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Stop 1.  Bastendorff Beach 

Figure 1‐1. Navigation 

Leaving OIMB, our first stop is Bastendorff Beach, a short drive over Coos Head.  

Oregon Beach dynamics 

The Oregon Coast is highly active, with one of the most energetic wave climates (Figure 1‐2) in the world, and all of that 

energy pushes a lot of sand around.  We all learned about longshore drift in Geo 101, but the pattern in Oregon is 

fundamentally different.  Oregon’s coast is broken into a series of “pocket beach” littoral cells, long stretches of dune or 

bluff‐backed beach bounded by rocky headlands that extend into water that is deep enough to block sediment transport 

around the ends of the headlands.  There are also large differences in the direction and energy of summer versus winter 

waves (Figure 1‐3); highly energetic winter waves erode the beaches and move sand offshore to form sand bars, while 

gentler summer waves restore the sand to the beaches.  Within each cell, sand also moves north or south depending on 

the prevailing wave directions and in response to climate events such as El Nino’s.  Here at Bastendorf beach we see 

evidence for this intra‐cell movement in the form of dramatic accretion of the beach since the construction of the south 

jetty in the early 1900’s.  The beach rapidly accreted (Figure 1‐3) until about 1967, and has reached some state of 

equilibrium since then.  The abandoned sea cliff is now hidden behind the forest of shore pines, but is clearly visible on 

lidar.  Also typical of the Oregon Coast, the backshore at Bastendorf beach has been rapidly and effectively stabilized by 
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European dune grass, a non‐native species that have substantially changed dune characteristics in the last century.  

Figure 1‐2. Top: Wave heights on the US west coast.  Bottom: Winter vs summer wave directions offshore from the 

central Oregon coast. Colored scale indicates the wave height in meters. 

The introduction of European beach grass, (Ammophila arenaria) in the early 1900s for the purposes of dune 

stabilization and its eventual proliferation along the coast, has without doubt single‐handedly transformed the character 

of the coast, particularly since the late 1930s. For example, the first state‐wide aerial photographic survey of the coast in 

1939 clearly shows that the majority of the dunes and barrier spits on the coast were completely devoid of vegetation.  

At that time, the expanse of low lying hummocky dunes allowed sand to be transported significant distances inland, 

where the dunes piled up against marine terraces where present, or inundated forest communities. With the 

introduction of European beach grass, particularly in the late 1960s and early 1970s when extensive dune planting 

programs took place, the dunes and barrier spits have subsequently become stabilized, building foredunes that now 

range in height from 10‐ 16 m.  
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Figure 1‐3.  Historic shorelines at Bastendorf Beach, photo is from 1939. 

Periodic extreme storms, such as occur during El Nino or La Nina events can cause dramatic erosion within littoral cells, 

and in some cases appear to actually move sand out of the cell, or into water so deep that summer waves cannot return 

it.  Understanding beach erosion and dynamics therefore requires detailed quantitative data, so that one can begin to 

sort out the cyclic changes from the permanent changes.   Jonathan Allan, DOGAMI’s coastal geomorphologist, has 

pioneered this effort, using serial lidar and repeat RTK‐GPS surveys to track beach changes.  There are several iterations 

of coastal lidar currently available, and although the earlier data are much lower resolution and accuracy that current 

Oregon Lidar Consortium data, they are sufficiently accurate in the relatively flat and well‐exposed beach areas to allow 

for quantitative comparison.  However, beach changes take place at far shorter intervals than the time between lidar 

flights, and weather precludes lidar collection during most of the winter, when changes are greatest.  To get around this, 

Jon has established a series of monitoring profiles up and down the coast where he does repeat RTK‐GPS surveys with 

sufficient accuracy to detect changes in elevation of 4‐5 cm, a small fraction of the typical 1‐3m seasonal change in 

beach elevation. 
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Figure 1‐4.  RTK‐GPS beach profiling and location of transects at Bastendorf Beach. Data for these sites and many others 

are available at: http://www.nanoos.org/nvs/nvs.php?section=NVS‐Products‐Beaches‐Mapping. 

Figure 1‐5:  The Coos 2 profile site indicating the generally low backshore elevations that suggest that 
the beach probably prograded rapidly seaward following jetty construction, while the high 
contemporary foredune indicates that the shoreline has stabilized. 

For those interested in rocks, the shoreline behind the beach is composed of a sequence of steeply E‐dipping Eocene 

and Oligocene marine sedimentary rocks, overlain just at our stop by Miocene marine mudstone with a significant 

angular unconformity. 
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Stop 2:  Shore Acres State Park 

Figure 2‐1. Navigation  

Leaving Bastendorf Beach, Stop 2 at Shore Acres State Park is a short drive down the Cape Arago Highway. There is a $5 

per car day use/entry fee required at Shore Acres. 

 Shore Acres is an iconic bit of Oregon coastal scenery.  Thick sandstone beds of the lower Coaledo Formation dip 

moderately inland, forming beautifully sculpted ramparts against which huge waves crash (Figure 2‐2). The broad flat 

surface on which the park is located is the lowest of a well‐defined sequence of marine terraces that are present in the 

Coos Head‐Cape Arago region.  As we all remember from Geomorph 101, marine terraces form during times of stable or 

slowly rising sea level, as waves erode the shoreline, carving a submarine wave‐cut platform as erosion progesses inland.  

The platforms end at the paleo‐sea cliff commonly referred to as the shoreline angle or  backedge, and are covered with 

nearshore marine sediments of varying thickness.  As sea level cycled during the Pleistocene, tectonically rising coasts 

preserved a stair step sequence of terraces like those we see here.  These terraces were dated by McInelly and Kelsey 

(1990) and then mapped in detail by Madin, McInelly and Kelsey (1995).  The terraces are: 

 Whisky Run (80 ka, Stage 5a)

 Pioneer (105 ka, Stage 5c )

 Seven Devils (125 ka   Stage 5 d or e?  )

 Metcalf (200‐250 ka, Stage 7)
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An older Arago terrace may or may not exist.  On the lidar image (Figure 2‐3) we can clearly see the flat Whisky Run 

surface (Qwr, generally violet and blue elevation colors) and its well‐defined backedge, the Pioneer Terrace ( pale blue 

elevation tint) is quite dissected with little of the backedge preserved, as is the Seven Devils  terrace (yellow elevation 

Figure 2‐2. Shore Acres Park, note people for scale. 

tint), and the Metcalf terrace (brick red elevation tint) is even more deeply eroded (and tilted)  and is largely preserved 

capping ridges  

 We are standing on the Whiskey Run terrace and all along the edge of the modern sea cliff you can see the exposed 

wave cut platform and the very thin terrace cover sediments.  The marine terraces are rapidly formed planar surfaces 

that define sea level at a particular stage, so they are excellent markers for tectonic deformation. Figures 2‐3 and 2‐4 

show a cross section of deformation through this area, as well as calculated uplift rates for the various terraces. Care 

must be taken to work with the wave‐cut platform, not the terrace surface, because the thickness of the terrace cover 

sediments varies widely.  
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Figure 2‐4. Deformation of Whisky Run terrace between Cape Arago and Coos Head 

Figure 2‐5. Measured deformation rates for terraces between Cape Arago and Coos Head. 

Note also that the offshore rocks here very clearly define the structure of the steeply dipping and folded marine strata. 

All along this stretch of coast, the geologic structure has a strong influence on the shape of the coastline, for instance 

Sunset Bay has formed where a series of scissor faults perpendicular to the bedding have weakened the resistant 

sandstone rips enough to allow wave erosion to penetrate inland and then spread where it encounters mudstone and 

siltstone. 

Figure 2‐6 shows a 2ft contour map of the Shore Acres area and the paleo sea cliff behind it. There are two large alluvial 

fans that emanate from very small gullies in the sea cliff, and are built out onto the Whisky Run terrace surface.  George 

Priest from the DOGAMI Newport field office has been mapping the Oregon coast in detail for years, and he sees 

evidence that Western Oregon endured a much colder and wetter climate than today from shortly after the last high sea 

stand ~80,000 years ago until ~10,000 years ago. During much of this period sea level was ~200‐400 feet lower than 

today with annual rainfall probably approaching that of southeast Alaska, hundreds of inches per year. Cascadia 

subduction zone earthquakes shook the region about every 500 years, sometimes occurring during winter when slopes 
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were least stable. As a result, numerous deep bedrock slides and debris flows covered most steep slopes. These old 

landslides and colluvial deposits now form a more or less continuous, semi‐consolidated deposit in many areas. These 

unusual fans may be the result of that extremely wet and active period. 

Finally, here is an opportunity to make a point about using lidar for geologic maps, and I can beat up on this map 

because it is mine (from 17 years ago). Compared to the lidar geomorphology, a few of the contacts in Figure 2‐3 are 

pretty good, but most are off by tens of meters or more.  I also completely missed the obvious extension of the Whisky 

Run terrace and backedge to the east of the fault that extends under Bastendorf Beach, and completely missed the 

landslide at the back of the beach, as well as two additional faults crossing the Whisky Run terrace near Sunset Bay.  The 

moral of the story is that if you are making a geologic map, get lidar first, so future generations don’t make fun of your 

work in field trip guides. 

Figure 2‐6. 2 ft lidar contours on color elevation gradient and slopeshade at Shore Acres State Park. 
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Stop 3: Seven Devils Road 

Figure 3‐1. Navigation  

From Shore Acres to stop 3 is about a half hour drive. We retrace our steps to Charleston then climb quickly up through 

the marine terrace sequence to get on top of a series of ridges that separate South Slough from the Pacific.  These ridges 

(Figure 3‐2) are all capped with Metcalf terrace, which appears as bleached or iron‐stained weakly cemented sand.  The 

ridges are all strike ridges held up by the same steeply E‐dipping marine strata we saw at Bastendorf beach, with valleys 

occupying the mudstone intervals. South Slough was long believed to occupy the axis of a large N‐trending syncline, but 

more recent geologic mapping, coupled with gas‐exploration seismic shows that in fact there is a thrust fault up the 

Slough, and our route along Seven Devils road is actually on the anticline formed on the upper plate of the thrust sheet. 
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Figure 3‐2. Topography along Seven Devils Road. 

We turn off the pavement and descend the steep and winding section of Seven Devils road, drive carefully. Everyone but 

the driver can gawk at the excellent road cut exposures of lower Coaledo Formation sandstone. You may also be able to 

see the Metcalf wave‐cut platform just as we start down; the Metcalf cover sediments here are quite thin. 

We will descend to the Seven Devils Terrace and drive across it, stopping just where we start to descend again to look at 

good exposures of the Seven Devils wave cut platform. Here the platform is cut in lower Coaledo, which is a nearshore 
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sandstone, and the marine terraces are nearshore sands as well. Both are quite leached or stained with iron and 

weathered, and it can be very difficult to tell the Eocene from the Pleistocene. 

Stop 4:  Whisky Run 

Stop 4 is a 15 minute drive from stop 3. En route we 

will pass the Seven Devils wayside where there are 

restrooms if needed. We will proceed to the Whiskey 

Run beach parking lot. About 900 meters after we 

turn west on Whisky Run road, we will descend across 

a scarp about 20 meters high.  This has been mapped 

in the past as the backedge to the Whisky Run terrace, 

making the upper surface the Pioneer terrace. We will 

focus on the scarp at this stop, but lack of good 

parking and sufficient shoulder (and the lure of the 

sunny beach!) means that we will discuss it down at 

the parking lot. McNally and Kelsey (1990) mapped 

this scarp as the Whiskey Run backedge, and the high 

surface to the east as the Pioneer Anticline, an area of 

warped Pioneer terrace surface, and the Pioneer 

anticline is actually a seismic source in the USGS 

NSHM model, with a slip rate of 0.2 to 1mm/year.  

This scarp is unusually straight and sharp for a 

Whiskey Run backedge, but the orientation and scale 

are certainly consistent. I propose new high resolution 

nearshore bathymetry provides evidence that ths 

feature is in fact a fault scarp.  Figure 4‐3 shows 

recently acquired offshore data along with the lidar, and there is a strong linear fature in the submarine bedrock that is 

excatly on strike with the scarp.  The lidar also shows evidence that the scarp divides and steps  (Figure 4‐4) right, 

developing a small graben just before it goes offshore, which is not behavior consistent with a sea cliff. 

