 
primarily dominated by marine intrusive bedrock in the west and continental metamorphic 
rock in the east. The Miller River is a tributary to the South Fork with a confluence a few 
miles west of the Town of Skykomish. The alluvial fan defined by the confluence of these two 
rivers is particularly dynamic due to the sharp break in along-channel slope at the confluence 
due to the glacial history of the valley as a whole. Further details about the geomorphology 
of the South Fork, and the underlying reasons for the sharp slope break, can be found in an 
accompanying appendix (Herrera 2012a). 

As described in Herrera (2009 and 2012a), the lowest 1 mile of the Miller River is the 
confluence alluvial fan. Prior to development, it likely merged with the Money Creek fan to 
the west to form a broad alluvial fan on the south side of the South Fork Skykomish River 
between RM 11.4 and RM 14.3. On the September 14 site visit, placed material was found that 
extends high ground from the junction of Miller River Road with the Old Cascade Highway to 
the BNSF railway prism. The Miller River Road appears to lie on top of an extension of that 
placed fill that acts to isolate areas all areas west of the Miller River Road from the Miller 
River. This fill now defines the modern Miller River fan as depicted in Figure 1. 

While the course of the Miller River thalweg changes on a regular basis (after every storm 
event) within its active unvegetated channel complex, the most significant changes on the 
alluvial fan that have occurred since geomorphic conditions were assessed in 2009 (Herrera 
2009) have occurred within the close proximity of the avulsion site. The avulsion occurred in 
January 2011 at the former location of an Old Cascade Highway culvert. The initial avulsion 
created a nearly straight channel that incised deeply into the alluvial fan. Eventually this 
channel has gradually widened as the banks began to slump into the channel. More recently, 
this incised channel has begun to fill with alluvium, to meander and to form a prominent bar 
on the right bank. However, the road prism and its protective riprap continues to confine this 
new channel to about 100 feet wide. 

Since the avulsion, the former main channel has remained active. While there is evidence for 
aggradation in the former main channel, particularly on the right bank upstream from the 
Old Cascade Highway Bridge, wholesale filling of the channel has not occurred. From direct 
observations made during higher flow periods, conveyance in the new main channel at the 
avulsion site is still constrained by the road prism. As conveyance is expanded during floods 
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by erosion of the road prism (e.g., erosion was observed during the course of this study in the 
late fall of 2012), it is expected that the former channel will increasingly fill with sediment. 
However, the speed at which this occurs may be quite slow in comparison to other changes on 
the alluvial fan. 

Large wood plays an important role in regulating channel development and maintaining 
hydraulic complexity. Following the avulsion, a significant amount of wood was transported 
downstream from the left bank of the former main channel as the new main channel was 
formed. Some of this wood accumulated on the left bank of the new main channel, making 
this area much more hydraulically and topographically complex than prior to the avulsion. 
Necessarily some of the wood should have been transported to the South Fork, though 
interestingly large (new) accumulations of wood were not found in the South Fork anywhere 
downstream of the project site during related reconnaissance (Herrera 2012a). 

In addition to the observations made near the road and railway, an island at the fan apex was 
also reexamined. The fan apex is critical for setting the direction of flow of water down the 
alluvial fan. It was also postulated in Herrera (2009) to be the site of debris flow deposit. 
Further examination of the banks of the island indicates some degree of matrix support in the 
deposits that form the island, further implying a debris flow origin. In addition to the direct 
observations of debris flows further upstream (Herrera 2012b), together these additional 
data suggest that there is a debris flow or debris flood (the collapse of debris jam further 
upstream) hazard on the fan itself, which could destroy the remainder of the highway prism 
and the railway during a single event. Now that conveyance is no longer as restricted as it 
once was at the Old Cascade Highway, these events could more directly affect conditions at 
the railway. In sum, there remain large risks to any infrastructure on the alluvial fan. The 
alluvial fan will continue to be a dynamic place regardless of whether any restoration actions 
take place. Much of the existing rock was placed for conditions that are no longer relevant to 
its original intended purpose. The rock could be repurposed to protect existing infrastructure 
from the grave hazard the river continues present. However, it is important to emphasize 
that even this rock does not and will not ensure safety of the railway given the magnitude of 
the events possible in this system. 

Habitat Assessment
Background Information Review 
Fish Use 
Fish species documented as using the Miller River include summer/fall Chinook salmon 
(Oncorhynchus tshawytscha), coho salmon (O. kisutch), odd-year pink salmon (O. gorbuscha), 
summer steelhead and rainbow trout (O. mykiss), bull trout/Dolly Varden (Salvelinus 
confluentus/S. malma malma), and cutthroat trout (O. clarki clarki) (King County 2011; 
WDFW 2012a, 2012b). Fall chum salmon (O. keta) are documented in the South Fork at its 
confluence with the Miller River, but not in the Miller River itself. 

Chinook salmon, summer steelhead, and bull trout/Dolly Varden are listed as threatened 
under the Endangered Species Act (NOAA 2012; USFWS 2012). The Miller River belongs to the 
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Skykomish River Tier 1 Key Watershed, which serves as crucial refugia for maintaining and 
recovering the at-risk stocks of Chinook, bull trout, and steelhead (King County 2011; USFS 
2009). Stock status for summer/fall Chinook is identified as depressed, while all other runs 
are identified as healthy (WDFW 2012b). 

In terms of fish use in the vicinity of the study area, Chinook are documented up to RM 1.5 
(above the Miller River fan), with spawning occurring primarily the South Fork (King County 
2011; WDFW 2012a, 2012b). Steelhead trout are documented up to RM 6, with spawning 
occurring upstream of approximately RM 2. Pink salmon are documented as spawning 
throughout the study area, with coho also present throughout the study area. Coho spawners 
were observed on the alluvial fan in earlier reconnaissance. Bull trout are presumed to be 
present up to RM 6 (King County 2011). 