If we take a wider look, the lidar reveals several other even more convincing fault scarps (Figure 4‐5) in the marine 

terrace surface, two of which cannot be backedges because they face landward. Although many of these scarps are 

quite large, they are cutting a surface that is 80‐105 ka in age, so their slip rates are modest.  Given the proximity to the 

subduction zone, there is a question as to whether these faults have an independent seismogenic movement, or simple 

slip sporadically with subduction events. 

This is not the first evidence for active faulting in the area. Back in the early 1990’s, Mark Hemphill‐Haley and I trenched 

an 8 m high scarp in the Seven Devils or Metcalf terrace on the Winchester Fault, located at the south end of South 

Slough (Figure 3‐2). We found a beautiful west dipping fault (Figure 4‐6) that thrusts Coaledo formation over the marine 

terrace cover sediments and soils.  The wave cut platform is drag‐folded on the upper plate, standing vertical,  then 

overturning into the fault plane, dragging beach lag boulders on the platform with it. Three separate colluvial wedges 

suggest at least two earthquakes, but radiocarbon samples from all but the youngest unfaulted colluvium were carbon 

dead. 
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McInelly and Kelsey defined the Pioneer Anticline using the water wells that they could locate in the later 1980’s to 

define the elevation of the wave cut platform.  Development over the last few years has greatly increased the number of 

wells in the area, and offers an opportunity to revisit this problem with better data 

Figure 4‐2. Whiskey Run backedge/fault? 
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Figure  4‐3. Lidar and high‐res bathymetry 

Figure 4‐4.  Detail of Whiskey Run backedge/scarp 
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Finally, a note about Whiskey Run.  The name originated during the local gold rush in the late 1800’s, when miners 

worked some placers in the marine terrace.  Today, these same black sand placer deposits are being mined from the 

Seven Devils terrace just west of Whiskey Run by Oregon Resources Corporation.  The primary product of the mine is 

refractory chromite for casting, but the black sands also contain ilmenite, garnet and minor gold and platinum.  These 

minerals are absent in the local marine sedimentary rock, and are derived from the Jurassic accreted terrains to the 

south and southeast of here. 

. 

Figure 4‐5. Scarps on the Pioneer Anticline 
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Figure  

4‐6. Winchester Fault trench log. 



4  Oregon Department of Geology and Mineral Industries Open-File Report O-15-04

Geologic Map of the Southern Oregon Coast between Bandon, Coquille, and Sunset Bay, Coos County, Oregon

GEOGRAPHIC AND GEOLOGIC SETTING

The coastal region of central Coos County, Oregon, is typi-
cally rugged, with a 1- to 4-km-wide (0.6 to 2.5 mi), wave-
cut coastal bench that transitions abruptly into deeply 
incised, upland topography of uplifted marine terraces that 
ramp onto the Oregon Coast Range to the east. Topograph-
ic relief is moderate, ranging from sea-level to numerous 
ridges and mountains including, from south to north, Bill 
Peak (460 m [1,510 ft]), Grigsby Rock (412 m [1,352 ft]), 
Lampa Mountain (240 m [787 ft]), Schuck Mountain (293 
m [962 ft]), Budd Mountain (136 m [447 ft]), Noble Hill 
(261 m [855 ft]), and Arago Peak (225 m [736 ft]) (Figure 
1; map plates [note that elevations shown on map plates 
are lidar derived]). The Coast Range is drained in the map 
area by a number of west-flowing streams. Major stream 
drainages include Bear Creek, the Coquille River, Cunning-
ham Creek, Beaver Creek, Sevenmile Creek, Whiskey Run, 
Twomile Creek, Threemile Creek, and Fivemile Creek. The 
rugged coastal relief is accompanied by a wet maritime cli-
mate (precipitation is ~188 cm/year [74 in/year]) and dense 
vegetation. Due to steep topography and thick, impenetra-
ble forests, good outcrops of unaltered rock are generally 
limited to sea stacks, coastal bluffs, stream bottoms, road-
cuts, and areas of active logging.

Bedrock geology along the central Coos County coast 
is composed of two complexly folded and faulted tec-
tonostratigraphic terranes, the Sixes River and Siletz ter-
ranes, and a less deformed clastic overlap sequence. The 
two terranes record a history of oceanic and continental 
margin sedimentation, magmatism, and terrane accretion 
from the Late Jurassic into the Eocene (Dott, 1971; Roure 
and Blanchett, 1983; Blake and others, 1985; Diller, 1896, 
1901, 1903). These terranes are now situated inboard of 
the active Cascadia subduction zone, where oceanic crust 
is presently being obliquely subducted beneath the North 
American continental plate (Figure 3). Jurassic to Eocene 
aged sedimentary rocks and mélange (Hsü, 1968; Silver and 
Beutner, 1980; Cowan, 1985; Festa and others, 2010, 2012; 
Raymond, 1984) of the Sixes River terrane are in fault con-
tact with Paleogene volcanic and sedimentary rocks of the 
Siletz terrane. South and east of the study area these two 
terranes are faulted against terranes of the Klamath Moun-
tains province along the Canyonville fault to the south 
and unnamed thrust faults to the east. South of the Siletz 
terrane, six discrete terranes underlie the coastal area of 
southwestern Oregon (Blake and others, 1985) (Figure 4), 
all of which are separated by major faults or fault zones. 
Several of these fault zones are low-angle thrusts, so that 
the terrane assemblage represents stacks of subhorizontal 

nappes. In addition to the Siletz and Sixes River terranes of 
the study area, terranes assembled nearby include the Gold 
Beach, Pickett Peak, Western Klamath (Elk subterrane), 
Snow Camp, and Yolla Bolly terranes (Blake and others, 
1985; Giaramita and Harper, 2006). The terranes that lie 
south of the Canyonville fault are unconformably overlain 
by less deformed Upper Cretaceous and younger sedimen-
tary sequences that constrain the minimum ages for ter-
rane amalgamation. 
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Channel Change and Bed-Material Transport in the 
Umpqua River Basin, Oregon 

By J. Rose Wallick, Jim E. O’Connor, Scott Anderson, Mackenzie Keith, Charles Cannon, and John C. Risley

Abstract
The Umpqua River drains 12,103 square kilometers 

of western Oregon; with headwaters in the Cascade Range, 
the river flows through portions of the Klamath Mountains 
and Oregon Coast Range before entering the Pacific Ocean. 
Above the head of tide, the Umpqua River, along with its 
major tributaries, the North and South Umpqua Rivers, flows 
on a mixed bedrock and alluvium bed, alternating between 
bedrock rapids and intermittent, shallow gravel bars composed 
of gravel to cobble-sized clasts. These bars have been a source 
of commercial aggregate since the mid-twentieth century. 
Below the head of tide, the Umpqua River contains large bars 
composed of mud and sand. 

Motivated by ongoing permitting and aquatic habitat 
concerns related to in-stream gravel mining on the fluvial 
reaches, this study evaluated spatial and temporal trends in 
channel change and bed-material transport for 350 kilometers 
of river channel along the Umpqua, North Umpqua, and 
South Umpqua Rivers. The assessment produced (1) detailed 
mapping of the active channel, using aerial photographs 
and repeat surveys, and (2) a quantitative estimation of 
bed-material flux that drew upon detailed measurements of 
particle size and lithology, equations of transport capacity, and 
a sediment yield analysis.

Bed-material transport capacity estimates at 45 sites 
throughout the South Umpqua and main stem Umpqua 
Rivers for the period 1951–2008 result in wide-ranging 
transport capacity estimates, reflecting the difficulty of 
applying equations of bed-material transport to a supply-
limited river. Median transport capacity values calculated 
from surface-based equations of bedload transport for each of 
the study reaches provide indications of maximum possible 
transport rates and range from 8,000 to 27,000 metric tons 
per year (tons/yr) for the South Umpqua River and 20,000 
to 82,000 metric tons/yr for the main stem Umpqua River 
upstream of the head of tide; the North Umpqua River 
probably contributes little bed material. A plausible range of 
average annual transport rates for the South and main stem 
Umpqua Rivers, based on bedload transport capacity estimates 
for bars with reasonable values for reference shear stress, is 
between 500 and 20,000 metric tons/yr. 

An empirical bed-material yield analysis predicts 
20,000–50,000 metric tons/yr on the South Umpqua River and 
main stem Umpqua River through the Oregon Coast Range, 
decreasing to approximately 30,000 metric tons/yr at the 
head of tide. Surveys of individual mining sites in the South 
Umpqua River indicate minimum local bed-material flux rates 
that are typically less than 10,000 metric tons/yr but range up 
to 30,600 metric tons/yr in high-flow years. 

On the basis of all of these analyses, actual bedload flux 
in most years is probably less than 25,000 metric tons/yr in the 
South Umpqua and main stem Umpqua Rivers, with the North 
Umpqua River probably contributing negligible amounts. 
For comparison, the estimated annual volume of commercial 
gravel extraction from the South Umpqua River between 2001 
and 2004 ranged from 610 to 36,570 metric tons, indicating 
that historical in-stream gravel extraction may have been a 
substantial fraction of the overall bedload flux. 

Introduction 
The Umpqua River drains 12,103 km2 of western Oregon 

before entering the Pacific Ocean at Winchester Bay near the 
town of Reedsport (fig. 1). For much of its length, the Umpqua 
River and its two main tributaries, the North Umpqua and 
South Umpqua Rivers, flow on a bed alternating between 
bedrock and coarse alluvium, locally flanked by gravel 
bars and sandy flood-plain deposits (fig. 2). The lowermost 
40 km of the Umpqua River is tidally affected, where the low 
gradient river flows over a sand and gravel bottom flanked by 
muddy tidal flats and flood-plain deposits.

For the last several decades, some of these gravel 
bars and in-stream alluvial deposits, particularly along the 
South Umpqua River and main stem Umpqua River, have 
been mined for aggregate. Ongoing permitting actions have 
instigated questions of possible effects from such mining and 
other land-use activities on physical channel conditions (for 
example, Kondolf, 1994, 1997), prompting the U.S. Army 
Corps of Engineers (USACE), in conjunction with regulatory 
agencies and stakeholder groups, to request from the U.S. 
Geological Survey (USGS) an assessment of bed-material 
transport and changes in channel and gravel-bar conditions for 
the Umpqua River and alluvial reaches of the North and South 
Umpqua Rivers. This study incorporates and supersedes a 
2009 reconnaissance study (O’Connor and others, 2009). 
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Figure 2. Gravel bars and bedrock outcrops in the Umpqua River, Oregon. Descriptions include flood-plain kilometer (FPKM) 
and North Umpqua River flood-plain kilometer (NUFPKM).
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Purpose and Scope

This report summarizes temporal trends of channel and 
gravel-bar area and provides estimates of sediment flux and 
sediment yield, with the goal of estimating temporal and 
spatial trends in bedload transport, deposition, and erosion 
in the main stem Umpqua River, as well as the semi-alluvial 
portions of the North Umpqua and South Umpqua Rivers. 
These analyses were based on mapping of the channel and 
flood plains from historical and current aerial photographs, 
sampling of bed-material size distributions, survey records 
from aggregate mining operations, sediment yield estimates 
derived from regional analyses, and site-specific sediment 
transport modeling. The detailed channel maps developed in 
this study can also be used in future analyses to detect changes 
in planform and bar morphology that may arise due to changes 
in sediment balances and transport. The scope of the study 
follows a process established in the State of Oregon to address 
permitting issues for in-channel gravel extraction.

Background

The natural resources of the Umpqua River basin are 
numerous, ranging from highly productive Douglas-fir forests 
in the upper basin, to ranches along the low-lying valleys, 
to coastal fisheries at its mouth. The basin also provides 
diverse habitats for aquatic and riparian species and supports 
populations of steelhead, coho salmon, and Chinook salmon, 
as well as Pacific lamprey and cutthroat trout (Geyer, 2003 
a–d). Issues of fish habitat, water quality, and changing 
land-use laws, similar to other basins in the Western United 
States, have motivated new efforts to manage the Umpqua 
River and its tributaries for multiple resources.

In Oregon, rivers potentially subject to in-channel 
gravel extraction undergo a two-phase process of review and 
assessment by an interagency team co-chaired by the USACE 
and the Oregon Department of State Lands. The first phase 
is a preliminary assessment of “vertical stability” primarily 
based on available information. If Phase I analysis shows no 
clear evidence of adverse channel or flood-plain conditions, a 
Phase II analysis may be initiated to provide more information 
relevant to permitting decisions. For the Umpqua River, the 
Phase I assessment was completed by the USGS in 2009 
(O’Connor and others, 2009). Among the findings from this 
preliminary assessment of gravel transport and historical 
changes to channel conditions was that the Umpqua River 
was in a “long-term (over time scales of thousands of years) 
state of incision” and that the extensive presence of in-channel 
bedrock indicated that the main stem Umpqua River was 
historically, and presently is, sediment supply limited—
meaning that the transport capacity of the channel (the amount 
of sediment the channel could, theoretically, transport given its 
geomorphic and hydrologic characteristics) probably exceeds 
the volume of sediment entering the river system. 

These findings prompted the interagency team to consider 
permitting of future in-stream gravel extraction subject to the 
completion of a more extensive Phase II analysis consisting of 
data acquisition and analysis aimed at:
1. Assessing planform changes to the Umpqua River, as well 

as the semi-alluvial portions of the North Umpqua and 
South Umpqua Rivers;

2. Determining spatial and temporal trends in bed-material 
flux; and

3. Evaluating linkages between sediment source areas in the 
upper basin and channel conditions along lower reaches 
of the main stem Umpqua River.

Locations and Reporting Units

Analyses and results are presented in SI (metric) units, 
except for bed-material flux values, which are presented in 
terms of mass in metric tons, which is equivalent to the SI unit 
megagram. Conversions to English units are provided in the 
report front matter. To convert between sediment mass and 
volume, we used an in situ bulk density value of 2.1 metric 
tons/m3 on the basis of measurements conducted by Milhous 
(2001) and reported in Bunte and Abt (2001).

Locations along the channel are referenced to river 
kilometers (RKM) measured along the channel centerline 
from the mouth of the Umpqua River and continuing upstream 
along the South Umpqua River, as mapped from orthoimagery 
acquired in summer 2005 by the National Agriculture 
Inventory Program (NAIP). These distances do not correspond 
exactly with river miles (RM) shown on current USGS 
quadrangle maps. Measured from the same orthoimagery, 
river kilometers for the North Umpqua River (NURKM) begin 
at the confluence of the North Umpqua and South Umpqua 
Rivers, and continue upstream along the centerline of the 
North Umpqua River. 

To avoid ambiguity due to channel shifting, locations 
and analyses for the study area are referenced to a flood-plain 
kilometer (FPKM) centerline, measured from the river mouth 
along the centerline of the Holocene flood plain upstream 
along the main stem Umpqua and South Umpqua Rivers 
(fig. 1). This flood-plain reference frame provides a static 
template from which to consider temporal changes in channel 
morphology and is not intended for use as a regulatory or 
flood-hazard tool. In 2005, approximately 179.5 km of river 
channel lay along 169 km of the main stem Umpqua River 
flood plain and 123.4 km of river channel were within 106 km 
of flood plain flanking the South Umpqua River. The North 
Umpqua flood-plain kilometer (NUFPKM) centerline begins 
at the mouth of the North Umpqua and extends 45 km along 
the North Umpqua River valley bottom, containing 47 km of 
river channel in 2005. 
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Prominent landmarks and locations along the main stem 
Umpqua River include the mouth of Umpqua River near 
Winchester Bay FPKM 0 (RKM 0), the head of tide near 
Scottsburg at FPKM 40 (RKM 44), and the confluence of the 
North Umpqua and South Umpqua Rivers FPKM 169 (RKM 
179.4). Major landmarks on the South Umpqua River include 
the city of Roseburg at FPKM 182 (RKM 197), and the mouth 
of Cow Creek at FPKM 230.9 (RKM 256). On the North 
Umpqua River, Winchester Dam is located at NUFPKM 10.2 
(NURKM 11.3). Numerous gravel bars are referenced in this 
report, some of which have place names derived from USGS 
topographic maps and gravel mining permits, whereas others 
were assigned informal names during this study using nearby 
place names.

The Umpqua River
The Umpqua River drains 12,103 km2 of western Oregon, 

heading in the Cascade Range and Klamath Mountains before 
traversing the Coast Range and entering the Pacific Ocean 
through Winchester Bay at Reedsport (fig. 1). The Umpqua 
River begins 179 km from its mouth at the confluence of the 

North and South Umpqua Rivers near the city of Roseburg. 
The main tributaries of the main stem Umpqua River and 
their drainage areas are the Smith River (961 km2), Elk Creek 
(756 km2), and the Calapooya Creek (637 km2) (figs. 1 and 3). 

The North Umpqua River drains 3,520 km2, with 
headwaters in the High Cascades. Major tributaries and 
their drainage areas include the Little River (533 km2) and 
Steamboat Creek (425 km2), both located upstream of the 
study area. The upper North Umpqua River is noteworthy for 
its scenery and native fish populations, with approximately 
55 km of the channel between Soda Springs Powerhouse and 
Rock Creek designated as a Wild and Scenic River. The South 
Umpqua River drains the northern Klamath Mountains and 
part of the Western Cascades. At its confluence with the North 
Umpqua River, the South Umpqua River has a drainage area 
of 4,665 km2. The main tributaries in the study area and their 
drainage areas are Lookingglass Creek (417 km2), Myrtle 
Creek (308 km2), Cow Creek (1,292 km2), and Jackson Creek 
(490 km2) (figs. 1 and 3). 

The Umpqua River basin contains two federally 
designated wilderness areas, the Boulder Creek Wilderness in 
the North Umpqua River subbasin, and the Rogue–Umpqua 
Divide Wilderness in the South Umpqua River subbasin. 
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6  Channel Change and Bed-Material Transport in the Umpqua River Basin, Oregon

Geography and Geology

The drainage basin is flanked to the north by the Siuslaw 
and Willamette River basins, to the east by the Deschutes 
and Klamath River drainages, and to the south by the Rogue 
and Coquille River basins. The basin has its headwaters in 
the Cascade Range, is bounded on the south by the Klamath 
Mountains, and transects the Coast Range before entering the 
Pacific Ocean (fig. 1). 

The Umpqua River basin can be divided into five 
distinctive geomorphic provinces (fig. 1), each of which has a 
unique physiography. The North Umpqua River originates in 
the predominantly low-relief High Cascades province, where 
highly permeable Pliocene and Quaternary lava flows result 
in low rates of surface-water runoff and sediment transport 
(Jefferson and others, 2010). 

Downstream of the High Cascades province, the North 
Umpqua River drains parts of the steeply dissected Western 
Cascades province, where the South Umpqua River has its 
headwaters. The weathered Tertiary volcanic rocks of the 
Western Cascades support higher rates of runoff and erosion 
than the High Cascades terrain, and mass wasting processes 
are a dominant mechanism of hillslope sediment production 
(Stillwater Sciences, 2000). 

Downstream of the Western Cascades province, the 
South Umpqua River enters the Klamath Mountains province 
near Tiller at FPKM 281. The rugged terrain of the Klamath 
Mountains is underlain by a Cretaceous and Jurassic 
accretionary complex composed of weakly to intensely 
metamorphosed sedimentary, volcanic, and intrusive igneous 
rocks, primarily of Early Cretaceous and Jurassic age (Ramp, 
1972; Wells and others, 2001). The Klamath Mountains are 
the source of several gravel-rich rivers in southern Oregon and 
northern California, including the Chetco and Smith Rivers 
(Wallick and others, 2010; MFG, Inc. and others, 2006). 

The South Umpqua River leaves the Klamath Mountains 
and enters the Paleocene and Eocene marine volcanic 
sedimentary rocks of the Coast Range province at about 
FPKM 200. Similarly, the North Umpqua River leaves the 
Western Cascades at NUFPKM 45 and enters the Coast Range 
province. Both rivers first flow through the predominantly 
volcanic rocks of the Siletz River Volcanics before entering 
the soft sandstones and siltstones of the Umpqua Group near 
their confluence at FPKM 170 (Wells and others, 2001). From 
there, the Umpqua River meanders northwestward for about 
20 km through Coles and Garden Valleys before bisecting 
the higher portion of the Coast Range within a narrow valley 

trending northwest for 145 km. For this stretch, the river 
follows large meanders primarily incised into soft marine 
sediment of the Tyee and Elkton Formations (Ramp, 1972). 
Approximately 16 km from its mouth, the lower Umpqua 
River exits the Coast Range and flows through a coastal plain 
to the Pacific Ocean.

The main stem Umpqua River is locally flanked by 
flood-plain and terrace deposits within its entrenched 
meandering course through the Coast Range (Personius, 
1993; Personius and others, 2003), reflecting episodes of river 
aggradation in conjunction with overall incision of the river 
during the Quaternary period. The youngest terrace, forming a 
surface 2–15 m above river level, is apparently associated with 
a period of enhanced gravel transport and channel aggradation 
about 10,000 years before present (Personius, 1993; Personius 
and others, 2003), although this surface is locally capped 
by younger deposits and probably was inundated by a large 
flood in December 1964. This episode of aggradation broadly 
correlates with aggradation of several Cascade Range rivers 
draining into the Willamette River valley (O’Connor and 
others, 2001; Wampler, 2004). Even higher surfaces are 
locally preserved, including some reaching 200 m above the 
present river level. One such surface at FPKM 70 is 41 m 
above present river level and has a thermoluminescence age of 
116 ± 20 thousand years ago (ka) (Personius, 1993; Personius 
and others, 2003), indicating a long-term valley incision rate 
of 0.3 to 0.4 mm/yr.

The lower Umpqua River valley, particularly along the 
lowermost 40 km, has been strongly affected by the 130 m of 
sea-level rise after the culmination of the last maximum glacial 
period 18,000 years ago. Along the Oregon coast, rising sea 
levels have flooded river valleys incised during low stands of 
sea level, creating estuaries now extending inland from the 
coast. This is the case for the Umpqua River, as well as for 
the Smith River, which joins the Umpqua River at FPKM 14 
and is tidally affected for its lower 40 km (Personius, 1993). 
With the onset of sea-level rise, and especially during the 
last 2,000 years of relatively stable sea level, these estuarine 
reaches have been filling with fluvial sediment (Komar, 1997, 
p. 30–32), but for rivers such as the Umpqua and Smith 
Rivers, the low gradient (fig. 3) and far upstream propagation 
of tidal influence indicates that the sediment supply has not 
matched Holocene sea-level rise and that these rivers have 
not yet attained a graded profile to the coast. Because of the 
low gradients in the downstream reaches of the Umpqua and 
Smith Rivers, coarse bed material probably is not transported 
through these reaches to the Pacific Ocean.
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Hydrology

Information on basin hydrology derives from USGS 
streamflow-measurement records in the basin extending 
discontinuously back to 1905. Many of these data are available 
from the USGS (U.S. Geological Survey, 2010b), with some 
synthesis provided by Jones and Stearns (1930). The mean 
annual flow of the Umpqua River near Elkton at FPKM 84.7 
for 1955–2004 is 210 m3/s, which closely corresponds to 
the combined mean flows for the North Umpqua River at 
Winchester (NUFPKM 2.5; 106 m3/s), and the South Umpqua 
River near Brockway (FPKM 195.3, 78 m3/s) for the same 
period (fig. 4, table 1). Despite a contributing area 25 percent 
smaller than the South Umpqua River, the North Umpqua 
River supplies more than 50 percent of the water at Elkton 
(compared to 37 percent provided by the South Umpqua 
River), primarily because of a greater area of high-elevation 
terrain subject to orographically enhanced precipitation (fig. 1, 
table 1). This high terrain, associated with Quaternary volcanic 
rocks of the High Cascades province, also explains the much 
lower intra-annual flow variability of the North Umpqua 
River, where the mean January flow is only 6.7 times that of 
August. By contrast, the mean January flow for the South 
Umpqua River is 57 times greater than the mean August flow. 
The young volcanic uplands of the North Umpqua River 
headwaters have poorly integrated surface drainage networks 
and host large-volume groundwater systems, resulting in 
attenuated surface runoff and large spring complexes that 
maintain relatively high and steady summer flows. By 
contrast, the more dissected and older rocks of the Western 
Cascades and Klamath Mountains terrains underlying much 
of the South Umpqua River headwaters generate flows that 
more quickly respond to episodes of precipitation and drought 
(Jones and Stearns, 1930). 