Watershed Condition and Implications for Fish Use 
The Miller River watershed is largely intact and in a forested condition; 77 percent of the 
basin is designated as Alpine Lakes Wilderness and all but 50 acres of the remainder of the 
National Forest is afforded protection as Late Successional Reserves (USFS 2000; King County 
2011). The US Forest Service (USFS) manages 97 percent of the land in the watershed, while 
King County, Burlington Northern Santa Fe (BNSF) Railroad, and private landowners own the 
remainder. Due to the high level of watershed protection and the absence of dams in the 
basin, hydrology and water quality are not currently highly impacted, though most of the 
lower portions of the basin are still recovering from historical human activities (i.e., logging 
and mining in the nineteenth and twentieth centuries). Ongoing significant alterations to 
river geomorphology and floodplain process are occurring in the alluvial fan area, which are 
discussed in detail below (King County 2011; USFS 2009). 

These floodplain alterations, including transportation infrastructure and flood protection 
facilities, have disconnected a significant amount of floodplain habitat from natural 
interaction with river flows. Other areas of development (e.g., old monastery) have altered 
floodplain habitat through addition of fill and removal of riparian vegetation. 

The areas affected most by these geomorphic modifications are side channels and off-channel 
habitats in the lower portion of the alluvial fan, including overflow channels and wetland 
habitats. These habitat types are shown to be critical for various life stages and species 
of salmonids: juvenile fish rely on off-channel wetlands and shallow backwater areas for 
rearing habitat (foraging, high water refugia, and protection from predators); steelhead and 
coho frequently spawn in side channels and lower reaches of small tributaries; and juvenile 
salmonids rely on high quality edge habitat (dense vegetation and in-channel wood) for cover 
and protection from predators and high water velocities (King County 2011; Beamer 2010; 
Lestelle et al. 2005). Intact, native riparian vegetation is a critical component high quality 
habitat for all species of salmonids, providing essential cover, habitat for invertebrate prey, 
water temperature moderation, large woody debris recruitment potential, and input of 
allochonthus nutrients (Gregory et al. 1991).

Much of the poorly connected off-channel areas in the left bank floodplain of the lower 
portion of the Miller River fan overlap with the Spree Creek drainage and groundwater-
fed overflow channels, amounting to approximately 1.8 acres. Areas where tributaries 
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(particularly those fed by significant groundwater inputs) converge with river floodplains 
provide particularly important habitat functions for salmonids, including high flow refugia at 
flood flows, thermal refugia during summer months, and areas of oxygen-rich, cold water 
sought by spawning adults (USFWS 2008; Pratt 1992). This is particularly important for bull 
trout and steelhead (USFWS 2008; Pratt 1992). 

Mainstem habitats have also been affected by these geomorphic modifications (King County 
2011). Approximately 7,000 feet of armoring exist on the Miller River alluvial fan, which is 
only a portion of the nearly 5 miles of armoring in the South Fork River at large. Constraints 
on movement of the river in its floodplain have reduced habitat-forming processes (e.g., 
recruitment of large wood and sediment), resulting in lower habitat diversity. This has 
impacted the quantity and quality of salmon spawning habitat in the lower river, including 
areas suitable for redd construction and holding habitat (e.g., pools), and rearing and 
foraging habitat for adult and sub-adult bull trout. 

Habitat Limiting Factors and Species Recovery Planning 
Reduction in quantity and quality of rearing habitat has been identified as a primary factor 
limiting salmon production in the Snohomish basin, which includes the South Fork and the 
Miller River (Haring 2002). The Miller River fan is located in a “primary restoration” subbasin 
as designated by the Snohomish River Basin Salmon Conservation Plan, which means it is one 
of the highest priority subbasins for restoration action (Snohomish Basin Salmon Recovery 
Forum 2005). These primary restoration subbasins currently have high priority habitat 
restoration targets for the King County portion of WRIA 7, including 80 acres of restored off-
channel habitat and 5.5 miles of restored edge habitat (King County 2011). Restoration of the 
lower Miller River has been identified as a key element of fulfilling King County’s commitment 
to achieve these targets (King County 2011). In addition, the Forest Service has identified the 
lower reach of Miller river as an area of concern due to impairment of channel processes and 
has designated floodplain restoration here as a high priority within the Skykomish River 
Watershed (USFS 2009).

Habitat Types 
The locations of the various habitat types within the Miller River study area are presented 
in Figure 3. The habitats are those assuming that all reasonable infrastructure was removed. 
It is important to mention that these are the habitat types that would exist the moment 
construction (i.e., demolition of existing infrastructure) was complete. On the Miller River 
Fan, geomorphic is rapid and would likely expand the number and size of channel features 
increasing habitat area further in the future. However, it is impossible to predict the rate 
of increase of these features in advance. It is likely that eventually side channels would 
eventually occupy all portions of the modern Miller River Fan, though other changes would 
occur in that time (i.e., deposition) to compromise what currently exists. Existing habitat 
areas are necessarily smaller because of the presence of significant amounts of rock on 
site. These maps also show the locations of existing revetments and large woody debris 
accumulations. A summary of the quantity of each habitat type within the lower and upper 
portions of the project area are provided in Table 3. 
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Table 3. Summary of Existing and Potential Habitat Types and 
Associated Areas (acreages) Within the Lower (RM 0 to RM 1) and 

Upper (RM 1 to RM 2) Reaches of the Miller River Study Area. 

 Existing Potential 

Lower Reach   

Habitat Type Acres Acres 

Backwater 0 2.63 

Groundwater channel 0.97 0.97 

Main channel 14.48 14.48 

Overflow channel 9.32 10.81 

Seasonally Flooded Wetland 1.01 1.18 

Side channel 11.79 11.79 

Tributary 3.11 3.11 

Upper Reach   

Habitat Type Acres Acres 

Main channel 15.33 15.33 

Overflow channel 3.07 3.07 

Side channel 4.91 4.91 

Tributary 8.24 8.24 

Note: “Potential” acreages assume that all non-permanent infrastructure is removed. 
Although many habitat areas are present under existing conditions (i.e., the difference in 
existing and potential area quantities is low) their connectivity and function will be greatly 
enhanced by removal of infrastructure. 