Peak flows in the Umpqua River basin typically derive 
from winter frontal systems, with the largest flows resulting 
from regional rain-on-snow events. The peak of record for 
the South Umpqua, North Umpqua, and main stem Umpqua 
Rivers was in late December 1964, when 7,505 m3/s was 
reported for the main stem near Elkton, and 4,250 and 
3,540 m3/s were reported for the North Umpqua River 
at Winchester and South Umpqua River near Brockway, 
respectively (table 1). The December 1964 flood probably was 
the largest since the rain-on-snow flood of 1861. The 2-year 
recurrence-interval flow is about 1,256 m3/s for the North 
Umpqua River near Winchester, 1,292 m3/s for the South 
Umpqua River at Brockway, and 2,660 m3/s for the main stem 
Umpqua River at Elkton (table 1).

At least two smaller episodes of widespread flooding 
have occurred in recent decades. From November 1996 
through January 1997, a series of storms caused extensive 
regional flooding, resulting in three distinct periods of high 
flows in the Umpqua River basin (fig. 4). Most stream gages 
in the South Umpqua River basin, as well as the Elkton 
gage on the Umpqua River, had their highest flows during 
December 4–9, 1996, but the largest flows for the North 
Umpqua gages were about 2 weeks earlier on November 18, 
1996 (table 1; Risley, 2004). Heavy rains in late December 
1996 led to a third period of high flows during January 
1–2, 1997. These high flows triggered numerous landslides, 
but the discharges for this flood were lower than for the 
November and December 1996 floods (Risley, 2004). The 
peak discharges for the November–December 1996 floods 
ranged from 5- to 10-year recurrence-interval flows at most 
sites, except for the Tiller gage on the South Umpqua River, 
where discharge was approximately similar to the 30-year 
recurrence interval event (table 1, fig. 5). A flood peaking on 
December 31, 2005, and continuing into early January 2006, 
was similar in magnitude to peak flows from the winter of 
1996–97 (table 1). 

Since the early 1950s, flow has been regulated by Pacific 
Power hydroelectric projects on the North Umpqua River, 
which include eight developments in the upper basin (fig. 1). 
These dams only minimally affect peak flows because they 
have limited storage, and much of their contributing area 
lies in the groundwater-dominated High Cascades terrain 
(Stillwater Sciences, 1998). For example, within the bypass 
reaches of these hydroelectric dams, the 1.5-year recurrence 
interval flood has been reduced by 15–30 percent, but larger 
floods (greater than 5-year recurrence interval) are unchanged 
(Stillwater Sciences, 1998).

In the South Umpqua River basin, Galesville Reservoir 
was constructed in the upper Cow Creek basin in 1985 to 
reduce flooding along the lower reaches of Cow Creek. 
Although Galesville Reservoir almost certainly has a 
pronounced effect on peak flows on Cow Creek, peak 
flows farther downstream on the South Umpqua River near 
Brockway did not show a marked decline following dam 
construction (fig. 5). It is unlikely that either Galesville 
Reservoir or the North Umpqua hydroelectric dams strongly 
influence peak flows as far downstream as the USGS gage 
near Elkton on the Umpqua River because they control only 
a small portion of the total drainage-area runoff at this gage 
(fig. 3). 
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Description of Study Area

The study area encompasses the downstream 
semi-alluvial sections of the North Umpqua and South 
Umpqua Rivers and the entire main stem Umpqua River 
(fig. 1, table 3). For both the North and South Umpqua Rivers, 
the semi-alluvial sections begin where the rivers exit the 
mountainous headwaters, widen, and flow on a mixed bed of 
bedrock and alluvium flanked by variable widths of flood plain 
and terraces. For the North Umpqua River, this transition to 
a dominantly alluvial character approximately corresponds 
with the confluence of the Little River at NUFPKM 44.8 
(flood-plain kilometers for the North Umpqua River are 
measured with respect to the confluence with the South 
Umpqua River). Downstream of the Little River confluence, 
the North Umpqua River generally is 60–85 m wide and flows 
on a bed of sandstone and basalt, locally mantled by thin 
accumulations of sand and gravel. The average gradient from 
the Little River confluence to the confluence with the South 
Umpqua River is 0.00177 (table 3). In this reach, the North 
Umpqua River is flanked by a valley bottom typically less than 
0.8 km wide formed of recent flood-plain deposits and small 
terrace remnants.

For the South Umpqua River, the confluence of Jackson 
Creek at FPKM 280.9 near Tiller approximately marks the 
transition from a confined mountain stream to a mixed alluvial 
and bedrock channel locally flanked by active gravel bars, 
flood-plain surfaces, and terraces. Between the junction of 
Jackson and Cow Creeks, the South Umpqua River flows 
generally westward with an average gradient of 0.00249 
(table 3) and a width typically less than 45 m. In this reach, 
the valley alternates between confined canyon reaches and 
sections as wide as 1.6 km. Wider sections contain channel 
flanking gravel bars, flood plains, tributary fans, and terrace 
deposits. With the confluence of Cow Creek at FPKM 230.9, 
the drainage area of the South Umpqua River increases by 
about one-third and the channel widens to 60–120 m (fig. 3) 
as the river flows generally northward on an alternating bed of 
bedrock and alluvium for 76 km to the junction with the North 
Umpqua River. Within this reach, the average gradient is 0.001 
as the South Umpqua River winds through canyons alternating 
with valleys as wide as 3.5 km, and is locally flanked by 
gravel bars, flood plains, and terraces. The channel widens, 
and the number of gravel bars decreases for the 19 km of the 
main stem Umpqua River downstream of the confluence of the 
North Umpqua and South Umpqua Rivers. From FPKM 152 
to about FPKM 40, the river flows within deep and narrow 

meanders incised through the Coast Range, with narrow 
flanking flood plains and terraces almost everywhere less than 
0.8 km wide. The channel in this reach typically is 85–170 m 
wide and consists of long pools separated by bedrock rapids; 
the average gradient between FPKM 152 and the head of 
tide at FPKM 40 is 0.00073 (table 3). From FPKM 40 to the 
mouth, the Umpqua River progressively widens and is flanked 
by low flood plains, tidal marshes, and sand bars, especially 
downstream of the mouth of the Smith River at FPKM 14.

The overall physical setting, as well as the distribution 
of in-stream gravel-mining permits (Jo Ann Miles and Robert 
Lobdell, Oregon Department of State Lands, written commun., 
2008), lends itself to delineation of valley reaches to help 
organize sediment-related issues, analyses, and findings (fig. 1, 
table 3). These reaches are, from downstream to upstream: 
1.  Tidal reach (fig. 6), between FPKM 0 and approximately 

40, distinguished by tidal influence, low gradients, 
expansive sediment deposits, and historical sand and 
gravel removal for navigation and commercial aggregate; 

2. Coast Range reach (fig. 7), between approximately FPKM 
40 and 152, characterized by a confined valley with 
bedrock channel and few gravel deposits; 

3. Garden Valley reach (fig. 8) of broad valleys, between 
where the Umpqua River enters the Coast Range at 
FPKM 152 and the confluence of the South Umpqua 
and North Umpqua Rivers at approximately FPKM 169, 
a relatively short reach with several historically mined 
gravel bars; 

4.  Roseburg reach (fig. 9) of the South Umpqua River, 
between the confluence with the North Umpqua River 
(FPKM 169) and the Cow Creek confluence at FPKM 
231, where there are abundant gravel bars and several 
recently active in-stream gravel mining operations; 

5. Days Creek reach of the South Umpqua River (fig. 10), 
between the Cow Creek confluence at approximately 
FPKM 231 and 275, which constitutes the uppermost 
semi-alluvial reach of the South Umpqua River; and 

6. North Umpqua reach of the North Umpqua River (fig. 11) 
between NUFPKM 0 and the Little River confluence at 
NUFPKM 45, a reach locally flanked by alluvial deposits 
but with no recent in-stream gravel mining.
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Table 3.  Geomorphic and channel characteristics for reaches in the Umpqua River basin, Oregon. 

[Abbreviations: FPKM, flood-plain kilometer; km2, square kilometer; m, meter; m2, square meter, m2/m, meter squared per meter; m3/s, cubic meter per 
second]

 
Attribute

Reach

Tidal Coast Range Garden Valley Roseburg Days Creek North Umpqua

Position FPKM 0–40 FPKM 40–152 FPKM 152–168.5 FPKM 168.5–231 FPKM 231–274.5 FPKM 0–44.5
Reach definition Tidally affected Confined valley, 

bedrock  
channel

Unconfined 
below North 
and South 
Umpqua River 
confluence

Cow Creek 
confluence 
to North 
Umpqua River 
confluence

Downstream of 
Jackson Creek 
confluence 
to Cow 
Creek 
confluence

Little River
confluence
to South
Umpqua River
confluence

General valley setting Estuary, confined 
valley opening 
to bay within 
coastal plain

Confined 
valley with 
local valley 
widenings

Unconfined Alternating
confined and
unconfined

Alternating 
confined and 
unconfined

Alternating
confined and
unconfined

General channel character Low gradient, 
sand and gravel 
bed

Steep, bedrock 
rapids  
separated 
by flats

Alternating 
bedrock and 
gravel

Alternating 
bedrock and 
gravel

Alternating 
bedrock and 
gravel

Bedrock
dominant, pool
and drop

Drainage area at 
downstream end of 
segment (km2)

12,102 10,492 8,904 4,666 1,962 3,522

Drainage area at upstream 
end of segment (km2)

10,492 8,904 8,188 3,254 1,127 3,151

Average gradient 0.00012 0.00073 0.00098 0.00100 0.00249 0.00177

Unit bar area 2005
(m2/m)1

114.5 5.1 5.0 13.6 17.6 6.7

Total area of gravel bars  
in 2005 (m2)

3,837,380 593,360 93,093 1,030,751 835,873 317,358

Total area of bedrock in 
2005 (m2)

1,337 3,122,615 266,223 488,550 146,882 1,213,280

Total area of channel 
(secondary channel 
features) in 2005 (m2)

16,576,148
(346,575)

11,672,878 
(170,575)

1,668,568
(1,848)

4,297,485 
(73,742)

1,536,393 
(37,687)

3,358,262 
(86,977)

0.5 annual exceedance 
probability discharge 
(m3/s)2

32,660 32,660 32,660 41,292 5481 61,256

Figures showing channel 
morphology

1, 6, 33 1, 2, 7, 
16, 22, 23

1, 2, 8 1, 2, 9, 16, 
22, 23

1, 2, 10, 16, 
22, 23

1, 2, 11, 16, 28

12005 mapped bar area divided by reach centerline.
2Following Bulletin 17-B guidelines for gage record through water year 2008.
3U.S. Geological Survey streamflow-gaging station on Umpqua River at Elkton.
4U.S. Geological Survey streamflow-gaging station on South Umpqua River near Brockway.
5U.S. Geological Survey streamflow-gaging station on South Umpqua River at Tiller.
6U.S. Geological Survey streamflow-gaging station on North Umpqua River at Winchester.



14  Channel Change and Bed-Material Transport in the Umpqua River Basin, Oregon

ta
c1

1-
05

95
_f

ig
06

Sc
ho

lfi
el

d 
C

re
ek

Li
ttl

e 
M

ill
 

 C
re

ek

M
ill

 C
re

ek
 

U
m

pq
ua

 R
iv

er
 

D
ea

n 
C

re
ek

Sm
ith

 
Ri

ve
r

B
ra

nd
y 

B
ar

St
ea

m
bo

at
   

   
 Is

la
nd B

ol
on

Is
la

nd
B

la
ck

’s
Is

la
nd

G
ar

di
ne

r

R
ee

ds
po

rt

Sc
ot

ts
bu

rg

W
in

ch
es

te
r B

ay

5

0

40

35
30

25

20

15

10
5

0

25

20

15

10

19
39

19
39

19
6720

05

19
67

20
05

19
39

19
67

20
05

B.
  U

nn
am

ed
 b

ar
,

FP
KM

 1
5.

8

A.
  T

he
 P

oi
nt

, F
PK

M
 7

C.
  B

ra
nd

y 
Ba

r, 
FP

KM
 2

7.
5

Pa
ci

fic
O

ce
an

12
4°

10
'W

12
4°

05
'W

12
4°

W
12

3°
55

'W
12

3°
50

'W

43
°4

5'
N

43
°4

0'
N

43
°3

5'
N

0
1

2
3

4

1
2

3
4

0

5 
 K

IL
OM

ET
ER

S

5 
 M

IL
ES

Ba
se

 m
ap

 m
od

ifi
ed

 fr
om

 U
.S

. G
eo

lo
gi

ca
l S

ur
ve

y 
di

gi
ta

l d
at

a.
UT

M
 p

ro
je

ct
io

n,
 Z

on
e 

10
Ho

riz
on

ta
l d

at
um

:  
N

or
th

 A
m

er
ic

an
 D

at
um

 o
f 1

98
3

TI
D

A
L 

R
EA

C
H

Th
e 

Po
in

t

50
0 

 M
ET

ER
S

0

50
0 

 F
EE

T
0

50
0 

 M
ET

ER
S

0

50
0 

 F
EE

T
0

50
0 

 M
ET

ER
S

0

50
0 

 F
EE

T
0

EX
PL

A
N

AT
IO

N

Ri
ve

r m
ile

Fl
oo

d-
pl

ai
n 

ki
lo

m
et

er

In
-s

tr
ea

m
 g

ra
ve

l m
in

in
g

Se
di

m
en

t-
sa

m
pl

in
g 

si
te

To
w

ns

Re
fe

re
nc

e 
si

te
s 

G
eo

m
or

ph
ic

 fl
oo

d 
pl

ai
n

Ti
da

l r
ea

ch

Co
as

t r
an

ge
 re

ac
h

A
ct

iv
e 

ch
an

ne
l f

ea
tu

re
s

Ch
an

ne
l

Se
co

nd
ar

y-
ch

an
ne

l f
ea

tu
re

Ba
r

Be
dr

oc
k 

ou
tc

ro
p

19
39

 c
ha

nn
el

 fo
r r

ef
er

en
ce

3020

Fi
gu

re
 6

. 
Ch

an
ne

l p
la

nf
or

m
 in

 th
e 

Ti
da

l r
ea

ch
 o

f t
he

 U
m

pq
ua

 R
iv

er
, O

re
go

n.
 In

se
ts

 s
ho

w
 h

is
to

ric
al

 c
ha

ng
es

 to
 s

el
ec

te
d 

ba
rs

, a
s 

m
ap

pe
d 

fro
m

 a
er

ia
l p

ho
to

gr
ap

hs
. 

To
po

gr
ap

hy
 b

as
ed

 o
n 

U.
S.

 G
eo

lo
gi

ca
l S

ur
ve

y 
10

-m
et

er
 d

ig
ita

l e
le

va
tio

n 
da

ta
.



The Umpqua River  15

tac11-0595_fig07

Paradise Creek

Jones 
Bar

Bunch 
Bar

Golden Bar

Maupin
 Bar

Branton 
Bar

Sawyers Ferry 

Sawyers Rapids

Smith Ferry
Rapids

Bullock 
Bridge

Tyee

Elkton

Kellogg

Millwood

Scottsburg

95

90

85

75

70

65

55

50

45

40

35

30

100

60

80

95

85
80

75

70

60

55

50

40

155

150

145

140

135
130

125

120

115

110

105

100

90

65

45

B.  Maupin Bar, FPKM 94.5

C. Myrtle Island, FPKM 125.5

A. Scottsburg Bar, FPKM 41.6

2005

1967

2005

1967

1939

1939
2005

1967

COAST
RANGE
REACH

Base map modified from U.S. Geological Survey digital data.
UTM projection, Zone 10
Horizontal datum:  North American Datum of 1983

0 1.5 3 6 MILES

0 1.5 3 6 KILOMETERS

123°45’W 123°40’ W 123°35’W 123°30’W

43°40’N

43°35’N

43°30’N

43°25’N
EXPLANATION

River mile

Flood-plain kilometer

In-stream gravel mining

Sediment-sampling site

Towns

USGS  gaging station

Reference sites

Geomorphic flood plain

Coast Range reach
Garden Valley reach
Tidal reach

Active channel features

Channel
Secondary-channel feature

 Bar
Bedrock outcrop

1939 channel for reference

80
40

500  METERS0

500  FEET0

500  METERS0

500  FEET0

500  METERS0

500  FEET0

Figure 7. Channel planform in the Coast Range reach of the Umpqua River, Oregon. Insets show historical changes to 
selected bars, as mapped from aerial photographs. Topography based on U.S. Geological Survey 10-meter digital elevation 
data.
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Figure 8. Channel planform of the Garden Valley reach of Umpqua River, Oregon. Insets show historical changes to selected 
bars, as mapped from aerial photographs. Topography based on U.S. Geological Survey 10-meter digital elevation data.



20  Channel Change and Bed-Material Transport in the Umpqua River Basin, Oregon

Historical Descriptions of the Umpqua River 

We reviewed several Umpqua River basin historical 
documents (many also summarized by Beckham [1986], 
Winterbotham [1994], and Markers [2000]) for observations 
and accounts pertinent to channel conditions. The most 
useful of these are reports of early exploration and navigation 
surveys documenting channel characteristics at first European-
American settlement. Accounts of historical land-use activities 
are also relevant to understanding historical and present 
channel conditions. Abundant archival photographs, at the 
Douglas County Historical Society and elsewhere, locally 
document channel conditions as far back as circa 1900. A 
primary conclusion from inspection of these historical sources 
is that gravel was scarce in many reaches of the Umpqua 
River. This is particularly evident for the Coast Range reach of 
the main stem Umpqua River. For example, David Douglas, a 
botanist (and county namesake) accompanying an expedition 
of the Hudson’s Bay Company, describes his October 16, 
1826, evening activities at their camp near the present location 
of Elkton (Douglas, 1914, p. 223; FPKM 72.1; Coast Range 
reach): 

I employed myself chopping wood, kindling the 
fire, and forming the encampment; and after, in the 
twilight, bathed in the river: course north-west; bed 
sandstone; ninety yards broad; not deep, but full of 
holes and deep chinks worn out by the water.
Similarly John Work, employed by the Hudson’s Bay 

Company, describes following the main stem Umpqua River 
between Elkton and Scottsburg (FPKM 40) in his journal entry 
for June 8, 1834 (Scott, 1923): “No stones worth mentioning 
all the way: the river runs on a bed of soft slatey rock.” Two 
weeks later, on June 17, John Work was camping along the 
Umpqua River just downstream of the Calapooya Creek 
confluence (FPKM 156; Garden Valley reach) where he 
reported: 

The Umquah here is about 150 yards wide & runs 
over a rocky bottom of soft slatey rock & is not very 
deep. A horse can ford it at present. 
The most extensive early survey was by U.S. Army 

Engineers lieutenant R.S. Williamson in 1870 while 
investigating navigation possibilities. His report (U.S. House 
of Representatives, 1871) described the several bedrock rapids 
between Scottsburg and Roseburg and provided a general 
characterization of the river:

The average width of the river, when bankfull, 
appeared to be about 200 feet; but at its extreme 
low-water stage the water is divided at many places 
into half a dozen or more streams, varying in width 
from two to thirty feet, and separated from each 
other by walls of rock sometimes five or six feet 

in height. In passing through some of these narrow 
place[s] the velocity of the current was 400 feet 
per minute. At each of these rapids between the 
channel and the shore there is a bench of sandstone, 
generally flat, varying from two to five feet in 
height above the low-water mark, and averaging 
about seventy-five feet in width. During ordinary 
stages of the river this is covered with water. 
The river contains no sand-bars, its bottom being 
coarse gravel, on solid bed-rock; consequently any 
improvements which may be made to the river are 
likely to be permanent.
 A subsequent survey in 1910 encompassing most of 

the Roseburg, Garden Valley, and Coast Range reaches by 
the Junior Engineer F.E. Leefe of the U.S. Engineer Office 
(U.S. House of Representatives, 1911) reiterates Williamson’s 
findings:

In the stretch of river under examination between 
Roseburg and Scottsburg, a distance of 86 miles, 
the low water fall is about 465 feet. Throughout this 
distance the river at low water is a succession of 
rocky rapids with pools of quiet water between, of 
varying lengths and depths. The river flows over a 
rocky sandstone bottom much of the way, with many 
dangerous reefs and projections. With such a fall, 
averaging nearly 5½ per mile, the current is strong 
over the rapids at all stages. 
Although sand and gravel accumulations are barely 

mentioned in many of these accounts of the South Umpqua 
and main stem Umpqua Rivers, except for noting their 
scarcity, some historical photographs show bars flanking the 
channel (fig. 12). We have found fewer early descriptions 
of the Days Creek reach of the South Umpqua River at the 
time of first exploration, but it too was apparently locally 
flowing on bedrock, at least near its downstream end, because 
in-channel potholes near the Cow Creek confluence were 
targets for gold miners in the 1850s (Beckham, 1986, p. 93). 

Although no detailed surveys were conducted for the 
North Umpqua River, reports by the Wilkes Expedition on 
their 1841 overland trip between the Willamette Valley and 
San Francisco Bay (including geologist James Dwight Dana) 
state that the North Umpqua River ran on bedrock where 
they crossed it near the present location of Winchester (North 
Umpqua RM 7; Dana, 1849, p. 662). Similarly, Markers 
(2000, p. 133) noted: 

The North Umpqua River has been pronounced, 
by experts in the driving of streams, to be the best 
driving stream in Oregon or Washington. It is 
singularly free from shifting sand bars and gravel 
shoals…. 
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Figure 12. Circa 1890s, of the South Umpqua River upstream of Mount Nebo 
near Roseburg, Oregon. Photograph courtesy of Douglas County Museum 
(Photograph N5549a).
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The character of the Tidal reach was distinctly 
different; drifting sand and gravel bars caused persistent 
navigation problems between the mouth and the head of tide 
at Scottsburg (FPKM 40), leading to multiple bathymetric 
surveys beginning in the late 18th century (summarized by 
Beckham, 1986, p. 149–152). These issues ultimately resulted 
in construction of the jetties and substantial and ongoing 
dredging of the lower channel. Shallow gravel bars near 
Brandy Bar (FPKM 27.5) also caused navigation hazards; this 
area ultimately became the reach of primary 20th and 21st 
century sand and gravel mining by Umpqua River Navigation 
Company and its successors.

Land-Use and Landscape Disturbance in the 
Umpqua River Basin

Although fur traders and early explorers entered the 
mouth of the Umpqua River basin in the late 18th century, 
European-American settlement of the basin did not fully 

commence until the mid-19th century following the passage 
of the Donation Land Act in 1850 and subsequent Federal 
programs (Beckham, 1986). The earliest immigrants to the 
basin claimed the fertile bottomlands and broad prairies of the 
central Umpqua River basin leaving more marginal ground, 
including rugged forest lands and flood-prone tributary valleys 
to later arrivals. These early settlement patterns are still 
evident today, as most of the basin’s population lives in the 
wide valley bottoms in the incorporated areas of Roseburg, 
Winston, and nearby towns (Geyer, 2003b, 2003c, 2003d). The 
upper parts of the North Umpqua and South Umpqua River 
basins primarily are federally held forest lands, but the lower 
parts of these drainage basins mostly are privately owned, and 
the basins are managed for forestry and agriculture (Geyer, 
2003a, 2003b, 2003c, 2003d). Nearly 70 percent of lands 
in the main stem Umpqua River basin (downstream of the 
confluence of North Umpqua and South Umpqua Rivers) are 
managed primarily for forestry, with the balance being for 
agriculture, residential, industrial, or other land uses (Oregon 
State University, 2010).
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Descriptions of historical land-use and landscape 
disturbance that have potentially affected channel and 
bed-material conditions are summarized by Beckham 
(1986), although watershed studies and other sources 
provide supplementary information. In the Umpqua River 
basin, the disturbances that are most likely to influence 
channel conditions and bed-material transport include 
navigational dredging, placer mining, in-stream gravel mining, 
impoundments for hydropower and flood control, and forestry 
and other land-use practices (table 4).