Moving downstream from the upstream boundary of the study area, the floodplain of the 
Miller River quickly transitions from being somewhat geologically confined to broadening into 
its alluvial fan. Off-channel habitats are more limited in the upstream portion of the study 
area, with in-channel habitats dominating the here (i.e., main channel and side channel 
habitats). Within the lower half of the alluvial fan, historic alignments of the main channel 
and side channels now function as off-channel habitats (e.g., overflow channels) and support 
a diverse riparian plant community including some areas of seasonally-flooded wetlands. 

Stream tributaries enter the Miller River at a number of locations within the study area, 
and their interaction with the floodplain provides a significant contribution to off-channel 
habitat diversity. An example of this is the Spree Creek drainage that enters the Miller River 
floodplain near RM 0.1. This tributary and neighboring groundwater-fed channels provide 
hydrologic inputs to overflow channels and other floodplain features that may not otherwise 
receive flow but for flood events (e.g., 2-year flood or greater), and therefore serve as an 
important driver for habitat quality and quantity in these areas. Although currently somewhat 
disturbed by facility and road development, this stream system contributes to the diversity of 
aquatic features that provide off-channel rearing habitat and refuge for fish in this portion 
of the study area. In the right bank floodplain near RM 0.3, numerous tributaries from the 
hillside above contribute flow to overflow channels and beaver ponds (seasonally flooded 
wetlands). 
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A large overflow channel (historic meander) diverging from the mainstream near RM 0.6 and 
reconnecting near RM 0.3 is one of the most prominent features in the lower mile of the study 
area. It is located on the left bank of the river, with the upstream connection located just 
downstream of the Miller River Road Revetment. A number of side channels and overflow 
channels occur in the left bank floodplain downstream of this feature. The off-channel 
features in this portion of the study area exhibit altered geomorphology due to interrupted 
connectivity with the main channel by the Old Cascade Highway road prism and flood control 
facilities. 

Vegetation Conditions 
The Miller River alluvial fan is composed of upland and wetland vegetation habitats and 
floodplain forests. Upland vegetation habitats occurring within the study area occur within 
the Western hemlock (Tsuga heterophylla) zone of the Puget Sound area which corresponds 
to a climax state of conifer forest assuming natural vegetation conditions (Franklin and 
Dyrness 1988). However, because the lower Miller River corridor is subject to several types 
of stressors (e.g., prior logging, channel migration), upland vegetation habitats are typically 
within a state of succession composed of a variety of associated habitats and species. The 
forest stands observed on-site were dominated primarily by second and/or third growth forest 
with a mixed deciduous and coniferous species composition. It is extremely likely that the 
entire site was deforested initially with establishment of the (ghost) Town of Berlin on the 
left bank (Carlson 2009). The most recent timber harvesting activities occurred between 2003 
and 2006 in the right bank floodplain (which had a riparian buffer) and just prior to 1994 in 
the left bank floodplain (which did not have a riparian buffer, but did leave large portions of 
the floodplain untouched). 

Upland vegetation consists primarily of mixed forest composed of a coniferous and deciduous 
tree canopy and underlying shrub and herbaceous strata. Upland mixed forest typically 
occurs in portions of the floodplain that have not been subject to channel migration in the 
recent past. Common conifer trees observed includes western red cedar (Thuja plicata) and 
Douglas fir (Pseudotsuga menziesii) with occasional western hemlock (Tsuga heterophylla). 
Common deciduous trees observed include red alder (Alnus rubra), big-leaf maple (Acer 
macrophyllum), and black cottonwood (Populus balsamifera). Common understory shrubs, 
ferns, and herbs observed include vine maple (Acer circinatum), salmonberry (Rubus 
spectabilis), thimbleberry (Rubus parviflorus), willows (Salix spp.), Indian plum (Oemleria 
cerasiformis), sword fern (Polystichum munitum), and piggy-back plant (Tolmiea menziesii). 

Early stages of upland forest succession dominated by tree saplings are common in areas that 
were subject to recent channel migration. For example, the historic meander along the left 
bank of the Miller River between RM 0.3 and RM 0.6 is dominated by dense saplings of red 
alder, Douglas fir, and black cottonwood. These patterns of tree age stratification, species 
composition, and forest structure influenced by long-term riverine disturbance regimes align 
with results of previous studies investigating forest succession driven by alluvial processes and 
river terrace development over time (Fonda 1974; Van Pelt et al. 2006). 

A variety of wetland vegetation habitats are common throughout the Miller River floodplain 
including forested, scrub-shrub, and emergent wetlands, which have been identified as 
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providing essential functions to support overall health and habitat value of riverine 
ecosystems (Hruby 2004). Forested wetland vegetation habitats are located within the 
floodplain typically in close association with side channels, overflow channels, tributaries, 
former channels, and backwater areas. A large forested wetland is located within the 
backwater area located along the right bank of the Miller River at the confluence with the 
South Fork. Common forested wetland plants include red alder, black cottonwood, western 
red cedar, and salmonberry. Scrub-shrub wetland vegetation habitats are common on gravel 
bars adjacent to the main channel and are typically dominated by willows. Emergent wetland 
vegetation communities are typically associated with seasonally flooded wetlands including 
the pond on the former monastery adjacent to the left bank and beaver ponds adjacent 
to the right bank near the gravel pit site. The pond on the former monastery property is 
dominated by spreading rush (Juncus supiniformis) growing throughout the shallow pond. 

Invasive and exotic vegetation is generally rare throughout the study area. However a large 
patch of bohemian knotweed (Polygonum x bohemicum) was observed along the north side 
of the BNSF railroad just east of the railroad bridge crossing over the Miller River. Also a 
1-acre patch of English ivy (Hedera helix) is present on the left bank of the active channel 
immediately upstream of the railway bridge. In addition, the edges of the beaver ponds are 
dominated by reed canarygrass (Phalaris arundinacea) and water shield (Brasenia schreberi) 
on the right bank near the gravel pit site. 

In summary, riparian vegetation and wetland plant communities within the study are 
generally composed of native plant species and are in good condition (i.e., exhibiting low 
levels of human disturbance and robust growth) and providing a high level of habitat function. 

Observed Restoration Opportunities 
Opportunities for habitat restoration in the Miller River watershed are located primarily 
within the study area (lower 2 river miles), since areas upstream of RM 2 are largely intact 
and characterized by high functioning habitat (King County 2011). Within the study area, 
restoration opportunities are associated primarily with addressing the variety of floodplain 
modifications and subsequent impacts to geomorphic processes within the Miller River alluvial 
fan and along Miller River Road. Undeveloped riparian and wetland areas within the study 
area are largely intact and characterized primarily by native plant species, thereby exhibiting 
a high potential for return to a natural state if natural floodplain processes and flow regimes 
are restored. 

As mentioned above, and identified in Herrera (2009), revetments associated with the Old 
Cascade Highway and Miller Road have impacted the connection of the Miller River to its 
floodplain in a number of locations, thereby adversely affecting the quantity and quality 
habitat available to fish. Juvenile salmonid rearing habitat has been affected the most by the 
presence of revetments and associated floodplain disconnection because these habitats tend 
to occur within side channels and off-channel habitats (e.g., seasonally flooded wetlands) 
within the floodplain where preferred lower velocity flows are more common (Lestelle et al. 
2005). 

Table 3 summarizes the individual restoration opportunities identified within the Miller 
River study area. The restoration opportunities focus on removal of revetments and human  
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Table 3. Individual Restoration Opportunities in the Lowest 2 Miles of the Miller River. 

Site Name 
Alternative 

Number 
Location 

(approximate) Action 
Limiting Factors / 

Impacts Addressed Targeted Benefits to Salmonids 
Quantification of Habitat 

Lift 
Old Monastery 

property 
1 a Floodplain near 

RM 0.3 
Remove all structures/facilities on old 

monastery property (buildings, foundations, 
decks, concrete pillars, rock walls, rock 
outdoor fireplace, etc.); remove invasive 

plant species (e.g., ivy growing on trees and 
Japanese knotweed at confluence of side 

channel and Spree Creek near pond); 
revegetate disturbed areas and landscaped 

areas with native vegetation; improve 
monastery pond habitat (revegetation and 

addition of habitat structures) and hydraulic 
connectivity with surrounding side channel 

features to prevent fish stranding and 
improve flushing 

Human modifications 
in floodplain 

Improved quality of off-channel rearing 
habitat/high flow refugia; amelioration of 
potential fish-stranding risk and improved 

water quality in pond feature (higher 
dissolved oxygen, lower water 

temperature, etc.). 

Restoration of 
approximately 2 acres of 

riparian and wetland habitat 
in floodplain 

Miller River 
alluvial fan (left 

bank) 

2 RM 0.1 to RM 
0.2, left bank 

floodplain 

Remove Old Cascade Highway road and 
underlying fill prism, Old Highway Bridge 
(Miller River Bridge #999W), Spree Creek 
Bridge (Miller River Bridge #999X), and 

associated bridge abutments from the west 
end of the right bank abutment to the 
driveway of the quarry; restore natural 

Spree Creek alignment; restore native plant 
communities in disturbed areas and install 

habitat structures where appropriate 

Impaired floodplain 
connectivity; human 

modifications in 
floodplain; impacts to 

riparian vegetation 

Increased access to high-flow refugia for 
juveniles and adults; increased access to 
off-channel rearing habitat for juveniles at 
moderate to high flows and improved in-
channel habitat for juvenile rearing at low 

flows; increased quality of spawning 
habitat by restoration of habitat-forming 

processes and hydraulic complexity; 
improved quality of aquatic habitat in side 

channels and main channel through 
removal of human modifications, 

restoration of riparian and wetland 
vegetation and installation of habitat 
structures; increased aquatic habitat 

diversity and pools through restoration of 
habitat-forming processes and installation 

of habitat structures. 

Reconnection of 
approximately 11 acres of 
disconnected floodplain; 

reconnection of 
approximately 1,700 linear 

feet of side channels; 
improvement of aquatic 
habitat complexity and 

quality in 200 linear feet of 
mainstem; and restoration 
of approximately 3 acres of 
native riparian vegetation 
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Table 3 (continued). Individual Restoration Opportunities in the Lowest 2 Miles of the Miller River. 

Site Name 
Alternative 

Number 
Location 

(approximate) Action 
Limiting Factors / 

Impacts Addressed Targeted Benefits to Salmonids 
Quantification of Habitat 

Lift 
Miller River 

Curve 
Revetment 

3 RM 0.3 Remove the Miller River Curve Revetment 
to allow reconnection of disconnected side 
channel (flows from Miller River Curve to 

Spree Creek…anticipated to facilitate 
connection of side channel habitat 
extending from Miller River Road 

Revetment through Miller River Curve to 
Spree Creek) and install habitat structures 

where appropriate 

Impaired floodplain 
connectivity 

Increased access to high-flow refugia for 
juveniles and adults; increased access to 
off-channel rearing habitat for juveniles at 
moderate to high flows; improved quality 
of aquatic habitat in side channel through 

removal of human modifications and 
installation of habitat structures; 

increased aquatic habitat diversity and 
pools through restoration of habitat-
forming processes and installation of 

habitat structures. 

Reconnection of 
approximately 5.5 acres of 
disconnected floodplain; 

reconnection of 
approximately 1,000 linear 

feet of side channels; 
improvement of aquatic 
habitat complexity and 

quality in 50 linear feet of 
mainstem; and restoration of 

approximately 1 acre of 
native riparian vegetation 

Miller River 
Road 

revetment 
(Downstream) 

4 RM 0.65 Remove the Miller River Road Revetment 
to facilitate reconnection of adjacent side 

channel (flows from Miller River main 
channel to Miller River Curve meander… 
anticipated to extend through the former 
Miller River mainstem south of the curve 
revetment) and install habitat structures 

where appropriate 

Impaired floodplain 
connectivity 

Increased access to high-flow refugia for 
juveniles and adults; increased access to 
off-channel rearing habitat for juveniles at 
moderate to high flows; improved quality 
of aquatic habitat in side channels and 

main channel through removal of human 
modifications and installation of habitat 
structures; increased aquatic habitat 

diversity and pools through restoration of 
habitat-forming processes and installation 

of habitat structures. 