Placer Mining
Gold mining in the Umpqua River basin began in 1852 

on the South Umpqua River near Riddle and in lower Cow 
Creek (Beckham, 1986, p. 225–226). The widespread placer 
mining on the South Umpqua River and its tributaries Olalla 
Creek (a tributary of Lookinglass Creek), Myrtle, Cow, and 
Coffee Creeks (Diller, 1914; Ramp, 1972) probably had 
the most significant effects on in-stream gravel conditions 
(figs. 9 and 10). All these drainages enter the South Umpqua 
River within the Roseburg and Days Creek reaches. Placer 
mining in the late 19th and early 20th centuries involved 
extensive excavation of alluvial terraces flanking the present 
watercourses, in places aided by elaborate hydraulic works 
(fig. 13). Beckham (1986, p. 93) noted the impact of these 
activities on the stream channels: 

Mining generated terrible problems for the Indians. 
The cascade of debris down the creeks and rivers 
had calamitous impact on the fish runs: mining 
destroyed the spawning grounds by washing away 
the gravels and coating the river bottom with mud. 
Such effects, as well as possible large inputs of gravel to 

South Umpqua tributaries, may still have implications for the 
present-day sediment conditions in the Umpqua River system.

Umpqua River Gravel Mining
Gravel bars in the Umpqua River basin have provided 

a local source of aggregate used in local road building and 
construction projects since the early 1900s. Although records 
describing mining practices, quantities, and locations prior 
to 2001 are scarce, anecdotal accounts from landowners 
and limited information on gravel mining permits (Oregon 
Department of State Lands, written commun., 2008) indicate 
that at least 17 sites along the South Umpqua and main stem 
Umpqua Rivers either had active permits for gravel removal or 
documented mining in recent decades. 

Longtime residents and gravel operators report that 
the 1970s was a period of particularly high extraction rates, 
during which time gravel bars were mined with a dragline and 
scraped of all available sediment until bedrock was reached 
(Kelly Guido, Umpqua Sand and Gravel, oral commun., 
2008). By the mid-1980s, mined volumes had decreased; 
in recent decades, most bars owned by the main gravel 
operators have been mined only 2 to 3 times each (Mike 
Flewling, Knife River Corporation, oral commun., 2008; 
Joy Smith, Umpqua Sand and Gravel, oral commun., 2008). 
Gravel mining regulations have changed substantially since 
the 1970s, and now near-channel gravel typically is harvested 
by bar skimming, whereby scrapers or other heavy equipment 
are used to remove only the surface of the bar, typically to 
an elevation close to the low-flow water level. No permits 
for in-stream gravel extraction have been issued since 2004, 
the last year in which mining occurred upstream of the Tidal 
reach. In the intervening years, two main operators continue to 
seek approval for future mining at six sites (figs. 1 and 9) on 
the South Umpqua River: 

• Umpqua Sand and Gravel Bar, FPKM 171.4, operated 
by Umpqua Sand and Gravel

• Shady Bar, FPKM 186.2, operated by Knife River 
Corporation

• Little Valley Bar, FPKM 189.7, operated by Knife 
River Corporation

• Weigle Bar, FPKM 211, operated by Knife River 
Corporation

• Gazley East Bar, FPKM 232, operated by Knife River 
Corporation

• Days Creek Bar, FPKM 249.9, operated by Knife River 
Corporation

Extraction volumes for 2001–04 provided by the 
Umpqua Sand and Gravel and Knife River Corporation 
show that mining in 2001, 2003, and 2004 removed volumes 
at individual sites ranging from 610 to 21,500 metric tons 
(based on volumes provided in bar surveys and a bulk 
density of 2.1 metric tons/m3). In 2001 and 2003, 9,260 and 
610 metric tons of gravel were removed from Umpqua Sand 
and Gravel Bar, respectively, and in 2004, a combined total of 
36,570 metric tons was extracted from Days Creek, Weigle, 
and Umpqua Sand and Gravel bars. Other sites also may have 
been mined during this period, but no records were available.
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Table 4.  Channel trends and anthropogenic impacts for reaches in the Umpqua River basin, Oregon.

[Abbreviations: FPKM, flood-plain kilometer; mi2, square mile]

 Attribute
Reach

Tidal Coast Range Garden Valley Roseburg Days Creek North Umpqua

Major flow 
factors

Tidally affected Minimal regulation Minimal 
regulation

Galesville Reservoir, 
Oct. 7, 1985, 
regulates 74.3 mi2 
of Cow Creek 
basin (5.9 percent 
of contributing area 
at upper end of 
segment)

None Pacific Power dams 
con structed 
1952–1955 
regulate (slightly) 
drainage from 430 
mi2 (35 percent of 
the upper end of 
segment)

Major 
sedimentation 
factors

Gradient change 
promotes 
deposition 
of sediment 
load; Smith 
River sediment 
inputs; dredging 
(100,000–500,000 
cubic yards per 
year) 

Sediment input from 
tributaries; local 
landuse and forest 
practices

Local sand and 
gravel mining; 
forest practices; 
Calapooya 
Creek sediment 
input

Late 19th century 
placer mining 
in reach and 
tributaries; forest 
practices; sand 
and gravel mining; 
tributary sediment 
inputs

Forest practices; 
sand and gravel 
mining; tributary 
sediment inputs

Pacific Power dams 
trap upstream 
sediment; forest 
practices

Channel 
disturbance 
factors

Historic navigation 
dredging, sand 
and gravel mining, 
rock removal for 
navigation near 
Scottsburg; road 
corridor

Late 19th century 
navigation 
improvements; 
temporary mill 
dam at Kellogg 
(removed 1871); 
road corridor

Late 19th century 
navigation 
improvements; 
sand and gravel 
mining

Local navigation 
improvements; 
transportation 
infrastructure; 
log driving; 19th 
century mill dams; 
sand and gravel 
mining; placer 
mining

Transportation 
infrastructure; log 
driving (?); sand 
and gravel mining; 
placer mining

Navigation 
improvement; 
log driving; 
Winchester Dam 
at FPKM 10.2 

General channel 
trends

Some evidence of 
local incision 
historically near 
gravel mining 
operations (CH2M 
Hill, 1972)

Channel historically 
and presently on 
bedrock; little or 
no evident change 
(photos, specific 
gage analysis for 
Elkton gage)

Channel 
historically 
and presently 
on bedrock. 
No obvious 
change evident 
from inspection 
of aerial 
and oblique 
photographs, 
analysis of bar  
area

Channel historically 
and presently 
on bedrock. No 
obvious change 
evident from 
inspection of 
aerial and oblique 
photographs, 
analysis of bar 
area, and specfic 
gage analysis

Channel locally 
on bedrock. No 
evident trends, 
although limited 
data for this reach

Channel historically 
and presently 
on bedrock. No 
evident change 
from specific gage 
analysis
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Figure 13. Hydraulic mining in the Olalla District, Lookingglass Creek drainage, Oregon. Photographs courtesy of Douglas 
County Museum. (Photographs (A) N5155a and (B) N5155b.)
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A. B.

Dams 
Mill dams and other small obstructions served various 

needs of early settlers, and later, larger dams have provided 
for hydropower and flood control. Of these early dams near 
Kellogg (FPKM 105.4; Coast Range reach), Roseburg (FPKM 
182; Roseburg reach), and Winchester (NUFPKM 10.2; 
North Umpqua reach), only the Winchester Dam, a 3-m-high 
concrete structure on the lower North Umpqua River, remains. 
Anecdotal accounts indicate that some gravel passes over 
Winchester Dam, although most bed-material sediment is 
likely trapped in its shallow upstream reservoir, which has 
aggraded approximately 2 m since dam construction in 1904 
(Timothy Brady, City of Roseburg Water Plant Superintendent, 
oral commun., November 15, 2010).

Pacific Power’s North Umpqua Hydroelectric Project 
was constructed during 1952–55 and now traps bedload from 
the upstream 32 percent of the North Umpqua River basin. 
However, a 2002 amendment to the 2001 Federal Energy 
Regulatory Commission (FERC) re-licensing settlement for 
PacifiCorps’ hydroelectric project in the North Umpqua Basin 
calls for a gravel augmentation plan to increase the amount of 
spawning habitat downstream of Soda Springs Dam (fig. 1, 
PacifiCorp, 2002). The augmentation plan included a one-
time experimental pulse of 2,300 m3 of spawning size gravel, 
equivalent to the long-term average annual bedload input to 
this reach, or approximately 3,680 metric tons (based on a 
bulk density of 1.6 metric tons/m3 as provided by Stillwater 
Sciences, written commun., 2010), which was added to 
the river in August of 2004 (Stillwater Science, 2006). 
Additionally, 56 m3 (approximately 90 metric tons) will be 
distributed seven times during the course of the new FERC 
license (PacifiCorp, 2002). Sediment studies conducted as 
part of relicensing these facilities and to monitor the gravel 

augmentation are summarized later in the section “Previous 
Water and Sediment Studies in the Umpqua River Basin.” 
Galesville Reservoir on Cow Creek began filling in 1985, 
and since then has trapped all bed material from the upper 
192.4 km2 of Cow Creek, encompassing 5.9 percent of the 
South Umpqua River basin at the Cow Creek confluence. 

Forest Management and Fire
Because they potentially influence large portions of the 

basin, watershed-scale disturbances, including forest fires, 
development and logging, and related activities can affect 
channel morphology and bed-material conditions throughout 
the Umpqua River basin. Timber harvest and associated road 
building can increase peak flows (Wemple and others, 1996; 
Jones and Grant, 1996, 2001; Bowling and others, 2000) 
and the frequency of landslides (Kelsey and others, 1995), 
resulting in sedimentation along lower reaches of affected 
basins (Madej, 1995). Douglas County, whose boundaries 
closely follow that of the Umpqua River basin, was second in 
the nation in timber harvest from Federal lands between 1949 
and 1970 (Beckham, 1986, p. 174). 

Peak timber production was during the 1950s–1960s, 
when annual timber harvest from National Forest Lands in 
Douglas County ranged from 149.6 to 637.6 million board 
feet (Beckham, 1986, p. 174). Log production from public 
lands decreased substantially after 1988 when management 
emphasis shifted from timber production to habitat protection. 
For comparison, log production in 1988 was 397 million board 
feet, but annual average harvest 1991–2000 was 29 million 
board feet, which diminished to 6.7 million board feet during 
2001–03 (as calculated from data provided by U.S. Forest 
Service, 2006). Although detailed records describing historical 
logging practices, road building, and associated landscape 
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changes are lacking for the Umpqua River basin, it is possible 
that intensive timber harvest peaked in the 1950s–1960s, 
but remained elevated through the 1980s, likely affecting 
bed-material influx to the Umpqua River and its major 
tributaries.

Linking historical patterns of forest fire with changes 
to channel character is difficult due to sparse records 
connecting fire extent and severity to subsequent changes 
in channel condition. Historically, Native Americans used 
annual, late-summer fires to clear brush and ensure open 
areas for hunting and berry gathering along valley bottoms 
(Beckham, 1986). By the early 1900s, however, Federal 
fire-suppression programs became more aggressive (Beckham, 
1986; Geyer, 2003a–d). In recent decades, fires have burned 
increasingly larger areas of the basin, including fires in 1987 
(31 km2 burned area), 1996 (73 km2), and 2002 (341.8 km2) 
(as determined from U.S. Forest Service [2010] mapping 
data). Most of the fires in 2002, including the Boulder Fire 
(193 km2), were in the South Umpqua River basin, where 
6 percent of the total drainage basin area was burned (as 
determined by the U.S. Forest Service [2010]). Possible 
long-term effects of these fires include increased runoff and 
erosion associated with canopy removal (U.S. Forest Service, 
2003). 

Navigation Improvements and Commercial 
Dredging

Historical navigation improvements were focused in the 
Tidal reach, which has been the only section of river with 
extensive commercial boat traffic, but upstream reaches also 
had many rapids modified in the early 1870s in an attempt 
to promote navigation from the Pacific Ocean to Roseburg 
(Markers, 2000). Likewise, some bedrock rapids were 
modified in the late 19th century on the South Umpqua and 
North Umpqua Rivers to facilitate log drives (Beckham, 
1986).

By 1900, the emphasis on improving navigation on the 
Umpqua River shifted to the river’s mouth, and between the 
1920s and 1940s, the USACE, together with local entities, 
constructed major jetties to ensure a stable entrance to the 
lower river channel (Beckham, 1986). Beginning in 1927, the 
Corps of Engineers also began deepening the channel between 
the river’s mouth and Reedsport, and constructed a boat 
turning basin in Winchester Bay in 1945 (Beckham, 1986, 
p. 153). Navigational dredging by the Corps of Engineers has 
continued, with annual removal volumes from 1991 to 2008 
averaging 157,070 m3 (fig. 14; Judy Linton, U.S. Army Corps 
of Engineers, written commun., 2008).