Reconnection of 
approximately 2.5 acres of 
disconnected floodplain; 

reconnection of 
approximately 800 linear 

feet of side channels; 
improvement of aquatic 
habitat complexity and 

quality in 300 linear feet of 
mainstem; and restoration of 
approximately 0.15 acres of 
native riparian vegetation 

Miller River 
Road 

Revetment 
(Upstream) 

4 c RM 0.8 
OR 

RM 0.7 

Installation of instream ELJs to encourage 
flow into river-right side channel (historic 

mainstem) 
OR 

Replace riprap along Miller Road with bank 
ELJs 

AND/OR 
Replace the culvert at the upstream end of 

the revetment 

Erosion risk to Miller 
River Road; riprap 
effects on aquatic 

environment 

Improve mainstem and edge habitat; 
reduce interaction between aquatic 

environment and riprap bank 

Improvement of aquatic 
edge habitat in 450 linear 
feet of mainstem; increase 
flow in 1,000 linear feet of 

side channel 



 

April 2013 

28 Restoration Feasibility Report—Lover Miller River 

Table 3 (continued). Individual Restoration Opportunities in the Lowest 2 Miles of the Miller River. 

Site Name 
Alternative 

Number 
Location 

(approximate) Action 
Limiting Factors / 

Impacts Addressed Targeted Benefits to Salmonids 
Quantification of Habitat 

Lift 
Railroad 

causeway 
N/A b RM 0.05, right 

bank floodplain 
Invasive plant species removal (i.e., 

Japanese knotweed north side of railroad 
causeway) 

Invasive plant species Improved habitat quality through removal 
of invasive plant species and restoration 

of native vegetation 

Removal of approximately 
0.25 acre of invasive 

vegetation and restoration of 
native vegetation 

a It is assumed that these structures will be demolished and removed sometime in the fall of 2012. 
b This action is not dependent on any of the others and can (and should) be implemented at any time. 
c This action is not included in the cost estimate of this alternative. 
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modifications within the alluvial fan portion of the Miller River floodplain and along Miller 
River Road to allow for restoration of natural geomorphic, hydrologic, and hydraulic processes 
(i.e., habitat forming processes). This strategy coupled with revegetation of disturbed areas 
with native riparian and wetland plant species (which will jumpstart development of native 
plant communities and increase future large wood recruitment potential) will lead to both 
immediate aquatic habitat improvements and enhanced riparian vegetation that will support 
aquatic habitat function over time. The opportunities are listed in the order that they should 
be implemented as the benefits of the upper alluvial fan projects (at the south end of the 
site) would be maximized if the road (and monastery structures) were removed first. The 
alternative numbers correspond to alternatives listed in the Proposed Actions section. 

Hydrologic Analysis 
Rating Curve Construction 
Results of the South Fork Skykomish HEC-RAS simulation for existing conditions show a steady 
increase in stage (i.e., rise in water surface elevation) between 3.1 feet and 16.4 feet. The 
datum for the Fifth Street Bridge gage was established using the water surface measured on 
the site visit and corresponding to simultaneous water surface data collected at the gage. 
The steady rise shows the rating curve in Table 4 can use the measured stage from the water 
surface elevation gage at the Fifth Street Bridge to correlate high discharge flows from the 
South Fork to estimate past large flow events. The size of the events observed using the 
rating curve are consistent with the amount of flow expected for the proportion of the basin 
that the South Fork at Skykomish has for observations of the entire Skykomish basin at Gold 
Bar. 

Table 4. South Fork HEC-RAS Rating Curve. 

Discharge 
(cfs) 

Water Surface Elevation 
(feet) 

2,500 3.1 
5,000 4.6 
7,500 5.9 

10,000 7.0 
12,500 8.0 
15,000 8.9 
17,500 9.8 
20,000 10.6 
22,500 11.4 
25,000 12.2 
27,500 13.0 
30,000 13.7 
35,000 15.1 
37,500 15.8 
40,000 16.4 
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The results of the North Fork Skykomish HEC-RAS simulation for existing conditions show a 
steady increase in stage between 19.2 feet and 27.5 feet. Like the South Fork gage, the 
datum for the Fifth Street Bridge North Fork gage was established using the water surface 
measured on the site visit and corresponding to simultaneous water surface data collected 
at the gage. The rating curve appeared to generate reasonable results. However, the 
estimations for observations were consistently significantly less than could be expected from 
a reasonable relationship to South Fork flow rates. The modeled flows were approximately 
half the flow rates generated at the South Fork (of similar basin size) gage for comparable 
events. This result was found despite the fact that the basin area for each gage is about the 
same. Because it is known that flooding in and around Index is common, it is likely that the 
gage does not capture all of the flow in North Fork. As a result, it was decided that it was 
more appropriate to scale the North Fork (flow per basin area) to the observations made at 
Skykomish on the South Fork than to use the observations at Index, to predict flow rates in 
the Miller River, and not use the rating curve described herein. 

Stream Flow Analysis 
A Log Pierson Type III analysis was performed on the Miller basin contribution of the flow 
residual (i.e., the Gold Bar flow minus the sum of the flow at Index and Skykomish) from the 
calculated flow at the three gages. This analysis generated the resulting probability plot in 
Figure 4. From the flow residual calculations, it is found that Miller River typically contributes 
one-quarter of the total flow observed at Gold Bar during floods, with a greater contribution 
for the largest floods. Direct observations at low flow suggest that the Miller River is clearly 
significantly less than one-quarter of the total flow at Gold Bar during these periods, 
indicating that the Miller River is much flashier than other Skykomish River tributaries, with 
the possible exception of Money Creek. Geomorphic evidence corroborates this finding. The 
Money-Miller Fan and the active braid plain of both Money Creek and the Miller River are 
significantly larger than comparable features on the other tributaries. 