Commercial dredging of the Umpqua River estuary 
for sand and gravel aggregate began in 1918 and has been 
focused primarily in the area near Brandy Bar, between FPKM 
25.9 and 30.6, where Umpqua River Navigation Company 
and its successor Knife River Corporation operated between 
1949 and 2002 (Lidstone and Associates, written commun., 
2008). The amount of bed-material sediment removed by 
commercial dredging during this period ranged from 22,070 
to 339,250 m3/yr, averaging 136,380 m3/yr (fig. 14; as 
determined from records provided by Lidstone and Associates, 
written commun., 2008; CH2M Hill, 1971). 

Previous Water and Sediment Studies in the 
Umpqua River Basin

Previous reports from hydrology and sediment transport 
studies for the Umpqua River basin were reviewed for this 
study. Although many studies are peripherally related (such 
as turbidity and other water-quality studies), two previous 
studies are directly relevant to gravel transport and channel 
morphology in the study area: (1) the basinwide analysis of 
sediment transport by Curtiss (1975) and (2) the sediment 
transport analyses by Stillwater Sciences (2000) in support 
of the FERC relicensing of the Pacific Power hydroelectric 
facilities on the North Umpqua River. 

The Curtiss (1975) report expands on an earlier 
USGS report by Onions (1969) by providing estimates 
of annual suspended-sediment discharge for 11 sites in 
the Umpqua River basin based on as many as 18 years of 
suspended-sediment measurements between 1956 and 1973. 
Although there were no measurements of bedload in this 
study, Curtiss (1975) calculated total sediment loads (bedload 
plus suspended load) on the basis of measurements at Flynn 
Creek (a Coast Range stream in the Alsea River basin), 
where bedload constituted 3 percent of the mean annual 
suspended-sediment yield. This ratio was applied for the sites 
in the Umpqua River basin, except for Cow Creek, where 
field observations implied that bedload composed 5 percent of 
the total load. Although no known bedload measurements for 
the Umpqua River system substantiate these values, bedload 
transport rates typically scale with suspended load, and the 
analysis by Curtiss (1975) probably provides a reasonable 
guide to the relative contributions of bed material to the 
Umpqua River system. For the calculated mean annual total 
sediment discharge of 1.54 × 106 metric tons/yr of the South 
Umpqua River at Brockway, the Curtiss (1975) analysis 
indicates that 0.28 × 106 metric tons/yr enters through 
Lookingglass Creek, 0.34 × 106 metric tons/yr joins at Cow 
Creek, and 0.28 × 106 metric tons/yr comes from the upper 
basin upstream of the Tiller gaging station. 
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Table 12. Reach-segregated bed-material flux values for the Umpqua and South Umpqua Rivers, as calculated from surveys at mined 
sites, transport capacity equations, sediment yield analysis, and suspended-sediment measurements.

[Bedload flux: Estimates of bedload flux from suspended-sediment data from Curtiss (1975). Abbreviaton: FPKM, flood-plain kilometer; –, no data]

Reach Name FPKM

Range of 
surveyed fill 
volumes and 

net deposition 
rates

Calculated median transport capacity value 1951–2008 
(metric tons)

Bed-material 
flux from 
sediment 

yield analysis  
(metric tons)

Bedload flux from 
suspended sediment 

measurements 
(metric tons)  

Parker-
Klingeman-

McLean

Parker-
Klingeman

Parker
Wilcock-

Crowe

Coast Range reach 40–152 – 56,440 53,740 20,280 24,165 30,500–49,800 195,200
Garden Valley reach 152–169 – 35,115 34,265 39,625 81,855 43,600–49,700 268,060
Roseburg reach 169–231 170–15,920 14,950 9,640 16,270 27,200 41,600–48,000 346,260
Days Creek reach 231–275 80–20,810 4,450 4,400 7,585 12,260 19,200–25,800 43,800

1 From Elkton gaging station.
2 Sum of Brockway and North Umpqua gaging stations.
3 From Brockway gaging station.
4 From Tiller gaging station.

Summary and Conclusions
This study, done in cooperation with the U.S. Army 

Corps of Engineers, assessed spatial and temporal trends in 
channel change and bed-material transport for 350 km of 
alluvial and semi-alluvial river channel in the Umpqua River 
basin. Basin network structure and channel geomorphology 
led to subdivision of the river system into six contiguous 
analysis reaches. The North Umpqua reach includes 47 km 
of channel extending upstream of the North Umpqua River 
confluence with the South Umpqua River. The Days Creek 
reach encompasses 47 km of the South Umpqua River from 
the upstream extent of the study area near Tiller, Oregon, to 
the Cow Creek confluence. The Roseburg reach continues 
76 km downstream of Cow Creek to the South Umpqua River 
confluence with the North Umpqua River. The Garden Valley 
reach contains the Umpqua River for the 19 km from the 
confluence of the North Umpqua and South Umpqua Rivers 
to the entrance of the Coast Range, from where the Coast 
Range reach of the Umpqua River extends another 116 km 
downstream to the head of tide near Scottsburg, Oregon. 
The much lower gradient and partly estuarine Tidal reach 
encompasses the final 45 km of river channel and through 
Winchester Bay to the Pacific Ocean at Reedsport. These 
reaches have distinct physiographic and bed-material transport 
conditions, as well as distinct histories of instream gravel 
mining, thereby providing an efficient analysis and discussion 
framework. 

The findings reported here draw largely upon two 
components: (1) historical analyses, including detailed 
mapping of the active channel using aerial photographs 
and repeat surveys, to document spatial and temporal 
changes in channel morphology and bed-material storage 
and (2) quantitative investigation of the bed-material flux 

through the study reaches. These analyses provide a basis for 
understanding the recent history of the active channel and 
also allow for inferences regarding the spatial and temporal 
variation of production, fluxes, and routing of bed material 
through the study reaches. 

Primary Findings

The overall character of the Umpqua River reflects its 
geologic history. For the past 10,000 years, the overall trend 
for fluvial reaches of the Umpqua River has been incision, 
where transport capacity has exceeded the supply of coarse 
bed-material sediment, as indicated by abundance of exposed 
bedrock in and flanking the active channel throughout the 
study area. This channel characteristic, as well as the sparse 
gravel cover, was specifically noted by 19th and 20th-century 
Euro-American explorers. Repeat mapping from multiple 
aerial-photograph sets spanning 1939–2009 shows that the 
fluvial reaches of the Umpqua, South Umpqua, and North 
Umpqua Rivers flow within largely stable, single-thread 
channels of bedrock or coarse boulder and cobble substrates. 
Coarse bed-material sediment locally mantles the bedrock, 
forming shallow bars in and flanking the low-flow channel, 
whose position and overall size are dictated primarily by 
valley geometry rather than channel migration processes. 

Gravel bars have historically been most abundant on the 
South Umpqua River within the Roseburg and Days Creek 
reaches, where there has been as much as 1.3–4 times the 
area of gravel bars per unit length of stream (approximately 
12.7–31.8 m2/m) compared with the Coast Range and Garden 
Valley reaches (where specific bar area has ranged from 
5.0 to 13.7 m2/m). Although bedrock rapids and channel-
flanking bedrock shoals are common features throughout the 
study area, they are most abundant along the Umpqua and 
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North Umpqua Rivers, where 2005 aerial photographs show 
3–5 times more exposed bedrock (by area) than mapped 
gravel. Most of the gravel in the study area is stored in large 
bars with areas greater than 20,000 m2, many of which 
apparently become active areas of bed-material transport 
only during exceptionally large floods, such as the December 
1964 flood. Although many numerous smaller gravel patches 
(less than 2,000 m2) flank the river at the heads of rapids and 
immediately downstream, these smaller depositional zones 
account for less than 6 percent of the total mapped gravel in 
the study area in 2005. 

The abundance of gravel bars along the lower South 
Umpqua River most likely results from Klamath Mountains 
source areas underlying much of the South Umpqua River 
basin. The tectonically deformed and metamorphosed 
Mesozoic rocks of the Klamath Mountains terrain, together 
with its steep slopes and dense stream network, enhance 
production and delivery of bed material to the South Umpqua 
River. High bed-material fluxes from this terrain have been 
documented for the Chetco River (Wallick and others, 
2010) and Smith River (MFG, Inc. and others, 2006) to the 
south. Additionally, clasts from this terrain are probably 
more resistant to abrasion than bed material from the High 
Cascade and Western Cascade terrains, and consequently are 
a persistent component of Umpqua River bed material as far 
downstream as the Tidal reach. Cow Creek, a large tributary 
draining Klamath Mountains terrain, probably is a major 
supplier of gravel to the South Umpqua River, judging from 
the extensive gravel deposits near its mouth, the increased 
abundance of bars downstream of its confluence, and the low 
armoring ratio of bars within Cow Creek. Historically, several 
Klamath Mountains tributaries, including Cow Creek, Myrtle 
Creek, and Lookingglass Creek, were subject to extensive 
placer mining, which may have further enhanced sediment 
output from these streams, although historical photographs of 
the Roseburg reach do not indicate significantly greater gravel 
volumes during the early 20th century.

Bed-material sediment from Cascade Range streams 
originates mainly in the Western Cascades, because the much 
younger lava flows of the High Cascades are highly porous 
and have little capacity for sediment transport. Although the 
Western Cascades terrain yields more bed-material sediment 
than the High Cascades terrain, sediment production from the 
Western Cascades probably is small compared to that from 
Klamath Mountains terrain as evidenced by: (1) the North 
Umpqua reach, which exclusively drains the Cascade Range, 
had less than one-half of the gravel bars per unit stream length 
in 1939 than the South Umpqua reaches, and (2) the South 
Umpqua River upstream of the Days Creek reach drains only 
the Western Cascades terrain, and unlike the more gravel-rich 
lower reaches downstream of Klamath Mountains terrain 
tributaries, the river within the Western Cascades terrain is a 
narrow bedrock stream with boulder-dominated rapids and 
few gravel bars. 

Farther downstream of its confluence with the South 
Umpqua River, sedimentary rocks supplied to the main stem 
Umpqua River by Coast Range tributaries are highly erodible, 
and although this region produces high suspended-sediment 
loads (for example, Beschta [1978]), bed-material clasts 
from these geologic units disintegrate readily. Therefore, 
although the terrain of Klamath Mountains comprises only 
21 percent of the Umpqua River basin, it probably supplies a 
disproportionately large amount of bed-material sediment to 
the channel system. Further, the importance of this terrain to 
total basinwide sediment production is even larger because 
of the effects of dams on sediment transport in the North 
Umpqua River.

The primary observation from the repeat channel 
mapping and surveys is the overall stability of the Umpqua 
River planform. All fluvial reaches showed little change in 
sinuosity or channel width throughout the 70-year analysis 
timeframe, mainly because of lateral and vertical bedrock 
control. Consistent with this, repeat stage measurements at 
USGS streamflow-gaging stations show only local areas of 
slight channel deepening (on the order of 0.1–0.2 m), some of 
which may be associated with bedrock erosion. 

The main temporal trend evident from repeat channel 
mapping from aerial photographs is a 29-percent decrease 
in the area of mapped gravel bars between 1939 and 2005. 
Most of this decrease was between 1967 and 2005, and was 
partly due to vegetation colonization on formerly active, upper 
bar surfaces, converting some of these high bar surfaces to 
floodplain. Also important was erosion of lower elevation bars 
to bedrock, particularly for the Coast Range and Garden Valley 
reaches. The decrease in mapped gravel bar area probably 
resulted from a combination of factors, including decreasing 
peak flows, gravel extraction, and dam construction. Several 
unregulated tributary streams, as well as the South Umpqua 
River gaging station at Brockway, show significant trends of 
decreasing peak flows since the 1950s, which is probably due 
mainly to decadal-scale climate cycles. Because three of the 
five streams that show this trend drain Klamath Mountains 
terrain, even small decreases in peak flows on these tributaries 
may have a disproportionate effect on overall gravel transport 
in the study area. The cumulative effects of instream gravel 
extraction in recent decades likely also affects bed-material 
storage in the active channel because mined volumes in some 
years probably constituted a substantial portion of the overall 
gravel flux. 

For the North Umpqua River, the 59-percent decrease 
in gravel between 1967 and 2005 is probably due to a 
combination of trapping of bed material by hydropower dams 
constructed in 1952–55 and climate-driven decreases in peak 
flows, as detected for the gaging station at Winchester. For 
this reach, decreased gravel bar area has led to much more 
exposure of active channel bedrock. 
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Although the overall trend was of decreasing bar area, 
many bars have episodically grown, mainly as a consequence 
of large floods. This is particularly the case for the major 
flood of December 1964, which had an annual exceedance 
probability of about 1 percent. Total bar area throughout the 
fluvial reaches increased by more than 11 percent between 
1939 and 1967, which probably is attributable mainly to the 
1964 flood. Evident in the 1967 photographs are (1) removal 
of vegetation and bed-material deposition on upper bar 
surfaces, and (2) bed-material deposition extending the 
margins of low-elevation bars into areas mapped as water 
in 1939. Later but smaller floods in December 1996 and 
December 2005 resulted in smaller increases in bar area, 
but these increases have been offset by erosion and bar 
diminishment during intervening and subsequent years.

Bed-material flux was estimated for fluvial reaches of 
the Umpqua and South Umpqua Rivers by two independent 
approaches, supplemented by bed-material recruitment 
measurements at six sites of past gravel mining and by earlier 
measurements of suspended-sediment transport. Bed-material 
transport capacity estimates at 44 sites throughout the 
South Umpqua and main stem Umpqua Rivers for the period 
1951–2008 result in transport capacity estimates that vary 
spatially and temporally. The temporal variations relate to 
flow history, with most transport associated with large peak 
flows. The diminishment in peak discharges over the last three 
decades, at least partly to climate cycles, has led to an overall 
temporal trend of reduced gravel transport. 

The even wider spatial variations in calculated bed-
material transport rates reflect the more fundamental difficulty 
of applying equations of bed-material transport capacity 
to a supply-limited river, where bar textures chiefly reflect 
local hydraulics rather than reach-scale supply conditions. 
Nevertheless, the transport capacity values should provide an 
indication of maximum possible bed-material transport rates; 
reach-averaged median transport capacity values calculated 
by the bed-material surface-based equations of Parker (1990a, 
1990b) and Wilcock–Crowe (2003) equations for 1951–2008 
yields a transport capacity of 7,000–27,000 metric tons/yr 
for the South Umpqua River and 20,000–81,000 metric tons/
yr for the main stem Umpqua River upstream of the head of 
tide (tables 11 and 12). The values of bed-material transport 
capacity values for the intermediate mobility sites, generally 
ranging between 500 and 20,000 metric tons/yr as predicted by 
the Parker (1990a, 1990b) equation, may be the best estimate 
for actual bed-material transport rates, although confidence 
in this assessment would be bolstered substantially by actual 
transport measurements. 

These estimates of bed-material transport capacity 
are broadly consistent with an empirical bed-material yield 
analysis developed from regional bed-material transport 
measurements. The most satisfactory regional relation predicts 
bed-material yield as a function of source area slope and 
precipitation (fig. 43). Adopting this relation in conjunction 
with estimates of in-channel attrition, results in predicted 
bed-material fluxes of as much as 25,000 metric tons/yr on the 

Days Creek reach, increasing to nearly 50,000 metric tons for 
the Roseburg, Garden Valley, and Coast Range reaches, but 
then decreasing to approximately 30,000 metric tons/yr at the 
entrance to the Tidal reach.

Both of these approaches—the transport capacity 
estimates and the regional bed-material sediment yield 
analysis—give results consistent with site surveys at 
individual bars within the Days Creek and Roseburg reaches. 
These surveys indicate minimum local bed-material flux rates 
of up to 30,600 metric tons/yr in high-flow years, but more 
typically less than 10,000 metric tons/yr. 

The two approaches adopted by this study give estimates 
less than those predicted by Curtiss (1975) from suspended-
sediment transport measurements made during 1956–1973. 
By applying an assumed bedload transport ratio to measured 
suspended-sediment loads, the Curtiss (1975) analysis predicts 
bedload transport rates of 8,400 metric tons/yr at Tiller, 
near the upstream end of the Days Creek reach at FPKM 
273; 46,000 metric tons/yr at the Brockway streamflow 
measurement site on the South Umpqua River within the 
Roseburg reach near FPKM 195.3; and 160,000 metric tons/
yr at the Elkton measurement site on the main stem Umpqua 
River in the Coast Range reach at FPKM 72.1. Although these 
bed-material transport values for the Days Creek and South 
Umpqua reaches are slightly higher than those we infer from 
the sediment yield and capacity analyses, they are within 
realistic uncertainty bounds. The estimate of 160,000 metric 
tons/yr of bedload at the Elkton measurement site on the 
main stem Umpqua River greatly exceeds likely bed-material 
transport rates for this reach as estimated from the capacity 
and yield analyses, and is almost certainly high as a result of 
substantially elevated suspended loads derived from Coast 
Range sedimentary rocks, which produce little bed material. 

In consideration of all these analyses, together with 
the depositional volumes measured by individual gravel 
bar surveys, we judge that the actual bedload flux in most 
years is probably less than 25,000 metric tons/yr in the Days 
Creek and Roseburg reaches, although Cow Creek probably 
adds substantial bed material to the South Umpqua River 
at its confluence. Bed-material transport in the Garden 
Valley and Coast Range reaches may be similar or slightly 
less because of bed-material attrition exceeding tributary 
addition. For comparison, the estimated annual volume of 
commercial gravel extraction from the South Umpqua River 
was 9,260 metric tons in 2001, 610 metric tons in 2003, and 
36,570 metric tons in 2004, based on data supplied by the 
two main operators in the South Umpqua River—which 
indicates that historical instream gravel extraction may have 
been a substantial fraction of the total bed-material flux in the 
Umpqua River system. 

The Tidal reach has a distinctly different morphologic 
character and transport regime. The Umpqua River along 
the Tidal reach contains the largest bars in the study area, 
particularly at the expansive valley bottom near the confluence 
of the Smith River. These bars are mainly composed of 
sand and mud, contrasting with the gravel bars upstream. 
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Commercial dredging has historically focused on the section 
between the Smith River confluence and upstream to the 
head of tide at FPKM 40, where there are few bars and repeat 
surveys show persistent channel deepening even in areas that 
had not been mined for several years. 

Like other coastal streams in Oregon, the lower Umpqua 
River has been strongly affected by the 130 m of sea-level 
rise after the culmination of the last maximum glacial 
period 18,000 years ago, resulting in long-term aggradation 
and trapping of bed material and suspended coarse sand 
transported from upstream. Consequently, it is unlikely that 
substantial bed material from the upstream fluvial reaches (and 
the upper Smith River) is transported into the Pacific Ocean. 
The long Tidal reach (and lack of graded profile to the Pacific 
Ocean mouth) is evidence that upstream sediment supply 
has not kept pace with Holocene sea level rise inundating the 
lower Umpqua River valley.

The sediment yield analysis indicates that about 
30,000–40,000 metric tons of bed-material sediment enters the 
Tidal reach annually, but bed-material accumulation within 
the lower Tidal reach may be substantially greater, because 
much of the sand transported in suspension upstream is likely 
transported as bedload in the Tidal reach due to the lower 
gradients. Consequently, while annual commercial instream 
mining averaged 140,000 m3 annually during 1949–2002, 
this volume is not indicative of bed-material transport rates 
in the upstream fluvial reaches because much of this material 
probably entered the Tidal reach as sand transported as 
suspended load from the upstream reaches. 

Implications Regarding Future Trends and 
Monitoring Strategies

For a mixed bedrock and alluvial river such as the 
Umpqua River, the physical character of the channel is mainly 
the result of its geologic history and physiography. Throughout 
the Holocene, transport capacity has exceeded the supply of 
bed-material sediment, causing the Umpqua River to incise 
through Pleistocene valley fill and bedrock, resulting in a 
modern channel that flows mostly on bedrock. The character 
of individual bars is highly variable and depends on the history 
of flow and sediment transport, time lags involved in eroding 
and redepositing sediment, and other local and drainage-basin-
scale disturbances that might affect the channel directly or 
indirectly.

Although many factors influence the abundance and 
character of Umpqua River gravel bars, the decreases in bar 
areas observed on all of the fluvial reaches between 1967 and 
2005 will likely continue if future gravel removal exceeds 
bed-material influx. Continued decreases in bar area may also 
be accompanied by the coarsening of low-elevation active 
bars that currently have low armoring ratios. In the absence 
of future mining, bar building will probably be greatest in the 
lower Days Creek reach and throughout the Roseburg reach, 
as this area has historically had the greatest concentration of 

gravel bars because of the high influx of bed-material sediment 
from tributaries draining the Klamath Mountains terrain. 

However, even prior to gravel extraction and dam 
construction, transport capacities throughout the Umpqua 
River study area were much greater than sediment supply, so 
bar building may proceed slowly following cessation of gravel 
extraction, and the rate of bar growth will depend on the 
timing and magnitude of peak flows and the sediment influx 
accompanying these floods. Although gravel augmentation on 
the North Umpqua River began in 2004 (Stillwater Sciences, 
2006), this additional gravel is not likely to have a substantial 
effect on bar area in the lower North Umpqua River and main 
stem Umpqua River because the total augmentation volume 
is small relative to the long-term gravel deficit introduced by 
the hydropower dams (based on data provided by PacifiCorp, 
2002 and Stillwater Sciences, 2006). 

To better understand variation in bed-material storage 
under different management scenarios, actual bed-material 
influx to the Umpqua River study reaches must be accurately 
quantified. However, it is difficult to characterize bed-material 
fluxes in gravel-rich settings, and even more so for the supply-
limited Umpqua River, where bar characteristics and sediment 
transport are highly variable. Improving our understanding 
of bed-material fluxes on the Umpqua River will require a 
variety of independent methodologies, bolstered by high-
resolution datasets. The approaches that will potentially be 
most useful for future characterization of bed-material storage 
in the Umpqua River study area include (1) the application of 
transport capacity equations, similar to the methodology used 
here, but updated using a detailed hydraulic model and up-to-
date bar texture information, and (2) direct measurements 
of bedload transport, which could be difficult to obtain and 
interpret, but as part of a sustained monitoring program would 
significantly aid in characterizing bed-material fluxes across a 
range of flows. 

A detailed hydraulic model, along with several key 
datasets, would support these approaches and form the basis 
for a future adaptive management program. The nonlinear 
response of calculated transport capacities to variation in 
grain size and slope indicates the need for accurate, detailed 
data describing Umpqua River bar textures and hydraulics. 
The hydraulic model encompassing the South Umpqua and 
Umpqua Rivers above the head of tide could be developed 
from LIDAR topography, and bathymetric surveys would 
provide a more accurate method of calculating energy slope 
under a variety of discharge scenarios. At a minimum, the 
modeling approach would entail a 1D hydrodynamic model 
with closely spaced cross sections to characterize the highly 
variable channel. Ideally, the approach would entail a blend of 
both 1D and 2D models so that the complex hydraulics at large 
key bars in sharp bends (such as Maupin Bar and Days Creek 
Bar) are accurately characterized. Such a modeling framework 
could be used to more accurately calculate energy slope under 
a variety of discharge scenarios, enabling better understanding 
of transport conditions and refining our overall understanding 
of longitudinal patterns in bed-material transport. A detailed 
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hydraulic model, if coupled with a spatially discrete sediment 
transport model, could also be used to simulate morphological 
changes to the channel bed under different management and 
flood scenarios. 

If repeated at regular intervals or following large floods, 
the LIDAR and bathymetric surveys underlying the hydraulic 
model would provide a comprehensive basis for evaluating 
future changes to channel morphology and bar topography. 
Such data, combined with detailed measurements of bar 
thickness, could also be used to calculate volumetric sediment 
flux and deposition rates throughout the study area (similar 
to a morphology-based approach applied on alluvial rivers). 
Because the channel is primarily underlain by bedrock and is 
in many places shallow, the bathymetric survey could consist 
of depth soundings along the centerline of deep pools, as the 
LIDAR acquired at low flows would provide an adequate 
approximation of bed elevation in rapids. Future monitoring 
could also incorporate sampling of bar textures at regular 
intervals (perhaps every 2–5 years, or following a flood of a 
certain magnitude) in order to improve our transport capacity 
calculations. Textural information, combined with repeat 
mapping of vegetation densities from aerial photographs 
would also aid in evaluating temporal evolution of bars in 
response to different management scenarios and floods.
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