Design storm peak flows were found to be 5,750 cfs for the 2-year, 14,350 cfs for the 10-year, 
and 28,700 cfs for the 100-year recurrence interval flows. Design storm hydrographs for the 
2-, 10-, and 100-year recurrence interval flows were estimated over an 87-hour hydrographic 
period (Figure 5). 

There is considerable uncertainty in the flood frequency curve estimate that is not necessarily 
reflected in the confidence interval in Figure 4. The uncertainty is primarily related to the 
assumption that the North Fork at Index can be related solely based upon basin area and 
average precipitation to the South Fork gage record. The stage data collected on the North 
Fork at Index imply that the North Fork produces much smaller flows at Index than the South 
Fork does, even if the rating curve developed herein does not encapsulate all of the flow 
at Index. It is highly unlikely that the rating curve misses more than half of the flow (i.e., 
more than half of the flow of the North Fork occurs completely outside the main channel 
and its nearby banks), as would need to be the case for the estimate herein to be an 
overprediction of Miller River flow. Therefore the Miler River estimates made herein are likely 
underpredicted, even though they exceed previous USFS estimates by more than a factor of 
two. To rectify these data and verify the hydrologic estimations made herein, a gage has been 
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installed at the Miller Road Revetment at the apex of the Miller River fan (discussed in detail 
below). 

17B refers to from the Log Pierson III algorithm curve fit found in Army Corps of Engineers Bulletin 17B (U. S. 
Army Corps of Engineers 1982). 
Expected refers to the line of maximum likelihood. 

Figure 4. Log-Pearson Type 3 Distribution Fitting Results for the Synthetic Miller River 
Flow Series (Water Years 2000 to 2011). 

Finally it is important to mention that this gage will not only inform hydrologic on the Miller, 
but the presence of the other gages in the Skykomish basin will help piece together the 
relative roles of the upper South Fork, the North Fork, in their contributions to the well-
known flow record at Gold Bar. In particular, these data will help describe the clearly 
important basin-wide trend to which distance east and elevation plays in the rain-snow 
dynamics in this highly complex basin. 
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Figure 5. Miller River 2-, 10-, and 100-year Recurrence Interval Design Hydrographs. 

Gage Installation and Preliminary Data 
Figure 6 illustrates the stage time series on the Miller River as compared to the record on the 
Skykomish River at Gold Bar. As can be seen in the figure, the Miller River gage responds 
similarly to the gage of the Skykomish River at Gold Bar for the largest, longest duration 
storms. However, a closer examination of the record indicates that there are some shorter 
duration peaks in the Miller River data that are either subtle or not expressed in the Gold Bar 
record. This is to be expected because the Miller River basin is a much smaller than basin 
than the entire Skykomish basin. The water surface elevations observed have not yet been 
converted to discharge because a stage-discharge (rating) curve has not yet been developed. 
It is recommended that a rating curve be developed based upon survey already collected at 
the site. Like the South Fork gage, but unlike the North Fork gage, a survey was completed 
that spans the entire floodplain and should accurately capture the flow rate across. It is likely 
that modeling will be necessary to estimate these high-flow discharges, as the Miller River is 
extremely hazardous to traverse during periods of high flow. Further, it is clear from the 
rating curve construction discussed above on the South Fork in Skykomish and on the North 
Fork at Index, that the roughness characteristics of these coarse-bedded, high-gradient 
channels are reduced during floods. 
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Figure 6. Stage Time Series from Gage Mounted onto Miller River Road Revetment. 
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Hydraulic Analysis 
The flood flow events described in the previous section were used to model the existing 
2-year, 10-year, and 100-year precipitation-generated flood events. Flood depth maps show 
the spatial extents and depths of inundation throughout the floodplain (Figures 7 through 9), 
which was one of the primary purposes of the hydraulic modeling effort. With increased 
flow between the 2-year and the 100-year, there is correspondingly increased floodplain 
inundation on both the left and right overbanks. At the 2-year event, high flow channels on 
each of the left and right banks are activated. Between the 2-year and 100-year events, 
maximum flow depths range from 10 feet to 16 feet. Within the area of study, maximum 
depths are persistently found on the steep and confined left bank at the upstream extent of 
the project area, near the Miller River Road, in the vicinity of the recently eroded Old 
Cascade Highway and at the BNSF railroad bridge. 

Between the 2-year and the 100-year events, maximum flow velocities range from 10 ft/s to 
19 ft/s (Figures 10 through 12), which assess the ferocity of the flood flows, another stated 
objective of the hydraulic modeling. In the 2-year event, there are a greater number of high 
velocity areas in both the left and right bank channels as they sweep around the rocky island 
at the upstream end of the project area, through main channel in the center of the project 
area, and in the vicinity of the Old Cascade Highway left bank main channel and right bank, 
high flow channel. In the 100-year event, areas of greatest velocity are coalesced in the main 
channel of the center of the project area. This area has some of the largest conveyance 
capacity, with relatively little overbank flow occurring through this reach. High velocities of 
10 to 15 ft/s also occur through the recently eroded left bank at the Old Cascade Highway 
and in the vicinity of the BNSF railroad bridge. Intense flows in this area are somewhat 
confirmed by the presence of enormous boulders (3 to 5 feet in diameter) that are imbricated 
(i.e., locked into a staked inclined position in response to shear stress from the flow), 
indicating that they are marginally mobile at least occasionally. 

The high velocities throughout the reach verify earlier qualitative conclusions that Miller River 
is an extremely energetic and dynamic river (Table 5). Based upon the model results above 
and geomorphic observations during the course of this study, it is likely that the existing 
revetments and Old Cascade Highway prism will eventually be eroded away given the 
velocities in Table 5. The results also indicate that the BNSF railway bridge is currently at risk 
to damage from these energetic flows, which indicate that velocities in excess of 10 feet per 
second at the abutments are possible in the largest events. This is consistent with observations 
that both abutments have lost large riprap in the recent past. With the road prism removed, 
either naturally or through deliberate action, there is significant risk to the railroad prism, 
which is unarmored, on the left bank of the river. Both this area and the causeway on the right 
bank exhibit smaller velocities in the existing conditions model. The piers of the causeway are 
armored and are at a much smaller risk of failure. However, it is important to point out that 
the model results are conditions as of 2011. The proposed actions described below would need 
to be modeled to determine the exact nature of the impacts from road removal (or any of the 
other alternatives described), though general information based upon the geomorphic analysis 
and an extrapolation of the model results is provided below. 
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Table 5. Hydraulic Model Results at Selected Key Locations. 

Location 

100-Year 10-Year 2-Year 

Depth 
(ft) 

Velocity 
(fps) 

Depth 
(ft) 

Velocity
(fps) 

Depth 
(ft) 

Velocity 
(fps) 

BNSF Bridge - Left Abutment 9.41 10.17 6.42 9.71 4.22 7.39 

BNSF Bridge - Right Abutment 10.39 10.98 7.52 10.81 5.57 8.66 

BNSF Bridge - Center 9.93 11.77 7.12 11.76 5.02 10.88 

Side Channel in Alternative 1 11.14 3.24 7.90 2.46 5.17 1.71 

Site of Erosion of Existing Road Fill at Left 
Bank New Avulsion Channel 

7.12 3.93 5.38 2.97 3.54 2.31 

Left Bank Pre-1996 Channel Inlet 8.84 6.44 8.99 4.69 1.80 2.22 

Pre-1996 Channel Outlet 6.87 5.58 4.85 3.89 1.88 1.53 

West End of Miller River Curve Revetment 7.69 5.01 5.77 4.65 2.07 2.94 

Miller River Gage Site 15.09 14.38 12.56 12.37 6.37 9.59 

Center of New Avulsion Channel 9.83 14.84 7.96 13.81 6.19 11.60 

Alluvial Fan Apex 14.98 15.38 12.67 13.47 6.41 10.78 

Center of Alluvial Fan 11.47 17.12 9.19 15.06 6.31 11.00 

Notes: 
Pre-1996 Channel refers to the large meander that borders the Miller River Curve Revetment that was the main 
channel prior to 1996 (Herrera 2009) 

The primary source of error to the hydraulic model is from the estimation of the flow rates 
for the return interval of the events themselves (see Hydrologic section for details). While the 
estimates provided in the Hydrologic section are much more sophisticated and accurate as 
compared to previous estimates, they possess several assumptions that may be invalid to 
varying degrees (i.e., that Miller River flow can be estimated from a subtraction of the Gold 
Bar gage flow rate from flows observed at Skykomish and estimated at Index), particularly 
for the larger events. The establishment of a rating curve at the Miller River gage, as well 
as a more lengthy stage record there should identify any errors in these assumptions. The 
hydraulic calculations, though only applicable in average over the 20-foot square area they 
occupy, should be relatively accurate. They are also qualitatively consistent with geomorphic 
changes seen from recent flood events. 

Proposed Actions 
The four separate restoration alternative actions laid out in Habitat Assessment are proposed 
with engineering cost estimates for each below (Figure 13). The alternatives could be 
implemented separately, in a phased manner or completed simultaneously. Those alternatives 
that must mitigate geomorphic hazards to ensure their implementation do so by utilizing 
existing materials on site to protect adjacent flood-prone areas. Reuse of rock is assumed 
for the more extensive alternatives that could increase geomorphic hazards to existing 
infrastructure. While there would be more habitat benefit if the rock were removed from 
the alluvial fan entirely, it is assumed for the purposes of this analysis that the railroad will 
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maintained at all costs (i.e., it will be protected with some form of armoring regardless 
of the risk to it). Alternative costs include construction work (mobilization, survey, TESC, 
clearing and grubbing, riprap removal and replacement, and site clean-up), design work 
(site investigation, hydraulic modeling, design development, and permitting), tax, and 
a contingency of 50 percent (Appendix 1). The alternative costs also include consultant 
assistance for the preparation of a JARPA, a SEPA checklist, a critical areas report, a cultural 
resources analysis, and ESA consultation assistance. A brief discussion of the constraints and 
benefits to each alternative action is also included below. 

Alternative 1 Restoration Actions 
Alternative 1 restoration actions are focused on the lowest portion of the project area, just 
upstream of the Miller River’s confluence with the SF Skykomish, within the bounds of the 
former monastery. The Alternative 1 actions involve removing several remnant water-control 
structures at the monastery that will not be removed in the near future by the County. 
The demolition work of the residential structures, their foundations and any above-ground 
utilities at the monastery will be removed shortly and are not part of this analysis. Design 
and construction costs associated with the proposed Alternative 1 work are estimated at 
$372,680. 

Alternative Benefits (Outcomes) 
The benefits of this alternative are the improved connection between the water features 
on the monastery property and the Miller River, including Spree Creek. The net result is 
an expansion of floodplain habitat by about 2 acres. While these water features were not 
necessarily formed naturally (i.e., they were excavated by people), they should provide 
quality off-channel habitat over time as existing vegetation conditions are relatively good 
(see Habitat Assessment for details). 

Alternatives Constraints (Potential Impacts) 
There are relatively few constraints on this alternative. Since only historical riprap and fill 
be removed, discovery of cultural resources during construction is not an issue. Since removal 
is just placed rock, hazardous materials are also not an issue, though it may be helpful to 
determine if wood lagging in the dams has been treated with creosote. Since the structures 
were put in place primarily for aesthetic and access purposes there is no increase in 
geomorphic hazards, particularly if the roadway and the Curve revetment will remain in 
place. 

Alternative 2 Restoration Actions 
The Alternative 2 actions involve removing the existing fill and riprap associated with the Old 
Cascade Highway and Bridge abutments (approximately 2,000 cubic yards of riprap and almost 
25,000 cubic yards of fill), and placing the riprap along 650 feet on the upstream side of the 
currently unarmored railroad embankment on the Miller River left bank that is at current risk 
to failure. Design and construction costs associated with the proposed Alternative 2 work is  
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estimated at $1,408,325. The cost estimate includes removal of road fill, but does include 
disposal of asphalt or the bridge itself. 

Alternative Benefits (Outcomes) 
The benefits of this alternative are probably the largest of any single alternative. 
Approximately 11 acres of disconnected floodplain and 1,700 linear feet of side channels 
will be reconnected if this alternative is implemented. There will also be an improvement 
of aquatic habitat complexity and quality in 200 linear feet of the main channel complex 
(Figure 13). Over time, it is likely that one of the disconnected side channels may eventually 
become the new thalweg. This would allow the avulsion channel and the former main channel 
to aggrade, revegetate and become ecologically productive side channels. In short, habitat on 
the fan would be expanded greatly if the road were to be removed. 

Alternatives Constraints (Potential Impacts) 
The road has and will continue to protect the railway so long it is in place, though there 
is clear evidence that it has been and will continue to be gradually lost due to natural 
processes. The railway prism west of the existing Miller River main channel crossing is not 
armored. The model results imply high velocities (in excess of 10 feet per second), which is 
corroborated by observed significant geomorphic changes following recent high flows in the 
vicinity of the left bank railway bridge abutment. 

There is a greater potential for encountering hazardous or culturally significant materials 
than any of the other alternatives. The road has been in place in some form for nearly 
100 years and it may have been located at a historical Native American crossing point. 
The bridge is relatively newer than the road itself, so there may be old creosote-treated 
wooden abutments from the original bridge buried in the road prism. The bridge itself is also 
potentially a cultural resource and the extent to which the abutments would be included in 
that determination is unknown. 

Alternative 3 Restoration Actions 
Alternative 3 restoration actions address the middle and left bank portions of the project 
area. The Alternative 3 actions involve removing approximately 3,400 cubic yards of existing 
riprap and 48,100 cubic yards of fill that is on the Miller River Curve revetment, and placing 
that riprap on the east side of the Miller River Road prism. Design and construction costs 
associated with the proposed Zone 3 work are estimated at $2,885,510. 

Alternative Benefits (Outcomes) 
The benefits of this alternative are significant. The alternative would reconnect 5.5 acres of 
disconnected floodplain and approximately 1,000 linear feet of side channels. It would also 
improve of aquatic habitat complexity and quality in 50 linear feet of the existing main stem. 
Removing this revetment would reengage these channels, even without removing road (i.e., 
Alternative 2), though implementing Alternative 2 would improve the performance of this 
alternative. 
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Alternative Constraints (Potential Impacts) 
The Curve Revetment serves as secondary flood protection to the railway, though its impacts 
to the railway are mixed. The removal of the revetment would increase the probability of a 
channel forming that would directly impact the unarmored railway prism. However, removing 
the revetment would reduce the risk of debris flow from reaching the railway by engaging the 
full modern fan. Removal may also reduce flood elevations at the bridge itself.

Because the construction itself would be removing relatively recent placed fill (though the 
date of placement is uncertain) only, the probability of encountering cultural resources or 
hazardous materials is small. 

Alternative 4 Restoration Actions 
Alternative 4 actions involve removing 150 lineal feet of the existing riprap and fill that is the 
Miler River Road revetment that is currently being eroded by the river and blocking a former 
side channel. The wasted rock would be used to construct a 350-foot long setback revetment 
in order to protect communities and property on the left bank and the roadway. Design and 
construction costs associated with this work are estimated at $2,630,320. This alternative 
does not include acquisition of the privately held parcels along the east side of Miller River 
Road. Acquisition of these properties might result in minor construction cost savings because 
the rock acquired from the removal of the Miller River Road revetment could then be end-
dumped along Miller River Road rather than placed in a new levee. Moving the rock to the 
road also might reengage a set of former side-channels that run through these properties. 

Alternative Benefits (Outcomes) 
The benefits of this alternative would be to reengage a set of side channels at the extreme 
west edge of the modern Miller River fan. These side channels have mature native vegetation 
along them, as well as hyporheic input. Some (but not all) of this area is already developed. 
Therefore acquiring these developed properties and including them in the alternative (rather 
than protecting them floodwaters) would increase the performance of this alternative. 

Alternative Constraints (Potential Impacts) 
The primary impact of removing the downstream portion of the Miller River Road Revetment 
is the reactivation of the side channel that runs along the road. This side channel network 
would not endanger the developed parcels on the east side of Miller River Road, but it would 
endanger the developed properties on the east side of the road and the road itself. These 
impacts could be mitigated if some of the rock removed is wasted alongside the road and 
in the connection between the side channel and the properties in question. Because the 
construction itself would be removing relatively recent placed fill (though the date of 
placement is uncertain) only, the probability of encountering cultural resources or hazardous 
materials is small. 
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SSUMMARY OF FINDINGS 
The following statements can be made based upon the results of the analysis discussed 
herein: 

 There are numerous opportunities to improve aquatic habitat conditions on the Miller 
River fan. If implemented, these improvements would benefit fish and wildlife species 
in the lower Miller River as well as in the South Fork Skykomish River. 

 Most of the opportunities involve removing existing revetments and using the materials 
acquired in that process to protect remaining infrastructure on the alluvial fan. 

 The largest opportunities are most easily lumped into three phases: 

1. Remove the roadway and use remaining rock to protect the BNSF railroad. 

2. Remove the Miller Curve Revetment. 

3. Remove portions of the Miller River Road revetment and protect the remaining 
private homeowners on the alluvial fan, if necessary. 

 The alluvial fan is completely inundated between Miller River Road and Martin 
Marietta rock quarry in the 100-year event. Even the 2-year event inundates most side 
channels in existing conditions. 

 Velocities are extremely high throughout the alluvial fan during the largest flood 
events, validating the known high degree of geomorphic hazard on the alluvial fan. 






